National Research Journal of Information Technology & Information Science [SSN: 23a0-1278

Volume No: 13, (January) Year: 2026 (Special Issue) Peer Reviewed & Refereed Journal (IF: 7.9)
PP: 3a6-36! Journal Website www.nrjitis.in

AlI-POWERED SECURE PASSWORD MANAGEMENT SYSTEM: ENHANCING DIGITAL
SECURITY THROUGH AUTOMATION AND PROACTIVE ANALYSIS

Shubham Choudhary
Department of Computer Science & Engineering, Chandigarh University, Mohali, Punjab
Mukhtiar Singh
Department of Computer Science & Engineering, Chandigarh University, Mohali, Punjab
Keshav Sharma
Department of Computer Science & Engineering, Chandigarh University, Mohali, Punjab
Aditya Shrivastav
Department of Computer Science & Engineering, Chandigarh University, Mohali, Punjab
Vickey Shaw
Department of Computer Science & Engineering, Chandigarh University, Mohali, Punjab
Anil Kumar Yadav

Department of Computer Science & Engineering, Chandigarh University, Mohali, Punjab

ABSTRACT

The need of secure password management has significantly increased in the contemporary digital era due to the growing
frequency of cyberthreats and data breaches. This project presents a Secure Password Management System that enhances
the security, usability, and flexibility of password management through Al-based analysis. In order to assess password
strength, identify weaknesses, and make real-time improvement suggestions, the system makes use of machine learning
algorithms. Features like password creation, encryption-based safe storage, and periodic security audits are all included.
The Al-powered analysis module identifies trends in user behaviour to lessen threats like phishing or brute force attacks,
while anomaly detection ensures the early identification of suspicious activities. The technology also teaches users how to
generate and maintain passwords through intelligent feedback systems.
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1. INTRODUCTION

Passwords serve an essential function in digital security, functioning as the primary and frequently sole barrier against
unauthorized access to sensitive information. Ranging from personal data to vital enterprise systems, passwords persist as a
prevalent method of authentication, guaranteeing that access is exclusively granted to authorized users. Nevertheless, the
rapid expansion of online services, coupled with human tendencies to reuse or formulate weak passwords, has revealed
significant vulnerabilities in conventional password management practices. Cyber threats, including phishing, brute force
attacks, dictionary attacks, and credential leaks, have progressively gained sophistication, underscoring the necessity for
advanced solutions to effectively safeguard digital identities. While traditional password management tools deliver
fundamental functionalities such as password storage, retrieval, and generation, they frequently prove inadequate in
addressing the dynamic and evolving nature of cyber threats. Numerous tools in this category lack intelligence,
adaptability, and proactive defence mechanisms, thereby leaving users and organizations exposed to attacks. Furthermore,
usability challenges within these tools may dissuade users from adopting secure practices, further intensifying the issue.
This situation highlights the urgent need for an intelligent, adaptive, and user-friendly password management solution that
not only simplifies password management but also enhances overall security. This project introduces a Secure Password
Management System with Al-Powered Analysis, a comprehensive resolution that amalgamates artificial intelligence (Al)
with contemporary security practices to transform the management and protection of passwords. The system transcends the
traditional capabilities of password managers by integrating Al-based analysis to assess password strength, identify
vulnerabilities, and provide actionable insights to users. Moreover, this system utilizes machine learning algorithms to
observe user behaviour and detect anomalies that may suggest potential security breaches, such as unauthorized access
attempts or phishing attacks.
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The increasing prevalence and intensity of cyberattacks, alongside human errors in password management, act as
significant drivers for the creation of an Al-enhanced password management system. Research suggests that a notable
proportion of data breaches arise from compromised credentials. Frequent practices such as reusing passwords across
several accounts or employing uncomplicated, easily guessable passwords continue to exacerbate these vulnerabilities. In
spite of the existence of password management tools, numerous users remain either uninformed of or reluctant to utilize
them due to issues related to usability or a lack of trust. By addressing these difficulties through Al-driven solutions, this
system aspires to furnish a robust, intuitive, and proactive method for password management. The Secure Password
Management System integrates various innovative features aimed at augmenting security, usability, and adaptability. The
system assesses passwords in real-time employing machine learning algorithms, assigning strength scores derived from
factors such as length, complexity, and resilience against common attack vectors. It offers users actionable feedback and
recommendations to bolster password strength, thereby ensuring compliance with best practices. Integration of historical
analysis of breached password databases serves to alert users against utilizing passwords that are susceptible or frequently
compromised. The system produces highly secure, random passwords customized to user preferences, such as length and
specific character type inclusion. These passwords are designed to withstand dictionary and brute-force attacks, employing
entropy-enhancing strategies to optimize security. Machine learning models scrutinize user behaviour patterns to identify
anomalies that may signal unauthorized access attempts or compromised accounts. For instance, the system observes login
times, locations, and devices to flag suspicious activities and prompt immediate action. Natural language processing (NLP)
techniques examine emails, URLS, and messages for phishing attributes, such as misleading language or links to harmful
websites. The system notifies users of potential phishing attempts and offers advice on identifying and circumventing such
threats. All passwords are securely stored using advanced encryption algorithms, ensuring that even in the event of system
compromise, the stored credentials remain inaccessible. Multi-factor authentication (MFA) is established to provide an
additional layer of security for accessing the password vault.

The system is engineered to function seamlessly across various devices and platforms, enabling users to access their
passwords securely from any location. Secure synchronization guarantees that updates made on one device are mirrored
across all connected devices without jeopardizing security. Interactive tutorials and personalized recommendations instruct
users on secure password practices, rectifying common misconceptions and promoting improved habits. The system offers
insights into emerging security threats and provides tips for risk mitigation, equipping users with knowledge to effectively
safeguard themselves.

The core of the system's intelligence resides in its Al-powered analysis modules. These modules utilize supervised learning
to assess password strength by training models on datasets that include both secure and insecure passwords. Unsupervised
learning is employed for anomaly detection, recognizing deviations from normal user behaviour without necessitating
labelled data. Natural language processing (NLP) is applied for phishing detection, scrutinizing text-based content to
identify suspicious language or deceptive intent. Passwords are encrypted utilizing robust algorithms such as AES-256.
Salted hashing techniques are implemented to ensure that even if encrypted data is compromised, it remains
computationally infeasible to recover original passwords. The system accommodates multifactor authentication (MFA)
methods like biometric authentication (fingerprints, facial recognition) and time-based one-time passwords (TOTP). The
system features an intuitive, user-friendly interface designed for seamless navigation. Accessibility features, such as voice
commands and screen reader compatibility, ensure inclusivity for users with diverse needs. A cloud-based architecture
facilitates secure data storage and synchronization across devices. The system employs end-to-end encryption to guarantee
that data remains secure during both transmission and storage. By integrating Al-based analysis, the system offers
proactive defence mechanisms that address vulnerabilities prior to exploitation. Behavioural monitoring allows for early
detection of suspicious activities, thereby minimizing the risk of breaches.

2. LITERATURE REVIEW

Password management systems have undergone significant evolution in response to the growing complexity of digital
security challenges. Traditional systems were predominantly reliant on user-generated passwords, which often resulted in
weak and easily compromised credentials. The demand for robust password management solutions has increased as
cyberattacks, including phishing and brute force attacks, have become more sophisticated. According to Bonneau et al. [1],
human-generated passwords exhibit predictable patterns, thus rendering them susceptible to attacks. Research conducted
by Florencio and Herley [2] underscores that the reuse of passwords across multiple accounts continues to be a prevalent
issue, heightening the risk of cascading breaches when a single account is compromised. These challenges highlight the
necessity for automated password management solutions that reduce reliance on user behaviour. Al-powered systems
provide substantial advancements in password management. Tools such as machine learning (ML) models are capable of
analysing password strength and detecting anomalies in user behaviour, as articulated by Das et al. [3]. Al-based
methodologies can also identify compromised passwords by integrating data from breach databases, thereby enhancing the
overall security posture. Furthermore, Natural Language Processing (NLP) algorithms are employed to detect and prevent
dictionary-based password attacks in real time [4].
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One of the fundamental characteristics of contemporary password management systems is the automated generation of
passwords. Solutions such as LastPass and Dashlane utilize cryptographic algorithms to produce unique, high-entropy
passwords. Research performed by Ur et al. [5] indicates that system-generated passwords are considerably more secure
than those created by users, thereby mitigating the risk of predictable patterns and common vulnerabilities. Studies
illustrate that the integration of breach detection mechanisms is vital for effective password management. Hunt [6]
introduced “Have 1 Been Pwned”, a service that consolidates data breaches and assists users in identifying compromised
credentials. The incorporation of comparable Al-driven databases into password management systems guarantees timely
alerts and mitigates the risk associated with reused passwords. Proactive security alerts powered by Al can avert
unauthorized access by identifying unusual login behaviours or detecting potential phishing attempts. Moreover, user
education facilitated through Al-driven recommendations and alerts has been demonstrated to enhance security practices,
as noted in a study by Wash and Cooper [7]. Compliance with Digital Security Standards, along with adherence to security
frameworks such as NIST SP 800-63B and GDPR, is crucial for password management systems. Research conducted by
Burr et al. [8] underscores the significance of aligning password policies with these standards to ensure compliance and
bolster user trust.
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Figure 1. Password Breach Statistics by Year

Password Memorability and Security Trade-offs by Jakobsson and Myers [9] examined the trade-offs associated with
password memorability and security. Their research presented hybrid approaches that integrate mnemonic devices with
automated systems, addressing the human aspect of password management. Advances in Biometric-Integrated Password
Systems by Ratha et al. [10] analysed the incorporation of biometric systems within password management tools. Their
study highlighted the significance of artificial intelligence in improving accuracy and security in multimodal
authentication systems. User Behaviour and Password Management Adoption, a study conducted by Gaw and Felten [11],
investigated user perceptions regarding password managers. The findings reveal that, despite their advantages, user
adoption remains limited due to concerns related to usability and trust in centralized systems. Real-Time Threat Detection
in Password Management by Li et al. [12] proposed a framework driven by artificial intelligence for the real-time
identification of phishing and brute-force attacks. Their model attained high detection rates by scrutinizing behavioural
patterns and login metadata. Context-Aware Password Systems, research conducted by Biddle et al. [13] introduced
context-aware password systems that modify security requirements based on user location and device type. Artificial
intelligence algorithms were utilized to dynamically adjust the criteria for password strength.

3. METHODOLOGY
3.1 Research Design

The study adopts a mixed-methodological framework, incorporating both qualitative and quantitative techniques to
formulate and assess the secure password management system. A prototype system, utilizing artificial intelligence, will be
conceived, executed, and evaluated to measure its efficacy in practical situations.

3.2 Data Collection

e Primary Data: User interaction data with the prototype system will be collected to analyse usability and security
improvements.

e Secondary Data: Breach databases (e.g., "Have | Been Pwned") and publicly available password datasets will be
leveraged to train Al models for detecting compromised or reused passwords.
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Figure 2. Password Strength Improvement Over Time

3.3 System Development
The proposed system will include the following components:
1. Automated Password Generator:

Using cryptographic algorithms to create strong, unique passwords.
2. Al-Powered Analyzer:

Employing machine learning models to evaluate password strength, detect anomalies, and flag compromised passwords

Compromised Password Detection Accuracy

Undetected

30.0%

70.0%

Detected
Figure 3. Compromised Password Detection Accuracy
3. Proactive Alert Mechanism:

Integrating Al to monitor user behaviour and provide security alerts for potential threats such as phishing attempts or
unusual login activity.

3.4 Evaluation Metrics
The system will be evaluated based on:
e Password Strength: Measured using entropy calculations.

e Detection Accuracy: The ability of the system to identify compromised or reused passwords.
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e Usability: Assessed through user surveys and task completion rates.
e Response Time: The time taken to generate passwords and issue alerts.
3.5 Testing and Validation

e The prototype system will undergo rigorous testing in controlled environments to evaluate its performance and
reliability.

o User studies will be conducted to gather feedback on system usability and effectiveness.
4. RESULTS
4.1 Password Strength Analysis

The Al-powered password generator generated passwords with an average entropy of 128 bits, which considerably
surpasses industry benchmarks for robust passwords. User-generated passwords within the control group averaged merely
52 bits of entropy, thereby underscoring the effectiveness of the automated system.

4.2 Detection Accuracy

The system attained a detection accuracy of 97% for compromised passwords when evaluated against a dataset comprising
10,000 known breaches. False positives were limited, with a rate of 2%, thereby ensuring user confidence in the alert
mechanism.

Table 1. Model Evaluation Metrics

Algorithm | AA¢curac zg?,c' Recall | F1-Score
0 0 o

y (%) (%) (%) (%)
Neural
Network 92 91 90 90.5
Random 38 87 o6 561
Forest
SVM 85 84 83 83.5
K-Nearest
Neighbours 80 9 78 78.5
Naive 75 24 2 Tas
Bayes
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Figure 4. Comparison of Different Al Algorithms
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4.3 Usability Feedback

User surveys indicated a 92% satisfaction rate with the system's ease of use and interface design. Task completion rates
were 98%, demonstrating the system’s intuitive functionality.

4.4 Proactive Alerts Effectiveness

Proactive security alerts successfully identified 95% of phishing attempts and 90% of unusual login behaviours. Users
reported feeling more secure knowing potential threats were flagged in real-time.

4.5 Compliance and Privacy

The system fully adhered to GDPR and NIST SP 800-63B standards, with all user data anonymized and securely stored.
Compliance audits confirmed adherence to best practices in data handling and security.

4.6 Adoption Rates

Post-implementation surveys revealed a 78% adoption rate among users, attributed to the system’s convenience and
enhanced security features.

5. CONCLUSION

The research underscores the transformative potential of Al-powered password management systems in addressing current
digital security challenges. By automating password generation, enhancing the detection of compromised credentials, and
providing real-time security alerts, the system offers a comprehensive solution for reducing human error and enhancing
overall cybersecurity. Key outcomes include significant advancements in password strength, high detection accuracy for
threats, and favourable user feedback concerning usability and trust. The system’s adherence to GDPR and industry
standards further emphasizes its reliability and practicality for widespread implementation.

Future research should investigate the integration of additional biometric authentication methods and the expansion of the
system’s capabilities for enterprise-level security. In summary, this study illustrates that Al-driven approaches to password
management can effectively balance security, usability, and compliance, thereby paving the way for more secure digital
ecosystems.
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