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Abstract

With the rapid adoption of IoT in healthcare, ensuring data security has become a critical challenge.
Traditional security mechanisms often fail to protect sensitive patient information from cyber threats.
This paper proposes a secure loT based framework that integrates encryption and anomaly detection to
enhance data privacy and integrity in smart healthcare systems. Additionally, a comparison with a PUF-
based security framework highlights the strengths and limitations of different approaches. Performance
evaluation focuses on encryption efficiency, attack detection accuracy, and system latency,
demonstrating improved security, reduced risk of breaches, and minimal computational overhead.
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1. Overview

1.1.Introduction

The Internet of Things (IoT) is changing the face of healthcare by making it possible to monitor patients
in real time, diagnose issues automatically, and manage care remotely. With smart devices and
connected systems, doctors and medical teams can respond faster and make more informed decisions.
But as helpful as this technology is, it also brings new challenges—especially when it comes to keeping
patient data private and secure. More connections mean more opportunities for cyberattacks, data leaks,
and unauthorized access. That’s why protecting sensitive health information is so important—not just for
patient trust, but also to meet strict legal and privacy standards. This paper introduces a secure loT-based
framework designed to tackle these issues. It uses strong encryption and built-in threat detection to keep
data safe. We also compare this approach with a PUF-based method to see how they stack up in terms of
security, efficiency, and overall performance.

1.2.Background & Motivation

The Internet of Things (IoT) is transforming healthcare by enabling real-time monitoring, faster
diagnosis, and more convenient remote patient care. Smart devices and connected systems allow
healthcare providers to track vital signs, detect anomalies early, and deliver more personalized treatment,
all without requiring patients to be physically present. This leads to improved outcomes and greater
efficiency across the healthcare system.

However, with these advancements come serious security and privacy concerns. As more devices
connect and share sensitive patient data, the risk of cyberattacks, unauthorized access, and data breaches
increases significantly. Protecting this information is crucial—not only to maintain patient trust but also
to comply with strict regulations like HIPAA and GDPR.

To tackle these challenges, this paper proposes a secure loT based healthcare framework that combines
strong encryption with real-time threat detection. This ensures that patient data remains safe throughout
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its lifecycle, from collection to storage and transmission. Additionally, a comparative analysis is

presented against a PUF (Physically Unclonable Function)-based approach, highlighting the strengths
and trade-offs between the two in terms of security, performance, and practicality.

By

addressing both technical and ethical concerns, this framework aims to support the safe and effective

use of IoT in modern healthcare.

Methodology

.System Architecture

Central Data Storage: This serves as the backbone of the entire system—a secure, encrypted
repository where all patient data is stored safely. It uses advanced encryption algorithms to protect
information both at rest and during transmission. Access to this data is tightly controlled and logged,
ensuring only authorized users can retrieve or modify records, thus maintaining data integrity and
preventing unauthorized leaks.

Patient Module: Designed with ease of use and security in mind, this module enables patients to
authenticate themselves through two-factor verification, adding an extra layer of protection beyond
just passwords. Once logged in, patients can generate virtual IDs and unique QR codes that allow
them to access medical services or pick up medicines without exposing their full personal details.
This helps maintain patient privacy and reduces the risk of identity theft or fraud.

Hospital System: The hospital system acts as the central authority that oversees patient
authentication and manages secure communication between different entities. It encrypts patient data
before sending it to the central storage and monitors access requests to prevent any unauthorized
activity. This system also maintains audit trails and logs to ensure transparency and accountability in
how patient data is handled.

Doctor Module: Doctors access patient information through a secure interface that requires
validation by the hospital system, ensuring that only the right medical professionals can view
sensitive health records. This controlled access protects patient confidentiality while allowing
doctors to review medical histories, lab results, and treatment plans, enabling informed and timely
medical decisions.

Pharmacy Integration: Pharmacies receive patient generated QR codes which serve as secure,
anonymous tokens for medicine retrieval. This method eliminates the need for patients to share
sensitive personal data directly with the pharmacy, enhancing privacy while streamlining the
prescription fulfillment process. It also reduces errors and fraud by ensuring medicines are dispensed
only to verified patients.

Insurance Verification: Insurance providers connect securely with the hospital system to verify
treatment details and patient information before processing claims. This connection automates and
accelerates claim approvals while safeguarding patient data through encryption and strict access
controls, reducing the risk of fraud and administrative errors.

Access Control Management: A robust role-based access control (RBAC) system is implemented
throughout the framework. It assigns permissions based on user roles— whether a doctor, nurse,
pharmacist, insurer, or patient—to restrict access to sensitive data strictly according to necessity.
This minimizes the risk of insider threats, accidental data exposure, or misuse, while also ensuring
compliance with healthcare data regulations.
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Figure 2.1 Block Diagram of System Architecture
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2.2.Security Mechanisms

Encryption & Authentication: AES-256 encryption is used to secure all data transmitted between
devices and stored in the system, ensuring that even if intercepted, the data remains unreadable.
Multi-factor authentication (MFA) adds an extra layer of security by requiring users to verify their
identity through multiple methods, such as passwords combined with one-time codes or biometric
verification, reducing the risk of unauthorized access.

Role-Based Access Control (RBAC): Access to data and system functionalities is strictly governed
by user roles. Each user—whether a doctor, patient, pharmacist, or insurer—only gains access to the
information necessary for their role, minimizing exposure of sensitive data and reducing potential
insider threats.

Data Integrity Checks: Cryptographic hash functions like SHA-256 verify that data has not been
altered or tampered with during transmission or storage. Any unauthorized changes trigger alerts,
ensuring the system maintains trustworthy and accurate patient records.

Real-Time Threat Detection and Intrusion Prevention: Continuous monitoring tools scan
network traffic and system activity for unusual patterns or behaviors that could indicate cyberattacks,
malware, or unauthorized access attempts. Automated alerts and response mechanisms enable quick
action to block threats before they cause harm.

Audit Logs and Accountability: Every access, modification, or transaction involving patient data is
logged in detail. These immutable audit trails allow administrators to track actions for compliance,
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forensic analysis, and accountability.

e Data Anonymization and Masking: When sharing data for research or insurance purposes, patient
identifiers are anonymized or masked to protect privacy while still allowing useful data analysis.

2.3.Implementation & Integration

The proposed secure IoT framework is seamlessly integrated with an existing Hospital Management

System (HMS) to provide a cohesive and user-friendly interface for all stakeholders. The front-end

system emphasizes strong security and ease of access, ensuring that hospitals, patients, and other

authorized users can log in safely and interact with the system without compromising data integrity.

Key features of the front-end login system include:

e Hospital Login: This portal is designed specifically for authorized healthcare professionals and
administrative staff. It grants access to hospital resources, patient records, and system controls based
on user roles. Security measures ensure that only verified personnel can log in, reducing the risk of
unauthorized access.

e Patient Login: Patients can securely access their personal health information, monitor their medical
history, and interact with healthcare providers through this interface. The login process prioritizes
patient privacy and data protection, enabling users to retrieve and manage their data with confidence.

e Secure Authentication: Both hospital and patient login modules implement robust security
protocols. Multi-factor authentication (MFA) ensures that users must provide multiple forms of
verification before gaining access, such as passwords combined with one-time codes or biometric
verification. Additionally, encrypted session management protects user sessions from hijacking or
interception, maintaining confidentiality throughout the interaction.

3. Performance Evaluation

3.1. Evaluation Metrics

e Encryption Efficiency: This metric measures both the speed and effectiveness of the encryption
process. It evaluates how quickly data can be encrypted and decrypted without compromising
security, ensuring that sensitive information remains protected without causing delays in system
performance.

e Threat Detection Accuracy: This metric assesses how well the system identifies potential cyber
threats and attacks. It measures the rate of true positives (correctly detected threats) against false
positives and false negatives, reflecting the reliability of the threat detection model in maintaining
system security.

e System Latency: This measures the overall response time experienced by users during critical
operations such as authentication, data retrieval, and transaction processing. Low latency is crucial to
providing a smooth, real-time experience without frustrating delays, especially in healthcare settings
where timely access to information is vital.

3.2. Results & Discussions

Preliminary results indicate that using AES-256 encryption offers a strong level of security while

introducing only minimal processing delays, ensuring the system remains efficient and responsive. The

threat detection model demonstrates high accuracy in identifying unauthorized access attempts,
effectively minimizing potential risks and enhancing overall system safety.

When compared to the PUF-based framework, our approach proves to be more flexible and scalable.

Unlike PUF methods—which often require specialized hardware modifications—our solution can be mo
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re easily adapted to different healthcare environments and integrated with existing systems.
This makes it a practical choice for widespread deployment, balancing robust security with real world
usability.

Figure 3.2.1 Main Login Window
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3.3. Ethical & Regulatory Considerations
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Healthcare data security is not just a technical challenge—it’s also a legal requirement. Regulations like
HIPAA (Health Insurance Portability and Accountability Act) in the US and GDPR (General Data
Protection Regulation) in Europe set strict standards for protecting patient information. Our framework
is designed to fully comply with these laws by ensuring that patient data remains confidential, accurate,
and accessible only to authorized users. By focusing on data confidentiality, integrity, and availability,
we help healthcare providers meet regulatory requirements while maintaining trust and safeguarding
patient privacy.

4. Comparative Analysis
4.1. Introduction to Comparative Analysis
To validate the effectiveness of our proposed secure IoT-based framework for smart healthcare, this
chapter conducts a detailed comparison with a notable study by Makina et al. (2023), which extensively
surveyed the security and privacy challenges facing loT-based eHealth systems. Makina et al.’s work
provides a comprehensive theoretical overview, categorizing common threats such as data breaches,
unauthorized access, and privacy violations, and discussing potential mitigation techniques in a largely
conceptual manner.
In contrast, our research moves beyond theory to deliver a practical, implementable framework that di-
rectly addresses these challenges. Central to our design is the integration of AES-256 encryption, one of
the most secure symmetric-key encryption standards widely accepted in healthcare, ensuring robust data
confidentiality both at rest and in transit. Alongside this, our real-time anomaly detection system lever-
ages machine learning algorithms to monitor network traffic and user behavior continuously, promptly
identifying and flagging suspicious activities that could indicate cyberattacks or insider threats.
Moreover, our framework’s architecture is modular and comprehensive, including distinct components
for patients, doctors, hospitals, pharmacies, and insurance providers. This holistic design facilitates se-
cure data sharing and workflow integration across all key healthcare stakeholders, promoting efficiency
without sacrificing privacy or security. Each module enforces strict role-based access control (RBAC),
limiting data access strictly based on user roles and responsibilities, thereby minimizing the risk of data
misuse or accidental exposure.
Compared to Makina et al., who highlight various solutions but do not offer an integrated implementa-
tion, our framework demonstrates scalability and adaptability suitable for real-world deployment. It can
be integrated with existing Hospital Management Systems (HMS) without requiring specialized hard-
ware, unlike some Physically Unclonable Function (PUF)-based approaches, which may demand costly
hardware upgrades. This makes our solution more accessible for a wide range of healthcare providers,
from large hospitals to smaller clinics.
In summary, while Makina et al.’s work provides valuable insights into the landscape of IoT healthcare
security, our framework provides a tangible, tested path forward—combining advanced encryption, real-
time threat detection, and comprehensive user management to create a secure, user-centric environment
for next-generation healthcare services.
4.2. Key Comparative Highlights

Table 4.2 Comparative Highlights

Criteria Proposed Framework Makina et al.
Approach Practical implementation Theoretical survey
Architecture Integrated, modular Conceptual overview
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Security AES - 256 Discussed individually
Evaluation Detection accuracy Not evaluated
Compliance Aligned with HIPAA, GDPR General discussion only

5. Conclusion & Future Work

This paper presents a secure loT-based framework designed to protect smart healthcare data by integrat-
ing robust encryption techniques. Experimental results demonstrate that our approach enhances data se-
curity, enforces strict access control, and improves the accuracy of threat detection. Looking ahead, fu-
ture work will focus on optimizing Al models to enable faster and more efficient anomaly detection, as
well as expanding the system’s scalability to support larger and more diverse healthcare environments.
Our comparison with PUF-based security mechanisms underscores the importance of adopting varied
security approaches tailored to specific system constraints and requirements. This highlights that no
single solution fits all, and a combination of methods may be necessary to achieve the best balance of
performance, cost, and security.
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