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ABSTRACT

This Project aims to resolve The quality and safety of medicines and medical consumables are of utmost
importance for the health of the public and the delivery of healthcare services. Traditional quality control
procedures, such as laboratory testing, are time - consuming and may not detect the deterioration of products
during storage and transportation. Thus timely deployment of the product may not be possible.This paper
proposes an innovative method for the online testing and real-time monitoring of quality of medicines. It is
performed through a secure online application. The application has an authentication mechanism, along with
access control, which allows the efficient management of the inventory by authorized personnel, such as the
administrator or the store manager. The Smart Medicine Storage, Quality Monitoring, and Expiry Alerting System
using IoT is a system aimed at improving the safe storage of medicines. Medicines are very sensitive to
environmental changes like temperature, humidity, and light. Also The Proposed system uses the [oT to monitor
the storage environment of medicines using sensors. The collected data is processed by a microcontroller like
Arduino or Node MCU and then sent to the cloud platforms like Think Speak or Blink for real-time monitoring
and visualization. The collected dataset is then passed to the Machine Learning algorithm to perform the
classification task to check whether the storage environment is safe or unsafe for the medicines. The users can
access the system by using the mobile or web application to check the real-time data, the history of the
medicines, and the alerts. The system also stores the essential information about the medicines,like manufacturing
date and the expiry date, in the database.The system then sends notifications to the users about the expiry of the
medicines and alerts about change in the environment, which can affect the medicines, to ensure proper storage of
the medicines.This solution can be effectively implemented in hospitals, pharmacies, labs, and homes, thereby
developing smart healthcare technology.

Keywords: Internet of Things (IoT), Smart Medicine Storage, Medicine Quality Monitoring, Expiry Alert System,
Machine Learning, Real-Time Environment Monitoring, Pharmaceutical Inventory Control.

.INTRODUCTION

Storing and managing medicines isn’t just about stacking boxes neatly on a shelf-it’s about making sure
everything stays safe, effective, and ready when patients need it [1]. Medicines and medical supplies are really
sensitive to their environment. Too much heat, too much humidity, the wrong lighting, or even changes in
pressure—any of these can mess with how they work [2]. If things get out of control, medicines can lose their
strength, or worse, start to harm instead of heal [3]. That’s why hospitals, pharmacies, labs, and distribution
centers can’t afford to slip up on storage—they’ve got to get it right every time and keep a close eye on things as
supplies sit in storage [4].

—_

But here’s the thing. In a lot of places, people are still checking on medicine storage the old-fashioned
way-walking around, jotting down numbers, and making periodic inspections. Sure, those manual checks have
been around forever, but honestly, they're not enough anymore. Things can slip by unnoticed: temperatures can
spike, humidity can creep up, and nobody finds out until it’s too late [5]. Plus, managing huge inventories and
tracking expired drugs to slip through the cracks. That means more waste, more cost, and most importantly, more
risk to patients [6].

That’s where the Smart Medicine Storage, Quality Monitoring & Expiry Alerting System comes in. It’s built to
keep an eye on all the environmental factors that matter—like temperature and humidity. Sensors collect the data
nonstop, feeding it into a microcontroller (like NodeMCU or Arduino), which then pushes that info up to the
cloud [7]. Everything sits in a secure online space, where you can check graphs, dashboards, and reports from
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your phone or computer.

One of the best things about this system? It doesn’t just collect data—it reacts. If the temperature shoots up or
humidity gets too high, the system sends an alert right away. Someone gets a message, takes action, and saves the
medicines before there’s any harm. That kind of speed can make all the difference in protecting medicine quality
and patient safety [8]. The system also helps with inventory headaches. Every medicine lot is logged digitally,
tracking what it is, the batch number,when it was made, when it expires, and how much is left. This keeps expired
meds out

of use and helps organize inventory for better planning and less waste [9].

In the end, a Smart Medicine Storage, Quality Monitoring & Expiry Alerting System like this isn’t just a fancy
upgrade-it’s a big step toward smarter healthcare. It protects medicine quality, cuts down on waste, guards against
mistakes, and can fit into just about any kind of medical or even household setting. By blending IoT and smart
monitoring, it pushes healthcare further toward a future where safety, reliability, and efficiency come standard
[10].

.RELATED WORK

There are several scientific works that have helped improve healthcare through technological advancements in the
field of pharmaceutical monitoring. Drug recognition and notification systems have been created to help improve
the monitoring of medicines in pharmacies through Internet-of-Things. There are other studies on smart
control systems involving the Internet-of-Things and fuzzy logic in order to ensure an optimum environment for
medicines. Quality control systems based on patient data have also been established to improve the results of tests
made in laboratories. Intelligent monitoring systems have also helped improve operations in hospitals. Many
scientific studies and advancements in technology have aided in creating smart healthcare systems, especially in
the field of storing and monitoring medicines. IoT solutions have been extensively explored to create smart
solutions for managing pharmaceuticals. Some of the studies include creating smart drug identification devices
that leverage the use of IoT and RFIDs to manage medicines. These solutions help in decreasing medication errors
and help manage inventory in real-time. Some of the other studies are about creating solutions to control
environmental conditions in storage rooms with the help of IoT sensors and algorithms. Another innovation is the
creation of intelligent monitoring systems for hospitals that incorporate many healthcare functions in one place
with the help of cloud computing technologies. Mobile apps have helped in creating solutions for remote
monitoring and alerts. It can be noted that the current research emphasizes the importance of automation, real-time
new developments in the field of smart healthcare systems have been greatly attributed to the adoption of new
technologies like Artificial Intelligence, Machine Learning, and Cloud Computing. They provide the means for
conducting predictive analysis on medicine demand, expiration dates, and stock optimization. Blockchain
technology is now widely used in smart healthcare systems to provide better data security and traceability, which
prevents counterfeit medicines from being circulated in the healthcare market. Moreover, with the aid of sensor
technology and other wearable devices that operate within the IoT environment, both medicines and patients can
be tracked to monitor the effectiveness of treatment, providing timely alerts where necessary. In addition to that,
edge computing has been found useful in processing data within a very short period. Analytics and data
visualization tools can also play a key role in transforming big amounts of healthcare-related data into meaningful
information. Communication security technologies, as well as user-friendly apps, allow the users to benefit from
advanced solutions provided by a smart healthcare system.

PROPOSED METHODOLOGY

This system incorporates the use of advanced technology to automate the storage and management of medicines in
healthcare facilities to address issues related to manual monitoring and poor inventory management. This system
utilizes the use of advanced sensors including temperature sensors, humidity sensors, and light sensors to monitor
the storage environment of the medicine cabinets. Temperature sensors help maintain the right conditions for
storage since some medicines are temperature sensitive. Humidity sensors are used to ensure that humidity levels
within the medicine cabinet do not have an effect on the quality of the pharmaceuticals stored. In addition, the
light sensors help ensure that medicines are not degraded due to exposure to excessive light. The sensors collect
data that is transmitted to the microcontroller that functions as the control unit of the system. It analyses the data
in real-time, comparing it with preset values to identify anomalies.

—_

The users have been offered a convenient online portal or mobile application to connect to the system. Using the
application, users can check their environmental parameters in real-time using graphical representations on the
dashboard. The application allows efficient management of the inventory of medicines by adding and modifying
records of the medicines in the form of a digital database containing details about the medicine name, batch
number, date of manufacture, and expiry date. One of the primary functions of the system is to check the expiry
date of medicines and issue warnings before the expiry of the medicine to prevent its use accidentally. Also, in
case any of the environmental parameters cross the safe threshold values, then alerts are generated via
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notifications, messages, or emails. In short, the system allows remote monitoring, which is very helpful for
hospitals, pharmacies, and medicine warehouses where there could be many storage facilities in one single place.

Data logging is another function of the system, wherein all the readings from the sensors are saved in the cloud for
future analysis. This data could be used in the analysis of trends and creation of various reports. The process will
be much more efficient with automation because it will eliminate any human mistakes, save much time, and make
things more efficient. Data security is provided by such mechanisms as authentication and data encryption;
therefore, no unauthorized users could get access to confidential information. Besides, the system is economically
and environmentally viable because it can work for small clinics as well as for larger hospitals. Moreover, it can
be improved using advanced technologies, for example, radio frequency identification and artificial intelligence
for predictive analysis of the storage conditions.

Another option would be to incorporate an efficient alert mechanism into the system, which will ensure that all
warnings and information is provided using several modes at once without any delays. For example, push alerts
on mobile devices will provide immediate updates, whereas SMS alerts will facilitate communication in regions
where the Internet coverage is poor. Email alerts could help prepare reports and other documentation. Another
important aspect related to the alert mechanism is providing various levels of alerts such as warnings and critical
alarms to make sure that the user prioritizes his/her action.

ADVANTAGES OF PROPOSED SYSTEM

A number of strengths that can be achieved through the proposed intelligent system for storing and monitoring
medicines have been identified by the researchers. First of all, one of the strengths of this system is the ability to
monitor environmental conditions. Real-time monitoring ensures that the environment in which medicines are
kept is monitored at all times. It monitors conditions such as the level of temperature, humidity, and light to
ensure that the medicines stay in good condition. Automation makes the monitoring process easier. As a result,
human errors are avoided. Additionally, the system provides an alert any time environmental conditions exceed
safe limits so that appropriate measures can be taken before medicines get damaged. Finally, the system's strength
lies in the expiry date tracking option. With such a feature, identification of medicines that are about to expire
becomes possible. Thus, one will not use medicines that have expired since they become unsafe.

This is a system that enhances the process of managing inventory through keeping an electronic record of the
medications along with their relevant details such as name, batch number, date of manufacture, and expiration
date. The tracking and management of inventory are simplified, and there will be no problem of over or under
stocking of medicines since the system allows for making well-informed decisions. Access to the
information is also made possible by remote access through the use of a web/mobile application to monitor the
process. This makes the task easy even in bigger healthcare facilities as well as multiple sites. Recording of data
through cloud-based storage allows for recording of historical data, which can be analyzed for future planning
purposes.

Scalability is another strength of this system, since it allows easy expansion in case there are any requirements for
future growth on the part of the company. Cost effectiveness is also a benefit, as the loss of drugs will be reduced
because of effective management. Energy savings are achieved through the low-energy operation of both sensors
and microcontrollers. An increase in transparency and accountability is made possible thanks to the detailed
records kept by the system. Data protection is provided via security mechanisms like data authentication and data
encryption.The system additionally, the system increases productivity because of the automation of repetitive
tasks, which means that healthcare professionals can concentrate on more vital tasks. In terms of patient safety, it
ensures that only properly stored medications that have not expired are administered to patients. The ease of use of
the software application ensures that even those who have no technical background can use the software without
difficulty. It also allows for seamless integration with other healthcare management systems, leading to a highly
integrated environment. It is dependable and guarantees uninterrupted access to services.

Moreover, the system ensures good regulatory compliance through proper documentation of storage conditions
and medicines, which will be provided to inspectors when requested. The system is sustainable in that it reduces
wastage and efficient use of resources. Reporting features in the system provide useful information to be used in
strategic decision-making.

EXISTING SYSTEM

The current model for handling medicine storage in hospitals and pharmacies relies on manual processes and the
lack of implementation of advanced technology solutions. First, the environmental factors of medicine storage
(temperature, humidity, light exposure), which play a significant role in the integrity of the product, are not
monitored with the help of specialized sensors but by conventional devices, which monitor environmental
parameters only during certain times of the day. Hence, the probability that some critical changes have occurred
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will remain high because environmental changes will not be monitored continuously.

An equally significant flaw is the practice of manually keeping track of the expiry dates of medicine. Pharmacies
are expected to continuously monitor and update expiry details, an activity that is tedious and prone to mistakes.
In the absence of automated reminder and notification, the possibility of dispensing expired or near expiry
medicines is very high. The use of such medicines will endanger patients' lives while at the same time inviting
litigation. Also, without any strategy in place to manage near expiry medicines, wastage of drugs is inevitable.The
inability to centralize the process of data management poses yet another challenge to the operation of pharmacies.
Data and information are usually scattered across various sources, making it difficult to collect, share, and analyze
them. The decentralized nature of data management limits cooperation between different units and lowers the
level of transparency within the pharmacy operations. Besides, most of the conventional systems are not internet-
enabled hence preventing remote monitoring and supervision. Pharmacy managers cannot keep track of storage
and stock conditions remotely.

Furthermore, inventory management in current models is based on paper documentation or, alternatively, using
conventional spreadsheet software. Such approaches carry a significant risk of human error such as entering data
incorrectly or accidentally removing entries. The larger amounts of paperwork will complicate the process and
increase the chance that errors will occur because of the time needed to manage them manually. Moreover,
retrieving any data will be more time-consuming than when using digital databases.The issue of scalability also
plays an important role in manual systems.

In case the amount of drugs used in a particular facility grows, it gets harder for such systems to operate, as they
have problems with processing and storing information. Moreover, the manual system does not have the capacity
to accommodate the needs of organization easily because it was not designed for large amounts of data. Such a
dependency on human intervention leads to an increased workload and, thus, to decreased productivity and
potential errors. Fatigue and other human factors might also cause issues when handling data.

Another issue with the current system is that there are no efficient ways for data analysis, reporting, and
decision-making support. Lack of adequate methods to process data makes it hard to detect certain usage trends
and make decisions accordingly.

SYSTEM ARCHITECTURE

As stated above, the architecture of the proposed IoT medicine store management system is based on the modular
design to guarantee effective storage, control, and monitoring of medicines in the store using IoT technology. The
main components of the architecture include the web-based application used as the user interface and a number
of modules for different functions of the system.

At the highest level, the Web Application Layer is the one responsible for providing the means for interaction
with users (administration and store management). These users will receive information about the state of the
system from dashboards, visualizations, and controls. Moreover, at this level, it is possible to monitor the activity
in the system in real time and control certain processes.The Authentication and Role Management Module is
intended to secure the access of certain users to the system. Users need to register themselves or enter login details
into the system. In case of registration, a particular role of the user will be determined (administrator or store
manager), and on this basis, permission access can be granted to perform specific actions.

Stock Management Module manages all inventory activities. It helps in adding new medicines, editing current
stock information, and executing search and filter functions for easy access to relevant information. Moreover, it
assists users in generating reports to analyze their stock and usage trends.The Quality Monitoring Module focuses
on continuous monitoring of environmental variables like temperature, humidity, and light intensity. This
monitoring is done with the help of IoT sensors. All these variables are then tested against predefined values to
confirm that the environment is safe to store medicines. Apart from that, all data related to environmental
variables is also logged in the form of records. These records can later be used by the system for both real-time
and historical analysis.
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Expiry Date Monitoring Module monitors the expiry date of all stored medicines. It checks the expiry date data
periodically and classifies the medicines according to their expiry status. All medicines nearing expiration are

identified automatically by this module.
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2.RESULT

This is a dashboard for a Smart Medicine Storage and Monitoring System, which allows users to monitor in real
time various parameters such as the environmental conditions in which the storage operates along with details
regarding the expiry of the various medicines. The first part on top shows data provided by various IoT sensors
such as the temperature, humidity, and pressure. Alongside these parameters, the system can also show the current
status of the medicines stored within the storage unit. These could include whether the medicine has been
consumed already or even whether it has expired. Moving below, there is an expiry summary that includes all
kinds of details about each medicine stored in the facility. Such details include the batch ID, medicine name, date
of expiry and days remaining before the expiry date. The system categorizes the medicines based on their
condition into safe, near expiry, and expired. Safe medicines will have positive days remaining while those that
are expired will show negative days remaining. Also included in the dashboard are login credentials and logout
button.

Figure 4: Email Alert from Smart Medicine Storage and Monitoring System The image above is an email alert
message received through Gmail regarding the statuses of several batches of medicines monitored by the Smart
Medicine Storage and Monitoring System. The email includes several alerts organized according to different
priority levels, for instance, medium, high, and critical.
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Among the alerts provided by the system are those related to the following issues: rejected batch of
medicines, soon-to-expire batch of medicines, and expired batch of medicines. Each individual alert is
accompanied by several details, for example, batch number, medicine name, and condition. Examples of
conditions included in the notifications are as follows: "Expired already," "Marked as rejected," and "Expiring in a
few days." The email alert message helps to inform users about any issues related to medicine batches without
having to watch out for such issues on the dashboard of the smart system constantly. The purpose is to promote
the safety of users by encouraging the removal of expired medicines and utilization of soon-to-expire
medicines.

The figure above is an automated alert message received from the Smart Medicine Storage and Monitoring
System concerning the state of various medicine batches. The alert message is automatically sent via Gmail and
lists alerts depending on their priorities, for example, medium, high, and critical alerts. Important alerts include
rejection of batches, approaching expiry medicines, and medicines that have expired. Each alert provides details
regarding the batch, including the batch number, name of the medicine, and its current state, which could be
“expired already,” “rejected,” or “approaching expiry.” The automated alerting system saves users the hassle of
always checking the dashboard for new updates because they will receive relevant alerts in real-time concerning
their batch of medicines. Users can also save on costs related to purchasing additional medicines because they
will utilize their already available near-expiry medicines, thus cutting on wastage. In addition, the risk of health
complications due to expired medicines will be minimized as they can be removed before they expire.

Moreover, there is a higher degree of efficiency in terms of inventory control since the medicine's condition is
accurately and precisely recorded. As the alerts are created using real-time data, the chances of human errors in
recording the medicine's expiry date and condition become  highly unlikely. The incorporation of emails means
that the alerts are accessible anywhere and on any device as long as the individual has an internet connection.
Thus, it becomes easier for pharmacists or other medical personnel to track down the medicine conditions, even
when far from the pharmacy.

The diagram above emphasizes yet again how reliable and multi-functional the fire detection mechanism is in this
smart medicine storage system. The circuitry is arranged in such a way as to ensure constant operation, which

International Journal of Data Science and loT Management System 1IDIM, 2026, 5 (2), 2223-2232 | 2228



International Journal of
DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Peer Reviewed, Referred & Indexed Journal
ISSN: 3068-272X www.ijdim.com Original Research Paper

helps monitor the environment. The use of a fire detector and the microcontroller allows prompt detection of small
fluctuations in temperature and flames. LCD screen displays such important information for users as "Fire Alert"
or "System Condition," making on-site information available immediately. A buzzer serves as an auditory
warning mechanism which ensures that everyone who is nearby will get informed about what is happening right
away.

Not only does this system generate warnings that can be displayed locally, but it also allows sending relevant data
to a user's mobile phone via network connections. In this example, the mobile Telnet shows clear messages,
indicating that there is no problem with transmission of vital information. This is important particularly when it
comes to unattended storage, as administrators can immediately get notified and do something right away. It is
worth pointing out that messages like "Fire detected" and "Theft detected" appear simultaneously, showing that
there is no conflict between two sensors.

In addition, the system increases the general security of storing medicines as it prevents any possible damage due
to fire that might affect the efficiency and efficacy of the medications. With the implementation of this type of
safety measure, there is less need for human monitoring, thus allowing a proactive way of dealing with risks.
Moreover, the system can be made even more efficient through adding other kinds of sensors, like smoke or gas
detectors, increasing the efficiency of identifying threats.

7.CONCLUSION

The Smart Medicine Storage, Quality Monitoring, and Expiry Alerting System using IoT offers a practical
solution to the Problems in traditional medicine storage and management. In Typical systems, ongoing monitoring
is often lacking. Manual record-keeping and a lack of timely alerts can lead to unsuitable storage conditions,
increased medicine waste, and serious risks to patient safety. This project tackles these issues by introducing an
automated, technology-driven method that ensures accuracy, reliability, and efficiency.The system uses loT
sensors, such as temperature and humidity sensors, along with a microcontroller to constantly monitor
environmental conditions in real time. These factors are crucial for keeping medicines effective and safe.
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The data collected is sent to a centralized web-based application developed with Django. Here, it is processed,
stored, and shown on an interactive dashboard. Users can monitor storage conditions from a distance and make
informed choices without constant manual checks.A key feature of this project is the automatic expiry tracking
and alert system. It keeps detailed records of medicines, including batch numbers, manufacturing dates, and
expiry dates. The system generates alerts for near-expiry and expired medicines based on this data. This helps
prevent accidental use and cuts down on financial losses due to waste. The system also includes security features
like unauthorized access detection with sensors, boosting the safety of stored medicines.

Another significant aspect of the project is the use of machine learning techniques. Algorithms like Random
Forest, Decision Tree, and Support Vector Machine analyze data patterns and provide predictive insights. This
helps in identifying potential risks, optimizing storage conditions, and improving inventory management
strategies. Combining IoT and machine learning allows the system to be proactive in maintaining medicine
quality.The project prioritizes usability, scalability, and cost-effectiveness. The web-based interface is simple and
user-friendly. Healthcare staff can manage medicine records and monitor conditions easily. By using open-source
technologies and affordable hardware, the system is suitable for various settings, including hospitals, pharmacies,
laboratories, and rural healthcare centers. Additionally, its modular design allows for future upgrades like mobile
app integration, cloud-based analytics, and Al-driven automation.
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