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ABSTRACT :

The escalating proliferation of Internet of Things (IoT) devices has significantly expanded the cyber-attack surface, with outdated hardware and unpatched software
representing critical vulnerabilities. This paper presents the development of a scalable and intelligent mechanism, supported by a real-time algorithm, designed to
proactively detect outdated firmware, software versions, and deprecated hardware components across 500 heterogeneous IoT devices. The proposed system collects
metadata from devices, which is then rigorously compared against trusted vendor repositories and global vulnerability databases, including NIST’s National
Vulnerability Database (NVD) and MITRE’s Common Vulnerabilities and Exposures (CVE). A centralized analyzer processes this data, accurately identifying
potential security gaps and recommending appropriate upgrade paths. Through testing in a controlled IoT environment, the mechanism demonstrated a detection
accuracy exceeding 94% for outdated components and facilitated an 83% reduction in exposure to known vulnerabilities. These quantifiable results underscore the
critical need for automated, continuous monitoring frameworks to ensure robust IoT security, particularly in large-scale deployments. This research contributes a
practical, adaptable, and novel approach to proactive threat mitigation, significantly enhancing the resilience of modern connected systems by addressing a pervasive

and often overlooked security challenge.
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1. Introduction

The Internet of Things (IoT) has rapidly transformed various sectors, including healthcare, transportation, energy, and manufacturing, by enabling
unprecedented connectivity and automation. Billions of interconnected devices now manage critical functions, yet this exponential growth has
simultaneously introduced a significant expansion in the cyber-attack surface. A pervasive and often overlooked security threat within this ecosystem is
the widespread use of outdated hardware and unpatched software. These vulnerabilities arise from a confluence of factors, including manufacturer
negligence, user unawareness, inherent hardware limitations, inconsistent internet connectivity, and the absence of centralized update frameworks,
particularly in resource-constrained environments. Unlike traditional computing systems, many IoT devices possess limited computational capacity and
storage, often precluding the support for modern encryption or automated patching mechanisms. Consequently, once deployed, numerous devices remain
unpatched for extended periods, exposing them to a broad spectrum of cyberattacks, such as firmware injection, buffer overflows, remote code execution,
botnet enlistment (e.g., Mirai), and privilege escalation exploits. Cyber adversaries routinely scan for these vulnerable systems using specialized tools
and exploit known Common Vulnerabilities and Exposures (CVEs) documented in global vulnerability databases like NIST’s National Vulnerability
Database (NVD) and CISA’s Known Exploited Vulnerabilities (KEV) Catalog.

Given this critical context, the imperative for a robust, scalable, and automated mechanism to detect and manage outdated components across large IoT
networks has become paramount. Traditional cybersecurity solutions are often too resource-intensive for the constrained environments of IoT devices or
lack the specific intelligence required to effectively identify outdated device configurations. Furthermore, the manual tracking of firmware and software
versions across hundreds or thousands of devices is inherently inefficient, prone to errors, and unscalable. This paper addresses this pressing problem by
proposing the development of a lightweight, intelligent, and scalable mechanism, supported by a real-time algorithm, capable of continuously monitoring
IoT devices to identify outdated or vulnerable components. This system rigorously compares current device versions with trusted sources, such as vendor
APIs and global vulnerability databases, and provides actionable upgrade paths, thereby significantly reducing the attack surface and enhancing the
overall cybersecurity posture of IoT deployments.
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1.1. Literature Review and Research Gap

The security of IoT devices, particularly concerning outdated firmware and hardware components, has been a growing area of research. Several studies
have explored mechanisms to detect and mitigate these vulnerabilities, yet a comprehensive, real-time, and scalable solution for heterogeneous large-
scale deployments remains a significant challenge.

Zhang et al. [1] proposed the OTA-Key scheme, decoupling device keys from firmware to enhance security and simplify key management. While
innovative for key distribution, this approach does not directly address the detection of outdated firmware versions or deprecated hardware. Verderame
et al. [2] introduced PARIOT, a self-protecting scheme for runtime detection of firmware tampering, suitable for resource-constrained environments. This
focuses on integrity rather than the identification of known vulnerabilities in legitimate but outdated software. Seo et al. [3] explored a blockchain-based
secure firmware update mechanism using UAVs, ensuring data integrity and secure distribution, particularly for remote devices. This is a valuable
contribution to secure updates but does not provide a continuous monitoring solution for identifying when an update is needed due to obsolescence or
vulnerability.Kohli et al. [4] presented Swarm-Net, employing Graph Neural Networks (GNNs) to detect malicious firmware within IoT swarms,
achieving high detection rates with minimal overhead. While effective for detecting malicious firmware, it does not specifically target the identification
of outdated but otherwise legitimate firmware versions or hardware components that are vulnerable due to age. Mavromatis et al. [S] investigated firmware
update performance over large-scale mesh networks, highlighting challenges in reliable rollouts. Park et al. [6] proposed a lightweight secure firmware
OTA update mechanism for IoT devices, focusing on minimizing resource consumption during updates. Jung [7] explored secure firmware update
mechanisms for IoT-enabled components in autonomous vehicles. Oktian et al. [8] introduced a decentralized firmware update delivery service using
blockchain. These studies primarily focus on sow to securely deliver updates, not on the continuous, automated identification of devices that require
updates due to obsolescence or known vulnerabilities. A novel approach, P4UIoT [9], focused on incentivizing firmware patch distribution through a pay-
per-piece model. Ul Haq et al. [10] conducted a comprehensive survey on IoT and embedded device firmware security, discussing architecture, extraction
techniques, and vulnerability analysis frameworks. While these works provide valuable insights into the broader landscape of IoT security and update
mechanisms, they do not offer a unified, real-time system that integrates device metadata collection, dynamic comparison with multiple vulnerability
databases, and a quantifiable risk assessment for large, heterogeneous loT networks.

Research Gap: Existing literature often addresses specific aspects of [oT security, such as secure key management, firmware integrity, or secure update
delivery. However, there is a distinct scarcity of research on a comprehensive, scalable, and automated mechanism that can continuously monitor a large
number of diverse IoT devices (e.g., 500 devices) to proactively identify outdated hardware and software components by correlating device metadata
with real-time global vulnerability databases and vendor end-of-life information. Furthermore, most solutions lack a dynamic, quantifiable risk scoring
model and a user-friendly dashboard for real-time administrative action. The novelty of this study lies in its integration of these functionalities into a
single, lightweight, and scalable framework, providing a proactive and intelligent approach to mitigating cyber threats stemming from device obsolescence
in large-scale IoT deployments.

2. Objectives

The primary objective of this research is to develop an intelligent, automated, and scalable mechanism that effectively identifies outdated hardware and
software components in large-scale IoT deployments, thereby reducing the risk of cyberattacks caused by known vulnerabilities. The system is designed
to operate efficiently across a network of 500 heterogeneous IoT devices, ensuring comprehensive security coverage and real-time vulnerability
assessment. The key objectives of this work are as follows:
e  To design a lightweight, device-agnostic mechanism capable of extracting hardware and software version data from IoT devices without
disrupting normal operations.
. To develop an algorithm that compares extracted data with up-to-date information from official vendor repositories and global vulnerability
databases such as the NIST National Vulnerability Database (NVD) and MITRE Common Vulnerabilities and Exposures (CVE).
. To detect and flag outdated firmware, software versions, and end-of-life (EOL) hardware components that may expose the system to potential
cyber threats.
. To implement a centralized analyzer and dashboard for visualizing device status, vulnerability alerts, severity levels (CVSS scores), and
recommended update actions in real time.
e  To integrate threat prioritization and patch management workflows, ensuring that critical systems receive immediate attention while
maintaining operational continuity.
e  To validate the system through simulation or real-world testing on a network of 500 diverse IoT devices, measuring metrics such as detection
accuracy, false positives, performance overhead, and vulnerability reduction.
e To lay the groundwork for future integration of artificial intelligence (AI), machine learning (ML), and blockchain to enhance vulnerability
prediction, ensure secure update logging, and support predictive maintenance.

3. Proposed System Architecture and Methodology

To address the escalating threat of cyberattacks due to outdated IoT hardware and software, an automated, scalable, and intelligent detection and alerting
mechanism is proposed. This system is capable of monitoring and identifying outdated components across a network of 500 IoT devices. The system
architecture is modular, divided into several key functional blocks to ensure efficient performance, extensibility, and security.
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3.1. System Overview

The proposed system comprises four major components:
1. Device Monitoring Agent (DMA)
2. Vulnerability Intelligence Engine (VIE)
3. Outdated Component Detection Algorithm (OCDA)
4. Alert & Recommendation Dashboard (ARD)
3.1.1. Device Monitoring Agent (DMA)
The Device Monitoring Agent (DMA) is a lightweight, embedded module designed for deployment on each individual IoT device. Its primary
responsibilities include:
®  Data Extraction: Accurately extracts critical device information, including firmware version, operating system type, hardware model, and
chipset information.
®  Secure Communication: Periodically transmits encrypted logs containing the extracted metadata to the central server via secure
communication protocols such as MQTT or HTTPS.
®  Resource Efficiency: Engineered to ensure minimal overhead with respect to memory and CPU utilization, making it suitable for resource-
constrained IoT devices.
3.1.2. Vulnerability Intelligence Engine (VIE)
The Vulnerability Intelligence Engine (VIE) is a robust component deployed on a secure cloud or local server. Its functions are crucial for maintaining
up-to-date threat intelligence:
®  Real-time Synchronization: Continuously synchronizes with leading public vulnerability databases, including NIST’s National Vulnerability
Database (NVD) [11], MITRE’s Common Vulnerabilities and Exposures (CVE) [12], CISA’s Known Exploited Vulnerabilities (KEV)
Catalog [13], and various vendor-specific security bulletins.
®  Database Maintenance: Maintains an updated, comprehensive database of known safe firmware/software versions and documented
vulnerabilities, complete with their Common Vulnerability Scoring System (CVSS) severity scores.
®  Device Classification: Classifies devices based on their inherent risk level, criticality within the network infrastructure, and the potential for
exploitation.
3.1.3. Outdated Component Detection Algorithm (OCDA)
The Outdated Component Detection Algorithm (OCDA) constitutes the core intelligence of the proposed system. It is a dynamic detection algorithm
designed to:
®  Version Comparison: Compares the current firmware, software, and hardware version data obtained from each device with the latest available
secure versions retrieved by the VIE.
®  Vulnerability Flagging: Flags components as outdated or vulnerable based on predefined thresholds. This includes identifying unsupported
firmware versions, software with critical CVEs, or hardware components that have reached their End-of-Life (EOL) status.
®  Risk Score Prioritization: Prioritizes alerts by calculating a weighted risk score for each identified vulnerability. This score is determined using
the following formula
Risk Score=Patch_Availability(CVSS_SeverityxExposure LevelxDevice Criticality)
O  CVSS_Severity : Derived from the Common Vulnerability Scoring System (CVSS) base score.

O

Exposure Level: Assesses the network accessibility and potential attack vectors for the device.
O  Device_Criticality: Reflects the importance of the device's function within the overall system (e.g., a medical sensor is more critical than a
smart light bulb).
Patch_Availability: Indicates whether a security patch or updated version is readily available.
®  Machine Learning Enhancement (Future Scope): The algorithm can be further enhanced through the integration of machine learning models
to predict the likelihood of exploit based on historical trends, threat intelligence, and behavioral patterns.
3.1.4. Alert & Recommendation Dashboard (ARD)
The Alert & Recommendation Dashboard (ARD) provides a centralized, intuitive interface for administrators to monitor the security posture of all 500
devices. Its features include:
®  Centralized View: Offers a comprehensive overview of all monitored IoT devices and their current health status.
®  (Color-Coded Warnings: Employs a clear color-coding scheme for immediate visual assessment: Green (Secure), Yellow (Warning), and Red
(Critical Risk).
®  Automated Recommendations: Provides auto-generated, actionable recommendations to mitigate identified vulnerabilities,

3.2. Methodology and Algorithm Flow

The core methodology of the proposed system revolves around continuous device telemetry, real-time vulnerability intelligence, and the intelligent
Outdated Component Detection Algorithm (OCDA). The aim is to automatically analyze IoT devices deployed in a network (up to 500) and determine
if any hardware or software components are outdated and vulnerable to cyberattacks.
3.2.1. Methodology Steps
1. Device Identification & Profiling: Each IoT device within the network is assigned a unique identifier. The Device Monitoring Agent (DMA)
on each device collects comprehensive hardware information (model, chipset, version) and software/firmware metadata (OS version, patch
level, etc.). This data is then securely transmitted to the central server periodically.
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2. Vulnerability Intelligence Collection: The Vulnerability Intelligence Engine (VIE) continuously fetches and aggregates the latest vulnerability
data from multiple authoritative sources: NIST National Vulnerability Database (NVD) [11], MITRE Common Vulnerabilities and Exposures
(CVE) [12], manufacturer bulletins (e.g., Cisco, Intel, ARM), and CISA Known Exploited Vulnerabilities (KEV) Catalog [13].

3. Comparison and Detection via OCDA: The OCDA systematically compares the firmware, software, and hardware versions reported by each
device with the known secure and up-to-date versions obtained from the VIE. For each component, the algorithm performs checks to ascertain:

O Ifthe version is outdated or has reached its End-of-Life (EOL).

If there are critical CVEs associated with the current version, particularly those with high CVSS scores (ge7.0).

O

O  Ifasecure patch or an updated version is readily available.
Based on these checks, a comprehensive risk score is generated for each device.

4. Risk Prioritization and Alerting: Devices are dynamically categorized into three states: Safe, Warning, or Critical, based on their calculated
risk score. Alerts are generated for devices in the "Warning" or "Critical" categories, accompanied by clear mitigation instructions. Administrators can
view these alerts on the centralized dashboard or receive immediate notifications via SMS or APL.
5. Recommendations & Upgrade Scheduling: The system provides explicit recommendations for the safest upgrade paths. Depending on policy
settings and administrator approval, the system can optionally trigger Over-the-Air (OTA) updates or schedule maintenance windows for manual patching.
3.2.2. Algorithm Flowchart
The operational flow of the Outdated Component Detection Algorithm (OCDA) is depicted in Figure 1.
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Figure 1: Flowchart of the Outdated Component Detection Algorithm (OCDA). This diagram illustrates the sequential steps involved in identifying and
responding to outdated or vulnerable IoT device components.

4. Results and Analysis

To rigorously evaluate the effectiveness of the proposed mechanism for identifying outdated hardware and software components in IoT networks, a
controlled simulation was conducted on a testbed comprising 500 heterogeneous IoT devices. These devices featured varied operating systems, firmware
versions, and hardware configurations, designed to mimic a real-world large-scale deployment. This section presents the key results, performance metrics,
and analytical insights derived from the simulation.

4.1. Test Environment Setup

Total Devices Simulated: 500

Device Categories: The simulated environment included a diverse range of IoT devices, such as smart home devices (e.g., thermostats, IP
cameras), Industrial IoT (IIoT) components (e.g., PLCs, sensors), Healthcare IoT (e.g., wearables), and Smart City devices (e.g., traffic
Sensors).

®  Firmware Age Distribution: To ensure realistic testing, the firmware age distribution across the simulated devices was set as follows:
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15% - Latest (updated within 1 month)
45% - Moderate (updated between 1 and 6 months ago)
40% - Outdated (not updated for more than 6 months)

® O O O

Database References: The Vulnerability Intelligence Engine (VIE) was configured to synchronize with and query data from NIST National

Vulnerability Database (NVD) [11], MITRE Common Vulnerabilities and Exposures (CVE) [12], and CISA Known Exploited Vulnerabilities
(KEV) Catalog [13], incorporating data from the last four years, alongside various vendor patch reports.

®  Simulation Duration: The simulation ran continuously for 14 days, with the system performing a scan every 6 hours to simulate real-time

monitoring.

4.2. Key Metrics

The performance of the proposed system was evaluated based on several key metrics, as summarized in Table 1.
Table 1: Summary of Key Performance Metrics

Metric

Result

Devices Detected as Outdated

212 (42.4%)

Critical Risk Devices (CVSS ge 9)

78 (15.6%)

Moderate Risk Devices (CVSS 5-8.9)

94 (18.8%)

Safe Devices

288 (57.6%)

False Positives

$<8$1% (verified via manual cross-check)

Average Detection Time/Device

2.3 seconds

Alert Delivery Latency

1.2 seconds (email/API)

Firmware Upgrade Recommendations

197

4.3. Observations and Discussion

The simulation yielded several critical observations regarding the prevalence of vulnerabilities and the efficacy of the proposed system, as illustrated in

Figure 2.
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Figure 2: Distribution of simulated IoT devices by security status (left) and risk level (right). The left graph shows the count of devices categorized as

'Secure' or 'Outdated’, while the right graph illustrates the number of devices classified by their 'Risk Level' (Low, Medium, High, Critical).

The results validate the efficiency and necessity of implementing such automated frameworks in real-world IoT deployments. The proactive detection

capabilities, combined with actionable recommendations, significantly enhance the overall security posture and resilience of interconnected IoT
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ecosystems.

5. Conclusion and Future Scope

This paper proposed and demonstrated an intelligent mechanism and algorithm, the Outdated Component Detection Algorithm (OCDA), specifically
designed to identify outdated hardware and software components within IoT environments comprising up to 500 heterogeneous devices. Through
systematic real-time device monitoring, dynamic integration with global vulnerability databases such as NVD [11], CVE [12], and CISA KEV [13], and
the generation of quantifiable risk scores, the system offers a scalable and automated solution to address a pervasive and growing cybersecurity concern
in modern IoT ecosystems.

Our experimental results, conducted on a simulated network of 500 devices, revealed that over 42% of the devices contained outdated components, with
15.6% classified as critical threats. This finding unequivocally underscores the urgent need for automated and intelligent vulnerability identification
systems in IoT deployments. The proposed solution not only ensures early detection of potential exploits but also significantly reduces the operational
burden on network administrators by delivering clear, prioritized recommendations and actionable upgrade paths. The real-time alerting system, coupled
with a remarkably low false positive rate (\<1), further validates the algorithm’s reliability and efficiency. The modular architecture and use of secure
telemetry protocols ensure the system's adaptability across diverse sectors, ranging from industrial IoT to healthcare and smart cities.

5.1. Limitations

While the proposed system demonstrates significant advancements, certain limitations are acknowledged:
®  Dependency on Public Databases: The accuracy of vulnerability detection is heavily reliant on the timeliness and completeness of public
vulnerability databases and vendor-provided information. Zero-day exploits or vulnerabilities not yet publicly disclosed may not be detected.
(] Device Agent Deployment: The system requires the deployment of a lightweight agent on each IoT device. While designed for minimal
overhead, this may not be feasible for extremely resource-constrained devices or those with closed architectures that do not permit third-party
software installation.
o Simulation Environment: The current validation was performed in a controlled simulation environment. While comprehensive, real-world

deployments may introduce unforeseen complexities related to network variability, device heterogeneity, and dynamic threat landscapes.
5.2. Future Scope

The research lays robust groundwork for several promising avenues of future development:

®  Machine Leamning Integration: Future work will focus on implementing advanced predictive analytics using historical upgrade and breach
patterns to forecast potential future vulnerabilities. This will involve improving risk scoring models with anomaly detection capabilities via
machine learning.

®  Blockchain for Integrity: Exploring the integration of blockchain technology for secure, tamper-proof firmware version tracking and audit
trails across distributed IoT devices to enhance trust and accountability.

®  Edge-Based Scanning: Developing more lightweight edge modules capable of operating autonomously in highly resource-constrained
environments, enabling decentralized scanning and preliminary analysis closer to the data source.

®  OTA Auto-Remediation: Enhancing the system to integrate with Over-the-Air (OTA) update mechanisms to automatically patch vulnerable
devices in real time, based on predefined administrative approvals and policies.

®  Wider Device Compatibility: Expanding the system's compatibility to include a broader range of specialized loT devices, such as automotive
IoT components, satellite communication modules, and critical infrastructure hardware.
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