Design and Implementation of a Web-BDMS for Donor, Recipient, and Inventory Coordination

Abstract
Blood plays a crucial role in the treatment of medical emergencies, surgical conditions, childbirth-related complications, injuries and chronic health conditions. Demand for blood can exceed available supplies, while its limited shelf life and unequal access to blood services increase the need for effective information management. This study presents the design and development of a web-based Blood Donation Management System (BDMS) for donor registration, recipient requests, blood inventory monitoring, donation history and administrative reporting. PHP handles server-side operations, MySQL manages data storage and Bootstrap supports a responsive interface. The system provides separate functions for administrators, donors and those submitting blood requests. Its inventory module records units added following donations and units issued in response to requests, while shortage alerts identify critically low stock. The application was developed using a sequential Waterfall approach encompassing requirements analysis, system design, implementation, testing, deployment and maintenance. Scenario-based black-box testing assessed administrator login, donor registration and record updates, blood request submission and tracking, inventory changes, links between donation history and stock records, and data retrieval. All ten reported functional test cases passed in the local demonstration environment. However, this evaluation established functional behaviour rather than operational effectiveness. System response times, notification delays, inventory accuracy, user satisfaction and other quantitative performance measures were not assessed. The application has also not undergone large-scale field deployment. The study therefore presents a low-cost administrative framework that may support future extensions, including geolocation, automated notifications, demand forecasting, interoperability and data-informed donor engagement.
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I. INTRODUCTION
A. BACKGROUND 
Blood donation services play an important role in contemporary healthcare systems. The World Health Organization (WHO) continues to emphasise the significance of coordinated blood collection, testing, processing, storage and clinical transfusion services. Global data reveal variations in blood availability across countries and regions, making dependable information systems an important support for blood transfusion services (World Health Organization, 2022). In India, a national study estimated the clinical requirement at 14.6 million whole-blood units, equivalent to 36.3 donations per 1,000 eligible individuals. Supply met 93% of demand, leaving a gap of 2.5 donations per 1,000 eligible individuals, or approximately one million units (Mammen & Asirvatham, 2020; Mammen et al., 2022). A published online blood donation system employing PHP and MySQL provides a relevant example of web-based donor coordination and information management (Abdul-Gafaru et al., 2024).
A nationwide evaluation indicated variations in the performance and facilities of Indian blood banks, highlighting the need for evidence-based oversight and coordinated data management in blood transfusion services (Asirvatham et al., 2021). A geospatial study of eight northern Indian states found limited access to facilities equipped to provide blood products, emphasising the importance of timely information and geographical coordination (Kundu et al., 2024). Access constraints have also been discussed in an earlier analysis of blood services in India (Jenny et al., 2017). Blood management operations face challenges arising from unpredictable demand, the limited shelf life of certain blood components and the need to minimise both shortages and waste. Inventory research therefore regards blood products as supply-chain resources for which information on stock quantities, demand, expiry and replenishment is essential. Maintaining records manually can delay access to information and increase the risk of data-entry and coordination errors. Digitalisation can provide a basis for timely donor management, request handling, inventory transparency and reporting. Recent research has also examined machine-learning approaches to blood-bank inventory optimisation and shortage prediction, although predictive functions are not included in the present prototype (Singh et al., 2025). For platelet inventory, data-driven modelling has considered how demand forecasts may inform stock management under conditions of limited shelf life (Motamedi et al., 2025).
The present project develops a BDMS intended for hospitals, blood banks and organisations involved in blood donation. The system integrates donor information, recipient requests, blood inventory, donation records and administrative oversight within a relational application. It is not intended to replace clinical eligibility assessment, blood typing, screening, cross-matching or transfusion decisions; rather, it provides an administrative layer that may support related operational tasks. Research on blood-bank supply-chain information systems has also examined encryption and data-management techniques, underscoring the importance of information security in subsequent development (Kirupa Shankar & Santhi, 2025).
B. PROBLEM STATEMENT
Conventional and partly manual approaches to blood management often distribute donor information, requests and inventory records across paper documents, spreadsheets, ledgers and separate communication tools. This fragmented arrangement can be inefficient during emergencies. When time is limited, personnel must verify blood-group availability, locate the relevant records, update inventory and maintain an accurate record of transactions. Accordingly, this study focuses on developing a unified, affordable web platform that maintains records from donor registration through blood requests, inventory updates and donation history. An evaluation of electronic blood transfusion systems in hospitals in England further illustrates why implementation and integration require assessment beyond demonstrations of software functionality (Tomini et al., 2025).
C. CONTRIBUTIONS
The principal contributions of the study are: (i) a unified architecture for donor, request and administrative roles; (ii) a relational data structure linking donors, requests, inventory and donation records; (iii) transaction-based inventory updates reflecting recorded donations and issued units; (iv) shortage alerts and reporting functions; and (v) black-box functional assessment of the main modules, alongside explicit acknowledgement of the absence of comprehensive empirical validation.
D. RESEARCH GAP
A practical need remains for a consolidated, low-cost administrative application linking donor records, recipient requests, blood-group inventory and donation history within a single workflow. The present study addresses this need through a functional prototype; however, field evaluation in operational blood-bank settings and quantitative performance assessment remain outside the reported scope.
E. OBJECTIVES
1. To develop an easy-to-use website for managing blood donation records.
2. To provide a central platform through which administrators can manage donors, recipients, blood requests, inventory and reports.
3. To enable users to search for and view blood availability by blood group.
4. To reduce dependence on paper records and repetitive manual tasks.
5. To maintain records linking each donation to changes in blood inventory.
6. To establish a foundation for future functions, including notifications, geolocation, demand forecasting and interoperability.

II. RELATED WORK
A. DIGITALISATION OF BLOOD SERVICES
Research on digitalisation has increasingly focused on improving transparency and coordination within the blood supply chain. A recent literature review examined technologies such as blockchain, machine learning, artificial intelligence and big data, while also identifying organisational and implementation challenges (Pal et al., 2024). A separate review covering research published between 2014 and 2025 identified key themes in donor engagement, demand forecasting, inventory and logistics optimisation, supply-chain resilience and digital technologies (Siswanto et al., 2025). These findings emphasise the importance of information systems while indicating that digital transformation extends beyond electronic record-keeping.
B. BLOOD DONATION AND DONOR ENGAGEMENT
Donor availability is essential to blood services (World Health Organization, 2010). A meta-analytic review found that perceived benefits, convenience and personal values can encourage donation, while time constraints, inadequate information, limited knowledge and negative donation experiences can discourage participation (Bednall & Bove, 2011). A separate review identified self-efficacy, perceived behavioural control, positive attitudes, donor identity and previous donation experience as relevant factors (Bednall et al., 2013). Research has also considered the role of prosocial motivation in blood donation (Goette et al., 2010). These findings suggest that future digital blood-service systems should not merely monitor available blood quantities; they should also support communication, donor engagement and accessible processes.
C. INVENTORY AND PERISHABILITY
Blood products have limited shelf lives, and demand can be difficult to predict. Research on platelet management shows how short shelf life can contribute to wastage and shortages, motivating mathematical approaches to inventory control (Haijema et al., 2007; Rajendran & Ravindran, 2019). Other studies have considered uncertainty in remaining shelf life and the use of data to inform inventory decisions (Abouee-Mehrizi et al., 2022; Dillon et al., 2023). The present system does not apply mathematical optimisation or predict future inventory problems. Instead, it establishes an information-management foundation by recording available units by blood group, donations and blood issues. Such transaction records are necessary for subsequent planning and more informed decision-making.
D. DIGITAL BLOOD-MANAGEMENT PLATFORMS
Previous blood-bank and donor-management applications have demonstrated the feasibility of using web and mobile platforms for donor registration, request processing, blood-group searches and administrative tasks (Abdul-Gafaru et al., 2024). More advanced proposals incorporate location-based matching, notifications, dashboards and analytics. By contrast, the present study focuses on a basic application built with PHP, MySQL and Bootstrap. Its contribution is to demonstrate a framework that can be extended without relying on costly technologies.
E. RESEARCH GAP
The literature highlights the importance of blood management, but many advanced proposals focus on individual functions, such as matching, forecasting, geospatial searches or visual analytics, rather than a straightforward integrated administrative platform suited to academic or resource-limited environments. This project addresses that practical gap by combining donor information, recipient requests, blood-group inventory, donation history, shortage alerts and reporting within one application. However, functional correctness alone does not demonstrate real-world impact; field assessment and quantitative performance evaluation remain necessary.
III. MATERIALS AND METHODS
A. RESEARCH AND DEVELOPMENT APPROACH
The study adopted a design-and-development approach. Project requirements were reviewed, the software architecture and database structure were defined, the application was implemented, and the completed modules were tested for functional correctness. A Waterfall approach was used because the principal requirements had been identified in advance and the project was developed as an academic software system.
B. SOFTWARE DEVELOPMENT LIFE CYCLE
The development stages and their corresponding outputs are summarised in Table 1.
TABLE 1: Software Development Life Cycle
	Phase
	Activities
	Output

	Requirements analysis
	Identify donor, recipient, request, inventory, reporting, and authentication requirements.
	Functional and non-functional requirements

	System design
	Define modules, data flows, entities, relationships, and database tables.
	Architecture and database design

	Implementation
	Develop PHP application, MySQL database, and Bootstrap interfaces.
	Working web application

	Testing
	Execute black-box functional test cases for major modules.
	Verified test cases and defect observations

	Deployment
	Run the application in a local XAMPP/WAMP environment for demonstration.
	Demonstration deployment

	Maintenance
	Plan database backup, bug fixing, security improvements, and feature extensions.
	Maintenance roadmap



The principal functions of the system modules are summarised in Table 2.
C. FUNCTIONAL REQUIREMENTS
TABLE 2: Functional Requirements
	Module
	Principal functions

	Administrator
	Secure login/logout; manage donors, recipients, requests, inventory, donation history, and reports.

	Donor
	Register donor details and maintain donor information.

	Recipient / Request
	Submit blood requests and track request status.

	Blood inventory
	Maintain stock by blood group; increase stock after donation; decrease stock after issue; flag critical shortages.

	Donation history
	Record donor, donation date, units donated, and linkage to inventory.

	Reports and analytics
	Summarize donors, requests, donations, inventory, and blood-group demand/supply.


D. SYSTEM ARCHITECTURE
The database tables and their roles are described in Table 3.
The application consists of three components: a presentation layer, application logic and relational data storage. The presentation layer uses a Bootstrap-based interface to provide web pages. PHP handles server-side processing and business logic, while persistent data are stored in MySQL. Administrative tasks are separated from donor- and request-related tasks. The inventory module uses transaction-based updates: a recorded donation increases the available units for the relevant blood group, while the issue of blood following an approved request decreases the balance. Donation-history records link donor activity to inventory changes, providing a traceable record.
E. DATABASE DESIGN
The software technologies and their roles are listed in Table 4.
TABLE 3: Database Design
	Table
	Purpose
	Representative data

	Admin
	Authentication and administrative access
	Credentials, login information

	Donor
	Donor master records
	Name, age, blood group, contact information

	Requests
	Recipient/patient blood requests
	Request details, blood group, status

	Blood Inventory
	Current stock
	Blood group, available units

	Donation History
	Historical donation transactions
	Donor, date, units donated, inventory linkage



F. TECHNOLOGY STACK
TABLE 4: Technology Stack
	Technology
	Role in the system

	PHP
	Server-side application logic and CRUD operations.

	MySQL
	Relational storage and retrieval of application data.

	Bootstrap
	Responsive front-end layout and interface components.

	HTML/CSS/JavaScript
	Browser-side presentation and interaction.

	XAMPP/WAMP
	Local development and demonstration environment.


IV. SYSTEM IMPLEMENTATION
A. ADMINISTRATOR AUTHENTICATION
The administrator authentication module provides access to management functions. After successfully logging in, the administrator can access the donor, recipient, request, inventory, donation-history and reporting modules. Project testing indicated that unauthorised access was blocked in the demonstration environment.
B. DONOR MANAGEMENT
The donor-management module maintains records containing identifying details, age, blood group and contact information. Administrators can add, modify, delete, search for and view donor records. The resulting donor database may support future communication and retention activities.
C. BLOOD REQUEST MANAGEMENT
Recipients or patients can submit blood requests. Administrators can review each request, approve or reject it, and update its status. The process provides a central record of requests rather than relying on separate documents or informal communications.
D. BLOOD INVENTORY MANAGEMENT
The inventory module monitors the units available for each blood group. Recorded donations increase the inventory, while blood issued against approved requests decreases it. Low-stock and critical-shortage conditions can be highlighted for administrative attention. The current implementation should be regarded as an inventory log rather than a clinical blood-bank information system, because laboratory screening, cross-matching, component-expiry management and transfusion verification fall outside its defined scope.
E. DONATION HISTORY AND REPORTING
Each donation is recorded with the donor, date and number of units donated. Donation records are linked to inventory changes, allowing the application to trace stock updates to donor activity. Reporting functions provide summaries of donor records, requests, inventory and donations, which may assist administrators with monthly or annual reviews.
V. TESTING AND RESULTS
Testing is important for web applications because functional defects can affect data integrity and user workflows. Systematic reviews of web-application testing illustrate the range of testing methods and the importance of structured assessment (Doğan et al., 2014; Garousi et al., 2013). In this project, black-box testing was selected to assess observable behaviour against functional requirements rather than the internal program structure. The reported results are presented in Table 5.

TABLE 5: Black-Box Testing Result
	Test ID
	Function tested
	Expected result
	Reported result

	T01
	Administrator login
	Authorized user gains access; invalid access is blocked.
	Pass

	T02
	Donor registration
	New donor record is stored and retrievable.
	Pass

	T03
	Donor update/delete/search
	Records can be modified, removed, viewed, and searched.
	Pass

	T04
	Blood request submission
	Request is stored with appropriate status.
	Pass

	T05
	Request approval/rejection
	Administrator can change request status.
	Pass

	T06
	Inventory after donation
	Available units increase for the relevant blood group.
	Pass

	T07
	Inventory after issue
	Available units decrease for the relevant blood group.
	Pass

	T08
	Shortage alert
	Critical low-stock condition is identified.
	Pass

	T09
	Donation history
	Donation date and units are recorded and linked to donor/inventory.
	Pass

	T10
	Data retrieval/reporting
	Relevant records and summaries are displayed.
	Pass


The reported results indicate that all ten principal functional test cases passed during black-box verification. These findings demonstrate that the system met the specified functional requirements under local demonstration conditions. They do not establish clinical effectiveness or full-scale production performance. Quantitative measures of response time, user capacity, notification delay, matching effectiveness, inventory wastage and user satisfaction were not reported. Moreover, the system was not evaluated in an operational hospital or blood-bank environment.
VI. DISCUSSION
The developed BDMS demonstrates the integration of donor, recipient, request and inventory information within a web-based framework. This allows the use of a shared data repository instead of separate paper-based records. Its design is consistent with literature emphasising improved information coordination in blood services, while remaining less complex than optimisation- or artificial-intelligence-based systems (Pal et al., 2024; Siswanto et al., 2025).
An important feature of the design is the link between donation history and inventory. An increase in inventory corresponds to a recorded donation, while a decrease reflects an issue transaction. Traceability is relevant because inventory decisions must consider both availability and wastage (Abouee-Mehrizi et al., 2022; Rajendran & Ravindran, 2019). The existing model does not yet record expiry at the blood-component level. Accordingly, first-in, first-out or first-expire, first-out procedures would require further development before use in an operational blood bank.
The donor-management module also establishes a basis for future donor-engagement measures. Research indicates that convenience, prosocial motivation, self-efficacy, communication and donation experiences can influence donation behaviour (Bednall & Bove, 2011; Bednall et al., 2013; Goette et al., 2010). Future versions of the BDMS may provide consent-based SMS or email reminders, tailored messages and support for community campaigns. Such features should be developed with attention to privacy and the risk of excessive messaging.
From a research perspective, the principal limitation concerns the evaluation approach. The present study demonstrates functional operation in a test environment, but it does not compare the application with manual procedures or alternative digital systems. Consequently, improvements in efficiency, emergency response or blood-waste reduction remain potential benefits rather than demonstrated outcomes. Further research should measure request-processing times, availability-confirmation times, data-entry errors, inventory accuracy, request fulfilment, stock shortages, expiry-related waste, system response times and user satisfaction.
VII. LIMITATIONS
1. Evaluation was limited to black-box testing in a local demonstration environment.
2. No field deployment involving donors, actual recipients, hospitals or blood banks was reported.
3. No quantitative comparison with manual record-keeping methods was conducted.
4. The current system does not support donor matching by geolocation or automated SMS or email notifications.
Clinical blood-bank functions, including laboratory screening, cross-matching, component-expiry management, transfusion verification and regulatory workflows, were outside the reported scope.
Authentication was considered, but no formal security assessment, penetration test, privacy impact assessment or compliance audit was reported.
VIII. FUTURE SCOPE
Future development should proceed in stages. Initial extensions may include consent-based SMS or email notifications, improved mobile access for donors and location-based searches. Subsequent versions could connect to hospital and blood-bank systems through application programming interfaces (APIs), subject to appropriate data-sharing safeguards. Historical data may eventually support demand forecasting, shortage identification and donor-engagement analysis. Further inventory-management functions could incorporate blood-component types, shelf lives, demand patterns and transfers between sites.
Predictive analytics may become useful as information on blood-group demand, donations and blood issues accumulates. Machine-learning functions should be considered only when sufficient high-quality data are available and the system has undergone appropriate validation. Future evaluations should report prediction accuracy, matching speed, alert timeliness, request-fulfilment rates, expiry-related waste, shortage frequency and user satisfaction.
IX. CONCLUSION
This study presents the development of a web-based Blood Donation Management System (BDMS) integrating donor records, recipient requests, blood inventory, donation history, administrator access and reporting. The application was developed using PHP, MySQL and Bootstrap within a Waterfall development process. Black-box testing showed that its principal functions operated as specified in the local demonstration environment. The system therefore provides a foundation for replacing fragmented paper records with a shared digital record and for supporting possible future analysis and interoperability. However, demonstrating functional operation is not equivalent to establishing improvements in hospital or blood-bank performance. Before operational adoption, the application requires assessment of security, privacy, usability, capacity and applicable regulatory requirements, followed by field evaluation. Subsequent development may include consent-based notifications, geolocation, demand forecasting, component-expiry monitoring and interoperable data exchange.
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