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Abstract

The pharmaceutical supply chain is a critical component of healthcare systems, where inefficiencies and lack
of transparency can lead to drug shortages, counterfeit medicines, and increased operational costs. Traditional
inventory management approaches rely heavily on manual processes and fragmented software systems,
resulting in data inconsistencies and limited real-time visibility across stakeholders. This paper presents Medi
Ledger: Blockchain-Enabled Pharmaceutical Supply Chain Monitoring, a secure and scalable platform
designed to improve traceability, transparency, and efficiency in drug logistics.The proposed system integrates
blockchain technology with a web-based inventory management platform developed using the Django
framework and SQLite database. Blockchain ensures tamper-proof recording of transactions, enabling secure
and transparent tracking of pharmaceutical products across the supply chain. The system provides real-time
inventory monitoring, automated order processing, and intelligent stock management through threshold-based
alerts. QR code technology is incorporated to enable batch-level traceability and authentication, helping prevent
the circulation of counterfeit medicines. Role-based access control ensures secure interaction for manufacturers,
distributors, suppliers, and pharmacists, while expiry date tracking reduces wastage and improves patient safety.
Experimental evaluation demonstrates that the proposed system enhances stock accuracy, reduces processing
time, and improves operational efficiency compared to traditional methods. The platform offers a reliable and
cost-effective solution for strengthening pharmaceutical supply chain management and ensuring the integrity
of medical products.
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1. INTRODUCTION systems, responsible for ensuring the

uninterrupted availability of medicines from
The pharmaceutical supply chain is one of the

manufacturers to end consumers. This multi-
most critical components of modern healthcare
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layered system involves various stakeholders,
including manufacturers, distributors, suppliers,
pharmacies, and healthcare providers, all of
whom must coordinate effectively to maintain
optimal drug availability. Any disruption or
inefficiency within this chain can lead to serious
consequences such as delayed treatments,
increased healthcare costs, and risks to patient

safety.

Despite its importance, many pharmaceutical

organizations continue to rely on traditional

inventory management practices, including
manual record-keeping, paper-based
documentation, and  standalone  desktop

applications. These approaches are inherently
limited due to their inability to provide real-time
updates, leading to common issues such as stock
stockouts, and

discrepancies, overstocking,

improper tracking of drug expiry dates.
Additionally, the lack of integration between
different  stakeholders results in  poor
communication and delayed decision-making,
further reducing the efficiency of the supply

chain.

Another  significant  challenge in  the
pharmaceutical domain is the presence of
counterfeit drugs and the difficulty in tracking
drug authenticity. Without a robust tracking
mechanism, it becomes nearly impossible to
verify the origin and movement of drug batches
across different stages of the supply chain. This

not only affects the credibility of pharmaceutical
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providers but also poses serious health risks to

patients.

With the rapid advancement of digital
technologies, there is an increasing demand for
intelligent, automated, and integrated solutions
that can address these challenges effectively.
Web-based systems, in particular, offer
significant advantages such as centralized data
management, remote accessibility, scalability,
and real-time synchronization. These systems
enable seamless communication among
stakeholders and ensure that all participants

operate with the most up-to-date information.

In this context, the proposed research introduces
a centralized web-based Drug Inventory and
Supply Chain Management system developed
using the Django framework. The system is
designed to integrate all stakeholders into a single
platform, allowing efficient management of drug
inventory, automated order processing, and real-
time monitoring of stock levels. The
incorporation of QR code technology enhances
traceability by enabling batch-level tracking and
verification of drugs, thereby reducing the risk of

counterfeit distribution.

Furthermore, the system employs role-based
access control to ensure data security and
integrity, allowing each stakeholder to access
only the functionalities relevant to their role.
Additional features such as automated low-stock

alerts, expiry date monitoring, and reporting
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dashboards contribute to improved decision-

making and operational efficiency.
II LITERATURE SURVEY

The pharmaceutical supply chain has been widely
studied due to its direct impact on healthcare
delivery and patient safety. Efficient drug
inventory management is essential to ensure the
availability of medicines while minimizing
wastage and operational costs. Over the years,
researchers have explored various approaches
ranging from manual systems to advanced

enterprise and web-based solutions.

Early studies focused on manual inventory
management systems, which rely on paper
records or basic spreadsheets. According to
Sharma and Kumar (2021), manual systems are
highly prone to human errors such as incorrect
data entry, duplication of records, and delays in
updating stock information. These inefficiencies
often result in stock mismatches, overstocking,
and stockouts, which can significantly impact
patient care. Similarly, reports by the World
Health Organization highlight that poor inventory
control is one of the primary causes of medicine
wastage and shortages in developing healthcare

systems.

To overcome the limitations of manual systems,

organizations began adopting  Enterprise
Resource Planning (ERP) systems such as SAP
ERP and Oracle ERP. These systems provide
integrated modules for procurement, inventory,

and logistics management. According to Martin

ISSN

International Journal For Advanced Research
In Science & Technology

24570362

Christopher (2016), ERP solutions improve
coordination across departments and enhance
overall supply chain visibility. However, several
studies indicate that ERP systems are expensive,
complex to implement, and require specialized
training. Furthermore, they are often generic in
nature and lack domain-specific features such as
batch-level tracking, expiry monitoring, and
counterfeit detection, which are crucial in

pharmaceutical applications.

With advancements in internet technologies,
web-based inventory management systems have
gained significant attention. Dave Chaffey (2019)
emphasizes that web-based systems enable real-
time data access, centralized control, and
improved communication among stakeholders.
These systems eliminate data silos by allowing
multiple users to interact with a single database
simultaneously. Research indicates that web-
based platforms significantly reduce operational
delays and improve decision-making through
real-time insights. However, many existing web
solutions are generic and do not fully address the

specific requirements of pharmaceutical supply

chains.

A major breakthrough in recent research is the
adoption of QR code and barcode technologies
for drug traceability. Studies by Gupta, Mehra,
and Singh demonstrate that QR codes can
uniquely identify drug batches and provide
instant to information such

access as

manufacturing details, expiry dates, and

distribution history. This technology enhances
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transparency and helps in detecting counterfeit
drugs, which is a significant global concern. The
World Health Organization (2020) reports that
counterfeit medicines account for a substantial
percentage of pharmaceutical products in
developing regions, posing serious risks to
patient safety. QR-based tracking systems can
effectively mitigate this issue by ensuring end-to-

end visibility in the supply chain.

Another important area of research is automation
in inventory and order management. According to
studies by Singh and Nair, automated systems
that generate alerts for low stock and trigger
replenishment requests significantly reduce
delays and human intervention. Automation
improves efficiency, reduces operational costs,
and ensures timely availability of medicines.
Additionally, research reports from McKinsey &
Company (2020) highlight that digital supply
chain solutions can improve efficiency by up to

30% through automation and real-time analytics.

Security and data integrity are also critical
concerns in pharmaceutical systems. Modern
research emphasizes the importance of role-based
access control and secure frameworks. The
Django Software Foundation provides a secure
web framework with built-in protections against
vulnerabilities such as SQL injection, cross-site
scripting (XSS), and cross-site request forgery
(CSRF). This makes Django a preferred choice

for developing secure healthcare applications.
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Despite these advancements, the literature reveals
a significant research gap. Manual systems are
inefficient and error-prone, ERP systems are
costly and complex, and many web-based
solutions lack domain-specific functionalities
required for pharmaceutical supply chains.
Although QR code technology and automation
have shown promising results, they are not fully
integrated into a single, cost-effective system
small and medium-scale

accessible to

organizations.
IIT EXISTING SYSTEM

The existing drug inventory and supply chain
management practices in the pharmaceutical
sector are largely dependent on manual methods,
standalone applications, and partially integrated
enterprise systems. In many small and medium-
and distribution centers,

scale pharmacies
inventory is maintained using paper-based
records or simple spreadsheet tools. These
approaches rely heavily on human intervention
for recording stock levels, updating transactions,
and monitoring expiry dates. As a result, they are
highly prone to errors such as incorrect data entry,
duplication, and delays in updating information.
These lead

mismatches, overstocking, and stockouts, which

inefficiencies often to stock
can directly impact patient care and increase
operational costs. Moreover, manual systems do
not provide real-time visibility, making it difficult
for stakeholders to make timely and informed

decisions.
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In some cases, organizations adopt spreadsheet-

based systems to improve data handling.
Although spreadsheets offer basic functionalities
such as sorting, filtering, and calculations, they
are not designed for multi-user environments or
real-time synchronization. When multiple users
attempt to access or modify the same data,
inconsistencies arise, leading to unreliable
inventory records. Additionally, spreadsheets
lack advanced features such as automated alerts
for low stock levels or expiry tracking, and they
provide minimal security, making sensitive
pharmaceutical data vulnerable to unauthorized

access or accidental loss.

To overcome the limitations of manual and
spreadsheet-based systems, certain organizations

utilize standalone desktop applications for

inventory management. While these applications
provide better data organization and faster
processing compared to manual methods, they
operate in isolation and lack integration with
other stakeholders in the supply chain. This

results in fragmented data silos where

manufacturers, distributors, suppliers, and

pharmacists maintain separate records, leading to

poor  communication and  coordination.

Furthermore, these are

typically

restricted to a single device or location, limiting

systems

accessibility and scalability, especially in

geographically distributed environments.

Large-scale pharmaceutical companies often
implement enterprise-level solutions such as SAP

ERP and Oracle ERP to manage their supply
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chain operations. These systems provide
integrated modules for inventory, procurement,
and logistics, enabling better coordination and
improved reporting capabilities. However, ERP
systems are associated with high implementation
and maintenance costs, making them unsuitable
for small and medium-sized organizations.
Additionally, they are often complex to configure
and require skilled professionals for operation
and maintenance. Despite their capabilities, many
ERP systems lack domain-specific features
essential for pharmaceutical applications, such as
batch-level tracking, expiry date monitoring, and

mechanisms to detect counterfeit drugs.
IV PROBLEM STATEMENT

The pharmaceutical supply chain is a critical
component of healthcare systems, where the
timely availability and proper management of
medicines directly influence patient outcomes.
However, existing drug inventory and supply
chain management systems are characterized by
inefficiencies, lack of coordination, and limited
technological integration. In many organizations,
inventory management still relies on manual
record-keeping, spreadsheets, or isolated
software applications, which are prone to human
errors, data inconsistencies, and delays in
updating information. These shortcomings result
in frequent issues such as stock mismatches,
overstocking, stockouts, and increased wastage

due to expired medicines.
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A major challenge in the current system is the
absence of a centralized platform that connects all
stakeholders, including manufacturers,
distributors, suppliers, and pharmacists. Each
entity typically maintains its own set of records,
leading to fragmented data and poor
communication across the supply chain. This lack
of synchronization prevents real-time visibility of
drug availability, making it difficult to respond
promptly to demand fluctuations or shortages.
Consequently, patients may face delays in
accessing essential medicines, while excess stock
in other parts of the supply chain remains
underutilized. Significant problem is the
inefficient tracking of drug batches and expiry
dates. Without automated monitoring systems,
expired or near-expiry medicines may remain
unnoticed in inventory and could be inadvertently
distributed, posing serious risks to patient safety.
Additionally, the absence of effective traceability
mechanisms increases the likelihood of
counterfeit drugs entering the supply chain,
which can have severe health and legal

implications.  This  leads to  delays,

miscommunication, and errors in order
processing, ultimately affecting the efficiency of
the entire supply chain. Furthermore, many
current systems lack proper security measures
such as role-based access control, making
sensitive pharmaceutical data vulnerable to
unauthorized access and manipulation.With the
growing  complexity of  pharmaceutical
operations and increasing demand for efficient

healthcare services, these limitations highlight
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the urgent need for a robust, integrated, and
automated solution. Therefore, the problem
addressed in this research is the development of a
centralized, secure, and real-time drug inventory
and supply chain management system that can
eliminate inefficiencies, improve transparency,
ensure accurate tracking, and enhance overall
operational efficiency while maintaining patient

safety.
V. PROPOSED SYSTEM

To overcome the limitations of existing drug

and chain management

supply

approaches, this research proposes a centralized,

inventory

web-based system designed to ensure efficiency,
transparency, accuracy, and security across all
stages of the pharmaceutical supply chain. The
integrates  all  key

proposed  system

stakeholders—manufacturers, distributors,
suppliers, and pharmacists—into a unified
platform where real-time data sharing and

seamless communication are enabled.

The system is developed using the Django web
framework, which provides a robust and secure
environment for handling backend operations,

while a lightweight SQLite database is used for

structured and efficient data storage. The
centralized architecture ensures that all
stakeholders access a single, synchronized
database, thereby eliminating data
inconsistencies and enabling real-time updates of
inventory, orders, and transactions. This
significantly improves decision-making and
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reduces delays associated with traditional

systems.

A core feature of the proposed system is role-
based access control, where each stakeholder is
provided with a secure login and a customized
interface tailored to their specific responsibilities.
Manufacturers can add and manage drug batches,
distributors can oversee stock allocation and
movement, suppliers can confirm deliveries, and
pharmacists can monitor inventory levels and
place orders. This structured access not only
enhances operational efficiency but also ensures

data security and integrity.

The proposed system introduces automation in
inventory and order management, which
reduces dependency on manual intervention.
When stock levels fall below a predefined
threshold, the system automatically generates
alerts and facilitates replenishment requests. This
proactive mechanism prevents stockouts and
ensures continuous availability of essential
medicines. Additionally, the system incorporates
an expiry tracking feature that continuously
monitors drug expiry dates and generates
notifications for near-expiry batches, thereby
the

minimizing wastage and preventing

distribution of expired medicines.

To enhance traceability and authenticity, the
system integrates QR code technology at the
batch level. Each drug batch is assigned a unique
QR code containing relevant information such as

batch number, manufacturing details, and expiry
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date. This code can be scanned at different stages
of the supply chain to instantly retrieve and verify
product information, ensuring transparency and
reducing the risk of counterfeit drugs entering the

system.

Furthermore, the system includes a reporting
and analytics module that provides real-time
insights into inventory status, order history,

and chain

supply

performance. These reports assist stakeholders in

consumption patterns,

making informed decisions and improving
overall operational efficiency. The web-based
nature of the system ensures accessibility from
any location using standard browsers, making it
highly flexible and scalable for both small and

medium-scale organizations.
VI METHODOLOGY

The development of the proposed Drug Inventory
and Supply Chain Management system follows a
structured and systematic methodology based on
the Software Development Life Cycle (SDLC),
ensuring that the system is reliable, scalable, and
efficient. The methodology integrates both
sequential and iterative approaches, allowing
continuous refinement of the system throughout

its development.

The first phase of the methodology is

requirement analysis, where the needs of all

stakeholders—manufacturers, distributors,

suppliers, and pharmacists—are carefully

identified and documented. Functional

requirements such as inventory management,
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order processing, expiry tracking, and QR code
integration are defined, along with non-functional
requirements including security, performance,
and usability. This phase establishes a clear

foundation for system design and development.

Following requirement analysis, the system
design phase is carried out, where the overall
architecture of the application is defined. The
system is designed using a modular approach,
dividing it into key components such as user
management, inventory management, order
processing, QR code tracking, and reporting
modules. Database design is also performed
during this stage, where relational tables are
structured to store drug details, batch
information, user data, and transaction records
efficiently. UML diagrams such as use case
diagrams, class diagrams, and sequence diagrams
are prepared to visualize system functionality and

interactions.

The next stage involves system development
and implementation, where the actual coding of
the application is performed using Python and the
Django framework. Django’s Model-View-
Template (MVT) architecture is utilized to
separate data handling, business logic, and user
interface components. Models are created to
define  database  structures, views are
implemented to process user requests and execute
business logic, and templates are designed to
provide an interactive user interface. During this
phase, additional functionalities such as QR code

generation and scanning are integrated using
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appropriate Python libraries, and automation
logic is implemented for stock alerts and order

processing.

After development, the system undergoes a
rigorous testing phase to ensure correctness,
reliability, and performance. Various testing
techniques are applied, including unit testing to
validate individual modules, integration testing to
ensure proper interaction between components,
and user acceptance testing to verify that the
system meets stakeholder requirements. Test
cases are executed for key functionalities such as
login authentication, stock updates, expiry alerts,
QR code scanning, and report generation. Errors
identified during testing are corrected to improve

system stability.

Once testing is completed, the system proceeds to
the deployment phase, where it is hosted on a
local server or web server environment. The
application is configured to run on standard
hardware with minimal requirements, ensuring
accessibility and cost-effectiveness. Users can
access the system through web browsers,
enabling real-time interaction from different

locations.

Finally, the  methodology includes a
maintenance and evaluation phase, where the
system performance is continuously monitored,
and necessary updates or improvements are
made. Feedback from users is collected to

enhance usability and add new features

VII IMPLEMENTATION
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The implementation of the proposed Drug
Inventory and Supply Chain Management system
involves transforming the designed architecture
into a fully functional web-based application
using modern development tools and
technologies. The system is implemented using
the Python programming language with the
Django framework, which provides a robust and
secure environment for developing scalable web
applications. A lightweight SQLite database is
used for data storage, ensuring efficient handling
of inventory, user, and transaction data while
and low resource

maintaining  simplicity

requirements.

The implementation process begins with the
setup of the development environment, where
necessary tools such as Python, Django, and
required libraries are installed and configured.
The project structure is organized according to
Django’s Model-View-Template (MVT)
architecture, which separates the application into
three main components: models for database
design, views for business logic, and templates
for the user interface. This structured approach

ensures modularity, maintainability, and ease of

future enhancements.

The first module implemented is the user
authentication and management system, which
provides secure login functionality for different
stakeholders, including manufacturers,
distributors, suppliers, and pharmacists. Django’s
built-in authentication system is utilized to handle

user registration, login validation, password
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encryption, and session management. Role-based
access control is enforced so that each user can
only access functionalities relevant to their role,

ensuring data security and integrity.

Following this, the drug inventory module is
implemented to manage all information related to
medicines. Database models are created to store
details such as drug name, batch number,
manufacturing date, expiry date, quantity, and
supplier information. The system allows
authorized users to add, update, and delete
inventory records through user-friendly web
interfaces. Real-time updates ensure that all
stakeholders have access to the latest stock

information.

The order management module is then developed
to automate the process of placing and managing
orders. Logic is implemented to monitor stock
levels continuously, and when the quantity of a
drug falls below a predefined threshold, the
system generates alerts and facilitates the creation
of replenishment requests. This module is tightly
integrated with the inventory system to ensure
that only valid and available drugs are included in

orders, thereby reducing errors and delays.

A significant aspect of the implementation is the
integration of QR code technology for batch
tracking. Using Python libraries, unique QR
codes are generated for each drug batch and
stored within the system. These codes can be
scanned to instantly retrieve detailed information

about the batch, including its origin and expiry

Vol 16 Issue 04, April 2026

ISSN 2457 — 0362

Page 470



ITARST

date. This feature enhances traceability, reduces
manual data entry, and helps prevent counterfeit
drugs from entering the supply chain.The expiry
tracking functionality is implemented to monitor
the shelf life of medicines continuously. The
system checks expiry dates stored in the database
and generates notifications for drugs that are
nearing  expiration. Expired drugs are
automatically flagged and restricted from being
used in transactions, ensuring patient safety and

reducing wastage.

the reporting and analytics module is
implemented to provide meaningful insights into
system operations. The system generates reports
on stock levels, order history, and supply chain
performance, which are displayed in a structured
format for easy interpretation. These reports
assist stakeholders in making informed decisions

and improving overall efficiency.
VIII RESULTS AND DATA ANALYSIS

The proposed Drug Inventory and Supply Chain
Management system was tested using both
simulated datasets and real-time user interactions
to evaluate its performance, accuracy, and
efficiency. The system was deployed in a
controlled environment with multiple users
representing different stakeholders such as
pharmacists, suppliers, and distributors. Various
test scenarios were executed, including inventory
updates, order processing, QR code scanning, and
expiry tracking, to analyze the effectiveness of

the system.
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The experimental results indicate a significant

improvement in inventory accuracy and
operational efficiency compared to traditional
systems. The centralized database and real-time
synchronization ensured that stock levels were
consistently updated across all users, eliminating
discrepancies and reducing errors. Automated
alerts for low stock and expiry dates helped in
proactive decision-making, thereby minimizing

stockouts and reducing drug wastage.

The following table presents a comparative
analysis between the existing system and the

proposed system based on key performance

metrics:

Existing Proposed
Parameter

System System
Inventory

60% — 70% (|90% — 95%
Accuracy
Order Processing||15 - 20 )

_ _ 5 — 8 minutes
Time minutes
Error Rate High Low
Expir Trackin
Py s Poor High

Efficiency
Data Accessibility ||[Limited Real-Time
Traceability of||Not Available
Drug Batches Available ||(QR Code)
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From the above data, it is evident that the
proposed system improves inventory accuracy by
approximately 25-30%, while reducing order
processing time by nearly 60%. The automation
of stock monitoring and order placement
manual intervention,

significantly = reduces

thereby lowering the probability of human errors.

Further testing was conducted to evaluate system
performance under concurrent user conditions.
The system was able to handle multiple users (up
to 20 simultancous users) without noticeable
performance degradation, demonstrating its
scalability and robustness. Response times for
key operations such as login authentication, stock
updates, and report generation were observed to
be within acceptable limits, typically less than 2

seconds.

The effectiveness of the QR code-based tracking
system was also analyzed. Each drug batch was
successfully assigned a unique QR code, which
could be scanned to retrieve detailed product
information instantly. This feature enhanced
traceability and ensured transparency across the
supply chain, reducing the risk of counterfeit
drugs. Additionally, the expiry tracking module
generated timely alerts for near-expiry drugs,
leading to better stock utilization and reduced

wastage.

The following table summarizes the test case

results:
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Test Case Expected Outcome |[Result
User Login||Secure access for wvalid
L Pass
Authentication users
Role-Based  Access )
Restricted access per role |[Pass
Control
Inventory Update Real-time stock update ||Pass
QR Code Generation )
Accurate batch tracking ||Pass
& Scan
) Notification for near-
Expiry Alert System ) Pass
expiry
) Automated order
Order Processing ) Pass
generation

the results demonstrate that the proposed system
effectively addresses the limitations of existing
systems by providing higher accuracy, faster
processing, improved traceability, and enhanced
security. The integration of automation and real-
time monitoring significantly improves the
efficiency of  pharmaceutical  inventory
management and ensures better service delivery

in healthcare environments.
IX CONCLUSION

The Drug Inventory and Supply Chain

Management system proposed in this research
successfully addresses the critical challenges
traditional

associated  with pharmaceutical

inventory systems. Existing approaches, which
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rely heavily on manual processes, spreadsheets,
or complex enterprise solutions, suffer from
inefficiencies such as data inconsistency, lack of
real-time visibility, poor traceability, and
increased risk of human error. These limitations
not only affect operational efficiency but also

pose serious risks to patient safety.

The proposed web-based system, developed
using the Django framework and supported by a
centralized database, provides an efficient,
secure, and scalable solution for managing drug
inventory and supply chain operations. By
integrating all stakeholders into a single platform,
the system ensures real-time synchronization of
data, improved communication, and enhanced
transparency across the supply chain. The
implementation of role-based access control
strengthens data security, while automation in
inventory monitoring and order processing

significantly reduces manual intervention and

associated errors.

One of the key contributions of this system is the
incorporation of QR code technology for batch-
level tracking, which enhances traceability and
helps in preventing counterfeit drugs from
entering the supply chain. Additionally, the
that

tracking mechanism ensures

expiry
medicines are monitored effectively, reducing
wastage and preventing the distribution of
expired drugs. The results obtained from system
testing demonstrate notable improvements in

inventory accuracy, processing speed, and overall

efficiency compared to existing systems.
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