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Abstract: Identity and Access Management (IAM) system aimed at enhancing security, streamlining authentication processes,
enforcing access controls, and monitoring user activities effectively. The system incorporates various security measures,
including biometric identification, Challenge-Handshake Authentication Protocol (CHAP) authentication, Role-Based Access
Control (RBAC), and User Behavior Analytics (UBA), to address key security challenges and fortify the organization’s security
posture. Biometric identification provides a highly secure and reliable method for authenticating users, leveraging unique
physiological traits such as fingerprints or facial features. CHAP authentication introduces cryptographic mechanisms to verify
user identities and prevent unauthorized access. RBAC facilitates granular access control, while UBA enhances threat detection
capabilities and supports compliance efforts. Integrating these security measures has yielded tangible benefits, including
improved authentication integrity, reduced risk of unauthorized access, enhanced threat detection, and better compliance
adherence. By adopting a multi-layered approach to security and leveraging advanced technologies, the IAM system provides
organizations with the tools to safeguard sensitive data and resources effectively. Ongoing investment in lAM technologies and
practices will be crucial to adapting to evolving security threats and maintaining a secure IT environment. This aims to layer
security principles so that data is safeguarded from threat actors and protected from data breaches, prevent insider threats from
occurring, and implement security to a network and organization.
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1. Introduction

In today’s interconnected and data-driven world, managing identities and resource access is paramount for organizations across
various sectors. Identity and Access Management (IAM) encompasses the policies, processes, and technologies used to ensure
appropriate access to systems, applications, and data while safeguarding against unauthorized use, data breaches, and
compliance violations [16]. With the proliferation of cloud computing, mobile devices, and remote work, IAM has become
increasingly complex and critical for maintaining security and regulatory compliance. IAM stands for Identity and Access
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Management [17]. It is a framework of policies, processes, and technologies that ensures appropriate access to resources in an
organization while protecting those resources from unauthorized access. In simpler terms, IAM is all about managing who has
access to what within a company’s digital environment. This includes managing user identities, their authentication (verifying
who they are), and authorization (determining what they can access) [18].

1.1. Identity Management

In the digital realm, identity is the foundation for establishing trust, enabling interactions, and facilitating access to resources.
Digital identity encompasses a broad range of elements, including personal identifiers (such as usernames, email addresses, or
employee IDs), biometric data (such as fingerprints or facial recognition), and cryptographic credentials (such as digital
certificates or security tokens) [19]. These identifiers and attributes authenticate individuals, verify their identity, and authorize
their access to digital services, applications, and data. Identity management involves the administration of these digital identities
throughout their lifecycle, encompassing processes such as registration, authentication, authorization, and de-provisioning [20].
Effective identity management practices ensure digital identities’ security, privacy, and integrity while enabling seamless and
secure access to resources across diverse environments, including cloud-based services, mobile applications, and Internet-
connected devices (Figure 1).

Figure 1: Identity Access Management [14]

1.2. Authentication

Authentication is verifying the identity of users or entities accessing the system. This typically involves providing credentials
(e.g., username and password, biometric data, security tokens) to prove identity. ITAM systems implement various authentication
methods to ensure secure access based on the data’s sensitivity and risk level [21]. The Challenge-Handshake Authentication
Protocol (CHAP) is widely used in network communications, particularly in remote access scenarios such as dial-up
connections and virtual private networks (VPNs). CHAP provides a secure method for verifying the identity of a user or device
accessing a network without transmitting sensitive information over the network [22]. In CHAP, the authentication process
begins with the server challenging the client to prove its identity. The server sends a random challenge string to the client, which
combines this challenge with a secret shared password using a one-way hash function, typically MDS5 or SHA-1 [23]. The client
then sends the resulting hash back to the server. Upon receiving the response, the server independently computes the expected
hash based on its copy of the shared password and the received challenge. If the computed hash matches the hash sent by the
client, authentication succeeds, and the client is granted access to the network. One of the key advantages of CHAP is its
resistance to replay attacks, as each authentication attempt involves a new challenge from the server [24]. Additionally, CHAP
does not transmit passwords in plaintext, enhancing security [25].

1.3. Authorization

Authorization determines what authenticated users can do within the system once their identity has been verified. This involves
defining access policies, roles, and permissions that specify which resources (such as files, applications, or databases) users can
access and what actions they can perform (e.g., read, write, execute) [26]. Role-Based Access Control (RBAC) is a widely
adopted authorization method in Identity and Access Management (IAM) systems, providing a structured approach to managing
access permissions within organizations. In RBAC, access rights are assigned to roles rather than individual users, streamlining
access management by grouping users with similar responsibilities or job functions [27]. Each role is associated with a set of
permissions that define the actions users assigned to that role can perform within the system. Users are then assigned one or
more roles based on their job roles or organizational hierarchy. RBAC simplifies access control administration, as access rights
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can be managed at the role level rather than for each user, reducing complexity and ensuring consistency across the organization
[28]. Since RBAC enforces the principle of least privilege, users are allowed only the permissions they need to do their jobs,
reducing the danger of unwanted access [29]. RBAC enables scalability and flexibility, allowing companies to simply update
access permissions as roles change or new roles are added. RBAC helps enforce access control policies, improve security, and
meet regulatory requirements [30].

1.4. Accounting

Accounting serves as the vital monitoring mechanism for organizations, providing insight into financial health, performance,
and compliance with regulatory standards [31]. Through systematic recording, analysis, and reporting of financial transactions,
accounting enables organizations to track revenues, expenses, assets, and liabilities, facilitating informed decision-making by
management, investors, and other stakeholders [32]. By monitoring financial metrics such as profitability, liquidity, and
solvency, accounting enables organizations to assess their financial viability, identify areas for improvement, and formulate
strategies for sustainable growth [33]. Moreover, accounting is a critical tool for monitoring compliance ensuring adherence to
statutory regulations, industry standards, and internal policies. Accounting helps detect and prevent fraud, errors, and
irregularities through financial audits, internal controls, and risk assessments, safeguarding organizational assets and reputation
[34].

Furthermore, accounting facilitates performance monitoring by comparing actual financial results against budgeted targets and
industry benchmarks, enabling organizations to evaluate operational efficiency and effectiveness [35]. Accounting is the
cornerstone of organizational monitoring, providing stakeholders transparency, accountability, and confidence in financial
affairs [36]. By leveraging accounting information effectively, organizations can navigate challenges, capitalize on
opportunities, and achieve long-term success in today’s dynamic business environment (Figure 2).

[ [ USERNAME | N N
=

IDENTITY AUTHENTICATION AUTHORIZATION ACCOUNTING
Who do you Are you really who What are you What did you
claim to be? you claim to be? allowed to do? actually do?

Figure 2: Authentication, Authorization, Accounting [15]
1.5. Identity Governance and Administration (IGA)

IGA involves managing the entire lifecycle of user identities and their access rights within an organization. This includes
processes such as user provisioning (creating, modifying, or deleting user accounts), access certification (periodically reviewing
and validating user access rights), and compliance reporting (ensuring adherence to regulatory requirements and internal
policies) [37].

1.6. Data Encryption

Any successful IAM programme must protect data in transit and storage. Hackers can still access PPI even when compliance
requirements prohibit transferring it across insecure networks or to unapproved entry/exit points. While some industries
advocate or mandate data encryption during transmission, they do not address storage issues [38]. Even resistant data is
vulnerable to attackers. Encrypting all PPI from handling to sending and receiving will greatly lower a company's cybersecurity
risk, even with firewalls and other measures [39]. Identity and Access Management (IAM) systems need data encryption to
safeguard sensitive data from illegal access and interception. Data is encrypted into ciphertext and unintelligible without the
decryption key [40].

In IAM, data encryption is utilized to secure various aspects of identity management, including user credentials, authentication
tokens, and access control policies [41]. For example, user passwords stored in IAM databases are typically encrypted using
strong cryptographic algorithms to prevent unauthorized access in the event of a data breach. Additionally, communication
channels between IAM components, such as authentication servers and user devices, are encrypted using protocols like
SSL/TLS to prevent eavesdropping and data tampering [42]. Encryption also plays a crucial role in securing data at rest,
ensuring that user attributes, access logs, and audit trails stored in IAM repositories remain confidential and integrity [43]. By
implementing robust encryption mechanisms, IAM systems enhance data confidentiality, integrity, and compliance with
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regulatory requirements such as GDPR and HIPAA. Moreover, encryption mitigates the risk of data breaches and unauthorized
access, fostering trust and confidence among users, administrators, and other stakeholders in the IAM ecosystem [44].

2. Objective

This project aims to design, develop, and implement a comprehensive Identity and Access Management (IAM) system that
addresses the growing security challenges modern organizations face [45]. The project aims to enhance access control
processes’ security, efficiency, and usability by leveraging advanced authentication mechanisms, biometric identification, and
role-based access control (RBAC) [46]. The project addresses the fundamental need for secure and efficient management of
user identities and access rights within the organization’s digital ecosystem [47]. With the increasing prevalence of cyber
threats, data breaches, and regulatory requirements, organizations are pressured to implement robust IAM solutions to safeguard
sensitive information, protect against unauthorized access, and ensure compliance with industry standards and regulations [48].

2.1. Authentication Enhancement

The project aims to enhance authentication mechanisms by integrating the Challenge-Handshake Authentication Protocol
(CHAP) to verify user identities. CHAP provides a secure and efficient way to authenticate users by exchanging challenge-
response messages, reducing the risk of unauthorized access and credential theft [49].

2.2. Biometric Identification

In addition to traditional authentication methods, the project will implement biometric identification technologies such as
fingerprint or facial recognition [50]. By leveraging unique biometric data associated with each individual, the project aims to
strengthen identity verification processes, improve user experience, and reduce reliance on vulnerable authentication factors
such as passwords [51].

2.3. Role-Based Access Control (RBAC)

A biometric identity-connected role-based access control system will be set up as part of the project. Permissions to access
resources will be associated with specific roles that people are assigned according to their work duties [52]. In order to simplify
access management procedures, guarantee granular control, and apply the concept of least privilege, the project intends to
employ RBAC. Sensitive data and reducing insider threats within the organisational ecosystem. By implementing stringent
access control measures and authentication mechanisms, the project ensures that only authorized personnel can access critical
resources and information [53]. Through the adoption of advanced security protocols, such as multi-factor authentication (MFA)
and biometric identification, the system aims to verify users’ identities with a high degree of accuracy, thereby minimizing the
risk of unauthorized access resulting from stolen or compromised credentials. Furthermore, the project focuses on detecting
and addressing insider threats, which pose a significant data security and confidentiality risk [54]. The system can identify
suspicious activities, unauthorized access attempts, and abnormal user behaviors indicative of potential insider threats by
implementing user behavior analytics and anomaly detection techniques [55].

3. Review of Literature

By "IAM," we mean Identity Access and Management. In a nutshell, it protects sensitive information while letting workers
access, copy, and edit work-related content. Sensitive or company-specific data may fall under this category.

Smith and Johnson [1] present a systematic method for automated security analysis tailored to microservice architectures. It
addresses the complexities of securing microservice-based systems by proposing automated analysis techniques to detect and
mitigate potential security vulnerabilities. By introducing proactive security measures early in the development process, the
approach aims to enhance the overall security posture of microservice architectures.

Liu et al. [2] offer a comprehensive survey of Role-Based Access Control (RBAC) models tailored for contemporary Identity
and Access Management (IAM) systems. It examines various RBAC models, their evolution, and their applicability in modern
IAM environments. Through extensive analysis, the authors elucidate the strengths, limitations, and emerging trends in RBAC
implementation, providing valuable insights for researchers and practitioners in the field of [AM.

Chen et al. [3] discuss secure multi-factor authentication protocols designed specifically for cloud-based Identity and Access
Management (IAM) systems. Chen, Zhou, and Li propose novel authentication schemes to enhance security in cloud
environments, addressing vulnerabilities and threats unique to IAM systems. Through rigorous analysis and evaluation, the
authors demonstrate the effectiveness and robustness of the proposed protocols in mitigating risks and ensuring secure access
to cloud-based resources. Their work contributes valuable insights and solutions to the ongoing efforts to strengthen
authentication mechanisms in cloud-based IAM systems.
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Gupta and Patel [4] explore the intersection of privacy-preserving authentication and artificial intelligence (Al) within Identity
and Access Management (IAM) systems. Gupta and Patel analyze the challenges and opportunities of integrating Al techniques
into authentication processes while ensuring user privacy. They discuss novel approaches to authenticate users without
compromising sensitive data and highlight the potential benefits and risks of employing Al in IAM systems. Their research
provides valuable insights into the evolving landscape of privacy-preserving authentication methods in the context of Al-driven
IAM solutions.

Wang et al. [5] investigate Role-Based Access Control (RBAC) mechanisms tailored for Internet of Things (IoT) devices within
Identity and Access Management (IAM) systems. Wang, Hu, and Zhang propose novel RBAC models specifically designed to
address the unique challenges posed by IoT environments, such as resource constraints and heterogeneous device
characteristics. Through detailed analysis and experimentation, the authors demonstrate the effectiveness and scalability of their
RBAC mechanisms in managing access to [oT devices securely. Their research contributes valuable insights and solutions to
the ongoing efforts to enhance access control in IAM systems for IoT deployments.

Johnson and Smith [6] comprehensively survey authentication methods tailored for secure Identity and Access Management
(IAM) systems. Johnson and Smith analyze various authentication techniques, including passwords, biometrics, multi-factor
authentication (MFA), and token-based authentication. The survey explores each authentication method’s strengths,
weaknesses, and applicability in IAM systems, considering security, usability, and scalability factors. The authors highlight
emerging trends and challenges in authentication for IAM systems, offering insights to inform the selection and implementation
of authentication mechanisms. Overall, the paper serves as a valuable resource for researchers and practitioners seeking to
enhance the security of IAM systems through effective authentication strategies.

Patel and Gupta [7] present a comparative study of access control policies specifically tailored for cloud-based Identity and
Access Management (IAM) systems. The study examines various access control policies, including Role-Based Access Control
(RBAC), Attribute-Based Access Control (ABAC), and Policy-Based Access Control (PBAC), assessing their effectiveness
and suitability for cloud environments. The authors highlight each access control policy’s strengths, limitations, and
implementation considerations in cloud-based IAM systems through detailed analysis and comparison. The paper provides
valuable insights to inform the selection and deployment of access control policies in cloud environments, contributing to the
ongoing discourse on IAM security in the cloud.

Liu and Wang [8] delve into the realm of Identity Governance within Identity and Access Management (IAM) systems. It
meticulously examines the challenges of managing identities across diverse organizational landscapes and proposes effective
solutions. By analyzing issues such as identity lifecycle management, compliance enforcement, and auditability, the paper
offers valuable insights into enhancing identity governance practices within IAM systems. Their work contributes to advancing
the understanding and implementation of robust identity governance frameworks, which are crucial for ensuring security and
compliance in modern IAM ecosystems.

Chen and Li [9] extensively review user provisioning automation techniques and tools within Identity and Access Management
(IAM) systems. By analyzing various approaches, including scripting, workflow automation, and identity orchestration
platforms, the paper elucidates the capabilities and limitations of each method. The study assesses the effectiveness of user
provisioning automation in enhancing operational efficiency, reducing errors, and ensuring compliance with access policies.
Through comprehensive analysis, the authors offer valuable insights to inform the selection and implementation of user
provisioning automation solutions in IAM systems. Their work contributes to advancing automation practices for user
management, which is crucial for maintaining security and scalability in modern [AM environments.

Kim and Park [10] explore the landscape of biometric authentication within mobile Identity and Access Management (IAM)
systems. The study investigates current trends and future directions in biometric authentication methods tailored for mobile
platforms. Through an in-depth analysis, the authors highlight the strengths, limitations, and emerging technologies in mobile
biometric authentication. Their work provides valuable insights to inform the development and deployment of secure and user-
friendly authentication solutions in mobile IAM systems, addressing the unique challenges mobile environments pose.

Zhang and Li [11] investigate the domain of Federated Identity Management (FIM) for cross-organizational Identity and Access
Management (IAM) systems. The study scrutinizes the challenges and opportunities of implementing FIM solutions to facilitate
seamless identity federation across disparate organizational boundaries. Through a comprehensive analysis, the authors
elucidate the complexities of FIM deployment, including interoperability, trust establishment, and privacy concerns. Their work
provides valuable insights into harnessing FIM technologies to enhance collaboration and security in cross-organizational IAM
ecosystems, paving the way for efficient and secure identity federation.

Wang and Wu [12] explore the integration of Attribute-Based Access Control (ABAC) into Role-Based Access Control (RBAC)
within Identity and Access Management (IAM) systems. The study investigates the benefits and challenges of enhancing RBAC
with ABAC capabilities, aiming to achieve finer-grained access control and policy flexibility. Through a comprehensive
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analysis, the authors provide insights into the synergies between RBAC and ABAC, highlighting their complementary nature
in addressing access control requirements. Their work advances access control models in IAM systems, paving the way for
more adaptive and context-aware access control policies.

Daniel et al. [13] strongly enhance data security with encryption protocols and new implementations of algorithms and multi-
factor authentication to improve data security from brute force attacks. Multi-factor authentication is a useful method of
strengthening authentication to avoid brute force attacks and make a strong layer of protection. To create a more human-centric,
have created this MFA method with verifications and validations.

4. Proposed Method

The proposed method for this project entails a multifaceted approach to Identity and Access Management (IAM) systems. Upon
authentication, administrators utilize the Challenge-Handshake Authentication Protocol (CHAP) for secure verification.
Authorization mechanisms ensure access is granted solely to authenticated users, bolstering security. Additionally, the system
incorporates biometric identification to enhance identity verification accuracy. Accounting functionalities track user
interactions and system activities, ensuring accountability. By integrating CHAP for authentication, robust authorization,
biometric identification, and comprehensive accounting, the proposed method aims to establish a secure, user-centric IAM
system (Figure 3).
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Figure 3: Proposed Method Flowchart of Identity Access Management
4.1. Identification Check

A person's unique physiological or behavioural traits can be measured and statistically analysed through biometrics, an
automated technique of recognition. In order to verify an individual's identification, biometrics technologies take measurements
of a small set of characteristics. Many industries, including public and corporate security systems, consumer electronics, and
point-of-sale applications, prefer biometrics due to its quick certification procedure.

The components of a biometric device include a scanner or reader, software to digitise the scanned biometric data, and a
database to store the data for future comparison. Because it evaluates human characteristics, it provides the most foolproof kind
of protection (Figure 4).

Every single one of us possesses certain distinct human qualities, such as:

Fingerprint — Every person has a different pattern of a fingerprint.
Facial — Every person has a different structure of the face.

Iris — Every person has different characteristics in Iris.
Keystrokes — Every person has different types of typing styles.
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Figure 4: Implementing Biometric Fingerprint

The proposed method integrates biometric fingerprint scanning technology into the authentication process, enhancing security
and user experience within the Identity and Access Management (IAM) system. Upon login, users are prompted to authenticate
using a biometric fingerprint scanner, which captures and verifies their unique fingerprint patterns [56]. This biometric data is
matched against pre-registered fingerprints stored securely in the system, ensuring accurate and reliable identity verification.
The authentication process begins with users entering their credentials, such as username and password, to initiate the login
procedure [57]. Subsequently, users are prompted to place their finger on the fingerprint scanner for biometric authentication.
The scanner captures high-resolution images of the fingerprint ridges and valleys, which are converted into digital templates
using advanced algorithms [58]. These digital templates are compared against the stored templates associated with the user’s
account, utilizing sophisticated fingerprint-matching algorithms. If there is a high degree of similarity between the captured
fingerprint and the stored template, authentication is successful, and the user gains access to the system [59].

When fingerprints don't match or authentication fails, users may be asked to retry or use another method [60]. Using biometric
fingerprint scanning for authentication has various advantages. First, it adds biological authentication to security, minimising
the danger of unauthorised access due to compromised credentials. Second, it streamlines authentication and reduces the need
to remember complex passwords, improving user experience [61]. Biometric authentication is also resistant to spoofing and
impersonation, improving IAM system security (Figure 5).

Enter Login Credentials
Username/Role/DOB

YTS
Blometric match identification
| No

Access Failed

Figure 5: Flowchart for Identification Method

In this method, the user starts by entering their login credentials, such as their username and role in their organization, and then
their biometric in which their fingerprint is scanned [62]. When the role and credentials match their fingerprint, the login details
are sent, and then the access is granted accordingly; this possesses a strong identification check so that no unwanted access can
access the organization’s data; this method can prevent insider threats and data breaches [63].
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4.2. Authentication

CHAP: Challenge-Handshake Authentication Protocol The main goal of this project is to create a strong Identity and Access
Management (IAM) system to prevent unwanted access. CHAP is a reliable and popular network security authentication
protocol [64]. CHAP secures network access by confirming individuals or devices at the data connection layer. Its 3-way
handshaking protocol differs from TCP [65]. After receiving a challenge packet from the authenticator, the peer uses its one-
way hash function to answer [66]. The authenticator compares the received value to its hash value. If the values match,
authentication is accepted; otherwise, the connection is ended. MDS5 is its one-way hash function. Periodically, it authenticates
to ensure the same device is communicating [67].

Unlike traditional password-based authentication methods, CHAP employs a challenge-response mechanism, where the
authenticating entity, typically a server or network access point, issues a randomly generated challenge to the client. Upon
receiving the challenge, the client computes a unique response using a one-way hash function applied to a combination of the
challenge and a secret shared key, such as a password. This response is then transmitted back to the authenticating entity, which
independently calculates the expected response based on the received challenge and the stored credentials. If the two responses
match, authentication is successful, and access to the network is granted; otherwise, access is denied. CHAP enhances security
by preventing replay attacks and eavesdropping, as the challenge and response values are dynamically generated for each
authentication attempt. Additionally, CHAP provides mutual authentication, ensuring that both the client and the authenticating
entity verify each other’s identities, thus fortifying the overall security posture of the network environment (Figure 6).

1. Establish Link Request

N

2. Reply with Hash Password

3. Decrypt the Hash and respond the Server
AN
7

ACCEPT / REJECT CONNECTION

Figure 6: Connection between client and server
Algorithm

1. Establish a connection from client to server
2. The server checks for the connection which the client sent
3. If yes,
3.1 Reply with a hash password for the client to decrypt to

Else,

3.2 Gets terminated from the server, and no reply is sent to the client

4. After getting the hash password from the server, the person decrypts from the client and sends the required password
5. The server checks for the password; if it matches, it gives access; else rejects the connection

Pseudocode (Client side)

function CHAP_Authentication Client(client username, client password, challenge):
// Generate a response based on the challenge and client’s password
response = hash_function(challenge + client password)
/I Send the response to the server for authentication
send_response_to_server(response)

// Wait for authentication result from the server
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authentication_result = wait for authentication_result()
// Return the authentication result
return authentication_result
Pseudocode (Server side)
function CHAP_Authentication Server(client username, challenge, received response):
// Retrieve the shared secret key (password) for the client username
shared_secret_key = get shared secret key(client username)
// Calculate the expected response using the challenge and shared secret key
expected_response = hash_function(challenge + shared secret key)
// Compare the received response with the expected response
if (received_response == expected_response):
send_authentication_success_message to_client()
return true //authentication successful
else:
send_authentication_failure_message to_ client()
return false //authentication failed
4.3. Authorization

In an Identity and Access Management (IAM) system, authorization controls access to resources and functions based on least
privilege. Authorization controls system access, ensuring users have only the permissions they need to do their jobs. By setting
access control policies and role-based permissions, organisations may reduce the risk of unauthorised access and security
breaches. Enforcing security regulations and protecting sensitive data requires authorization. Restricting access to confidential
information and vital system resources protects assets and data confidentiality, integrity, and availability. Financial records,
customer databases, and proprietary information may be restricted to authorised workers with specified job positions or
clearance levels to protect critical data.

Furthermore, authorization enables organizations to comply with regulatory requirements and industry standards governing
data privacy and security. Access control policies can be aligned with regulatory mandates such as the General Data Protection
Regulation (GDPR), Health Insurance Portability and Accountability Act (HIPAA), and Payment Card Industry Data Security
Standard (PCI DSS) to ensure that access to sensitive data is granted only to authorized individuals and is subject to appropriate
controls and auditing. Organizations can streamline access management processes by implementing a robust authorization
framework, enhancing operational efficiency, and reducing the risk of security incidents and compliance violations. Role-Based
Access Control (RBAC) is a commonly used authorization model that provides a structured approach to managing access rights
based on user roles, simplifying access control administration and ensuring that users are granted permissions consistent with
their job responsibilities.

4.4. Role-Based Access Control (RBAC)

Role-Based Access Control (RBAC) is a robust and widely adopted access control model designed to manage and regulate user
permissions within an organization’s information systems. The fundamental principle of RBAC revolves around organizing
users into roles, where each role is associated with specific permissions that define the actions users can perform. In this model,
permissions are not directly assigned to individual users; instead, users are assigned roles, and roles are assigned the necessary
permissions. This hierarchical structure simplifies access management, reduces administrative overhead, and enhances security.
Roles are typically defined based on job functions, responsibilities, or organizational hierarchies. For instance, roles might
include administrative roles, such as system administrators or database administrators, and functional roles, such as finance,
marketing, or customer service. Each role is granted a set of permissions aligned with the tasks and responsibilities associated
with that role.

Vol.1, No.4, 2023 179



4.5. The key components of RBAC include

Roles: Defined based on job functions or responsibilities within the organization, roles represent a collection of permissions
required to fulfill specific tasks.

Permissions: Actions or operations users can perform within the system. These can include read, write, execute, create, delete,
or any other specific actions relevant to the organization.

Users: Individuals associated with the organization who are assigned one or more roles. Users inherit the permissions associated
with their assigned roles.

Access Control Policies: Rules and conditions govern access decisions based on the user’s roles, permissions, and contextual
factors. These policies are crucial for ensuring that access is granted or denied appropriately.

There are a number of benefits to using the RBAC paradigm. To start with, it streamlines the process of administering access
controls by allowing you to group people into roles and manage permissions at the role level. This simplifies the process of
maintaining user permissions, which is particularly helpful for large enterprises that have various access requirements. Second,
RBAC follows the principle of least privilege, which means that users should only have the rights that are required for their
responsibilities. This helps to minimise the risk of sensitive information being misused or accidentally mishandled. In
conclusion, RBAC improves scalability by letting organisations simply update role assignments in response to changes in
personnel or job roles, all without modifying individual user rights (Figure 7).
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Figure 7: Role-Based Access Control Implementation

Overall, RBAC provides a structured and efficient approach to access control, promoting security, manageability, and adherence
to organizational policies. Its hierarchical nature aligns well with the dynamic requirements of modern organizations, making
it a cornerstone in Identity and Access Management (IAM) systems for maintaining a secure and well-organized access control
framework.

4.6. Accounting

In an Identity and Access Management (IAM) project context, accounting refers to the systematic tracking, logging, and
analysis of user activities and access events within the IT environment. Accounting mechanisms are vital in maintaining a
comprehensive audit trail of user interactions with the IAM system, including authentication attempts, authorization decisions,
resource accesses, and administrative actions. By capturing detailed information about user activities and access events,
accounting facilitates compliance with regulatory requirements, supports security audits, and enables the detection and
investigation of security incidents and policy violations.

User behavioral analytics: User behavioral analytics (UBA) is a cybersecurity approach that analyzes user behavior patterns
within an organization’s IT environment to detect potential security threats, insider risks, and abnormal activities. UBA
solutions use advanced machine learning algorithms, statistical analysis, and data mining techniques to identify deviations from
normal user behavior and flag suspicious or risky activities in real time.
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Deviation from Normal Behavior: UBA algorithms analyze Alice’s historical access patterns and notice that she typically
accesses the financial database between 9:00 AM and 5:00 PM on weekdays. However, on a particular day, UBA detects login
attempts from Alice’s account outside her usual working hours, late at night.

Unusual Data Access: Upon further investigation, UBA identifies that Alice’s late-night login attempts are followed by an
unusually high volume of file downloads and data exports from the financial database. This behavior is inconsistent with Alice’s
typical usage patterns, as she rarely accesses the database outside business hours, especially for large data downloads.

Location Anomalies: UBA correlates Alice’s login attempts with geolocation data and network logs to determine the access
source. It discovers that the login attempts originate from an IP address not associated with the company’s office network but
rather from a foreign location.

User Behavioral Analytics (UBA) enhances security principles by providing organizations with proactive and context-aware
threat detection capabilities. UBA strengthens security posture and mitigates various security risks by analyzing user behavior
patterns and identifying deviations from normal activity. UBA utilizes advanced machine learning algorithms and statistical
analysis techniques to detect anomalous behavior indicative of insider threats, compromised accounts, and external attacks. By
continuously monitoring user activities across the IT environment, UBA helps organizations detect and respond to security
incidents in real time, preventing potential breaches and minimizing their impact. Furthermore, UBA enables security teams to
prioritize their response efforts based on detected anomalies’ severity and potential impact, allowing for more effective threat
mitigation strategies. Overall, UBA enhances security principles such as detection, prevention, and incident response,
empowering organizations to proactively defend against evolving cybersecurity threats and safeguard sensitive data and
resources from unauthorized access or misuse.

Algorithm
Function detectAnomalies(userActivityData, behavioralProfiles, deviationThreshold):
For each userActivity in userActivityData:
userld = userActivity.userld
If userld not in behavioralProfiles:
Continue to next userActivity
behavioralProfile = behavioralProfiles[userld]
deviation = calculateDeviation(userActivity, behavioralProfile)
If deviation > deviationThreshold:
AlertUser(userld, userActivity)
End For
End Function

This pseudocode outlines a basic UBA algorithm that iterates through user activity data, compares each activity with the user’s
behavioral profile, calculates the deviation, and alerts if the deviation exceeds the predefined threshold. The algorithm can be
customized and extended based on specific requirements, additional features, and advanced analytics techniques for more
sophisticated anomaly detection and threat mitigation.

5. Results and Discussions

The integration of various security measures, from biometric identification to CHAP authentication, authorization through
RBAC (Role-Based Access Control), and user behavior analytics (UBA) for accounting, has led to a robust and multifaceted
approach to safeguarding sensitive data and resources within the Identity and Access Management (IAM) system. These
interconnected security layers work synergistically to enhance security, streamline authentication processes, enforce access
controls, and monitor user activities effectively. Implementing biometric identification provides a highly secure and reliable
method for authenticating users, leveraging unique physiological traits such as fingerprints, iris patterns, or facial features. By
requiring biometric authentication before granting access to the IAM system, organizations can significantly reduce the risk of
unauthorized access, identity theft, and credential-based attacks.

Biometric authentication is easy to use and secure, verifying user identities. Along with biometric identification, Challenge-
Handshake Authentication Protocol (CHAP) uses cryptographic techniques to authenticate user identities and prevent
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eavesdropping and replay attacks. CHAP exchanges challenge-response messages between users and authentication servers to
prevent credential theft and unauthorised access. Organizations may improve IAM security and authentication via CHAP.
Access control and security policy enforcement in the IAM system depend on RBAC authorization. RBAC restricts users to
the resources they need by allocating roles and permissions based on their job duties and organisational structure. This granular
access control decreases privilege escalation, attack surface, and illegal behaviours that could jeopardise system security.

Access management is simplified by RBAC, easing administration and maintaining regulatory compliance. Accounting user
behaviour analytics (UBA) helps firms monitor, analyse, and audit user behaviour by revealing [AM system user behaviours
and access events. UBA uses machine learning and statistical analysis to detect aberrant activities, insider threats, and illegal
access attempts in real time. UBA provides detailed audit trails and reporting for regulatory compliance and security audits.
UBA integration into the IAM system helps firms notice and respond to security issues, protecting sensitive data and resources.

5.1. Identification

After incorporating biometric identity into the project, we saw a marked improvement in the reliability and safety of our
authentication processes. A more secure verification process was achieved by incorporating biometric identification
technologies like fingerprint or face recognition, which decreased the likelihood of illegal access and identity theft. Biometric
identification made authentication simple and straightforward, doing away with the need for complicated passwords or tokens
while still guaranteeing that robust security measures were in place to correctly confirm users' identities. Additionally,
integrating biometric identification enhanced the overall user experience by simplifying the authentication process and reducing
the likelihood of authentication errors or fraudulent access attempts. Overall, the results of the identification component
demonstrated the effectiveness of biometric authentication in enhancing security, improving user convenience, and mitigating
the risks associated with traditional authentication methods (Figures 8 and 9).

Figure 9: Scanning Biometric
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Enter your details, such as name, role in the organization, and date of birth, and scan your fingerprint, which the server checks
with the database whethere the details and the fingerprint match. When the client connects to the server and the database and
gives you the output such as “Verification Successful” or Fingerprint doesn’t match, “Verification Failed” (Figures 10 and 11).

Figure 11: Fingerprint doesn’t match

This approach demonstrated enhanced authentication security and access control, mitigating the risks associated with credential
theft, identity impersonation, and unauthorized access attempts. The project successfully fortified the IAM system against
various security threats by leveraging biometric authentication alongside username and role verification while providing a
seamless and user-friendly authentication experience. Integrating biometric identification with role-based verification enhanced
authentication integrity, strengthened access controls, and safeguarded organizational resources from potential security
breaches.

5.2. Authentication

The authentication component of the project focused on implementing the Challenge-Handshake Authentication Protocol
(CHAP) to strengthen the security of user authentication processes within the Identity and Access Management (IAM) system.
Through the deployment of CHAP, notable improvements in authentication integrity and resistance to security threats were
achieved. CHAP introduced cryptographic mechanisms to verify the identity of users and protect against eavesdropping or
replay attacks, enhancing the overall security posture of the IAM system. The results of the authentication implementation
demonstrated a significant reduction in the risk of unauthorized access and credential theft. By leveraging CHAP’s challenge-
response mechanism, the system ensured secure communication between users and authentication servers, mitigating the
vulnerabilities of plaintext authentication methods. Furthermore, CHAP facilitated seamless and efficient authentication
processes, minimizing the likelihood of authentication errors or false positives (Figures 12 and 13).
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Figure 12: Source code for Authentication CHAP

_id: ObjectId('65d86672776d61cd56657d5a")

username: "Daniel"

password: "$2a$105wD0%7prxYzyWepeh2shgl. ATkuxWXuml1XdIsbMGLgdgghDj 7UZbS"
Vi@

Figure 13: Output of the Hash from server

Adopting CHAP authentication contributed to a more robust and reliable authentication framework within the IAM system.
The results highlighted the efficacy of CHAP in enhancing authentication security, protecting user credentials, and fortifying
the system against various security threats. By implementing CHAP, the project successfully strengthened the authentication
mechanisms and bolstered the overall security posture of the IAM environment.

5.3. Authorization

In the project’s authorization phase, Role-Based Access Control (RBAC) was implemented to regulate access to resources
within the Identity and Access Management (IAM) system. The results of RBAC implementation showcased notable
enhancements in access control granularity, administrative efficiency, and security compliance. RBAC facilitated the
assignment of roles and permissions based on users’ job responsibilities and organizational roles, ensuring that access privileges
were aligned with business needs and security policies. The project reduced the risk of unauthorized access and privilege abuse
through RBAC by limiting users’ access to only the resources necessary for their designated roles. By defining roles with
specific permissions, RBAC minimized the attack surface and prevented users from accessing sensitive data or critical systems
beyond their authorized scope. Additionally, RBAC streamlined access management processes, simplifying administration
tasks and reducing the complexity of access control policies (Figure 14).

Team lead

Team mates

Figure 14: Accessing files according to their authorization
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Overall, the results of RBAC implementation demonstrated the effectiveness of role-based access control in enhancing security,
enforcing least privilege principles, and ensuring compliance with regulatory requirements. By adopting RBAC, the project
successfully strengthened access controls, mitigated access-related risks, and maintained the integrity and confidentiality of
organizational resources within the IAM system.

5.4. Accounting

In the accounting phase of the project, User Behavior Analytics (UBA) was employed to monitor and analyze user activities
and access events within the Identity and Access Management (IAM) system. The results of UBA implementation showcased
significant improvements in security incident detection, threat response efficiency, and compliance adherence. By leveraging
advanced machine learning algorithms and statistical analysis techniques, UBA effectively detected anomalous behavior
patterns indicative of security threats, insider risks, or unauthorized access attempts. Through UBA, the project achieved real-
time detection of suspicious activities, enabling prompt response and mitigation of security incidents. UBA’s continuous
monitoring capabilities provided valuable insights into user behavior, access patterns, and system interactions, empowering
security teams to identify and respond to potential threats proactively. Additionally, UBA facilitated compliance with regulatory
mandates by generating comprehensive audit trails, reporting capabilities, and evidence of access controls and user
accountabilities (Table 1).

Table 1: Organization Login Logs

Employees Time Login Details
USER 1 3:00 PM
USER 2 5:00 PM
USER 3 2:00 PM
USER 4 4:00 PM
USER 5 1:00 PM
USER 6 9:00 PM
USER 7 4:00 PM
USER 8 3:00 AM
USER 9 12:00 AM

USER 10 5:00 AM

Login Time Details

12:00 AM -
036 PV Outlier
7:12 PM
4:48 PM @

2:24 PM ® ®

12:00 PM
9:36 AM
7:12 AM
4:48 AM
2:24 AM

12:00 AM

0 2 4 6 &3 12

Login time Logs
@

Outliers

Employees

Figure 15: Detecting Outliers Using Policies UBA

Overall, the results of UBA implementation underscored its effectiveness in enhancing security, bolstering threat detection
capabilities, and supporting compliance efforts within the IAM system (Figure 15). By incorporating UBA into the accounting
framework, the project successfully strengthened the overall security posture, minimized the risk of security breaches, and
ensured the integrity and confidentiality of sensitive data and resources.
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6. Conclusion

The completion of this project is a major step in implementing a strong Identity and Access Management (IAM) system to
improve security, streamline authentication, enforce access controls, and monitor user activity. The project addressed significant
security concerns and strengthened the organization's security posture by integrating biometric identity, Challenge-Handshake
Authentication Protocol (CHAP) authentication, Role-Based Access Control (RBAC), and User Behavior Analytics (UBA).
Biometric authentication uses unique physiological properties like fingerprints to authenticate people securely. The initiative
has greatly decreased the danger of illegal access, identity theft, and credential-based assaults by demanding biometric
verification before IAM system access. Biometric authentication is easy to use and secure, verifying user identities. Along with
biometric identification, CHAP authentication has improved authentication by adding cryptographic measures to verify user
identities and prevent eavesdropping and replay attacks. CHAP secures user-authentication server connection, preventing
credential theft and unwanted access. The project strengthened authentication and IAM system security by utilising CHAP.
User Behavior Analytics (UBA) for accounting helps firms monitor, analyse, and audit user behaviour by providing insights
into JAM system user behaviours and access events. UBA uses machine learning and statistical analysis to detect aberrant
activities, insider threats, and illegal access attempts in real time. The project reduced risks, protected sensitive data and
resources, and upheld confidentiality, integrity, and availability by using multi-layered security and modern technology.
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