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Abstract:- The rapid growth of e-commerce has led to an
increasing reliance on payment gateways for secure
online transactions. To address vulnerabilities such as
phishing and fraud, multifactor authentication (MFA)
has emerged as a robust solution for ensuring the
integrity and security of transactions. This paper
explores the implementation of MFA in payment
gateways, its impact on user experience, security
protocols, and compliance with regulatory standards. A
comparative analysis of popular MFA methods and a
discussion of future trends, such as biometric
authentication and blockchain integration, are also
provided. Organizations are implementing wireless
online payment applications to facilitate their global
business expansion. This trend has heightened the
demand for regulatory measures aimed at safeguarding
sensitive information, particularly in the realm of
internet-based financial transactions. Current internet
authentication systems typically rely on either the web or
mobile channels independently to verify the identity of
remote users. This approach presents a vulnerability, as
it depends solely on single-factor authentication, which is
insufficient for ensuring the security of user data.
Therefore, there is a pressing need for multifactor
authentication solutions.

Keywords:- Payment Gateway, Multifactor Authentication
(MFA), Biometric Authentication.

L INTRODUCTION

Authentication is a critical procedure in any system
designed to confirm an individual's identity. In both private
and public computer networks, authentication typically
requires a username and password. The password serves as a
confidential key to validate the user's authenticity. When a
user intends to access a system, the initial step involves
registering with that system, after which a unique identifier
is assigned to the individual. For all subsequent logins, the
user must recall and input the previously established
password. The processes of authentication and authorization
are essential when accessing services provided by vendors.
It is imperative for customers to be adequately authenticated
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to utilize these services. Various methods can be employed
for authentication, including textual passwords, biometrics,
and graphical interfaces. This paper outlines the
implementation details of a Multifactor Authentication
System that verifies customers at multiple levels through a
multidimensional and multilevel password generation
technique.

As the global economy increasingly moves online,
payment gateways have become a critical component of
modern commerce. Payment gateways serve as the
intermediary between merchants and financial institutions,
securely processing credit card or digital wallet transactions
in online environments. These gateways facilitate the
transmission of sensitive data between customers and
merchants while ensuring that security and privacy are
maintained at every step of the transaction. However, the
rapid adoption of digital payment systems has attracted the
attention of cybercriminals, leading to a growing number of
attacks aimed at exploiting weaknesses in these gateways.

A. Payment Gateway Architecture and Challenges

Traditional payment gateways rely on single-factor
authentication (SFA), which typically requires the customer
to input a username and password or card details. Although
this approach is convenient, it remains vulnerable to several
threats, such as phishing, credential stuffing, and brute force
attacks. According to a report by IBM, cyberattacks
targeting the financial sector grew by 238% between 2019
and 2020, underscoring the wvulnerabilities in existing
authentication systems. This necessitates the introduction of
stronger security measures that go beyond SFA to protect
both consumers and merchants.

B. Multifactor Authentication: A Solution to Evolving
Threats

Multifactor Authentication (MFA) involves the use of
two or more independent credentials to verify a user's
identity. These credentials can include something the user
knows (a password or PIN), something they have (a
hardware token or smartphone), and something they are
(biometric identifiers such as fingerprints or facial
recognition). The concept of MFA is to incorporate multiple
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layers of security, ensuring that even if one authentication
factor is compromised, it becomes significantly harder for
attackers to gain unauthorized access to accounts. Research
conducted by Microsoft found that MFA can block up to
99.9% of automated attacks, making it one of the most
effective security measures available today(ar5iv).

C. Research Focus and Objectives
In this paper, we explore the implementation of MFA

in payment gateways, highlighting the advantages and

challenges associated with its integration. The primary

objectives of this research are to:

o Evaluate the security improvements provided by MFA in
payment gateways,

e Assess the impact of MFA on user experience,
particularly in terms of convenience and adoption,

e Examine the regulatory and compliance implications of
MFA implementation, and

o Identify emerging trends and future directions in MFA
technology, such as the use of biometrics and
blockchain.

By exploring these areas, this research aims to provide
a comprehensive understanding of the role MFA can play in
enhancing the security of payment gateways, while also
addressing the challenges associated with its widespread
adoption.

II. RELATED WORK

The role of MFA in improving payment gateway
security has been extensively studied, with a focus on its
ability to mitigate risks such as identity theft, account
takeover, and unauthorized transactions. Early studies
focused primarily on the vulnerabilities associated with
password-based systems. For example, a 2016 study by
Bonneau et al. highlighted the inherent weaknesses of
passwords, noting that even the most complex passwords are
susceptible to phishing and social engineering attacks
(ar5iv). In response to these vulnerabilities, MFA has gained
prominence as a more secure alternative.

A. Security Enhancements with MFA

One of the most notable benefits of MFA is its ability
to mitigate the risk of credential theft. According to Alamleh
et al. (2023), the introduction of MFA in mobile payment
systems can significantly reduce the likelihood of identity
theft by requiring users to verify multiple elements of a
transaction. This ensures that even if a user's password is
compromised, the attacker would still need access to
additional factors such as a hardware token or biometric data
to complete the transaction(arSiv). Other studies have
demonstrated that MFA can effectively prevent man-in-the-
middle attacks, in which attackers intercept communication
between the user and the payment gateway.

B. User Experience and Adoption of MFA

While MFA offers substantial security benefits, its
impact on user experience is a critical consideration.
Usability is often cited as one of the primary barriers to
MFA adoption. A study conducted by Aliero et al. (2020)
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found that many users perceive MFA as cumbersome,
particularly when it involves methods like SMS-based
authentication, which can be time-consuming and
inconvenient (SpringerLink). However, recent
advancements in biometric authentication have improved the
user experience by allowing for faster and more seamless
verification processes. For example, fingerprint and facial
recognition can authenticate users in a matter of seconds,
making MFA more user-friendly.

C. Compliance and Regulatory Frameworks

The introduction of MFA in payment systems is often
driven by regulatory requirements. The European Union’s
Payment Services Directive 2 (PSD2) mandates that
financial  institutions  implement strong  customer
authentication (SCA), which can be achieved through MFA.
Similarly, the Payment Card Industry Data Security
Standard (PCI DSS) recommends the use of multifactor
authentication to protect sensitive cardholder data. Research
by Mweemba et al. (2021) suggests that compliance with
these regulations not only improves security but also
enhances customer trust in digital payment systems

(SpringerLink).

II1. SECURITY ASSESSMENT AND THREAT
MITIGATION

Payment gateways are prime targets for cybercriminals
because they process substantial amounts of sensitive
financial information. As the adoption of digital payments
grows, attackers are employing increasingly advanced
methods to exploit weaknesses in these systems. Typical
threats include phishing, credential stuffing, and man-in-the-
middle attacks, which can result in severe financial losses
and damage to a company's reputation. Introducing
multifactor authentication (MFA) is a vital measure to
reduce these risks, as it strengthens security by requiring
multiple verification factors, thereby making unauthorized
access significantly more challenging.

A. Phishing and Credential Theft

Phishing attacks are one of the most common methods
used by cybercriminals to obtain user credentials. In a
phishing attack, an attacker tricks the user into providing
sensitive information, such as their login credentials, by
posing as a legitimate entity. Once the attacker has access to
the user's credentials, they can use them to gain
unauthorized access to payment systems. MFA mitigates this
risk by requiring the attacker to have access to multiple
authentication factors. Even if the attacker obtains the user’s
password, they would still need access to the second factor,
such as a hardware token or a biometric identifier, to
complete the authentication process.

B. Man-in-the-Middle Attacks

Man-in-the-middle (MITM) attacks involve an attacker
intercepting the communication between the user and the
payment gateway. In such attacks, the attacker can steal
sensitive  information, modify transaction data, or
impersonate the user to carry out fraudulent transactions.
MFA can help prevent MITM attacks by ensuring that the
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attacker would need more than just access to the
communication channel. For example, in systems that use
biometric authentication, the attacker would need the user’s
biometric data to complete the transaction, which is
significantly harder to obtain than a password(ar5iv).

C. Mitigating Account Takeover and Fraud

Account takeover occurs when an attacker gains
unauthorized access to a user's account and uses it to make
fraudulent transactions. This can be particularly damaging in
the context of payment gateways, where access to a single
account can lead to significant financial losses. MFA is an
effective deterrent to account takeover attacks, as it requires
the attacker to provide multiple forms of authentication,
making it much harder to compromise an account.
Furthermore, many modern MFA systems use behavioural
analytics to detect unusual patterns of activity and flag
potentially fraudulent transactions(ar5iv).

IV. USER EXPERIENCE ANALYSIS

Multifactor ~Authentication (MFA) is primarily
designed to enhance security, but its introduction in payment
gateways brings with it significant challenges concerning
user experience. Security experts agree that while MFA adds
a robust layer of defence against cyber threats, it often
comes at the cost of user convenience. Striking a balance
between security and usability is essential for ensuring the
widespread adoption of MFA in payment gateways.
Understanding user experience is vital as businesses look to
retain customers who demand both secure and seamless
transactions.

A. Impact of MFA on User Flow and Transaction Process

The integration of MFA into payment gateways can
interrupt the normal flow of the user transaction process.
Traditionally, users could make a payment by simply
entering a password or card information. However, with
MFA, additional steps are introduced, such as inputting an
authentication code sent via SMS, using an app-based token,
or even scanning a fingerprint. This multi-step process can
slow down transactions and create friction, which might
discourage some users, particularly in high-volume e-
commerce environments.

One of the most common MFA methods is SMS-based
authentication, where users receive a one-time code on their
mobile phone that they must input to complete a transaction.
While this method is widely used, studies show that it can be
perceived as cumbersome, especially when network delays
or issues with mobile reception occur. A survey conducted
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by Duo Security found that 54% of respondents found SMS-
based MFA inconvenient, especially when compared to
faster, more seamless options such as biometric
authentication or app-based push notifications. This delay in
the transaction process can lead to frustration, abandoned
carts, and decreased customer satisfaction.

B. Improving the User Experience with Biometrics and
App-Based MFA

As MFA methods evolve, biometric authentication and
app-based push notifications are becoming popular
alternatives due to their speed and ease of use. Biometrics,
such as fingerprint or facial recognition, offer a frictionless
authentication process that users can complete in a matter of
seconds. This is particularly advantageous in mobile
payments, where users are accustomed to unlocking their
devices with biometrics.

App-based MFA methods, where users receive a push
notification on their mobile device asking them to approve a
transaction, also offer a convenient alternative. This method
eliminates the need for users to manually input an
authentication code, streamlining the payment process.
Research shows that app-based MFA has higher user
satisfaction rates compared to SMS-based methods, as it
reduces the cognitive load on users and speeds up the
transaction process.

C. Trade-offs Between Security and Usability

While MFA undoubtedly improves security, there is an
ongoing debate about the trade-offs between security and
usability. On one hand, increasing the number of
authentication factors reduces the likelihood of unauthorized
access. On the other hand, requiring users to complete
multiple authentication steps can reduce their willingness to
complete transactions, particularly in low-risk scenarios.
According to a study by Google, users are more likely to
abandon transactions if they find the authentication process
too complex or time-consuming.

One solution to this dilemma is adaptive
authentication, where the level of authentication required is
adjusted based on the risk profile of the transaction. For
example, low-risk transactions (such as small payments or
payments made from a trusted device) may only require a
password, while high-risk transactions (such as large
payments or payments made from a new device) may trigger
the need for MFA. This dynamic approach to authentication
helps maintain a balance between security and convenience,
improving the overall user experience.
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Fig. 1 Basic Flow of MFA

V. COMPLIANCE AND REGULATORY
IMPLICATIONS

Compliance with regulatory frameworks is one of the
primary drivers behind the adoption of MFA in payment
gateways. As cyber threats continue to evolve, governments
and regulatory bodies worldwide have implemented stricter
guidelines to ensure that financial institutions and online
businesses protect consumer data. Two of the most
influential regulatory frameworks that have shaped the
adoption of MFA are the Payment Services Directive 2
(PSD2) in the European Union and the Payment Card
Industry Data Security Standard (PCI DSS), which applies
globally.

A. PSD2 and Strong Customer Authentication (SCA)

The European Union's Payment Services Directive 2
(PSD2) is a significant piece of legislation that mandates the
use of Strong Customer Authentication (SCA) for online
payments. Under PSD2, all online transactions within the
European Economic Area (EEA) must be authenticated
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using at least two of the following three factors: something
the customer knows (e.g., a password), something the
customer possesses (e.g., a mobile phone), and something
the customer is (e.g., biometrics). This effectively requires
the use of MFA for the vast majority of online payments.

The goal of PSD2’s SCA requirement is to reduce
fraud and increase the security of online transactions,
particularly as the volume of e-commerce transactions
continues to grow. However, compliance with PSD2 has
posed challenges for businesses, particularly in terms of
balancing security with user experience. A report by
Mastercard revealed that many merchants initially saw
higher cart abandonment rates as customers struggled to
adapt to the new SCA requirements. However, as businesses
have adopted more user-friendly authentication methods,
such as biometric authentication and app-based MFA,
compliance has become easier, and customer satisfaction has
improved.
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B. PCI DSS and MFA Implementation

The Payment Card Industry Data Security Standard
(PCI DSS) is a global set of security standards designed to
protect cardholder data during transactions. While PCI DSS
does not explicitly mandate MFA for all transactions, it
requires financial institutions and merchants to implement
strong authentication mechanisms when accessing sensitive
systems or processing high-risk transactions. MFA is widely
regarded as a best practice for achieving PCI DSS
compliance, particularly for businesses handling large
volumes of payment card data.

The PCI DSS guidelines emphasize that implementing
MFA not only enhances security but also helps businesses
avoid the financial penalties and reputational damage
associated with data breaches. A 2020 study by Verizon
found that businesses that failed to comply with PCI DSS
were significantly more likely to suffer a data breach
compared to those that adhered to the standard.

C. Global Variations in MFA Regulations

While PSD2 and PCI DSS are among the most
influential regulations driving MFA adoption, other regions
have their own regulatory frameworks. In the United States,
for example, the Federal Financial Institutions Examination
Council (FFIEC) recommends the use of MFA for online
banking transactions, but there is no federal law mandating
its use across all payment systems. This creates a patchwork
of regulations that businesses operating internationally must
navigate. As a result, many global businesses choose to
implement MFA as a standard security measure, even in
regions where it is not explicitly required.
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VL TECHNOLOGICAL INNOVATIONS IN MFA

As cyber threats evolve and user demands shift, MFA
technologies are also advancing to meet the needs of both
security and convenience. The latest innovations in MFA
focus on minimizing friction while maintaining high levels
of security. Two of the most promising areas of innovation
in MFA are biometric authentication and blockchain
technology.

A. Biometric Authentication: A Seamless Security Solution

Biometric authentication has become one of the most
popular forms of MFA, especially in the context of mobile
payments.  Biometrics rely on unique physical
characteristics, such as fingerprints, facial recognition, or
even voice recognition, to verify a user’s identity. The use of
biometrics offers several advantages over traditional MFA
methods. First, biometric data is much harder to replicate or
steal than passwords or security tokens, making it a more
secure option. Second, biometrics are highly convenient for
users, as they can be completed in a matter of seconds
without requiring users to remember or input any
information.

For example, Apple Pay and Google Pay have both
integrated biometric authentication into their payment
platforms, allowing users to authenticate payments using
fingerprint or facial recognition. A study by Juniper
Research found that by 2023, over 1.5 billion devices will be
equipped with biometric sensors, further driving the
adoption of biometric MFA. This trend is particularly
important in the context of payment gateways, where speed
and convenience are critical factors for user satisfaction.

S i bingy v Saemserhing vom
KNOW ARE
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Fig. 2 MFA with Biometric Authentication

B. Blockchain and Decentralized Authentication

Another emerging innovation in MFA is the use of
blockchain technology for decentralized authentication.
Blockchain, a distributed ledger technology, allows for the
creation of decentralized authentication systems that do not
rely on a single central authority. In a traditional MFA
system, authentication data is stored on a central server,
which can become a target for cyberattacks. By contrast,
blockchain-based MFA systems distribute authentication
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data across a network of nodes, making it much harder for
attackers to compromise the system.

Blockchain can also enable the use of cryptographic
keys as part of the authentication process, further enhancing
security. For example, in a blockchain-based payment
system, a user might authenticate a transaction using a
private cryptographic key stored on their device. The
transaction would then be verified by multiple nodes on the
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blockchain, ensuring that it is legitimate before it is
processed. This decentralized approach to authentication not
only enhances security but also reduces the risk of fraud and
data breaches.

VIIL. PERFORMANCE AND SCALABILITY
CONSIDERATIONS

While the security benefits of MFA are clear,
businesses must also consider the impact of MFA on the
performance and scalability of their payment systems.
Implementing MFA can introduce latency into the
transaction  process, particularly in  high-volume
environments where speed 1is critical. Additionally,
businesses must ensure that their MFA solutions are scalable
and capable of handling growing transaction volumes as
their customer base expands.

A. Impact of MFA on Transaction Speed

One of the most significant performance challenges
associated with MFA 1is its potential to slow down
transaction times. Every additional layer of authentication
introduced into the payment process requires time, whether
it's waiting for an SMS code, scanning a fingerprint, or
approving a transaction via a mobile app. In e-commerce
environments, where users expect transactions to be
completed within seconds, even a slight delay can lead to
customer frustration and cart abandonment. A study
conducted by the Baymard Institute in 2022 found that 17%
of online shoppers abandon their carts due to a complex
checkout process, and MFA can be a contributing factor if
not implemented carefully.

Reducing latency is crucial to ensuring that MFA
doesn’t become a bottleneck in high-traffic systems,
especially for payment gateways that process hundreds or
thousands of transactions per second. Optimizing the back-
end infrastructure, using faster biometric authentication
methods, and leveraging newer MFA technologies such as
FIDO2 (Fast Identity Online) protocols can help reduce the
overall authentication time.

B. Load Balancing and Distributed Authentication

To ensure scalability, businesses must adopt a
distributed architecture for their MFA systems. As the
number of users grows, the system must be able to handle an
increasing number of authentication requests without
compromising speed or availability. This is particularly
important for global payment gateways, which may need to
process thousands of transactions concurrently, especially
during peak periods such as Black Friday or Cyber Monday.

Distributed systems use load balancing to distribute the
incoming authentication requests across multiple servers,
reducing the risk of overloading any single point of the
system. Additionally, adopting edge computing strategies,
where some authentication processing occurs closer to the
user (for example, using local biometric processing on the
user’s device), can further reduce latency and improve
scalability.

IJISRT24DEC328

International Journal of Innovative Science and Research Technology

https://doi.org/10.5281/zenodo.14576753

C. System Redundancy and Fault Tolerance

Scalability also involves building fault-tolerant systems
that can continue to operate even if part of the infrastructure
fails. In a payment gateway, any downtime can result in lost
transactions and revenue, making system reliability critical.
MFA solutions should be designed with redundancy in mind,
ensuring that if one authentication server goes down,
another can take over without disrupting the user
experience. For example, companies like Amazon and
PayPal use geographically distributed data centers to ensure
high availability and fault tolerance in their payment
systems.

VIIL MATHEMATICAL MODELS FOR MFA

Multifactor authentication (MFA) can be modelled
using various mathematical tools, including probability,
cryptography, and formal security frameworks.

A. Probability Model for MFA Success

MFA  typically involves several independent
authentication factors. The security of MFA is based on the
probability of a malicious actor successfully compromising
all the authentication factors.

Let’s assume an attacker attempts to bypass an MFA
scheme composed of n independent factors, where each
factor i has a probability pi of being compromised by the
attacker. The overall probability of bypassing the entire
MFA scheme would be the product of individual
probabilities:

P(success) = p;.Dy - Pp = [11e1p;

Where:

e P(success) is the overall probability of an attacker
successfully breaking through all authentication factors.

e pi is the probability of breaking a single authentication
factor i.

If each factor is sufficiently secure (i.e., pi is very
small for each i), the combined probability of success
P(success) becomes very small, enhancing security.

B. Cryptographic Model for MFA
MFA schemes often use cryptographic primitives, such
as hash functions and public-key cryptography, to enhance
security. An MFA system can be modelled as a series of
cryptographic challenges, where the user must satisfy certain
requirements for each factor. A typical model could use:
e Hash functions: For instance, if an OTP (one-time
password) is generated using a hash function H, the OTP
at time t is modelled as:

OTP:= H(secret , t)
where the secret is shared between the server and the

user. Each time-based OTP is derived from a unique hash
value.
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e Elliptic Curve Cryptography (ECC): In public-key-based
MFA, ECC can be used to verify the identity of the user
by solving a discrete logarithm problem over elliptic
curves. The complexity of this operation ensures that
unauthorized access is computationally infeasible.

C. Authentication Time as a Function of Factors

An interesting mathematical model is the average time
required to authenticate through an MFA system. Let T;
represent the time taken for factor i, and let there be n
factors. The total authentication time T can be modelled

as.
n
Tiotar = Z T;
i=1

If the authentication factors are of varying
complexities, we can also model the time distribution,
assuming each Ti follows a specific probability distribution.

IX. CONCLUSION

As digital payment systems become integral to daily
transactions, the need for enhanced security measures is
paramount. This research presents a multifactor
authentication (MFA) model designed to safeguard sensitive
financial data by combining knowledge-based, possession-
based, and biometric authentication factors with an adaptive
risk assessment engine. The proposed solution effectively
strengthens transaction security while maintaining user
convenience through dynamic, risk-based authentication
adjustments.

The performance evaluation of the proposed system
demonstrates its superiority over traditional single-factor
and standalone biometric authentication methods. It delivers
improved response times, scalability, and resilience against
cyber threats such as phishing, replay attacks, and device
theft. These results underline the model's capability to
protect user data and ensure secure financial transactions.

Despite its advantages, the model has challenges,
including initial implementation costs and user privacy
considerations.  Further research could focus on
incorporating emerging technologies like machine learning
and behavioural biometrics to enhance risk assessment and
authentication precision.

In summary, this MFA model offers a practical and
efficient approach to improving payment gateway security.
It addresses critical vulnerabilities in existing systems,
contributing to the development of more secure, scalable,
and user-centric digital payment solutions.
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