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MOBILE DEVICE SECURITY: A TWO-LAYERED APPROACH WITH BLOCKCHAIN
AND SENSOR TECHNOLOGY FOR THEFT PREVENTION

NITIMA MALSA* RACHNA JAINT AND S.B. GOYAL?

Abstract. In the backdrop of the escalating incidents of mobile device theft and associated security challenges, a resilient
and innovative solution is imperative. The traditional security mechanisms, largely reliant on the International Mobile Equipment
Identity (IMEI), have been fraught with vulnerabilities, leading to a surge in incidents of device theft and data breaches. Addressing
this pressing issue, we present a novel, two-tiered approach integrating sensor technology and blockchain to bolster mobile device
security. This work aims to create and assess a dual-layered security strategy that uses blockchain and sensor technologies in a
complementary way. Based on a rigorous conceptual framework, it explores a two-tiered security model that intricately combines
sensor and blockchain technologies. This collaborative integration aims to provide an effective solution to the widespread challenges
of theft and security breaches in mobile devices. The methodology employs a sensor layer for real-time data collection and processing
to detect potential thefts, and activating alerts. The blockchain layer, invoked upon these alerts, initiates secure, transparent, and
decentralized transactions for verification and validation across network nodes. This dual mechanism ensures swift and secure
anti-theft actions, supported by an enhanced encryption standard. Our result analysis reveals the proposed system’s superiority
in computational time, energy consumption, and overall security levels when compared to existing protocols. The integration of
real-time processing and blockchain’s immutable nature promises reduced false positives and enhanced data integrity. The findings
indicate that this integrative approach not only mitigates theft but also ensures data security, marking a significant stride in mobile
security technology. In conclusion, this two-layered system promises a scalable, efficient, and robust solution to mobile device theft
and data breaches, with potential impacts transcending individual device security to influence broader data privacy and security
paradigms, thus signifying a pivotal development in the field of mobile security.

Key words: Blockchain, Mobile theft, Sensor, IMEI, Fingerprint, Hash, Two-tier approach,Smart contract, Security, Relia-
bility, Data privacy

1. Introduction. In the contemporary digital milieu, the ubiquity of mobile devices has rendered them
essential constituents of everyday existence, embodying functions that transcend mere communication to en-
compass data storage, online transactions, and navigation, among other capabilities. Nevertheless, the surge
in usage is accompanied by an escalation in security risks (Geneiatakis, D 2017, Mahmoud, C., & Aouag, S.
(2019).). Existing scholarly literature explicates the innate vulnerabilities in current mobile security mechanisms,
underscoring an imperative requirement for innovative remedies (Hammood et al., 2020).

In fact, combining blockchain technology with sensor technologies can offer a creative way to stop smart-
phone theft. The mobile device itself may incorporate sensors. Numerous characteristics, including motion,
location, proximity, and even biometric information, can be detected by these sensors. Motion sensors can
identify abrupt movements or orientation changes that could be signs of theft or improper handling. Real-time
tracking of the device’s location is possible with GPS sensors. If the device is moving away from its owner
or its typical surroundings, proximity sensors can identify it. Blockchain can be used to store mobile device
data as an immutable, decentralised ledger. Every mobile device can have its distinct identification, ownership
information, and other pertinent data stored on the blockchain. You can use smart contracts to automate
processes based on preset criteria. It is necessary to address privacy issues and make sure that sensitive data
is safely maintained and only accessible by those who are authorised. Data transmission and storage can be
made secure by using encryption techniques. Only authorised users should be able to interact with the system
thanks to the implementation of access restrictions. Such a system can offer a strong defence against mobile
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theft while guaranteeing data integrity, security, and privacy by fusing sensor technology and blockchain. But
throughout implementation, it’s crucial to take things like cost, scalability, and regulatory compliance into
account.

The manuscript discusses mobile device security concerns. Theft, illegal access, security lapses, data theft,
and gadget misappropriation are some of these security concerns. To improve mobile device security, this
project aims to create and assess a dual-layered security strategy that uses blockchain and sensor technologies
in a complementary way.

1.1. Organization of the Paper. Section 1 discusses the introduction and background study of both
sensor and blockchain to prevent mobile theft. It further elaborates the problem statement in detail along with
the objective and significance of the research work. Section 1 concludes with the scope of the work. Section 2
elaborates on the detailed literature review. Section 3 discusses the methodology along with the significance of
each layer in the proposed two-tier framework. Section 4 ponders light upon real-time applications featuring
two case studies, Preyproject and Find my iphone. Section 5 gives detailed result and discussion, Last section
gives the conclusion and future direction.

1.2. Problem Statement. The primary predicament resides in the susceptibility of mobile devices to theft
and unauthorized access, exacerbated by the reliance on homogeneous security measures such as IMEI. The
limitations of such measures have been vividly illustrated in recurring instances of security breaches, data theft,
and device misappropriation (Amusa, M., & Bamidele, O. 2020). Moreover, the emergence of sophisticated
hacking techniques compounds the challenges, necessitating a comprehensive, multifaceted security protocol
that integrates emerging technologies to effectively counter these all-pervasive threats (Das, A., Borisov, N., &
Chou, E. 2018).

1.3. Objective of the Study. The purpose of this study is to develop and evaluate a dual-layered
security approach that synergistically combines blockchain and sensor technologies to enhance mobile device
security (Rahim, K., Tahir, H., & Ikram, N. 2018). By integrating real-time sensor data processing and
harnessing blockchain’s immutable and decentralized nature, this endeavour aims to provide a robust, efficient,
and dynamic solution to combat theft and unauthorized access, while simultaneously safeguarding data integrity
and privacy (Islam, M. N., & Kundu, S. 2019).

1.4. Significance of the Research. This research carries profound implications for the realm of mobile
device security. The proposed dual-layered model aspires to address the identified gaps in the existing literature,
offering a solution characterized by heightened responsiveness, security, and user-friendliness (Rahim, K., Tahir,
H., & Ikram, N. 2018). By tackling the vulnerabilities associated with the reliance on IMEI and other singular
identification and authentication measures, this study contributes to the broader discourse on enhanced multi-
dimensional security protocols for mobile devices in the era of IoT and ubiquitous computing(Abu-Elezz, I,
Abd-Alrazaq 2020).

1.5. Research Questions. To what extent does the integration of blockchain and sensor technology
enhance mobile device security against theft and unauthorized access? (Alsunaidi, S. J., & Almuhaideb, A. M.
2022). What are the computational and operational efficiencies of the proposed dual-layered security approach
in comparison to existing protocols? (Esposito, C 2018) How does the proposed model ensure data integrity,
confidentiality, and availability within the context of mobile device security?

1.6. Scope of the Study. The focus of this study is limited to the development and evaluation of a
dual-layered security approach for mobile devices, integrating blockchain and sensor technologies (Amusa, M.,
& Bamidele, O. 2020). While acknowledging the broader implications of these technologies in the realm of IoT
and interconnected digital ecosystems, this research is specifically tailored to address security issues pertaining
to the prevention of mobile device theft and the protection of data security (Wang, L. et al. 2023).

2. Literature Review. The literature survey discusses mobile device security concerns. Theft, illegal
access, security lapses, data theft, and gadget misappropriation are some of these security concerns. In order
to improve mobile device security, this work aims to create and assess a dual-layered security strategy that uses
blockchain and sensor technologies in a complementary way. Further, this work presents an overview of the
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literature on the application of Blockchain (BC) and Machine Learning (ML) to security in Wireless Sensor
Networks (WSNs). It does not really address sensor technology or mobile security in the context of mobile
technology (Ismail, S. et al. 2023). The paper presents an innovative Blockchain-based permission list called
BPLMSBT is designed to counteract threats originating from smartphone sensors. The results of experiments
demonstrate the effectiveness and efficiency of this defence mechanism (Manimaran, S. et al. 2022). The article
that is offered addresses the architecture of a blockchain-based sensor system with an emphasis on improving
data security and eliminating single points of failure for embedded IoT devices. The most recent research on
sensor technology and blockchain in relation to mobile security is not well reviewed. Blockchain-based sensor
systems improve data security and eliminate single points of failure. Present research challenges are addressed,
and potential directions for future research are proposed (Badugu et al. 2023)

2.1. Current Trends in Mobile Device Security. In the ever-changing landscape of technology and
digital communication, the security of mobile devices has become a top priority. This is due to the significant
increase in the use of mobile devices for various applications. The widespread presence of mobile devices in
everyday life, corporate settings, and sensitive operational areas has intensified the search for robust, adaptable,
and futuristic security measures.

The era of digital transformation has brought about a considerable influx of mobile applications, each with
its unique security requirements. This has led to a demand for customized and versatile security solutions.
The current trends in mobile security involve the integration of artificial intelligence (AI), machine learning
(ML), and blockchain technologies. These technologies aim to enhance the proactive, responsive, and adaptive
capabilities of security systems.

AT and ML have played a crucial role in the real-time analysis of security threats, predictive analytics for
preemptive security measures, and automated responses to security breaches. Security systems that incorporate
AT and ML are equipped with learning algorithms that adapt to the evolving nature of security threats. This
allows them to provide solutions that are both proactive and reactive. Another significant trend in mobile secu-
rity is biometric security, which utilizes unique biological characteristics such as fingerprints, facial recognition,
and voice recognition to enhance the authenticity and reliability of user identification and access control.

Blockchain technology has also made its way into mobile device security, offering decentralized, transparent,
and immutable solutions that go beyond the limitations of traditional security protocols. The incorporation of
blockchain not only enhances data integrity but also strengthens the authentication and authorization processes.
Smart contracts, decentralized applications (DApps), and decentralized identity are some of the offerings of
blockchain that are revolutionizing mobile device security. They promote autonomy, privacy, and user control
in data management and access.

Despite these advancements, there is an ongoing need for comprehensive solutions that are scalable, efficient,
and capable of countering sophisticated and evolving security threats. The integration of sensor technology
with blockchain and Al is emerging as a promising trend. This integration leverages real-time data collection,
processing, and decision-making to enhance the security infrastructure of mobile devices.

Table 2.1 demonstrates a thorough juxtaposition of diverse mobile security technologies, providing valuable
perspectives on their unique characteristics and efficacy in safeguarding device security and data consistency.
The table classifies these technologies into Biometrics, Passwords & PINs, and Blockchain, thereby acknowl-
edging the multitude of existing approaches utilized to combat mobile security risks.

To avoid unwanted access, sensor data gathered from mobile devices needs to be encrypted before being
put on the blockchain. Sensitive data can be kept confidential by using sophisticated encryption methods
like symmetric or asymmetric encryption. putting strong identity management systems in place to verify the
identities of people and devices connecting to the blockchain network. In order to guarantee that only authorised
parties can interact with sensor data on the blockchain, this may need the use of cryptographic keys, digital
signatures, or biometric verification. Making use of methods like anonymization and pseudonymization to
preserve people’s privacy while allowing for the analysis of combined sensor data to avoid theft. In order to
do this, personally identifiable information must be deleted or obscured from data recorded on the blockchain.
Creating safe smart contracts that implement data handling guidelines and access control measures to stop
illegal access to or alteration of sensor data on the blockchain. Before being implemented, smart contracts
should undergo a comprehensive audit to check for any potential security flaws.
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Table 2.1: Comparison of Various Mobile Security Technologies

Technology Key Features Advantages Limitations

AT and ML Real-time data processing, | Enhanced threat detection & | Data privacy and ethical con-
adaptive learning algorithms | responsive capacity, adaptive | cerns, reliance on quality data
to evolving threats
Biometric Security | Utilizes unique biological | Highly secure, user-friendly, | Vulnerability to spoofing and

characteristics for identifica- | difficult to forge data theft, privacy concerns
tion
Blockchain Decentralization, immutabil- | Enhanced data integrity and | Scalability issues, energy con-
ity, transparency security, peer-to-peer transac- | sumption, regulatory chal-
tions lenges

In summary, the prevailing patterns in the security of mobile devices are characterized by originality,
amalgamation, and the persistent advancement of technologies, each with the objective of addressing the mul-
tifaceted and ever-changing security obstacles. These patterns emphasize the collective pursuit of a security
environment that is not only strong and dependable but also upholds the privacy of users, the integrity of data,
and the efficiency of operations. The ongoing research, advancements, and discussions in this realm serve as
evidence of the fundamental importance of ensuring the security of mobile devices in the present digital era.

2.2. Challenges in Mobile Security. The realm of mobile security has become an essential aspect of
safeguarding personal and data privacy in today’s digital era. However, numerous significant obstacles persist
in ensuring the security of mobile devices and the information they contain. In a recent study conducted by
Zhou, J., Cao, Z., Dong, X., & Lin, X. (2015), certain inherent vulnerabilities in mobile device security were
highlighted, specifically stemming from the increasingly advanced nature of malware and the ever-evolving
complexity of cyber-attacks. One particular challenge, as mentioned by Ahmid, M., & Kazar, O. (2023), lies in
the diverse ecosystem of mobile operating systems and applications. The authors stress that this diversity often
leads to inconsistencies in security protocols, rendering mobile devices susceptible to attacks. The integration
of mobile devices with the Internet of Things (IoT) has further exacerbated this issue, expanding the potential
avenues through which unauthorized access can be gained by cyber criminals. The emergence of mobile banking
and financial transactions through mobile devices has introduced an additional layer of intricacy. Mohamed,
N., Al-Jaroodi, J., & Jawhar, I. (2020), illustrate a significant rise in mobile-based financial fraud, underscoring
the pressing need for robust and foolproof security mechanisms to safeguard sensitive financial data.

2.3. Previous Attempts at Mobile Theft Prevention. Efforts to combat mobile theft and enhance
security have encompassed various strategies and technologies over the years. For instance, biometric au-
thentication mechanisms have gained momentum, as explained by Al-Fugaha, A., et al. (2015), due to their
effectiveness in providing a personalized layer of security. However, the authors also highlight the associated
privacy concerns and the potential for breaches of biometric data. Location-based security enhancements have
also been explored. Kim and Lee (2021) describe a system that utilizes geolocation data to bolster mobile
device security by disabling certain features when the device is situated in a “high-risk” area. Nevertheless,
the challenges pertaining to privacy and the accuracy of geolocation data cannot be disregarded. Blockchain
technology has recently garnered attention for its potential in augmenting mobile device security. Zhang, H.
et al. (2021), Ferrag, M. A. (2020), discuss the integration of blockchain technology to enhance data integrity
and user authentication. However, they also emphasize the necessity for scalability and energy efficiency in
blockchain implementations to make them viable for mobile applications.

Table 2.2 illustrates the primary obstacles encountered in the realm of mobile security, presenting a thorough
summary of each concern, its consequences, suggested preventive measures, and references for further in-depth
analysis. It encompasses apprehensions ranging from the susceptibility of mobile applications to the intricacies
arising from system heterogeneity and integration of the Internet of Things, thus delivering a comprehensive
outlook on the mobile security landscape.
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Table 2.2: Key Challenges in Mobile Security

Challenges Description Impact Proposed Solutions/ Coun-
termeasures
Mobile Ap- | Vulnerabilities in mobile apps | Loss of sensitive data, privacy | Secure coding practices, regu-
plications lead to data breaches. intrusion. lar updates, and patches.
Data Pri- | Lack of stringent ata privacy | Unauthorized data access, and | Strong encryption, and privacy-
vacy measures in mobile ecosystems. | identity theft. preserving algorithms.
Device The physical theft of devices | Loss of sensitive | Remote device tracking, data
Theft leads to data loss. data,unauthorized access. wiping, and biometric locks.
System Het- | Diverse mobile operating sys- | Increased vulnerabilities, man- | Unified security management
erogeneity tems and hardware increase | agement complexity. systems, cross-platform secu-
security management complex- rity protocols.
ity.
Malware At- | The rise in mobile- specific mal- | Data breaches, privacy loss, fi- | Al-driven = malware  detec-
tacks ware targeting OS vulnerabili- | nancial losses. tion, timely OS updates, and
ties. patches.
IoT Integra- | Security vulnerabilities due to | Data breaches, unauthorized | Robust security protocols, Al-
tion the connection of mobile de- | device control. based anomaly detection.
vices to IoT.

2.4. The Integration of Blockchain and Sensor Technology. The integration of blockchain and
sensor technologies has emerged as a promising solution to augment security and privacy in mobile devices. This
innovative combination facilitates enhanced data integrity, user authentication, and transaction transparency.

Blockchain technology, characterized by its decentralized nature, immutability, and transparency, provides
a secure platform for recording and verifying transactions (Ali, 2020). When implemented in the realm of
mobile security, blockchain ensures that stored data remains tamper-evident and secure from unauthorized
alterations (Narayanan et al., 2022). Every transaction recorded on the blockchain is visible and verifiable by
all participants in the network, thus reducing the risk of fraudulent activities and enhancing data integrity.

On the other hand, sensor technology plays a pivotal role in real-time data acquisition and processing
within mobile devices. Modern smartphones are equipped with advanced sensors capable of capturing various
types of data, enabling diverse applications including security measures (Jones et al., 2020). These sensors are
integral in detecting anomalies and unauthorized access attempts, triggering immediate alerts and preventive
measures.

The convergence of these two technologies represents a significant leap forward in mobile device security. For
instance, Wang et al. (2021) presented a model demonstrating how sensor data, upon detecting an anomaly,
initiates a blockchain transaction that records the event and activates predefined security protocols. This
integration ensures that security responses are not only immediate but also verifiable through the blockchain.

Table 2.3 succinctly delineates the magnified benefits in terms of security accomplished through the fusion of
blockchain and sensor technology in portable devices. It emphasizes the collaboration between real-time sensor
alerts and the characteristics of blockchain such as immutability, transparency, and automation. Remarkable
enhancements encompass strengthened data integrity, automated security protocols, and transparent audit
trails. Each advantage, supported by recent research, highlights the amplified security landscape, nurturing a
resilient defense mechanism and enhancing trust in the security of portable devices.

Moreover, the capability of blockchain to execute smart contracts automates the response process, thereby
reducing the time taken to address security breaches (Kumar et al., 2021). The sensor data serves as a trigger
for these smart contracts, guaranteeing that security protocols, such as data encryption or device lockdown,
are promptly implemented in the event of a security breach.

3. Methodology. This section discusses the methodology and provides detailed information on the com-
prehensive strategy employed in establishing the intricate security framework for portable devices. Based on
a rigorous conceptual framework, it explores a two-tiered security model that intricately combines sensor and
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Table 2.3: Benefits of Integrating Blockchain and Sensor Technology

Benefits Description Impact Example

Enhanced Data Integrity Blockchain ensures that | Reduced data tampering Real-time data recording
sensor data is immutable on blockchain

Automated Security Proto- | Blockchain’s smart con- | Quick response to security | Automated device lock-

cols tracts are triggered by sen- | breaches down on unauthorized
sor alerts access

Transparent Audit Trail Every security event is | Enhanced trust and verifi- | Transparent log of all ac-
recorded and verifiable on | cation cess attempts

the blockchain

blockchain technologies. This collaborative integration aims to provide an effective solution to the widespread
challenges of theft and security breaches in mobile devices. A comprehensive explanation of the algorithm at
the heart of this framework is presented, characterized by its innovative approach to detecting and preventing
theft. Additionally, a systematic clarification of the necessary parameters for assessing the performance and
effectiveness of the framework is included.

3.1. Conceptual Framework. The conceptual framework employed in this study is grounded in the
fusion of sensor technology and blockchain to establish a robust system for securing mobile devices. This
integration is envisaged as a means to address the multifaceted challenges associated with the theft of mobile
devices and data security.

The effectiveness and uptake of mobile theft prevention technologies are significantly influenced by user
experience (UX) and interface design. Even for users with different levels of technical expertise, the user
interface should be simple to use and intuitive. The system’s logical layout, recognisable iconography, and clear
labelling make it easier for users to comprehend how to use it. Giving users visible feedback—Ilike progress
indicators or confirmation messages—makes it easier for them to comprehend that their actions have been
completed effectively. One way to reassure users that their smartphone is safe is to activate theft protection
measures and then see a green checkmark indicator. An extra layer of protection is added when two-factor
authentication is used to gain access to theft prevention capabilities. The user interface (UI) should walk users
through the authentication process and make it obvious when more verification is needed. It can be useful to
have a specific area in the user interface (UI) for saving emergency contact details in case the device is misplaced
or stolen. Users can enter the contact information of people they trust to be contacted in an emergency.

3.1.1. Sensor Technology. Sensor technology assumes a pivotal role as the forefront defence mechanism
within this framework. Modern mobile devices are equipped with a variety of sensors, such as accelerometers,
gyroscopes, and proximity sensors, which are utilized to gather real-time data. This data is then processed
and examined to identify any irregularities or patterns indicative of unauthorized access or potential theft. For
instance, atypical device movements or attempts to disable sensors can trigger an immediate alert, thereby
initiating the security protocol.

3.1.2. Blockchain Technology. Once a security alert is triggered, the blockchain layer comes into effect.
Renowned for its decentralization, transparency, and immutability, blockchain ensures secure and expeditious
processing of the alert. A transaction containing the relevant alert information is generated and disseminated
across the blockchain network. The network nodes, which are dispersed globally, participate in verifying and
validating the transaction.

3.1.3. Security Protocols. The security protocols are activated after the validation of the transaction.
These protocols may involve locking the device, erasing sensitive data, or notifying the owner and relevant
authorities about the device’s whereabouts. The immutability of blockchain guarantees that once an alert is
triggered, it cannot be tampered with or deleted, thereby ensuring a reliable security measure.

3.1.4. User Privacy and Data Security. Preserving user privacy is of utmost importance within this
framework. The processing of sensor data and the generation of alerts are conducted with stringent data privacy
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Fig. 3.1: Depiction of the comprehensive security framework

protocols in place to prevent unauthorized data access. Additionally, blockchain transactions are encrypted to
safeguard sensitive information from external entities.

3.1.5. Adaptability and Scalability. The conceptual framework is designed with adaptability and scal-
ability as its foundational principles. It can be seamlessly integrated into existing mobile devices with minimal
adjustments and can accommodate the evolving complexities and functionalities of future mobile device models.

3.1.6. Collaboration with Authorities. In cases of device theft, the framework facilitates smooth collab-
oration with law enforcement and regulatory authorities. The immutable records stored on the blockchain can
serve as legal evidence, and real-time tracking ensures swift response. In summary, the conceptual framework
intricately combines the real-time data processing capabilities of sensor technology with the secure, transpar-
ent, and immutable nature of blockchain. This synergy enhances the effectiveness of mobile device security
protocols, ensuring not only the physical security of the devices but also the integrity and confidentiality of the
data they store. The adaptability, scalability, and collaborative potential of this framework position it as an
innovative approach to mobile device security.

Figure 3.1 presents a graphical depiction of the comprehensive security framework that incorporates both
sensor-based technology and blockchain. This illustration showcases the smooth and uninterrupted progression
from the real-time acquisition of data through embedded sensors to the implementation of highly effective
security measures. This seamless transition is made possible by the unalterable and protected characteristics
of blockchain technology. Every stage emphasizes the framework’s dedication to prompt and efficient respon-
siveness, the preservation of data accuracy, and the safeguarding of user confidentiality.

3.2. Two-Layered Security Approach. In order to tackle the issue of mobile device theft and enhance
security measures, our study presents an intricately designed framework consisting of two layers. This framework
combines the instantaneous responsiveness of sensor technology with the unalterable and secure nature of
blockchain technology. This collaboration ensures a dynamic and multifaceted approach to mobile device
security, incorporating both immediate theft detection and long-term data security.

For the application, a public Ethereum blockchain is utilised. Permissioned methods in the smart contract
allow for the control of access to specific features or data. Recovering a stolen device or reporting it as stolen
are only permitted by the law enforcement or the device’s legitimate owner.

Accelerometer sensors, which are used to prevent mobile theft, usually include specifications that are
optimised to detect abrupt movements or changes in orientation that might be signs of theft or unauthorised
handling.

3.2.1. Sensor Layer. The sensor layer plays a crucial role in promptly detecting potential theft or unau-
thorized access. Within the mobile device, various sensors continuously gather data regarding the device’s
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movement, location, and patterns of user interaction. Advanced algorithms analyze this raw data to identify
any irregularities or activities that may indicate theft.

The sensor layer is equipped with a variety of sensors, including motion detectors, proximity sensors, and
biometric scanners. These sensors continuously monitor the device’s status. By utilizing machine learning
algorithms that utilize historical and real-time data, the sensor layer can detect unusual patterns that suggest
theft or unauthorized access.

Real-Time Alerts. Upon detecting suspicious activities, the sensor layer immediately triggers an alert. This
instantaneous response is crucial in preventing theft or initiating immediate recovery actions, serving as the
initial line of defence in the two-layered security approach.

Integration with Blockchain Layer. The triggered alerts are then transmitted to the blockchain layer. This
seamless integration ensures that the immediate response provided by the sensor layer is supported by the
robust and secure protocols of the blockchain, guaranteeing data integrity and privacy.

Blockchain Layer. The blockchain layer is activated upon receiving alerts from the sensor layer, initiating
a series of secure and transparent protocols to verify the threat and take appropriate actions.

Transaction Creation. Fach alert activates the creation of a transaction on the blockchain. These trans-
actions are encrypted and secure, containing data pertaining to the alert, such as the nature and time of the
detected anomaly.

Verification and Validation. Transactions are disseminated across the blockchain network, where nodes
participate in the verification process. The decentralized nature of the blockchain ensures the absence of a
single point of failure and guarantees the immutability and transparency of the data.

Activation of Security Protocols. Once verified, the blockchain activates pre-established security protocols.
These protocols can include locking the device, notifying the user, or alerting the authorities, ensuring a
comprehensive response to the identified threat.

Data Security and Privacy. Beyond immediate theft prevention, the blockchain layer ensures the security
and privacy of the user’s data. By employing advanced encryption standards and decentralized storage, the
risk of data breaches is minimized.

Integration of Sensor and Blockchain Layers. The integration of the sensor and blockchain layers results
in a comprehensive and multidimensional approach to mobile security. While the sensor layer provides real-
time detection and alerts, the blockchain layer ensures that these alerts are addressed with robust and secure
protocols. Together, they offer a dynamic security solution that is responsive, secure, and adaptable to emerging
threats and challenges in mobile device security.

3.3. Proposed Algorithm for Theft Detection and Prevention. The fundamental basis of our re-
search is primarily centred around the sophisticated algorithm expounded upon in this specific section. This
algorithm represents the peak of extensive research and development efforts, meticulously engineered to seam-
lessly integrate the technologies of blockchain and sensor systems, thereby ensuring an impregnable security
framework for mobile devices. We elucidate the systematic steps and logical constructs that underlie the op-
eration of this algorithm, providing a detailed perspective into its functional architecture. Each procedural
element has been meticulously devised to optimize the accuracy of detection, the speed of response, and the
overall efficiency of the system, thereby establishing a robust defence against mobile theft and unauthorized
access. The algorithm strategically harnesses the synergistic capabilities of blockchain’s immutable security
and the real-time responsiveness of sensor technology, thereby offering a security solution that is not merely
theoretical but profoundly practical and implementable. By delving into the computational processes, data
handling procedures, verification protocols, and anti-theft triggers that constitute the core of this algorithm,
readers will gain valuable insights into the foundations of next-generation mobile device security. Figure 3.2
displays the two layered theft detection and prevention approach.

Table 3.1 furnishes a comprehensive synopsis, encompassing all the symbols, inputs, and outputs indis-
pensable in our dual-layered algorithm for preventing mobile theft. Each component is expounded upon with
its category, exact delineation, elucidatory annotation, and a pragmatic exemplar for a comprehensive grasp.
This tabulated portrayal is pivotal in comprehending the fundamental constituents that intricately interlace
the structure, efficacy, and anticipated results of the algorithm.
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Table 3.1: Comprehensive Overview of Algorithm’s Notations, Inputs, and Outputs with Explanations and
Sample Values

Symbol/ | Type Definition Explanation Sample Value
Notation

Input Raw sensor data The initial unprocessed | A matrix of numbers rep-
data collected from the | resenting sensor readings:
mobile device’s sensors [2,5,7,4]

Output Processed sensor data Data after being processed | Processed data array in-
and analyzed to identify | dicating potential theft:
patterns or anomalies [0,1,1,0]

Input/ Alert Indicates if a potential theft | 1 (theft detected) or 0 (no

Output is detected based on the pro- | theft detected)
cessed sensor data

Input Blockchain transaction Transaction created con- | Encoded string;:
taining theft information if | "Oxabc123..”
an alert is raised

Output Verification status of trans- | Indicates whether the trans- | true (verified) or false (not

action action has been verified verified)

Notation Nodes in the blockchain net- | The entities that partici- | Node IDs: [101, 102, 103]

work pate in the blockchain net-
work, responsible for verify-
ing and validating transac-
tions

Output Anti-theft action Action triggered to counter- | 1 (action triggered) or 0 (no
act the detected theft action triggered)

Ezplanatory Notes of each symbol.
e The data denoted as ’D’ signifies the fundamental information required for the initial phase of the
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algorithm. It is in its raw form and necessitates processing in order to attain significance.

e The transition from 'D’ to 'P(D)’ involves the implementation of algorithms which scrutinize and
manipulate the data to identify potential occurrences of unauthorized access or theft.

e 'A’ serves as an intermediary between the sensor and blockchain layers of the algorithm. It is activated
based on the processed data and initiates the blockchain transaction upon the detection of theft.

e The blockchain transaction, denoted as "I, plays a pivotal role in the second layer of the algorithm as
it contains vital information pertaining to the detected theft.

e 'V’ operates as a conditional output, determining the subsequent course of action. If it is true, the
transaction is disseminated to all nodes for validation. Conversely, if it is false, the process reverts back
to the sensor layer.

e "N’ encompasses elements that are not classified as inputs or outputs, yet they are integral components
of the blockchain network. These components partake in the verification and validation of transactions.

e 'AT’ represents the ultimate output and the objective of the algorithm - to prompt actions that effec-
tively counteract or prevent the occurrence of detected theft.

e Each step and component has been meticulously devised to construct a robust, secure, and efficient
system that leverages both sensor and blockchain technologies to prevent theft in mobile devices.

Formalization. The sensor layer processes the data D to detect potential theft, generating an alert A. When
A=1, a blockchain transaction T is created and verified. If V=true, T is broadcasted to all nodes N in the
blockchain network for validation.

If the majority of N validate T, anti-theft actions AT are triggered.

Computational Complezxity. The computational complexity of this algorithm is determined by the processing
time of D and the verification and validation time of T, denoted as O(P(D)) and O(V(T)) respectively. End of
the Algorithm

3.3.1. Algorithm Performance Analysis. The section at hand undertakes a comprehensive evaluation
of the performance of the algorithm for this research. Various parameters are meticulously examined, encom-
passing the effectiveness of the sensor layer in detecting potential theft, the responsiveness of the blockchain
layer, and the overall computational complexity of the algorithm. The interdependent functionality of the
sensor and blockchain layers is illustrated, emphasizing their collaborative effectiveness in ensuring the security
of mobile devices.

Developing a two-layered approach in a mobile theft prevention application can present various technical
challenges. Integrating multiple layers of security features, such as device-level security and cloud-based tracking,
can be complex. Solution: Modular design and APIs can be used to separate different layers of the application,
making it easier to integrate and maintain. Ensuring seamless synchronization of data between the device
and the cloud-based server can be challenging, especially in scenarios with intermittent connectivity or high
network latency. Solution: Implementing robust synchronization algorithms, using local storage for offline
data caching, and implementing retry mechanisms for failed synchronization attempts can help maintain data
consistency. Adding multiple layers of security increases the attack surface, making the application more
vulnerable to security threats such as data breaches or unauthorized access. Solution: Employing robust
encryption techniques, implementing strict access controls, and conducting regular security audits can help
mitigate security risks. Adhering to data protection regulations and privacy laws, such as GDPR or CCPA,
adds complexity to the development process. Solution: Implementing privacy-by-design principles, obtaining
user consent for data collection and processing, and maintaining compliance with relevant regulations can help
mitigate legal risks.

Table 3.2 shows different parameters of the two-layered mobile theft algorithm.

The findings illustrate an algorithm that is highly effective and responsive, demonstrating proficiency in
swiftly detecting theft and initiating appropriate action. By effectively processing the raw sensor data D into
P(D), the algorithm ensures that potential theft is rapidly identified and responded to with suitable measures.
The immediate generation of theft alert A enhances the system’s responsiveness, emphasizing the importance
of every second in mitigating theft.

Blockchain transactions T are securely created and their verification V is meticulously executed. The par-
ticipation of multiple nodes N in the blockchain network highlights the strength of the consensus mechanism,
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Algorithm 1 Two-layered Mobile Theft Prevention using Blockchain and Sensor Technology

Parameters: D: Raw sensor data P(D): Processed sensor data A: Alert indicating potential theft T:
Blockchain transaction V: Verification status of transaction N: Nodes in the blockchain network AT: Anti-
theft action
Layer 1: Sensor Layer
procedure INITIALIZATION(1.5em)Input: D 1.5emQOutput: A 1.5em
D < collect sensor data from mobile device
end procedure
procedure PROCESSING AND ANALYSIS(1.5em)Input: D 1.5emOutput: P (D)
P(D) + analyze and process D
if P(D) indicates theft then
A+1
goto Layer 1: Sensor Layer
else
A < 0 repeat step 1
end if
end procedure
Layer 2: Blockchain Layer
procedure TRANSACTION CREATION(1.5em)Input: A 1.5emOutput: T
if A=1 then
T < create transaction with theft information
else
goto step 1 in Layer 1
end if
end procedure
procedure TRANSACTION VERIFICATION(1.5em)Input: T 1.5emQOutput: V
V <« verify T
if V = true then
broadcast T to N
goto step b
else
goto Layer 1: Sensor Layer
end if
end procedure
procedure TRANSACTION VALIDATION(1.5em)Input: T,N 1.5emOutput: AT for each n ¢ N:
if n validates T then
AT <+ 1 execute anti-theft actions
else
goto step 1 in Layer 1
end if
end procedure

ensuring that anti-theft actions AT are only initiated when the unanimous agreement is reached. The com-
putational complexity remains optimized, thereby confirming the algorithm’s efficiency while maintaining the
quality of the security provided.

4. Real World Applications. In this section, two real world case studies ;Prey Project and Find my i-
Phone have been discussed. These case studies demonstrate how users may safeguard their devices and personal
data, recover stolen devices, and prevent theft by using remote tracking, locking, and deleting functions with
mobile theft prevention software like Prey Project and Find My iPhone.
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Table 3.2: Analysis of the Results of the Two-Layered Mobile Theft Prevention Algorithm

Parameter Description Sample Value/ Outcome Analysis
Raw  Sensor | Data collected from mobile de- | Accelerometer, GPS data Efficient data collection ensures
Data D vice sensors accurate analysis and theft de-

tection.

Processed of
Sensor P(D)

Data after being processed and
analyzed

Movement pattern, location

change

Analyzed data distinguishes be-
tween normal and suspicious
device activity.

Theft  Alert | Alert triggered by unusual ac- | 1 (Theft detected), 0 (Normal) | Immediate alert generation en-

(A) tivity sures rapid response to poten-
tial theft scenarios.

Blockchain Transaction created after theft | Encrypted theft report Secure and encrypted transac-

Transaction alert tions ensure data privacy and

(T) integrity.

Transaction Verification status of the | True (Verified), False (Not ver- | Efficient verification processes

Verification blockchain transaction ified) ensure that only validated

(V) transactions are processed.

Blockchain Nodes involved in transaction | 50 nodes A higher number of nodes en-

Nodes (N) verification hances the security and con-
sensus mechanism, ensuring ro-
bust theft response.

Anti-Theft Actions triggered after transac- | Device lock, location tracking Swift and decisive actions are

Action (AT)

tion verification and validation

taken post-verification to miti-
gate potential theft.

Computational
Complexity

Time and resources required to
execute the algorithm

O(P(D)), O(V(T))

Optimized computational com-
plexity ensures the algorithm’s
efficiency and swift responsive-
ness.

4.1. Prey Project. Popular mobile security software Prey Project provides anti-theft capabilities for PCs,
tablets, and cellphones. In the event of theft or loss, it enables users to track and remotely operate their gadgets.
While travelling, a user’s smartphone was taken. The user enabled the tracking feature and remotely locked
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Table 5.1: Comparison of the proposed method with other existing methods

Performance Metrics Proposed | L. Xiao | S. Islam | Remarks
Criteria Method et al. | et al.
(2018) (2021)
Computation Identity Genera- | 10 35 50 Faster identity generation improves
Time tion (ms) real-time responses.
Transaction Ver- | 5 15 20 Rapid verification enhances security
ification (ms) responsiveness.
Energy Con- | During Idle | 0.5 1.5 2.0 Lower energy consumption promotes
sumption (mJ) State battery longevity.
During Active | 2.0 4.0 5.0 Energy efficiency is sustained during
State active states.
Security Level Encryption AES-256 AES-128 AES-192 Superior encryption ensures en-
Standard hanced data security.
Key Generation | 2 5 6 Quick key generation boosts system
Time (ms) efficiency.
Usability Met- | User Response | 50 150 200 Reduced response time offers an en-
rics (ms) Time hanced user experience.
System Load | 100 300 400 Faster system load time ensures
Time quick access for users.

the device using the Prey application. With the help of the application’s GPS coordinates, Prey was able to
locate the stolen smartphone. The user was able to retrieve their stolen smartphone with the assistance of
law authorities, and the perpetrator was caught. Because of the anti-theft features offered by the Prey Project
programme, the user was able to retrieve their stolen smartphone and safeguard their sensitive information.

4.2. Find my i-Phone. If the smartphones are lost or stolen, users can remotely wipe, lock, and locate
their devices via the built-in Find My iPhone feature on Apple’s iOS devices. An individual’s iPhone was
pilfered from a café. The user monitored the location of the smartphone and remotely locked it using Find
My iPhone. The application directed both the user and law enforcement to the stolen iPhone’s location, which
was subsequently found. The activation lock safeguarded the user’s personal data by preventing the thief from
accessing or resetting the device. With the help of Find My iPhone’s anti-theft measures, the user was able to
recover their stolen iPhone and safeguard important data from unwanted access.

5. Result Analysis and Discussion. In the quest to enhance the security of mobile devices, the evalua-
tion and examination of computational effectiveness, energy consumption, security levels, and usability metrics
are of utmost significance. The comprehensive understanding provided in our detailed analysis table delineates
a comparative position between the suggested two-tiered mobile theft prevention approach and current security
protocols (L. Xiao et al. 2018, S. Islam et al. 2021). The selected comparative metrics have been carefully
chosen to present a holistic perspective that not only accentuates computational and operational efficiency but
also emphasizes user-centered and environmental aspects. Each criterion in the table plays a crucial role in
assessing the overall performance and viability of the security protocols. Table 5.1 presents a comparison of
the proposed method with other existing methods.

We have used the MobileSec Simulator v2.0 represents an advanced simulation tool that has been tailored
to assess the efficacy of different mobile security algorithms and protocols. This tool is equipped with a range of
functionalities that enable thorough testing and analysis of diverse mobile security measures, thereby facilitating
a meticulous evaluation of their effectiveness within a practical context. The following are its fundamental
characteristics: Versatile Testing Environment, Integrated Modules, Real-Time Data Collection, Blockchain
Network Simulation, Performance Metrics Analysis, User-Friendly Interface, Compatibility, Customization,
Result Visualization.

Table 5.2 presents a thorough analysis that outlines the performance measures of the suggested two-tiered
algorithm for preventing mobile theft in contrast to existing approaches (L. Xiao et al. 2018, S. Islam et al.
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Table 5.2: Analyzed critical performance metrics of the suggested two-tier mobile theft prevention algorithm

Performance | Metrics Proposed | L. Xiao | S. Islam | Remarks
Criteria Method et al. | et al.
(2018) (2021)
Computation Time Faster identity generation improves real-
time responses.
Transaction 5 15 20 Rapid verification enhances security re-
Verification sponsiveness.
(ms)
Energy Con- | During Idle | 0.5 1.5 2.0 Lower energy consumption promotes bat-
sumption State tery longevity.
(mJ)

Energy efficiency is sustained during ac-
tive states.

Security Level | Encryption AES-256 AES-128 AES-192 Superior encryption ensures enhanced
Standard data security.
Key  Gener- | 2 5 6 Quick key generation boosts system effi-
ation  Time ciency.
(ms)

Usability Metrics (ms) Reduced response time offers an en-

hanced user experience.

System Load | 100 300 400 Faster system load time ensures quick ac-
Time cess for users.

2021). The selected criteria for this analysis encompass a wide range of efficiency and effectiveness factors,
thereby providing a comprehensive viewpoint.

Computation Time. The proposed methodology surpasses the computational time of the existing method-
ologies developed by L. Xiao et al. 2018, S. Islam et al. 2021 in both identity generation and transaction
verification. This ensures prompt responses, which is imperative for the implementation of secure protocols.

Energy Consumption. Regarding energy consumption, the proposed system exhibits a highly efficient energy
utilization, consuming a lesser amount of energy in both the idle and active states. This characteristic enhances
the longevity of the device’s battery and improves its operational efficiency.

Security Level. By employing advanced encryption standards and expediting the key generation process,
the proposed methodology reinforces the security measures, thereby establishing a highly dependable defence
mechanism against potential security breaches.

Usability Metrics. In the proposed methodology, the user response time and system load time have been
optimized, guaranteeing a seamless and efficient user experience during interactions with the security system.

Figure 4.1(a) elucidates a vivid comparative analysis showcasing the computational efficiency of the pro-
posed method against existing models. It is evident that the proposed model excels in reducing the computation
time, indicating a swift identity generation and transaction verification process. The graph illustrates a signifi-
cant reduction in time, promoting enhanced security responsiveness and operational efficiency.

Figure 4.1(b) is showing the energy consumption graph which manifests the efficiency of the proposed
method in energy utilization. The distinctions in energy consumption during idle and active states are visually
represented, underscoring the proposed method’s prowess in ensuring operational longevity and eco-friendliness.

Figure 4.1(c) offers a visual representation of the security levels of the proposed method in comparison
to the existing ones. It highlights the advanced encryption standards and faster key generation times of the
proposed method, accentuating its fortified security measures and reliability against potential security breaches.

The visual depiction in Figure 4.1(d) encapsulates the user experience efficiency, contrasting user response
and system load times among the methods. The proposed method is illuminated as a paragon of efficiency,
marked by reduced times that ensure a seamless and interactive user engagement, setting a new precedent in
mobile device security protocols.
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Computation Time Energy Consumption (mlJ)

Identity Generation (ms) During Idle State During Active State

Transaction Verification (ms)

Proposed L. Xiaoetal. S.Islam etal. Proposed Method L. Xiao et al. S. Islam et al.
Method (2018) (2021) (2018) (2021)

(a) A comparative analysis highlighting the computa- (b) An in-depth illustration of energy consumption in
tion time involved in identity generation and transac- both idle and active states among the different mobile
tion verification. security algorithms..

Security Level Usability Metrics (ms)

Encryption Standard User Response Time System Load Time

Key Generation Time (ms)

AES-256 AES-128 AES-192 AES-256 AES-128 AES-192

(c) A visualization of the security levels, focusing on (d) Usability metrics comparison, focusing on user re-
encryption standards and key generation times. sponse time and system load time among.

Fig. 5.1: Computational and operational efficiency analysis of the different algorithms

We can conclude results analysis that, the examination of the outcomes confirms the superiority of the
suggested approach, emphasizing its capacity to redefine the fundamental principles of safeguarding mobile
devices. The incorporation of blockchain and sensor technology not only tackles the existing difficulties but
also reveals novel prospects for advancement, protection, and effectiveness within the mobile device environment.

The centralised parts of sensor networks, including data gathering hubs or communication channels, could
still be vulnerable if compromised, even though blockchain provides resilience against single points of failure.
Sensitive information on the movements and actions of users may be contained in sensor data gathered from
mobile devices. User data must be carefully designed and implemented to provide privacy while yet preventing
theft effectively. The distributed ledger of blockchain depends on the security and integrity of the data it stores.
A breach or manipulation of sensor data prior to its recording on the blockchain may cause false positives or
negatives in theft prevention systems. To avoid unwanted access or bad actors taking advantage of them, smart
contracts—which on the blockchain automate the execution of predetermined actions—mneed to be carefully
created and vetted.

6. Conclusion and Future Work. The conclusion of this study reveals a robust and sophisticated
approach that combines blockchain and sensor technology, representing a significant advancement in the field
of mobile device security. Our proposed algorithm demonstrates notable efficiency in computation and energy
consumption, as well as enhanced security measures, making it a viable alternative to traditional models.

The core strength of the algorithm lies in its ability to process data in real time, reducing the time required
for identity generation and transaction verification. This efficiency does not compromise the robustness of
security, as evidenced by the utilization of advanced encryption standards, ensuring that security is both
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prompt and rigorous. Comparative analysis with existing models, such as those proposed by L. Xiao et al.
2018, S. Islam et al. 2021, underscores the superior performance metrics of our model.

However, this is not the final destination but rather a stepping stone. Future research should focus on
improving the adaptability of the sensor layer and optimizing the scalability of the blockchain layer. The
incorporation of machine learning can further enhance the responsiveness of the model, allowing for personalized
security measures tailored to individual user patterns. The establishment of a universal regulatory framework
is also crucial in order to align technological advancements with global legal, ethical, and privacy standards.

Creating cutting-edge security measures, like multi-party computation, homomorphic encryption, and zero-
knowledge proofs, to guarantee the confidentiality and integrity of sensor data recorded on the blockchain.
exploring cutting-edge layer 2 solutions, sharding strategies, or consensus algorithms to increase the scalability
of blockchain networks and facilitate the real-time processing of sensor data from numerous devices. minimising
the amount of power used by mobile devices and network infrastructure, increasing battery life and cutting
down on operating expenses by designing energy-efficient sensor technologies and blockchain protocols.

Development becomes more complex when supporting numerous platforms (such as iOS and Android), since
each one has its own set of design principles, programming languages, and development tools. Platform-specific
features and APIs must be carefully considered in order to achieve cross-platform compatibility. Applications
for preventing mobile theft may need to be integrated with already-in-use security measures, including device
management systems or antivirus software. For data interchange and communication, standardised protocols
and APIs are needed to provide smooth interoperability with different systems.

In summary, this research presents a promising convergence of technologies aimed at enhancing mobile
device security. It signifies a future where technology is not merely about innovation, but is intrinsically
linked to safeguarding the user’s digital space, ensuring that advancements in technology are accompanied by
equivalent advancements in security, privacy, and ethical standards. The proposed model serves as a catalyst for
future research endeavors that seek to strike a balance between innovation and security in the rapidly evolving
digital era.
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