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Abstract: Traditional blood bank systems face critical inefficiencies due to manual processes, leading to delays, errors, and
significant blood wastage. This paper proposes an Automated Blood Bank Management System leveraging RFID technology
and Al-driven analytics to optimize real-time inventory tracking, reduce wastage, and enhance emergency response. The system
integrates RFID tags for unit-level monitoring, enabling precise tracking of blood stock levels, expiry dates, and storage
conditions. Al algorithms predict demand patterns and prioritize emergency requests through dynamic priority queuing,
reducing response times by 40% compared to manual systems. A hybrid cloud-edge architecture ensures scalability, while
compliance with WHO and FDA standards is maintained through AES-256 encryption and role-based access control.
Through automated SMS/IVR reminders, a mid-sized hospital's pilot study showed a 25% increase in donor retention and a 30%
decrease in blood waste. The loT-enabled dashboard of the system offers real-time information into compliance audits, donor
involvement, and inventory trends. The findings demonstrate how the framework’s inclusive design—which includes
multilingual voice interfaces for non-tech users—can bridge healthcare gaps between urban and rural areas. By fusing Al's
predictive capabilities with RFID’s granular tracking, our work enhances blood bank automation and provides a scalable
solution for international healthcare systems. Al-powered mobile apps for tailored donor interaction and blockchain integration
for impenetrable audits are examples of future additions.
Keywords: Real-time inventory, WHO/FDA compliance, 10T in healthcare, RFID monitoring, Al-driven analytics, and blood
bank administration.

L. INTRODUCTION
Blood banks are a cornerstone of modern healthcare, ensuring the availability of safe and compatible blood for life-saving
transfusions in emergencies, surgeries, and chronic treatments. Despite advances in medical technology, 20% of blood units globally
are wasted due to inefficiencies in inventory management, while 30% of emergency requests face delays in manual systems (WHO,
2023). These challenges are exacerbated by rising demand—2118.5 million annual blood donations worldwide—and disparities in
healthcare infrastructure between urban and rural regions.
Traditional blood bank systems rely on paper-based records or fragmented digital tools, leading to critical gaps:
1) Human error: Compatibility issues may arise when donor and recipient data is manually entered.
2) Waste Associated with Expiration: Blood units are thrown away due to a lack of real-time tracking.
3) Slow Emergency Response: Hours-long crossmatching delays risk patient lives.
4) Donor Disengagement: Repeat donations are decreased when automatic follow-ups are not in place.
This paper suggests an Automated Blood Bank Management System that combines Artificial Intelligence (Al) with Radio-
Frequency Identification (RFID) to address these issues. While Al algorithms prioritise emergency requests and forecast demand
based on historical trends, RFID tags allow real-time monitoring of blood units by tracking location, temperature, and expiration
dates. Scalability is guaranteed by the hybrid cloud-edge design of the system, and AES-256 encryption and audit trails are used to
enforce adherence to FDA 21 CFR Part 11 and WHO blood safety criteria.
Pilot implementations in urban clinics demonstrated a 30% reduction in wastage and 40% faster emergency response times, with
rural outreach enhanced by multilingual 1\VVR interfaces for non-literate users. This work builds on prior innovations like India’s e-
RaktKosh but introduces novel Al-driven demand forecasting and loT-enabled transparency.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 5581




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue IV Apr 2025- Available at www.ijraset.com

The remainder of this paper is structured as follows: Section 2 reviews existing literature, Section 3 details the system’s architecture,
Section 4 presents experimental results, and Section 5 discusses future directions, including blockchain integration for tamper-proof
audits. In order to support cancer treatments, surgeries, trauma treatments, and maternity care, blood transfusion services are
essential to contemporary healthcare. However, there are potentially fatal consequences associated with inefficiencies in blood bank
management systems (BBMS). Due to inadequate inventory management, 20% of given blood worldwide expires unused, and 40%
of low-income nations do not have timely access to safe blood (WHO, 2023). Delays in receiving blood transfusions are responsible
for more than 12,000 deaths in India alone each year (National Health Mission, 2022). Outdated procedures are the cause of these
inefficiencies:

» Manual Procedures: Donor records and inventory logs kept on paper are subject to human mistake.

» Legacy Systems: Emergency responses are slowed down by siloed digital technologies that are not interoperable.

» Restricted Rural Access: App-based solutions are difficult for non-technical populations to use.

» Technological Gaps Inventory Tracking: Current RFID solutions (Patel et al., 2020) are geared towards urban hospitals but do
not account for edge computing in rural regions.

» Demand Forecasting: According to Kumar et al. (2021), machine learning models forecast shortages but fail to take into

account seasonal patterns, such as festivals or malaria outbreaks.

» Donor Engagement: Multilingual speech interfaces are still underutilised, however SMS reminders increase retention by 15%
(Red Cross, 2022).

» Social Impact Equity: Because of blood shortages, maternal mortality is three times higher in rural areas (UNICEF, 2023).

» Economics: India loses %1,200 crores annually as a result of blood waste (National Blood Policy, 2020).

» Trust: Uncertain processes allow black-market blood sales to flourish, putting receivers in danger.

A. Suggested Resolution

This study presents a BBMS powered by Al and IoT that is intended to:

1) Track Blood Units in Real Time: RFID tags keep an eye on expiration dates and storage conditions like humidity and
temperature.

2) Forecast Demand: To predict shortages, LSTM neural networks examine past usage, meteorological, and event data.

3) Automate Emergencies: GPS-enabled dispatch and priority queues cut response times from two hours to thirty minutes.

4) Engage Donors: Rural participation is increased with gamified incentives (such as donor badges) and multilingual IVR systems.

5) Explainable Al (XAl): Healthcare personnel can understand demand estimates thanks to SHAP values.

6) Dynamic Crossmatching: In less than five seconds, graph algorithms verify the compatibility of donors and recipients.

1. LITERATURE REVIEW
A. Development of Management Systems for Blood Banks
Manual record-keeping was the mainstay of early blood bank systems, which resulted in inefficiencies and high mistake rates. Web-
based platforms (Gupta et al., 2018) and barcode tracking (WHO, 2021) marked the beginning of the transition to digital systems in
the 2000s.
Al-driven demand forecasting (Rajesh et al., 2023) and RFID integration (Patel et al., 2019) for real-time inventory tracking are
examples of recent developments. Despite advancements, deficiencies still exist in donor retention, real-time emergency response,
and rural accessibility.

B. Automated Eligibility Screening for Donor Management:

Although Lee et al. (2020) screened donors using rule-based systems, they did not have dynamic updates for short-term deferrals
(such as those that occur after immunisation). The absence of integration with up-to-date health databases, such as immunisation
records, is a gap.

Engagement of Donors:

» SMS reminders increased retention by 15% (Red Cross, 2022), but because of literacy hurdles, participation was lower in rural
areas.

» Gap: Inadequate usage of gamification (such as donor loyalty programs) or voice-based IVR.
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C. RFID Technology for Inventory Tracking and Waste Reduction:

tracking Although Patel & Sharma (2019) had to deal with significant implementation expenses (X5,000/unit), they were able to

achieve 95% accuracy in urban hospitals. Lack of hybrid RFID-barcode systems for rural clinics with limited funding is a gap.

> Internet of Things Sensors: 10T was used by Kumar et al. (2022) to monitor blood storage conditions, although constant cloud
connectivity was necessary.

» Gap: Insufficient edge computing for offline rural applications.

» Warnings of Expiration: UNICEF (2022) used Al-driven notifications to cut waste by 18%, but they did not account for
temperature or humidity.

D. Priority Queuing for Emergency Response Optimisation

Although they disregarded real-time stock levels, FIFO-based systems (Lee et al., 2020) shortened urban emergency response times
by 25%.

Gap: Prioritisation does not take patient criticality—such as trauma versus surgery—into account.

1. METHODOLOGIES
A. Methods of Research
Original Research
To find pain spots, surveys and interviews were done with more than fifty stakeholders, including administrators, hospital
employees, and funders.
» Case Studies: Examined the Red Cross's donor interaction tactics and India's e-RaktKosh.
> Field Observations: To evaluate process inefficiencies, | visited blood banks in both urban and rural areas.

Secondary Investigation:
» Literature Review: Examined over thirty articles about RFID, Al in healthcare, and the Internet of Things.
» Benchmarking: Looked for feature gaps by comparing current tools (such as BloodHub and Haemonetics).
» Regulatory Analysis: Examined FDA and WHO standards for requirements of compliance.

B. Methodology for System Development

Agile Structure:
» Sprint 1: Django backend and React.js frontend donor registration module.
» Sprint 2: Inventory tracking with RFID with expiration notifications.
»  Sprint 3: Al-powered crossmatching and emergency prioritisation.

Design:

Frontend: Redux for state management using React.js.

Django REST Framework for API development is the backend.

MySQL is the database used to store donor and receiver records in an organised manner.
loT Layer: Raspberry Pi for edge computing and RFID scanners (MFRC522).

Fig-1
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C. Analysis of Implementation Workflow Requirements:
e  Design of the System:
Use case, sequence, and class diagrams are examples of UML diagrams.
ER Model: Developed the database structure for the request, donor, and blood unit tables.

e Progress:
Donor Module: Eligibility checks and OTP-based registration.
Inventory Module: Push notifications for expiration alarms and RFID scanning.
Emergency Module: Real-time tracking and dispatch with GPS integration.

e Testing:
Unit Testing: Python's backend logic unittest.
Integration Testing: Postman is used to validate APl endpoints.
Ten or more hospital employees participated in user acceptance testing, or UAT.
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Fig-2
Key Performance Metrics

V. RESULT AND ANALYSIS
The results of the 6-month automated blood bank management system pilot program, which was implemented in both urban and
rural clinics, are shown in this section. To assess performance in relation to the project's goals, both quantitative and qualitative data
were examined.

A. Important Performance Indicators

Metric Before Implementation After Implementation Improvement
Blood Wastage 20% (WHO baseline) 14% 30% Reduction
Emergency Response Time 120 minutes 30 minutes 75% Faster
Donor Retention Rate 40% 50% 25% Increase
Demand Forecast Accuracy 85% (ARIMA) 99.2% (LSTM) 14.2% Gain
Manual Data Entry Errors 12% 2% 83% Reduction
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B. Detailed Analysis

1) RFID-Driven Expiry Alerts Reduce Blood Wastage:

Mechanism: When units were about to expire, RFID tags sent out alerts.

Impact: In urban clinics, the number of expired units decreased from 200 per month to 140 per month.

Rural Adaptation: During internet failures, alerts were cached on solar-powered edge servers.

Rotation of FIFO Stocks: 15% less was wasted thanks to automated reminders that made sure older goods was used first.

2) Al-Priority Queuing for Quicker Emergency Response:

Response times were shortened from two hours to thirty minutes by giving priority to trauma cases over regular calls.

Case Study: By providing quicker access to O-negative blood, a rural clinic was able to cut maternal mortality by 22%.

Using GPS to Dispatch: Delivery routes were optimised through integration with the Google Maps API, saving 18 minutes every
delivery.

3) Donor Retention IVR/SMS Reminders

60% of rural donors engaged via Hindi/English voice calls, compared to 20% via SMS alone. Gamification: "Platinum Donor" badges
increased repeat donations by 35%. 4. Al Demand Forecasting LSTM Model Performance: Trained on 5 years of data (blood usage,
festivals, monsoon trends). Achieved 99.2% accuracy vs. ARIMA (85%) and Linear Regression (78%). Example: Predicted a 40%
surge in platelet demand during dengue season, enabling proactive stockpiling. Demand Forecast Comparison.

C. Qualitative Outcomes Staff Feedback:
Pros: Reduced manual workload, intuitive dashboard. Cons: Initial resistance to RFID training. Donor Satisfaction: 95% of rural donors
rated IVR reminders as "easy to use.” Compliance: Met 100% of FDA 21 CFR Part 11 requirements for electronic records.

V.  CONCLUSION
An innovative solution to long-standing inefficiencies in donor engagement, emergency response, and blood inventory management is
the Automated Blood Bank Management System. This solution addresses important issues including blood waste, delayed emergency
responses, and donor retention by combining RFID technology with Al-driven data. It also encourages inclusivity in rural healthcare
access.

A. Principal Accomplishments

> Decreased Blood Wastage: Real-time RFID tracking and FIFO stock rotation led to a 30% reduction in expired units, which
directly reduced costs and optimised resources.

> Faster Emergency Response: In trauma and maternal care scenarios, Al-powered priority queuing and GPS-enabled dispatch
reduced emergency response times from two hours to thirty minutes, potentially saving countless lives.

» Improved Donor Engagement: A sustainable blood supply chain was promoted by a 25% improvement in donor retention brought
about by multilingual IVR/SMS reminders and gamified incentives.

» Proactive inventory management during emergencies such as seasonal illness outbreaks is made possible by the 99.2% predictive
accuracy attained by LSTM-based demand forecasting.

B. Key Achievements

» Reduction in Blood Waste: A 30% decrease in expired units was achieved through FIFO stock rotation and real-time RFID
tracking, which directly decreased expenses and maximised resources.

» Faster Emergency Response: Al-powered priority queuing and GPS-enabled dispatch cut emergency response times from two
hours to thirty minutes in trauma and maternal care scenarios, potentially saving countless lives.

» Improved Donor Engagement: Multilingual 1VR/SMS reminders and gamified incentives resulted in a 25% increase in donor
retention, which helped to establish a sustainable blood supply chain.

» Because LSTM-based demand forecasting achieves 99.2% predictive accuracy, proactive inventory management is made possible
during situations like seasonal sickness epidemics.
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