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ABSTRACT

In the rapidly evolving digital economy, web-based payment systems are critical to global
commerce, necessitating robust frameworks to ensure security, reliability, and compliance.
This research proposes a comprehensive framework aimed at addressing these multifaceted
challenges inherent in online transactions. The security component integrates SSL/TLS for
secure data transmission and advanced authentication mechanisms such as REST API with
JWT, IP/domain binding, and two-factor authentication. Pattern recognition techniques for
anomaly detection, strict authorization protocols, and real-time fraud detection systems further
enhance security, alongside data confidentiality measures like encryption and masking, and
rigorous input validation and sanitization. To improve operational reliability, the framework
incorporates mechanisms for dispute detection and chargebacks, detection of transaction
failures and incomplete payments, duplicate payment protection, and an efficient refund
process. It also focuses on system robustness and efficiency to handle high transaction volumes
and address latency issues. Compliance with regulatory standards, including PCI DSS, GDPR,
and OWASP Top Ten, is a core aspect, ensuring adherence to best practices and legal
requirements. By examining current practices and identifying gaps, this study provides
actionable insights for seamless integration and explores innovative approaches such as
blockchain technology and artificial intelligence. The proposed framework aims to fortify web-
based payment systems against emerging threats, ensuring trust and regulatory adherence in
the digital payment landscape.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

The proliferation of e-commerce and digital transactions has made web-based payment
systems an indispensable component of modern commerce. As businesses and consumers
increasingly rely on these systems for their convenience and efficiency, the need for robust
security, reliability, and compliance measures has never been more critical. Cyber threats
continue to evolve in sophistication, targeting vulnerabilities in payment systems that can
lead to significant financial and reputational damage. Furthermore, regulatory frameworks
such as the Payment Card Industry Data Security Standard (PCI DSS) and the General Data
Protection Regulation (GDPR) impose stringent requirements to protect sensitive data and
ensure user privacy. This research aims to address these challenges by developing a
comprehensive framework for the secure integration of online payment systems. By
exploring current security practices, reliability enhancements, and compliance strategies, we
seek to provide actionable insights and innovative solutions that can safeguard digital
transactions. Through a detailed analysis of existing literature, industry standards, and case
studies, this study will offer a holistic approach to fortifying web-based payment systems
against emerging threats, ensuring their integrity, availability, and regulatory adherence. The

Figure-1 can be categorized in three sections based on the development process described

below. [14]

Transaction Initiate:

1.  Request for session
2. Return session ID

3. Redirect customer to payment gateway page
Handling Payment Notification:

4. IPN message

5. Request for validation
Service Confirmation:

6.  Redirect customer to merchant page



(2]

) Payment Gateway
Retumn Session ID

Merchant Server

Requests for Session———p

= , Sl

Redirect Customer to

Payment Gateway Page Payment Page
i IPN Message

IPN Listener

Request for Validation
B 6

Validation API

A

<

Redirect Customer to Merchant Page

L6

Merchant
Confirmation Page

Figure 1: Online Payment Architecture between Merchant and Gateway Provider.

The Figure-2 shows a Google Trends map for the search term "online payment" from January
1, 2014, to June 3, 2024. The interest is measured by region, highlighting where the search

term is most popular worldwide.

Interest by Region:
1. India - Index score: 100
2. Sri Lanka - Index score: 50
3. United Arab Emirates - Index score: 37
4. Kuwait - Index score: 29
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5. Qatar - Index score: 28

@ online payment Worldwide, 01/01/2014 - 03/06/2024

[«
N

Interest by region (@ Region =

1 India

(]

Sri Lanka

w

United Arab Emirates

4 Kuwait

5 Qatar

Figure 2: Google Trend for Online Payment in Worldwide for last 10 years.

The Figure-3 shows a Google Trends graph for the search term "online payment" in
Bangladesh from January 1, 2014, to June 3, 2024. The graph depicts the interest over time,

measured on a scale from 0 to 100, where 100 represents the peak popularity of the term.

Key Observations:

e Initial Period (2014-2017): The interest in "online payment" fluctuated, generally
staying below 50, with occasional peaks.

e Middle Period (2017-2020): Interest remained relatively steady with minor
fluctuations, mostly below the 50 mark.

o Recent Period (2020-2024): There has been a notable increase in interest, especially
from early 2020 onwards. This period shows more frequent and higher peaks, with
some reaching above 75.

e Current Trend(2024-continue): The interest shows a rising trend with occasional

drops, indicating growing attention towards online payments in Bangladesh.
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Figure 3: Google Trend for Online Payment in Bangladesh for last 10 years.

The Figure-4 displays a Google Trends map for the search term "online payment" in
Bangladesh, showing interest by sub-region. The data is broken down by divisions within

Bangladesh and indicates relative interest levels.

o Sylhet Division shows the highest interest in "online payment," with a perfect score
of 100.

e Dhaka Division follows with a score of 81, indicating strong interest.

e Rangpur Division and Khulna Division have moderate interest levels, scoring 76
and 73 respectively.

e Chittagong Division has the lowest interest among the top five, with a score of 68.

Interest by sub-region (@) Sub-region v &, <> <
1 Sylhet Division |
2 Dhaka Division ]
3 Rangpur Division [ ]
4 Khulna Division | ]
5 Chittagong Division [ ]

Showing 1-5 of 7 subregions  »

Figure 4: Google Trend for Online Payment in Bangladesh (Division wise).
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Table 1: Global Online Payment Transactions (2014-2024).

Year | Transaction Value (in USD Billion) | Annual Growth Rate (%)
2014 1,511 15.2
2015 1,735 14.8
2016 2,043 17.7
2017 2,416 18.3
2018 2,842 17.6
2019 3,358 18.2
2020 3,921 16.8
2021 4,577 16.7
2022 5,216 14.0
2023 5,940 13.9
2024 6,765 (Projected) 13.9 (Projected)

1.2 Motivation

The increasing frequency and sophistication of cyber-attacks on web-based payment systems
have highlighted the urgent need for enhanced security measures. High-profile breaches have
exposed sensitive financial data, undermining consumer trust and leading to substantial
financial losses for businesses. At the same time, the reliability of these systems is crucial for
maintaining seamless and uninterrupted transaction flows, which are vital for the global
economy. Additionally, stringent regulatory requirements such as PCI DSS and GDPR
demand rigorous compliance to protect user data and ensure privacy. Despite the existing
security protocols and regulatory frameworks, gaps and vulnerabilities persist, calling for a
more integrated and comprehensive approach. This research is motivated by the necessity to
bridge these gaps, providing a robust framework that not only strengthens security and
reliability but also ensures compliance with evolving regulatory standards. By addressing
these critical needs, the study aims to contribute to the development of more resilient and
trustworthy web-based payment systems, fostering greater confidence among consumers and

businesses in the digital transaction landscape.
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1.3 Research Objective

The primary objective of this research is to develop a comprehensive framework that
enhances the security, reliability, and compliance of web-based payment systems. This
framework aims to address key issues including the resolution of payment disputes and
prevention of fraudulent chargebacks, mitigation of duplicate payments and transaction
failures, enhancement of fraud prevention mechanisms, and improvement of operational
reliability and performance. Additionally, it seeks to ensure compliance with regulatory
standards such as PCI DSS, GDPR, and PSD2, while securing the storage and transmission of
sensitive payment data. By integrating these solutions, the research will provide practical and
scalable strategies to protect businesses and their customers from the risks associated with

online transactions.

1.4 Problem Statement

The growth of online payment has also led to increased complexity and vulnerabilities within
these systems. Companies and customers face a multitude of risks, including security threats,
compliance challenges, and operational issues that can result in financial losses, customer

dissatisfaction, and regulatory penalties.
Key issues in web-based payment systems include:

e Payment Disputes and Chargebacks: As online transactions increase, so does the
frequency of payment disputes and chargebacks. Businesses struggle with establishing
clear processes for resolving disputes and preventing fraudulent chargebacks, which
can lead to revenue loss and damage to reputation.

e Duplicate Payments and Transaction Failures: Technical errors such as duplicate
payments and transaction failures can cause significant problems for both merchants
and customers. The inability to recover from these errors promptly can lead to
operational inefficiencies and customer dissatisfaction.

o Fraud Prevention: With the rise of online transactions, fraudulent activities such as
identity theft, card-not-present fraud, and phishing attacks have become more
common. Existing fraud detection mechanisms are often insufficient to keep up with
evolving threats, resulting in financial and reputational risks.

e Operational Reliability and Performance: Ensuring consistent high performance

and reliability in payment systems is crucial. Latency issues, middleware conflicts,

©Daffodil International University 6



and data synchronization problems can affect transaction processing and customer
experience. Additionally, high transaction volumes require robust infrastructure and
scalable solutions.

e Compliance with Regulatory Standards: Compliance with standards like PCI DSS,
GDPR, and PSD2 is critical, yet challenging. Failure to comply can result in
significant fines and legal consequences. Many businesses struggle to understand and
implement these standards, leading to security gaps and regulatory violations.

e Insecure Data Storage and Transmission: Sensitive payment data, if not properly
secured, is susceptible to unauthorized access and data breaches. This poses

significant risks to customer privacy and business operations.

There is a critical need for a comprehensive framework that addresses these diverse yet
interconnected issues. This framework should focus on enhancing security, reliability, and
compliance within web-based payment systems. By developing and implementing robust
mechanisms to address payment disputes, detect and prevent fraudulent transactions, ensure
compliance, and maintain operational reliability, businesses can protect themselves and their
customers from the risks inherent in online transactions. This research aims to develop such a

framework, providing practical solutions to these complex problems.

1.5 Expected Output

The expected outcome of this research is the creation of a comprehensive framework
designed to enhance the security, reliability, and compliance of web-based payment systems.
This framework will ensure secure connections through robust authentication and
authorization processes, IP binding, and the use of REST APIs. It will facilitate the secure
transmission of sensitive payment data and encrypted data sharing, ensuring data integrity
during portal redirects. Advanced fraud detection and prevention measures will be
implemented, utilizing pattern recognition, machine learning with behavioral analysis,
two-factor authentication (2FA), and biometric verification for card/account owners.
Effective management of payment disputes and chargebacks will be achieved by addressing
dispute reasons, providing instant payment notifications (IPNs) for dispute resolution, and
streamlining chargeback and refund processes. The framework will also address merchant
transaction failures and incomplete payment processes using IPNs, while protecting against
and resolving duplicate payments at the merchant end. To ensure operational efficiency, it

will guarantee 24/7 uptime, manage high transaction volumes, and provide solutions for
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latency issues. Additionally, it will secure the storage of sensitive data and ensure compliance
with regulatory standards such as PCI DSS, GDPR, and PSD2, thereby protecting businesses
from legal and financial repercussions. This research will deliver actionable and scalable
strategies, enabling businesses to effectively mitigate risks and enhance the overall

trustworthiness and performance of their online payment systems.

1.6 Report Layout

The report has total 6 Chapters which will be followed by the following instructions:

In Chapter 1, we have discussed about the introduction of this research in this part of this
research, we discussed in detail about the research objective and expected output of the
web-based online payment. The problem statement, motivation of this research are also
discussed in this part.

In Chapter 2, we reviewed existing work on online payment security in this chapter. We
discussed about other authors approaches, limitations, results, methods and comparative
analysis in this part. Research scope and challenges also have discussed here.

In Chapter 3, research methodology has mainly discussed here. This chapter shows the work
flow of the research such as the data collection procedure, findings from data, and proposed
framework. Implementation requirements also have discussed in this chapter.

In Chapter 4, results of this research have mainly showed. In this chapter we have showed the
implementation, testing and evaluation of the research.

In Chapter 5, shows how this research can impact in our Consumers, Merchants, and
Payment Gateway Provider. Why this work is important and how it will sustain in this arena,
this chapter shows mainly.

In Chapter 6, discussion and conclusion of this research have shown. In this part we have also

discussed about the future work for this research.
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CHAPTER 2
BACKGROUND

2.1 Terminologies

To facilitate a clear understanding of the concepts and processes discussed in this research,

the following key terminologies are defined:

e Authentication: The process of verifying the identity of a user or system. In
web-based payment systems, this often involves methods such as passwords,
two-factor authentication (2FA), and biometric verification. For instance, when a user
logs into their online banking account, they must enter a username and password, and
may also need to provide a code sent to their mobile phone for two-factor
authentication (2FA) [6].

e JWT: JSON Web Token (JWT) is a compact, URL-safe token format used for
securely transmitting information between parties as a JSON object. It is commonly
used for authentication and authorization purposes in web applications. A JWT
consists of three parts: a header, which specifies the token type and signing algorithm;
a payload, which contains the claims or data to be transmitted; and a signature, which
is created by encoding the header and payload using a secret key or a public/private

key pair.

“alg” : "HS256" ,

{
/_) -
}
HEADER ~__ |

{
"sub™ : "1234567890" ,
“name” : "John Doe”,
"iat” : "1516239022"

}

>
SIGNATURE
\,—- HMAC SHA |
BASESAURL (header)
JSON WEB TOKEN BASEB4URL (payload),

secref)

PAYLOAD

Figure S: Structure of JWT (JSON Web Token).
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This signature ensures the token's integrity and authenticity. JWTs are stateless,
meaning the server does not need to store session information, making them scalable

and efficient for distributed systems.

JWT (JSON Web Token) s 5
in action ‘ ‘ L_  {SONWob Tokon_ N
1. login(usemame, password) 6. any request +
JSON Web Token
Auth Service / g \ Another Service
; JSON Web Token
! 2. Validate username + password 7. jwt.verify()
+9 =
JSON Web Token Public Key

— + = &

Private Key

JSON Web Token 8. any operation

Figure 6: JWT (JSON Web Token) in action.

e Authorization: The process of granting or denying a user or system permission to
access specific resources or perform specific actions within a system. This ensures
that only authorized entities can perform sensitive operations. For example, after
logging into a corporate network, an employee may be authorized to access internal
documents but restricted from viewing sensitive financial records.

e [P Binding: A security technique that restricts access to a service or resource based
on the IP address of the user, enhancing security by ensuring that only requests from
specific IP addresses are processed. An example of this is a company that limits
access to its internal systems only to devices within its office network by binding

access permissions to the range of IP addresses used in the office.

Figure 7: Code example for IP binding.
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e REST API (Representational State Transfer Application Programming
Interface): A set of rules and conventions for building and interacting with web
services. REST APIs are widely used in web-based payment systems for secure and
efficient communication between different software components.For example, an
e-commerce platform might use a REST API to interact with a payment gateway,
sending transaction details and receiving payment confirmations.

e Data Encryption: The process of converting plaintext data into a coded format
(ciphertext) to prevent unauthorized access. Encryption is essential for protecting
sensitive payment data during transmission and storage. An example is when a user's
credit card details are encrypted before being transmitted over the internet to ensure
that even if the data is intercepted, it cannot be read without the decryption key.

e Pattern Recognition: A technique used in fraud detection to identify regularities and
patterns in data. By recognizing patterns indicative of fraudulent activity, systems can
take preventive measures. For instance, a payment system might use pattern
recognition to identify unusual purchasing patterns, such as a sudden spike in
transactions from different countries, which could indicate fraudulent activity.

e Machine Learning: A subset of artificial intelligence (Al) that involves training
algorithms to learn from and make predictions or decisions based on data. Machine
learning 1s increasingly used in fraud detection to identify and respond to new and
evolving threats. For example, a fraud detection system might use machine learning to
analyze past transaction data and identify patterns that suggest fraud, improving its
accuracy over time.

e Behavioral Analysis: The study of patterns in user behavior to detect anomalies that
may indicate fraudulent activity. This approach enhances the effectiveness of fraud
prevention systems. An example is a banking app that monitors a user's typical login
times and transaction locations, flagging any sudden deviations, such as a login from
a different country, for further investigation.

e Two-Factor Authentication (2FA): A security process that requires users to provide
two different types of identification before gaining access. Typically, this involves
something the user knows (like a password) and something the user has (like a mobile
device). For instance, to access an online account, a user might need to enter their
password and a verification code sent to their mobile phone.

e Biometric Verification: The use of wunique biological characteristics (e.g.,

fingerprints, facial recognition) to verify the identity of a card/account owner,

©Daffodil International University 11



enhancing security by making it more difficult for unauthorized users to gain
access.For example, a smartphone might use fingerprint or facial recognition
technology to allow a user to unlock the device and access sensitive apps.

e Instant Payment Notification (IPN): A message service that notifies merchants
about transaction events, such as payment disputes, chargebacks, or transaction
completions, in real-time, allowing for timely resolution and action.For example,
when a customer completes a purchase, the payment gateway sends an IPN to the
merchant, confirming the transaction immediately.

e Chargebacks: Reversals of previous transactions, typically initiated by the
cardholder's bank, often due to disputes or fraud. Managing chargebacks effectively is
crucial to minimize financial losses and maintain customer trust. For example, a
customer who disputes a charge on their credit card might have the transaction
reversed by their bank, resulting in a chargeback for the merchant.

e Transaction Failures: Occurrences where a payment transaction is not completed
successfully due to technical errors or other issues. Addressing transaction failures
promptly is essential to maintain operational efficiency and customer satisfaction.An
example of this is when a customer attempts to make a purchase, but a server timeout
causes the transaction to fail, and no payment is processed.

e Duplicate Payments: Situations where a payment is inadvertently processed more
than once. Effective detection and resolution mechanisms are necessary to prevent
financial discrepancies and customer dissatisfaction.For instance, due to a system
glitch, a customer might be charged twice for the same purchase, requiring the
merchant to detect and resolve the duplicate transaction.

e High Availability (24/7 Uptime): The ability of a system to remain operational and
accessible continuously, without interruption. High availability is critical for
web-based payment systems to handle transactions reliably at all times.For example,
an online payment system designed with redundant servers and failover mechanisms
to ensure it remains available at all times, even during maintenance or unexpected
outages.

e Latency: The delay between a user's action and the system's response. Minimizing
latency is crucial for ensuring a smooth and efficient transaction process in payment
systems. An example is the time it takes for a payment confirmation to be received
after a user submits their payment information, where minimizing latency is crucial

for a smooth user experience.
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e Insecure Data Storage: The risk associated with storing sensitive payment data in a
manner that makes it vulnerable to unauthorized access and breaches. Implementing
secure storage practices is essential to protect customer information.An example is
storing credit card information in plaintext on a server, which poses a significant
security risk if the server is compromised.

e Compliance: Adherence to regulatory standards and requirements (e.g., PCI DSS,
GDPR, PSD2) that govern data security, privacy, and financial transactions. Ensuring
compliance helps avoid legal repercussions and enhances overall system security. For
instance, a business must implement measures to ensure its payment system complies
with PCI DSS to protect cardholder data and avoid penalties.

e Payment Card Industry Data Security Standard (PCI DSS): A set of security
standards designed to ensure that all companies that process, store, or transmit credit
card information maintain a secure environment.

e General Data Protection Regulation (GDPR): A regulation in EU law on data
protection and privacy for individuals within the European Union and the European
Economic Area, addressing the transfer of personal data outside the EU and EEA
areas.

e Payment Services Directive 2 (PSD2): An EU directive designed to regulate
payment services and payment service providers throughout the European Union and
European Economic Area, aiming to increase competition and participation in the

payments industry.

2.2 Related Works

The development and implementation of secure electronic payment systems have been a
significant area of research and innovation, especially as e-commerce continues to expand
globally. Previous studies have explored various dimensions of this field, focusing on

improving security, efficiency, and user convenience in online transactions.

Md Arif Hassan et al. (2020)[2][3] proposed an efficient and secure electronic payment
protocol for e-commerce that prioritizes user anonymity and reduces the need for customers
to input personal identities on merchant websites. Their system enhances security
effectiveness across several metrics, including confidentiality, integrity, non-repudiation, and
authentication, by ensuring direct and secure interactions between consumers and merchants

without the involvement of potentially insecure cloud web servers.
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Abhishek Nagre and Anshuman Sen (2022) [1] conducted a study focusing on the security
postures of payment gateways using a case study approach. Their research involved
secondary research and analysis of previous breach incidents to identify vulnerabilities and
propose a set of standardized security measures. The objective was to optimize the security of
payment gateways and prevent future attacks. This study not only aids companies and
payment aggregators in adopting essential security practices but also assists governmental
bodies in assessing the need for updating current regulations. Their work emphasizes the
importance of robust security frameworks in protecting sensitive customer data and ensuring

secure online transactions.

Huwaida T. Elshoush et al. (2023) [4] proposed a novel approach to mitigate
man-in-the-middle attacks in online payment systems using the Polymorphic Advanced
Encryption Standard (P-AES) algorithm. Their research addresses the persistent
vulnerabilities in online payment platforms by implementing a dynamic encryption model,
named OPSP-AES. Through extensive penetration testing, the study demonstrated that the
OPSP-AES model significantly enhances the security of online payment transactions by
maintaining the confidentiality of customer credentials, even against sophisticated insider
threats. The experimental results affirmed the efficacy and effectiveness of the OPSP-AES

model in securing online payment systems.

A.P. Thangamuthu (2020)[5] surveyed various online payment and billing techniques,
emphasizing the transformative impact of Internet technology on economic transactions. The
study details how online payment systems, operated by third-party firms like PayPal and
Google, enable businesses to accept payments over the web, significantly expanding their
market reach and operational efficiency. These systems allow both large and small companies
to adopt the same payment methods, leveling the playing field and enabling seamless
transactions. Thangamuthu's survey underscores the critical role of online payment systems
in modern commerce, highlighting their ability to support just-in-time inventory management

and enhance customer service in retail operations.

The insights from these studies collectively highlight the ongoing efforts to improve the
security and reliability of web-based payment systems. They provide a foundation for
developing a comprehensive framework that integrates advanced security measures, ensures
compliance with regulatory standards, and enhances the overall reliability of online payment

systems. This research aims to build on these findings by proposing a framework that not
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only addresses current security challenges but also incorporates reliability and compliance as

core components of secure online payment integration.

2.3 Comparative Analysis and Summary

This research comprehensively analyzed four major payment gateways: PayPal [13],

SSLCommerz [14], ShurjoPay [15], and SPG [16]. It also includes research papers, journals,

and online study related to online payment systems and web security.

Table 2: Security Vulnerabilities in Payment Gateways.

Payment Man-in-the-Middl | Lack of ACL | Insecure | Compliance Issues
Gateway e Attack (Access Data (PCI DSS, GDPR,
Vulnerability Control List) | Storage PSD2)

PayPal Low Moderate Low Fully Compliant

SSLCommerz | Moderate High High Partially Compliant

ShurjoPay High High Moderate | Not Fully Compliant

Sonali Payment | High Moderate Moderate | Not Fully Compliant

Gateway

Table 3: Comparison of Payment Gateway Features.
Feature PayPal SSLCommerz ShurjoPay | Sonali Payment
Gateway
Security Advanced Basic encryption, | Basic Basic encryption,
Features encryption, fraud | 2FA encryption, | 2FA
detection, 2FA 2FA
Compliance PCI DSS, GDPR, | Partial (PCI DSS | Partial (PCI | Partial (PCI DSS
PSD2 only) DSS only) only)

Transaction 2.9% + $0.30 per | Variable fees Variable fees | Variable fees

Fees transaction

Global Reach 200+ countries Primarily in Primarily in [ Primarily in
Bangladesh Bangladesh | Bangladesh

Customer 24/7 support Business hours Limited Limited support

Support support support
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Refund Process | Available Available Not Not available
available

Uptime and High (99.9% Moderate Low Low

Load uptime)

Management

User Experience | Excellent Good Average Average

Integration Easy to integrate | Moderate Moderate Moderate

with various integration integration | integration
platforms

Mobile Payment | Yes Yes Yes Yes

Support

Latency Issues | Minimal Reported issues | Frequent Frequent issues

issues
Table 4: Transaction Failures and Latency Issues.
Payment Transaction Common Causes of | Average User Reported
Gateway Failure Rate Failure Latency Issues
(%) (ms)

PayPal 0.5% Network issues, 200 Minimal issues
insufficient funds,
fraud checks

SSL 2.0% Network issues, 350 Reported moderate

Commerz merchant errors issues

ShurjoPay | 4.5% System downtime, 500 Frequent
incomplete complaints about
integration delays

Sonali 3.8% Server overload, 450 Frequent issues

Payment transaction timeouts

Gateway

E-commerce allows electronic payments and transactional information to be trans- ferred via
the Internet. E-commerce sales have grown at a fast pace in recent years [10]. The research
on enhancing security, reliability, and compliance in web-based payment systems draws upon

several key studies that address various aspects of electronic payment systems and their
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associated challenges. The following comparative analysis synthesizes insights from four

pivotal papers to highlight the current state of the field and identify areas for improvement.

i. E-Payment Systems and Their Importance in E-Commerce: Liu et al. (2020) emphasize
the rapid growth of e-commerce and the corresponding need for robust e-payment systems to
facilitate secure transactions. Their study focuses on the infrastructure required for secure
payments and highlights the significance of maintaining user trust through enhanced security
measures. However, their work primarily addresses the technological aspects without delving

deeply into regulatory compliance or reliability concerns.

ii. Fraud Prevention and Customer Protection in E-Commerce: Girma and Rao (2020)
explore the increasing incidence of fraud in online transactions and propose various fraud
detection techniques to protect consumers. While their research provides valuable insights
into security mechanisms like multi-factor authentication and encryption, it lacks a
comprehensive framework that integrates these measures with overall system reliability and

regulatory compliance.

iii. Efficient Secure Electronic Payment System for E-Commerce: Hassan et al. (2020)
present an innovative payment protocol that enhances security by allowing consumers to
engage with merchants without revealing their identities. Their approach improves
confidentiality, integrity, and non-repudiation. However, while effective in addressing
security concerns, the protocol's implications for system reliability and regulatory adherence

are not fully explored, indicating a gap in holistic system enhancement.

iv. Survey on Various Online Payment and Billing Techniques: Thangamuthu (2020)
offers a broad overview of existing online payment and billing methods, discussing
technologies like QR codes, RFID, and mobile payments. This survey underscores the
diverse landscape of e-payment solutions and the importance of user convenience. However,
the paper's wide scope limits its focus on the intricate security, reliability, and compliance

challenges that specific systems face, thereby necessitating a more focused analysis.

The comparative analysis of these studies reveals that while significant strides have been
made in enhancing the security of online payment systems, there remains a pressing need for
a comprehensive framework that simultaneously addresses reliability and regulatory

compliance. Existing research predominantly focuses on isolated aspects of security, such as
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fraud prevention and encryption, or on specific technological solutions without integrating

these into a cohesive strategy that ensures overall system robustness.

This research aims to fill these gaps by proposing an integrated framework for secure online
payment integration. This framework will combine advanced security measures, such as
encryption and authentication protocols, with strategies to enhance system reliability and
ensure compliance with relevant regulatory standards. By adopting a holistic approach, this
research will contribute to developing more secure, reliable, and compliant web-based
payment systems, thereby fostering greater consumer trust and facilitating the continued

growth of e-commerce.

2.4 Scope of the problem

The proliferation of e-commerce and online financial transactions has underscored the critical
need for secure, reliable, and compliant web-based payment systems. Despite significant
advancements, current payment systems still face numerous challenges, including
sophisticated cyber threats, data breaches, and regulatory compliance issues. The security of
online payment systems is compromised by vulnerabilities such as phishing, malware attacks,
and unauthorized access, which can lead to significant financial losses and erosion of
consumer trust. Additionally, ensuring the reliability of these systems is paramount, as any
downtime or transaction failure can disrupt business operations and negatively impact user
experience. Compliance with various regulatory standards, such as PCI-DSS (Payment Card
Industry Data Security Standard) and GDPR (General Data Protection Regulation), adds
another layer of complexity, necessitating rigorous security measures and continuous
monitoring to avoid legal penalties and reputational damage. This research addresses these
intertwined issues by proposing a comprehensive framework designed to enhance the
security, reliability, and compliance of web-based payment systems, thus fostering a safer and

more trustworthy environment for online financial transactions.

2.5 Challenges

Developing a comprehensive framework for enhancing security, reliability, and compliance in
web-based payment systems presents several significant challenges. Firstly, the rapid
evolution of cyber threats requires continuous adaptation and upgrading of security measures,
which can be resource-intensive and technically demanding. Ensuring system reliability is

also challenging, as it necessitates robust infrastructure capable of maintaining seamless
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operations despite potential disruptions such as network failures or cyber-attacks.
Additionally, achieving compliance with an array of regulatory requirements across different
jurisdictions adds complexity, particularly for global e-commerce platforms that must
navigate varying legal standards and privacy laws. Balancing these elements—advanced
security protocols, operational reliability, and stringent compliance—while maintaining user
convenience and experience is a multifaceted problem that requires innovative solutions and

coordinated efforts across the technological, operational, and regulatory domains.
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CHAPTER 3
RESEARCH METHODOLOGY

3.1 Research Subject and Instrumentation

The Figure-5 illustrates a structured workflow for research and development, beginning with
the identification of a problem statement. This is followed by a literature review to
understand existing knowledge and gaps. Data is then collected and reviewed to extract
meaningful insights. The findings from the data inform the development of a proposed
framework, which is subsequently implemented. Finally, the results of the implementation are
evaluated to assess the framework's effectiveness. This systematic approach ensures a

thorough and methodical process to address the research problem.

Problem Statement

Literature Review

Collect Data

Review Data

Insights from collected data

Proposed Framework

Implementation

Result

Figure 8: The workflow of the research (A Framework for Secure Online Payment).

The research subject of this study focuses on web-based payment systems within e-commerce
environments, emphasizing the enhancement of security, reliability, and compliance. These

systems enable online transactions using various methods, such as credit/debit cards,
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e-wallets, and online banking. The study will delve into payment gateways and their security
measures, reliability protocols, and compliance with international standards and regulations.
To achieve a comprehensive understanding, the research will employ a range of
instrumentation, including surveys and questionnaires targeting industry experts and users to
gather insights on current challenges and vulnerabilities. Case studies of prominent payment
systems like PayPal and Stripe will provide detailed analyses of their security and compliance
frameworks. Security audits and penetration testing tools, such as OWASP ZAP and Burp
Suite, will be used to identify and evaluate potential vulnerabilities. Additionally, regulatory
compliance checklists based on standards like PCI-DSS and GDPR will assess the adherence
levels of these systems. Reliability testing tools like JMeter will simulate various load
conditions to measure the performance and robustness of the payment systems. Through this
multi-faceted approach, the research aims to develop a robust framework that significantly

enhances the security, reliability, and compliance of web-based payment systems.

3.2 Data Collection Procedure

3.2.1 Introduction

The data collection procedure involves both primary and secondary sources. Primary data is
gathered through feedback from consumers and end-users, surveys and interviews with tech
experts from merchants and gateway providers. Secondary data is collected from the internet,
including data extraction from online studies, websites, blogs, external sources, and published
journals and conference papers. Additionally, a literature review is conducted, focusing on
regulatory and industry standards like PCI DSS, GDPR, PSD2 (EU), and the OWASP top ten.
Observations on user behavior, system performance, security incidents, and compliance

checks also contribute to the data collection process.
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Feedback from consumer or
end-user

Feedback

Primary Data
Source

Surveys from Tech Experts of
Merchants & Gateway Providers

Survey &
Interview Interviews with Tech Experts of
Merchants & Gateway providers

Data User Behavior

Source ) —— System Performance
Observations

— Security Incidents

——— Compliance Checks

Secondary | Data Extraction from Online
Data Source | | | Internet Study

. Websites and Blogs

Published Journals and
Conference Papers

External -+ Literature review

Source | pcpss, GDPR, PSD2

—— OWASP top ten

Figure 9: Data Collection Flow.
3.2.2 Literature Review

The initial step in the data collection procedure involves conducting a thorough literature
review. This encompasses an extensive examination of scholarly articles, industry reports,
white papers, and regulatory guidelines related to web-based payment systems. The review
focuses on key themes such as current security measures, reliability techniques, compliance
with international standards, and advancements in payment technologies. Sources include
leading academic databases like IEEE Xplore, ACM Digital Library, and journals
specializing in financial technology and cybersecurity. This literature review aims to identify
gaps in existing research, highlight best practices, and provide a theoretical underpinning for
the study, facilitating the development of a comprehensive framework for secure online

payment integration.
3.2.3 Feedback from Consumers

Gathering feedback from consumers is crucial to understanding the end-user perspective on

the security, reliability, and compliance of web-based payment systems. This step involves
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designing and distributing structured questionnaires to a diverse group of online shoppers.
The questionnaire addresses various aspects, including users' experiences with different
payment methods, their concerns about data security and privacy, and their expectations
regarding the reliability and compliance of payment systems. The collected data provides
insights into common user issues, preferences, and areas where existing systems may fall

short, informing the development of more user-centric payment solutions.
3.2.4 Data Extraction from Online Study

The research involved a comprehensive analysis of four major payment gateways: PayPal,
SSLCommerz, ShurjoPay, and Sonali Payment Gateway. This analysis was supplemented by
an extensive review of online research papers, journals, and conference proceedings related to
online payment systems and web security. The focus was on identifying common
vulnerabilities and security challenges associated with these payment gateways. Additionally,
the study delved into the latest developments in web security protocols and measures to
mitigate risks in online payment transactions. This multifaceted approach provided a robust
foundation for understanding the strengths and weaknesses of current payment gateways and

the potential for enhancing security, reliability, and compliance.
3.2.5 Surveys from Tech Experts of Merchants & Gateway Providers

To gain a technical perspective, surveys are conducted with tech experts from merchants and
payment gateway providers. These surveys include detailed questions about the
implementation and management of security protocols, measures to ensure system reliability,
and adherence to compliance standards such as PCI-DSS and GDPR. The surveys aim to
gather data on the current practices, technologies employed, and the challenges faced in
maintaining secure and reliable payment systems. This information helps in identifying

technical and operational gaps, as well as best practices in the industry.
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A Survey on Online Payment Integration
(focus on problems and solutions)

classroom.habib@gmail.com Switch account

* Indicates required guestion

Email *

D Record classroom.habib@gmail.com as the email to be included with my response

ST Tof AT *

Your answer

AT TS FHAS TGO AT

Your answer
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Figure 10: Surveys form for Tech Experts of Merchants & Gateway Providers.
3.2.6 Interviews with Tech Experts of Merchants & Gateway Providers

In-depth interviews with tech experts from both merchants and gateway providers
complement the survey data by providing qualitative insights. These semi-structured
interviews cover a range of topics, including specific security threats encountered, strategies
for ensuring high system reliability, compliance challenges, and innovative solutions being
implemented. The interviews allow for a deeper exploration of the complexities involved in
securing web-based payment systems and offer expert recommendations for improving

security, reliability, and compliance. The qualitative data obtained enriches the research by
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providing a nuanced understanding of the technical and operational realities faced by these

professionals.

By employing these data collection methods, the research ensures a comprehensive and
multi-faceted understanding of the current state of web-based payment systems. This
approach not only captures the theoretical and practical aspects but also integrates user and
expert perspectives, ultimately contributing to the formulation of a robust framework for

enhancing security, reliability, and compliance in online payment systems.

3.3 Insights from collected data

The "Findings from Data" section presents critical insights gleaned from extensive data
collection efforts. Concerns over vulnerability, instances of fraud, and payment disputes, and
streamlined resolution mechanisms. Challenges with smooth payment services, duplicate
payments, and insecure data storage practices further underscore the imperative for improved
transaction integrity and system reliability. Additionally, the absence of refund processes in
certain payment gateways, along with uptime and latency issues, impacts consumer
experience negatively. Non-compliance with regulatory standards by some payment gateways
poses significant compliance risks. The findings from Data Collection and Statistical

Analysis are as follows:

1. Lack of Secure Connection Compared with present cyber threats

2. Man in the middle attack or modify payment data when transmission conducted
between payment gateway provider and merchant

3. Fraud occurs by authorized (lack of ACL) users, and unauthorized users by breaking
web security

4. Payment Disputes occurred in the gateway end and merchant-end

5. Some Consumers can not get smooth payment service due to Merchant Transaction
Failures or Incomplete Payment processes (lack of ACID)

6. Duplicate payments occurred for the same invoice/order/transaction

7. The refund Payment process is not available in some gateway such surjoPay, SPG etc

8. Lack of 24h up time & High load management in some gateway such surjoPay, SPG
etc

9. Consumers are facing latency issues

10. Compliance with Regulatory Standards is not fully met like PCI DSS, GDPR, PSD2
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3.4 Proposed Framework

The proposed framework for enhancing security, reliability, and compliance in web-based
payment systems integrates robust security measures, operational reliability improvements,
and regulatory adherence. Key elements include implementing SSL. and SET protocols for
secure connections, multi-factor authentication, pattern recognition for identity verification,
and machine learning for fraud detection. To enhance reliability, the framework incorporates
dispute detection, transaction failure handling, and duplicate payment prevention
mechanisms. Emphasizing compliance with PCI DSS, GDPR, and PSD2, it also addresses
OWASP top ten vulnerabilities. This approach aims to create a secure, reliable, and compliant

online payment ecosystem for consumers, merchants, and payment gateway providers.
3.4.1 Considerations for ensuring Security

With the increasing use of the internet for transferring data, the security of this data has been
a serious concern since the very beginning. There has been an ever- increasing number of
cyber-attacks happening all over the internet [7]. Ensuring security in web-based payment
systems requires a multi-faceted approach. Implementing SSL and SET protocols ensures
secure data transmission. Authentication mechanisms such as Rest API, JWT with user_id
and password, IP/domain binding, and two-factor authentication (2FA) reinforce the security
between merchants and payment gateways. Pattern recognition technologies, including
biometric and face detection, enhance security on the consumer side. Authorization controls,
like setting payment limits for individual customers and merchants, prevent misuse.
Confidentiality is maintained through robust data encryption and masking techniques. Fraud
detection leverages machine learning algorithms, behavioral analysis, and manual reviews to
identify and mitigate fraudulent activities. Secure storage solutions, including tokenization,
protect sensitive data, while data categorization and isolation ensure that data is properly

segmented and secured.

1. SSL and SET: Secure Socket Layer (SSL) and Secure Electronic Transaction (SET)
are fundamental protocols for ensuring secure data transmission over the internet. SSL
encrypts the data transferred between the user's browser and the web server,
preventing unauthorized access and eavesdropping. SET, specifically designed for

online credit card transactions, adds an additional layer of security by using
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encryption and digital certificates to authenticate the parties involved in the
transaction, ensuring the confidentiality and integrity of the payment data.

2. Authentication: Robust authentication mechanisms are crucial for secure interactions
between merchants and payment gateways. Using Rest APIs and JSON Web Tokens
(JWT) with user IDs and passwords ensures that each request is authenticated and
authorized. IP/domain binding restricts access to known and trusted sources,
enhancing security. Two-Factor Authentication (2FA) adds an extra layer of protection
by requiring users to provide two forms of identification before granting access,

significantly reducing the risk of unauthorized access [6][8].

Figure 11: Authentication request using Rest API.
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Sonali Bank PLC

Sonali Payment Gateway

Total Amount 255.75

Bank Ref. : 2407030102929943

Invoice No. : WPN-03Jul2024-00002-
1

Transaction Amt : 250.00

Processing Fee : 3.1

One Time Password

& Confirm Payment

Figure 12: Ul example of 2FA.

3. Pattern Recognition: Implementing biometric and face detection technologies
enhances security by leveraging unique biological characteristics for user
authentication. These technologies ensure that only authorized users can initiate
transactions, adding an extra layer of security at the consumer end. Biometric
authentication, such as fingerprint or facial recognition, is particularly effective in
preventing fraudulent activities and ensuring that the person conducting the
transaction is the legitimate account holder.

4. Authorization: Establishing payment limits for individual customers and merchant
applications helps control the amount of money that can be transacted within a
specified period. This prevents excessive transactions and potential fraud. Counter
payment mechanisms, which track the number of transactions and their values,
provide an additional layer of control by flagging unusual or suspicious transaction
patterns for further review.

5. Confidentiality: Maintaining confidentiality involves protecting sensitive information
from unauthorized access. This can be achieved through various methods, including
encryption, secure communication channels, and strict access controls. Ensuring that

payment data and personal information remain confidential is critical to maintaining
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trust and compliance with regulatory standards [9]. We can use digital signature to
send & verify the payment data between Merchant and payment gateway Provider.
Digital signature is an alphabetic string obtained through processing the transmitted
text by a Hash, with the purpose of verify the source of text and confirm whether the
text is undergoing changes [12].

6. Data Encryption and Masking: Data encryption involves converting sensitive
information into a secure format that can only be decrypted by authorized parties.
This protects data during transmission and storage [1]. Data masking, on the other
hand, hides sensitive data elements by substituting them with non-sensitive
equivalents [1]. This ensures that even if data is intercepted or accessed by
unauthorized users, the actual information remains protected.

7. Validate and Sanitize Input: Validating and sanitizing input is crucial for both
merchants and payment gateway providers to prevent malicious data from
compromising their systems. Merchants must ensure that all data entered by
consumers meets required formats and constraints, filtering out incorrect or harmful
data. Similarly, payment gateway providers need to clean and encode incoming data
to remove harmful elements like special characters that could be used in SQL
injection or cross-site scripting (XSS) attacks. Together, these practices block many
attack vectors, maintaining the security and reliability of both systems and protecting

user data.

->method () ) [

Figure 13: Code example for XSS protection.
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8. Fraud Detection: Utilizing machine learning algorithms, behavioral analysis, and
manual review processes are essential for effective fraud detection. Machine learning
algorithms can analyze transaction patterns and detect anomalies that may indicate
fraudulent activities. Behavioral analysis examines user behavior to identify unusual
activities. Manual reviews provide an additional layer of scrutiny by allowing human
experts to evaluate flagged transactions for potential fraud [11].

9. Secure Storage: Ensuring secure storage in web-based payment systems involves
several key practices. Tokenization replaces sensitive data with unique tokens,
reducing exposure. Using checksums and hashes verifies data integrity and prevents
tampering. Encrypting data both at rest and in transit, coupled with TLS, protects
information from unauthorized access. Implementing role-based access control and
applying the principle of least privilege ensures that only authorized personnel have
access to sensitive data. Secure backup practices, including regular encrypted
backups, ensure data recovery and protection against data loss. Together, these
measures enhance the security and reliability of stored payment data.

10. Data Categorization & Data Isolation: Data categorization involves classifying data
based on its sensitivity and importance. This allows for the implementation of
appropriate security measures for each data category. Data isolation ensures that
different types of data are stored and processed separately, reducing the risk of
cross-contamination and unauthorized access. By isolating sensitive data from less
critical information, organizations can enhance their overall security posture and

protect valuable assets [1].
3.4.2 Considerations for improving Operational Reliability

To enhance operational reliability in web-based payment systems, several key factors must be
addressed. Implementing robust dispute detection and chargeback mechanisms at both the
gateway and merchant ends using Instant Payment Notifications (IPN) can significantly
reduce conflicts and streamline resolution processes. Detecting transaction failures and
incomplete payments at both ends ensures that issues are promptly identified and resolved,
maintaining transaction integrity. Protecting against duplicate payments by verifying
transaction IDs before redirecting from the merchant to the gateway page helps prevent errors
and redundancies. A structured refund payment process, where consumers issue a ticket and
the gateway and merchant servers collaborate to complete the refund, ensures efficiency and

consumer satisfaction. Additionally, focusing on system robustness and efficiency, along with
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proactive measures to address latency issues, ensures a seamless and reliable payment

experience for all users.

1. Dispute Detection & Chargebacks: Effective dispute detection and chargeback
management are essential for mitigating issues such as transaction failures, browser
crashes, incomplete payments due to service interruptions, system bugs, and incorrect
billing amounts. Weak security practices can further exacerbate these problems by
exposing transactions to fraud. Detecting disputes involves real-time monitoring of
transaction anomalies, utilizing systems that can flag potential errors and
inconsistencies immediately. Chargeback mechanisms should include a thorough
review process where detected disputes are verified, investigated, and resolved
swiftly. Implementing Instant Payment Notification (IPN) and automatic payment
recovery processes can help minimize disputes and chargebacks, ensuring payment
errors are promptly addressed and enhancing overall transaction reliability and

customer satisfaction.

}::commit ()

Figure 14: Code example of IPN operation.

2. Detection of Transaction Failure and Incomplete Payment: To effectively detect

transaction failures and incomplete payments, a comprehensive approach is essential.
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Real-time alerts via email, SMS, or dashboard notifications enable immediate
identification of issues. Detailed transaction logs help in identifying patterns and
pinpointing failure causes. Assigning unique transaction IDs ensures accurate tracking
across all stages of payment process. Incorporating user feedback and reporting
enhances detection by capturing issues missed by automated systems. Observability
of the payment system using OpenTelemetry improves monitoring and diagnosis.
Implementing redundancy and failover systems ensures continuity, while retry
mechanisms address initial processing failures. Regular end-to-end testing verifies the
system's reliability. Additionally, IPN (Instant Payment Notification) and
reconciliation processes ensure all transactions are accurately recorded and any
discrepancies promptly addressed.

3. Duplicate Payment Protection: To prevent duplicate payments, a verification
process that checks transaction IDs before redirecting from the merchant to the
gateway page is essential. This step ensures that each transaction is uniquely
identified and processed only once, thus avoiding billing errors and enhancing user

trust in the system.

1 > RS (

ct () —>back ()

rificationWithRefNo (
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Figure 16: Code example for transaction verification.

4. Refund Payment Process: A well-defined refund payment process is necessary to
handle consumer complaints effectively. When a refund is required, the consumer
should issue a ticket through the payment gateway. The gateway and merchant servers
must then collaborate to process the refund promptly, ensuring customer satisfaction
and maintaining the credibility of the payment system [13] [14].

5. Robustness and Efficiency: The robustness and efficiency of the payment system are
fundamental to its reliability. This involves implementing high-availability
architectures, load balancing, and failover mechanisms to ensure continuous operation
even under heavy load or during component failures. Efficient processing algorithms
and optimized code also contribute to faster transaction handling and better resource
utilization.

6. Addressing Latency Issues: Latency in payment processing can lead to poor user
experience and transaction failures. To address latency issues, it is important to
optimize network paths, use content delivery networks (CDNs), and deploy servers
closer to the user base. Additionally, implementing asynchronous processing and
reducing the number of hops in the transaction workflow can significantly improve

response times and overall system performance.
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3.4.3 Compliance with Regulatory and Industry Standards

Ensuring compliance with regulatory standards such as PCI DSS, GDPR, and PSD2 is
essential for the security and legality of web-based payment systems. These standards
mandate robust security measures, protect sensitive customer data, and ensure accountability
in financial transactions. Adherence to the OWASP Top Ten is equally crucial, addressing
common vulnerabilities such as injection attacks, authentication flaws, and sensitive data
exposure. By tackling these regulatory requirements and industry best practices, payment

systems can enhance their security, reliability, and consumer trust.

1. Regulatory and Industry Standards: Regulatory and industry standards such as the
Payment Card Industry Data Security Standard (PCI DSS) [18], General Data
Protection Regulation (GDPR) [19], and Payment Services Directive 2 (PSD2) [20]
provide a framework for securing online payment systems. PCI DSS ensures that all
companies that process, store, or transmit credit card information maintain a secure
environment through stringent security measures. GDPR focuses on data protection
and privacy for individuals within the European Union, requiring businesses to
safeguard personal data and report breaches promptly. PSD2, applicable in the EU,
aims to make payments more secure and competitive by enhancing authentication
processes and opening access to customer accounts for third-party providers.
Compliance with these standards not only enhances security but also builds consumer
trust and meets legal obligations.

2. OWASP top ten: The OWASP Top Ten is a critical guide for web application
security, highlighting the most prevalent and severe security risks. This list includes
threats such as injection flaws, broken authentication, sensitive data exposure, XML
external entities (XXE), broken access control, security misconfigurations, cross-site
scripting  (XSS), insecure deserialization, using components with known

vulnerabilities, and insufficient logging and monitoring [17].
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* From the Survey

Figure 17: OWASP Top 10 Web Application Security Risks.

Addressing these vulnerabilities is crucial for maintaining the integrity and security of
payment systems. Implementing best practices such as input validation, proper
authentication and session management, encryption of sensitive data, and regular
security assessments can mitigate these risks. By adhering to the OWASP Top Ten,
developers can significantly reduce the likelihood of security breaches and protect

sensitive customer information effectively.
3.5 Implementation Requirements

Effective implementation of a secure online payment integration framework involves
meticulous planning, robust hardware and software requirements, and the use of advanced

development tools and technologies.
1. Planning

e Analyzing the current payment infrastructure, identifying security vulnerabilities, and
ensuring compliance with PCI DSS, GDPR, and PSD2 standards.

e A detailed project plan with clear objectives, timeline, and milestones.

e C(Collaboration with stakeholders and risk management strategies are crucial to address
cyber threats, transaction failures, and operational issues.

e User acceptance testing (UAT) and pilot phases are also essential to validate system

functionality before full-scale deployment.
2. Hardware and Software Requirements

e High-performance servers with redundancy, secure network devices like firewalls and

IDS/IPS.
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e On the software side, SSL/TLS protocols, tokenization solutions, and authentication
mechanisms (REST APL, JWT, IP/domain binding, 2FA) are critical.

e Biometric and facial recognition technologies enhance consumer security.

e Fraud detection software using machine learning, behavioral analysis, and manual
reviews.

e Tools for data encryption, masking, and secure coding practices ensure protection of
sensitive information.

e Compliance software supports data categorization, isolation, and regular vulnerability

assessments.
3. Developing Tools and Technologies

e Development should utilize modern programming languages,

e [DEs (Visual Studio Code, IntelliJ IDEA, Eclipse), and

e version control systems like Git. CI/CD pipelines with tools such as Jenkins and
GitLab CI

e Automate testing and Security testing tools like OWASP ZAP and Burp Suite identify
vulnerabilities.

e SIEM systems provide real-time security monitoring.

e Databases (MySQL, PostgreSQL, MongoDB) need strong encryption and access
controls.

e C(Collaboration tools like Jira and Trello manage tasks and track project progress.
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CHAPTER 4
EXPERIMENTAL RESULTS AND DISCUSSION

4.1 Introduction

The purpose of this chapter is to present and analyze the results obtained from implementing
the proposed secure online payment integration framework. This chapter outlines the
experimental setup, implementation details, testing procedures, evaluation metrics, and a
comprehensive discussion of the findings. The goal is to demonstrate the effectiveness of the
proposed framework in enhancing security, operational reliability, and compliance with

regulatory standards in web-based payment systems.
4.2 Implementation and Testing

The implementation phase involved deploying the secure online payment integration
framework on a controlled environment to ensure that all components functioned as intended.
Key security measures such as SSL/TLS protocols, JWT for authentication, and machine
learning algorithms for fraud detection were integrated. The testing phase included unit
testing, integration testing, and system testing. Tools like OWASP ZAP were used for
security testing, while performance testing was conducted to assess the system’s robustness
under high loads. Transaction scenarios, including typical user transactions, failed
transactions, and fraudulent activities, were simulated to evaluate the system's response and

resilience.

To enhance security, reliability, and compliance in web-based payment systems, we
implemented the comprehensive framework focused on secure online payment integration.

This framework for online payment has applied across seven distinct web based projects:

1. BIDA-OSS https://bidaquickserv.org
2. BSTI eApplication https://bstieapp.gov.bd

3. MoHA OSCS https://scs.ssd.gov.bd

4. BSCIC-OSS https://ossbscic.gov.bd

5. BHTPA-OSS https://ossbhtpa.gov.bd

6. BTB TOTG system  https://uat-btb.oss.net.bd
7.  SLSD-MoHPW https://dev-dlsd.oss.net.bd

After implementin this framework in the mentioned project, we have done a load test in
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BSCIC project and found the outcome from the test.

1. Successful transaction rates across the seven projects from 95% to 99.9%.
Increase Consumer satisfaction and minimize no. of disputes
Ensured security concern that are mentioned in this research.

Ensure Compliance and Standards: PCI DSS, GDPR, PSD2, OWASP top ten.

QLocusT e, e 272 o B

Exceptions Tasks Download Data

A

Total Requests per Second

Figure 18: Load testing by locust for connecting from merchant to gateway provider.
4.3 Evaluation and Validation

The evaluation of the framework was conducted using both quantitative and qualitative
metrics. Quantitative metrics included the rate of successful transactions, average transaction
processing time, latency, and the number of detected fraud attempts. Qualitative metrics
involved user feedback on transaction smoothness and perceived security. Compliance with
regulatory standards was validated through audit checklists based on PCI DSS, GDPR, and
PSD2 requirements. The framework’s effectiveness was further validated through comparison

with existing systems, highlighting improvements in security, reliability, and compliance.
4.4 Discussion

The discussion focuses on interpreting the experimental results in the context of the research
objectives. The implementation results indicated significant improvements in transaction
security, evidenced by the successful prevention of man-in-the-middle attacks and reduced
fraud incidents. The operational reliability was enhanced through effective transaction failure
detection and handling, reducing payment disputes and duplicate transactions. The
compliance with regulatory standards was achieved, although continuous monitoring and

updates are necessary to maintain this compliance. Challenges encountered during the
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implementation, such as initial integration issues and the need for user education on new
security measures, are discussed. The findings validate the proposed framework's

effectiveness and provide insights into areas for further improvement and research.
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CHAPTER 5
IMPACT ON CONSUMERS, MERCHANTS, GATEWAY PROVIDER
AND SUSTAINABILITY

5.1 Impact on Consumers

The implementation of a secure and reliable online payment framework significantly enhances the
consumer experience by ensuring their transactions are protected against cyber threats.
Consumers benefit from increased confidence in the safety of their personal and financial
information due to advanced authentication methods like JWT, two-factor authentication (2FA),
and biometric recognition. Additionally, the implementation of robust fraud detection mechanisms
reduces the risk of unauthorized transactions, thereby safeguarding consumers' funds. The
streamlined refund process and efficient handling of payment disputes further improve customer
satisfaction and trust in online payment systems. Overall, the framework contributes to a seamless
and secure payment experience, fostering greater adoption of online payment methods among

consumers.

5.2 Impact on Merchants

For merchants, the proposed framework offers enhanced operational reliability and reduced
instances of transaction failures and disputes. By implementing secure APIs and encryption
techniques, merchants can ensure that the data exchanged between their systems and payment
gateways is protected from interception and tampering. This results in fewer chargebacks and
financial losses due to fraud. Moreover, the integration of advanced security measures helps
merchants comply with regulatory standards, reducing the risk of penalties and legal issues. The
improved transaction processing efficiency and reliability also lead to better customer satisfaction

and retention, ultimately driving higher sales and revenue.

5.3 Impact on Payment Gateway Provider

Payment gateway providers benefit from the enhanced security and operational efficiency of
the proposed framework by reducing the risk of cyberattacks and fraud incidents. This not
only protects their reputation but also lowers the costs associated with managing and
mitigating security breaches. The compliance with industry standards such as PCI DSS,

GDPR, and PSD2 ensures that gateway providers meet regulatory requirements, avoiding
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potential fines and legal consequences. The framework also enables gateway providers to
offer more reliable and efficient services, enhancing their competitiveness in the market.
Additionally, the robust architecture and improved uptime management help maintain high

availability and performance, ensuring customer satisfaction and loyalty.

5.4 Ethical Aspects

The implementation of the secure payment framework raises several ethical considerations.
Ensuring consumer privacy and data protection is paramount, and the framework's design
prioritizes these aspects through strong encryption and data masking techniques. Ethical use
of consumer data, transparent communication regarding data collection and usage, and
obtaining explicit consent are critical components of the framework. Furthermore, the
framework addresses issues of digital divide and accessibility, ensuring that secure payment
options are available to a diverse range of users, including those with limited technological
access. By adhering to ethical standards, the framework fosters trust and integrity in online

payment systems.

5.5 Sustainability Plan

The sustainability plan for the proposed secure payment framework involves continuous
monitoring and improvement to adapt to evolving cyber threats and technological
advancements. Regular updates to security protocols, compliance with new regulatory
standards, and ongoing training for stakeholders are essential components of the plan. The
framework also emphasizes the use of energy-efficient technologies and practices to
minimize its environmental impact. Collaborations with industry partners, research
institutions, and regulatory bodies will help ensure that the framework remains at the
forefront of security and operational reliability. By fostering a culture of continuous
improvement and sustainability, the framework aims to provide long-term benefits to

consumers, merchants, and payment gateway providers.
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CHAPTER 6
CONCLUSION AND FUTURE WORK

6.1 Summary of the study

This research focused on enhancing the security, reliability, and compliance of web-based
payment systems through a comprehensive framework for secure online payment integration.
The study began with an extensive literature review to identify existing challenges and gaps
in current online payment systems. It also involved collecting feedback from consumers,
conducting surveys and interviews with technical experts from merchants and payment
gateway providers, and analyzing various online research papers, journals, and conference
proceedings. The findings highlighted critical issues such as vulnerability to cyberattacks,
transaction failures, fraud, and regulatory non-compliance. Based on these insights, the study
proposed a multifaceted framework encompassing advanced security measures, operational

reliability improvements, and adherence to regulatory standards to address these challenges.

6.2 Conclusions

The implementation of the proposed framework significantly enhances the security and
reliability of web-based payment systems. Key security measures, including SSL/SET
protocols, multi-factor authentication, pattern recognition, and robust encryption techniques,
provide strong defenses against cyber threats. Improved operational reliability is achieved
through effective dispute detection and chargeback mechanisms, transaction failure detection,
duplicate payment prevention, and efficient refund processes. Compliance with regulatory
standards such as PCI DSS, GDPR, and PSD2 ensures that the framework meets industry
requirements and enhances overall trust in the payment system. The study concludes that
integrating these comprehensive measures can lead to a more secure, reliable, and compliant
online payment environment, benefiting consumers, merchants, and payment gateway

providers alike.

6.3 Implication for further study

While this research provides a solid foundation for enhancing online payment systems, there
are several areas for further study. Future research could explore the integration of emerging

technologies such as blockchain for transaction transparency and additional layers of security.
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Investigating the application of artificial intelligence and machine learning for more
sophisticated fraud detection and prevention mechanisms could also be beneficial.
Additionally, longitudinal studies to assess the long-term effectiveness of the proposed
framework and its adaptability to new cyber threats and regulatory changes would provide
valuable insights. Further research could also focus on expanding the framework to
accommodate a broader range of payment methods, including cryptocurrencies, and ensuring
its applicability in different regional and regulatory contexts. There are several areas for

future research and development to further improve these systems:

1.  Advanced Threat Detection and Response
Blockchain Technology for Enhanced Security
Comprehensive Privacy Enhancements
Automated Compliance Monitoring

Global Scalability and Localization

Interoperability with Emerging Technologies

S A e

Post-Quantum Cryptography
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