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Abstract: Rapid access to patient medical information is critical in emergency situations where timely
clinical decisions can greatly affect the outcome of treatment. However, there is still a large portion of
the population without readily accessible digital health records, and many of the solutions are internet-
dependent and battery-powered, which limits their reliability in a critical situation. In this paper, a secure
battery-free wearable and cloud-based framework for on-the-spot emergency medical information
retrieval is presented. The proposed system combines a battery-free wearable device that is embedded
with Near Field Communication (NFC) and Quick Response (QR) technologies to achieve fast and
contactless access to encrypted patient information. A cross-platform mobile application written in the
Dart language (Flutter) and a cloud backend (Firebase) for secure storage, authentication and real-time
synchronization of medical records. The framework has the provision for both online and offline access
to ensure the availability of crucial medical data even in low-connectivity environments. Encryption
mechanisms are implemented to ensure the security of sensitive patient information and to ensure
controlled access to that information. Experimental evaluation shows system is able to access critical
medical data in seconds and helps to improve emergency response efficiency and digital healthcare
accessibility in resource constrained environments.

Index Terms - Emergency medical information retrieval, Battery-free wearable devices, NFC-based
healthcare, Cloud-based medical records, Secure health data systems, Offline-first access.

|. INTRODUCTION

Timely availability of patient medical information with good accuracy is an important factor in
providing good emergency healthcare. During critical incidents, it is expected that healthcare
professionals and first responders are able to make quick decisions based on a patient's medical history,
allergies, medications and pre-existing conditions. In many real-world situations though, access to such
information is limited due to fragmented record management practices and dependence on manual
documentation or network dependent digital systems. These constraints can connect to treatment
decision-making delays, and they can cause an increment in the rate of medical errors, specifically in
areas with poor connectivity or infrastructure.

Recent advancements in wearable computing, mobile applications as well as cloud-based
applications have led to improvement in digital management of health records. Several are available to
allow patients to store and update medical information with the help of mobile applications and
centralized databases. Despite these advancements, many solutions are based on constant connection to
the internet and access to powered devices which may not always be available in emergency situations.
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Making sure that critical medical information will be retrieved in a secure, reliable and fast way under
such constraints, is still a major challenge for modern healthcare systems.

To deal with this issue, in this paper, a secure battery free wearable and cloud framework is proposed
for efficient emergency medical information retrieval. The proposed system is based on a battery-free
wearable device with NFC and QR technologies that allow to be responsiveness to easily obtain the
patient identifiers and visit the corresponding medical records through a secure mobile application. A
cloud-based backend is managing authentication, encrypted storage and controlled access to sensitive
data and offline support ensures that when connection is limited then the data is still available. By
integrating wearable identification, secure cloud services and dual mode accessibility the proposed
framework is expected to improve the efficiency of emergency response efforts increase the security of
data and aid the adoption of digital health technologies in various operational settings in a scalable
manner.

11. EXISTING & PROPOSED SYSTEM

Existing System

Current methods of emergency medical information retrieval mainly involve the use of cloud-
based electronic medical record systems, mobile health applications, and digital health identification
systems. These systems store information on the patient in centralized servers and access them via
smartphones or hospital information systems. In many cases, retrieval of medical data requires constant
internet connectivity and battery-powered devices, which may not always be available in an emergency
situation. As a result, healthcare professionals might be delayed getting access to critical patient details
in an immediate intervention situation. Furthermore, some of the solutions that are in place are only
synchronised to online mode, which is not always reliable in low connectivity or remote environments.
The reliance on the availability of devices, network connectivity and centralized infrastructure makes
current emergency medical data access systems less reliable and responsive overall. These limitations
underscore the importance of developing a more resilient and always-available mechanism that is able
to support the fast and secure retrieval of patient information in the face of an emergency.

Performance Comparison: Existing System vs Proposed System

BN Existing System
| MW Proposed System

Performance Level

Data Retrieval Time Offline Availability Security Level Reliability

Proposed System

To overcome the shortcomings of the existing systems, a more secure battery-free wearable
and cloud-based framework is proposed for the instant retrieval of emergency medical information. The
system combines a wearable device with no battery that incorporates NFC and QR technology to
establish a unique patient identifier that is accessible via contactless scanning. When the wearable is
scanned with the help of a mobile application, the system fetches the corresponding encrypted medical
data from a secured cloud backend. The framework supports both the online and offline modes of
operation, as an effort to ensure that essential medical information is not lost in low connectivity
environments. A mobile application built with the Flutter framework offers user authentication, data
access, and real-time updates of medical records, while a cloud backend manages storage,
synchronization, and security with the help of the cloud service provider, namely, in this case, the
Google Cloud Firestore. Encryption mechanisms have been implemented to ensure that sensitive
medical information is protected and that unauthorized access to the information cannot occur. By
leveraging the integration of battery-free wearable identification, secure cloud integration and dual-
mode accessibility the proposed system enables swift, reliable and privacy-conscious retrieval of patient
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medical information, which in turn allows for more efficient emergency response and overall patient
safety.

Existing System Proposed System
Profile Creation
‘ Mobile App ‘ Secure Cloud

R

NFCIQR Wearable

Hospital Server ‘ Scan

R

Instant Access

I1l. RELATED WORKS

Within the last ten years, a considerable amount of research was carried out in the field of

wearable healthcare systems, wireless medical management, and cloud-based patient data management.
One of the first technologies to be applied in healthcare was the Wireless Sensor Networks (WSN).
These systems allowed monitoring patient vital signs including heart rate, blood pressure, and body
temperature continuously as a result of the interconnected sensor nodes. Even though they were useful
in remote monitoring, the systems were very dependent on the use of battery-powered devices that raised
concerns of power and energy consumption, maintenance and reliability in case of an emergency.
The design of Wearable Technology Wireless Body Area Networks (WBANS) also advanced the
wearable healthcare technology as it allowed the use of small, wearable sensors to transmit health
information effectively. WBAN-based systems were more mobile and comfortable to patients but, still,
had to be charged or changed frequently, which restricts the applicability of this in long-term emergency
identification environments.

As the Internet of Things (1oT) grew, the healthcare systems became interconnected. Wearable products
used by patients using loT were also incorporating cloud computing to archive and process patient
medical records. Cloud systems provided a centralized storage area, access by authorized users at a
distance, and real-time data exchange between the hospitals and the emergency responders. Although
these benefits are in existence, it is important to note the fact that most 10T healthcare solutions rely on
active power supply, smartphones or the internet, which is not always accessible in the case of severe
emergencies.

Wearable healthcare systems have been quite concerned with security and privacy. To safeguard
confidential medical data, researchers have come up with encryption algorithm, authentication
protocols, access control measures, and cloud architecture protecting features. End-to-end encryption
techniques, role-based access control techniques, and secure key management techniques have been
adopted to avoid unauthorized access to data. Nevertheless, most of the current solutions emphasize
either on security or both on security and accessibility not in a lightweight, battery free architecture.
QR-code-based tags, smart cards and NFC devices have also been researched and are used as medical
identification systems. These solutions enable emergency responders to get critical patient data in a short
period of time. Specifically, systems based on NFC have a low-powered or battery-free functionality
with passive tags. However, as great as it sounds, the majority of current implementations are either
storing only a small amount of offline information or do not connect with secure cloud systems where
dynamic records can be updated.Recent studies have also covered secure digital health identity systems,
which are a combination of wearable devices, cloud storage and authentication systems. Despite the fact
that these systems improve the availability of data and protection of privacy, they tend to be complex in
their infrastructural setup, and are costly to implement.
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Thus, although the current studies have been helpful in the development of wearable healthcare
monitoring, loT-based cloud computing, and secure medical data storage, it is still missing a fully secure,
battery-free, and instantly accessible wearable device that is linked to a robust cloud architecture to
retrieve emergency medical information. The suggested framework is expected to address this gap by
integrating passive wearable technology, secure cloud architecture, and fast authentication to provide
reliable and real-time access to vital medical data in case of emergency situations.

V. METHODOLOGY

The proposed framework is centered on achieving the retrieval of patient medical information

securely and rapidly under emergency scenarios with the help of a combination of battery-free wearable
and a cloud-based data management system. The methodology is focused on the reliable identification,
secure data handling and dual mode access in various network conditions. The architecture of the system
is divided into three functional layers as wearable identification, mobile application processing and
cloud-based data services.
The identification layer that is to be worn is a battery-free device, and has NFC and QR technologies
integrated with a unique patient identifier. This identifier is related to the respective medical profile
which is stored in the database in the cloud. In case of an emergency, an authorized user, who is a
responder does the scan of the wearable with the help of NFC-enabled smartphone or QR scanning
interface. The result of the scanning process is to retrieve the identifier without the need for any power
source on the wearable which means that the wearable is operational at all times without battery
maintenance independence.

4.1 System Architecture Overview

The proposed system architecture involves a wearable device without a battery installed in it and a
military cloud medical information platform. The architecture is broken down into several modules that
are linked to each other, such as data collection, preprocessing, safe storage, NFC/QR access, cloud
backend, security layer, and result display interface. The wearable device serves as a passive
identification media where a unique identifier of the patient is saved instead of a full medical record.
When the identifier is read by a reader equipped with NFC or QR technology, it is authenticated and
linked to a respective encrypted medical record stored on the cloud. The system guarantees smooth
communication between the hardware and software elements so as to bring real time and safe and
dependable emergency medical information retrieval.

4.2 Data Collection Module

The Data Collection Module is charged with the duty of gathering important patient medical
information during the process of registering a patient. This is a record of personal information, blood
group, allergies, chronic diseases, drugs, emergency contacts, and medical history. The authorized
medical practitioners may feed data using a secure web interface or through a mobile interface or patients
may feed data using overseen validation. There are also sufficient input validation systems in place to
ensure that accuracy and completeness of data are achieved. The module also ensures that data is
structured in a standard format so that they can be applicable in the future with the new hospital
information systems and digital health platforms

4.3 Data Preprocessing Module

The Data Preprocessing Module ensures that data collected is sorted, verified and formatted and
stored. It removes duplication, ensures that there are no gaps in the fields and that the medical terms are
standardized in a way that they are similar. Sensitive fields are ready before they are encrypted and sent
to the cloud server. The module can also generate the special patient identification code that is related
to the NFC tag or the QR code that is located in the wearable item. The efficiency, speed of acquisition
and reliability of the database is increased by this initial process.

4.4 Secure Storage & Feature Management Module

The encrypted medical records of patients are stored in the cloud database using this module.
The sensitive information is encrypted in the most sophisticated techniques of encryption to ensure that
the sensitive information is secure when it is laid to rest and the time when it is being transmitted. There
will also be good indexing mechanisms to the database to enable quick mapping of wearable identifiers
and patient records. It is also possible to ensure that the medical data can be updated safely without
impacting the integrity of the systems through the feature management. Monitoring the changes of the
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data is to maintain the accountability and transparency of the data management through maintaining the
audit trails and the access logs

4.5 NFC & QR Access Module

The NFC and QR Access Module will enable one to access medical data immediately in case of
an emergency. The wearable device is battery-less and includes an inbuilt NFC tag or QR code that has
a secure patient ID. When scanned by an authorized device, the identifier sends a secured request to the
cloud backend. The module is installed to operate quickly and predictably in order to ensure minimal
time wastage in instances where the module is mostly needed. Since the wearable device is not employed
to constitute a vast amount of medical data, the risk of privacy invasion in case of loss or theft is
minimized.

4.6 Cloud Backend Module

The Cloud Backend Module is the center of storing and processing of the system. It works with
encrypted medical record, operation of authentication requests and data retrieving. The communication
between scanning devices and the database is done through secure APIs. The backend is capable of
supporting huge healthcare networks and requests with simultaneous access. High availability and
reliability are ensured by redundancy plans and backup system that makes the system suitable in real
life deployment of an emergency healthcare system.

4.7 Security & Privacy Module

Security & Privacy Module has strict authentication, authorization and encryption policies. It has a
feature called role-based access control that enables access to the full medical records of the verified
healthcare personnel only. Secure protocols encrypt any traffic between devices and cloud server. The
system follows the privacy-by-design system, where the sensitive data is not stored in the wearable
device. The audit logs, the monitoring of the sessions, and the intrusion detection mechanisms help to
provide the system security further in order to guarantee the privacy of the patients.

4.8 Result Display Module

The Result Display is used to present the obtained medical data in a good organized format which is
comprehensible by the emergency responders. The main data, such as blood group, allergies, regular
drugs, and emergency contacts are highlighted to make timely decisions. The interface is simplified and
made comprehensible in high pressure condition so that the level of cognitive load is reduced. The
module will ensure that the information that will be displayed will be restricted to that which is approved
by the level of access, but on both usability and privacy.

4.9 Algorithm

Procedure SECURE_EMERGENCY_MEDICAL_INFO_RETRIEVAL

Record patient and obtain vital medical data via secure interface.

Check and standardize input data to eliminate errors and standardize it.

Secrecy Before sending sensitive medical fields to cloud server, encrypt them.
Create distinctive patient identifier (UID), associated with wearable NFC/QR tag.
Store coded medical documents in cloud database.

Install UID deeply into the battery-free wearable device (NFC tag / QR code).

In the case of an emergency, wearable devices are scanned by the authorized
personnel.

8. NFC/QR Capture UID and forwards secure authentication request to cloud backend.
9. Check user identities through role-based access control.

10. Fetch similar encrypted medical record in the database.

11. Approach decrypting authorized medical fields with emergency access.

12. Auditing and security tracking.

13. Show vital medical data (blood group, and allergies, conditions, emergency contacts)
in user interface.

End Procedure

Nk
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V. RESULTS & DISCUSSION

A. System Workflow Evaluation.

The proposed battery-free wearable and cloud architecture was experimented through the simulation of
real-world emergency scenarios with the first responders and care providers. The cycle worked in such
a way that the NFC tags were scanned, safe authentication is done, retrieval of encrypted data by the
cloud and the presentation of medical emergency data. Patient information about blood group, allergies,
chronic conditions as well as emergency contacts could be found within seconds after scanning the
system. End to end process that incorporated wearable tap and information display demonstrated that
there was a seamless interaction between the passive wearable gadget, authentication module, and cloud
database. Its response was also satisfactory and its latency was extremely small hence justifying the
utility of real time access to medical information in case of emergency.

B. Module-wise Functional Validation.

All the basic modules were individually tested, NFC Identification, Authentication and Access Control,
Cloud Data Management, Encryption Layer and User Interface. The NFC module can be able to reliably
identify and send the unique patient identifier without the battery. Authentication module was applied
to ensure that only the authorized users could view the detailed medical records. The cloud software
storage module was in a position to store and retrieve encrypted patient information in a reliable manner
that was not lost and corrupted. Encryption and decryption of data were done correctly in order to secure
the information between the wearable interface and the cloud backend.

C. Metadata Integrity and Storage Reliability.

Repeated upload and retrieval tests were done in order to check the uniformity and fidelity of recorded
medical records. No unintentional alterations in patient data, and the information was accurate in a
number of access sessions. The wearable tag was mapped with the records of relevant medical records
since the secure database structures ensured that the patient IDs were stored on the relevant index.
Reliability was also achieved by providing backup and controlled update systems that ensured reliability
of the system during emergency healthcare conditions.

D. Semantic Search and Retrieval Accuracy.

Emergency retrieval process was tested on different networks so as to establish the response time and
accuracy. The wearable ID which was scanned displayed the correct records of the patient through the
system. The response time in emergency conditions could be considered as a tolerable level of network
delay even in circumstances where there was moderate delay. The structured cloud database and query
management were also part of the low latency and reliability that ensured that the emergency responders
received the right information to take action without getting confused and delayed.

E. Privacy and Offline Operation Validation.

Testing of encrypted channels of communication, authentication, and access control policy were some
of security validation. All the data sent between the scanning device and cloud server were encrypted;
therefore, they would not be intercepted. The role-based access also needed to be used to ensure that
only verified healthcare personnel had access to full medical histories, and emergency summaries would
only be provided when needed. None of the personal information was stored on the wearable and this
reduced the chances of information being leaked in case the wearable is lost.

F. Performance Observations.

The performance analysis was guided on speed of scanning, cloud query processing time and system
scalability. This is due to the fact that the passive NFC wearable requires no maintenance or charging
so that it is available at all times. The cloud infrastructure had the capability to provide a number of fake
requests and did not have any performance problems. It demonstrated that even the lightweight
architecture was aware of its resources and provided secure and expeditious data access, which is
suitable in mass deployment of healthcare.
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G. User Interaction and Usability Testing.

The Usability test involving the simulation of emergency user showed that the tap-and-access led to an
easy to use and intuitive interface. It would enable first responders to get the most important medical
information within a short time without the use of complex interfaces. The system dashboard was easy
to use in updating the patient records, and it was highly maintainable by the healthcare administrators.
Overall, the framework made it more accessible and highly secured.

H. Comparison with Traditional Cloud-Based Systems.

The security of the given framework is better, as it is updated with cloud information and does not
require a battery, which is more favoured compared to standard medical ID cards, QR code, or paper-
based records. In addition to an immediate access, the passive wearable, in contrast with solutions that
require smartphones, leaves users self-reliant. The system is not as complicated as all-clouded mobile
applications but the records are very secured and are centrally controlled. Encrypted cloud storage and
battery-free wearable technology will provide a secure and scaled process of accessing privacy-sensitive
and reliable medical information instantly.

V1. Figures and Tables
Table 1: Functional Validation of Information Retrieval Workflow

ID Scenario Result
TC-01 | User registration & Profile creation Pass
TC-02 | Health Score Pass
TC-03 | URL Generation Pass
TC-04 | NFC Accessory tap-in(with internet) Pass
TC-05 | NFC Accessory tap-in(without internet) Pass

Welcome Back

B mall Address

Figure 1: Login Interface
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Figure 3: System OverFlow

IJCRT2603036 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | a274


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 3 March 2026 | ISSN: 2320-2882

& Your LYFE Profile /2*@ @

NIHAL SHANKAR KARANAM

nihalshankar004@gmai

Your Public Profile URL

IF] copy URL

Personal Details

Age 20
Blood Group O Positive
0cm

0 kg

NIHAL SHANKAR KARANAM

A MEDICAL EMERGENCY ID

& Personal Information

B Age

20 years

& Blood Group
O Positive

E Height
Not specified

& Weight
Not specified

< Medical Information

Thyroid

Figure 5: Emergency Medical 1D Screen
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Figure 7: FAQ and Support Interface

VI1Il. FUTURE SCOPE

Future improvement may be in the incorporation of this framework with the hospital electronic
medical record systems and national digital health platforms to improve the interoperability and uptake.
The implementation of advanced authentication methods, such as biometric authentication for
authorized healthcare personnel, can also be helpful in strengthening access control. Intelligent data
analysis and automated risk-flagging mechanisms may be of help to emergency responders to identify
medical issues that is of critical importance on an ongoing basis. Additional enhancements could include
multilingual user interfaces, better offline synchronization practices and deployment on a larger
healthcare network scale. Exploring the use of distributed ledger technology in secure audit trails and
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combining location-based emergency alert services could also make the system more trustworthy,
reliable and effective

Along with these improvements, further development can be conducted to make the wearable device
more efficient in terms of hardware and adaptability in the real world. Optimization of the design of
antennas and the methods of energy harvesting can be conducted to improve the performance of NFC
and guarantee quicker and more stable data transfer even in various circumstances. Also, large-scale
pilot deployments in conjunction with other hospitals and emergency response teams can also be used
to test the framework and can assess usability, response time, and system robustness in the actual
emergency scenario. Moreover, the predictive analytics that might be introduced based on the artificial
intelligence might aid in actively recognizing high-risk patients, relying on the record of their past health
trends stored in the cloud. It will also be required to have continuous security evaluation by penetration
testing and adherence to healthcare data protection laws to guarantee the long-term viability. With its
emphasis on scalability, compliance with regulations, user experience, and technological optimization,
the suggested system can become a universal emergency medical identification solution applicable to
healthcare systems of countries and continents.

VIII. CONCLUSION

A secure battery-free wearable and cloud framework of instant emergency medical information
retrieval has been suggested in this project to solve critical issues in emergency medical case scenarios.
Conventional wearable health monitoring solutions are highly dependent on battery-charged gadgets
and the consistent flow of the internet that can be disrupted in case of emergency situations. The
proposed system mitigates these shortcomings by leveraging on the passive wearable technology like
the NFC based identification, which facilitates instant access to the necessary medical information
without charging or active power supply. The framework will be aware of patient data through a built-
in secure cloud backend that will make sure that patient data is up to date, centrally controlled, and is
only accessible by authorized personnel. Authentication mechanisms, encryption, and controlled
accessing policy allow increasing privacy of the data and preventing the exposure of sensitive medical
records by unauthorized people.

In general, the proposed framework offers a suitable, trusted, and scalable answer to an emergency
healthcare setting. It guarantees quick access to vital medical information including allergies, blood
group, current conditions, and emergency contacts therefore helping first responders and medical
workers to make prompt decisions.
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