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Abstract- The rapid digital transformation of the banking sector has significantly influenced the development
of intelligent and secure financial transaction systems. Traditional Automated Teller Machines (ATMs), although
effective for self-service banking, face multiple challenges related to security vulnerabilities, physical
infrastructure dependency, operational cost, and limited accessibility. This review paper presents a
comprehensive analysis of Virtual ATM systems and their future prospects in modern digital banking
ecosystems. The study explores the evolution of ATM technologies from conventional card-based systems to
advanced cardless, contactless, cloud-connected, and Al-enabled Virtual ATM frameworks. Various technologies
such as Near-Field Communication (NFC), QR-code authentication, biometric verification, One-Time Passwords
(OTP), blockchain integration, cloud computing, and Artificial Intelligence (Al)-based fraud detection are
critically examined. The paper also investigates ATM virtualization architecATMaaS), and cloud-managed
banking infrastructures. Furthermore, the review highlights the role of biometric authentication techniques such
as fingerprint, facial recognition, retina scanning, and multi-modal biometric fusion in enhancing transaction
security and user convenience. Applications of Virtual ATM systems in smart banking, financial inclusion,
accessibility support, and cashless transactions are also discussed. Additionally, major challenges including
cybersecurity threats, privacy concerns, infrastructure limitations, biometric data protection, and regulatory
compliance are analyzed. Comparative analysis demonstrates that Al-enabled and blockchain-based Virtual
ATM systems offer improved scalability, operational efficiency, transparency, and security compared to
traditional ATM infrastructures. The study concludes that Virtual ATM technology represents a promising
direction for future intelligent banking systems and secure digital financial services.

Keywords— Virtual ATM, Digital Banking Services, Secure Financial Transactions, ATM Architecture, Banking
Technology, Digital Financial Services

I. INTRODUCTION intelligence (Al), blockchain, and the Internet of
Things (loT), which have enhanced the efficiency,
accessibility, and security of banking transactions
(Brown, 2022; IBM, 2024). One of these innovations
is the Automated Teller Machine (ATM), which has
significantly contributed to the self-service banking
and the reduction of reliance on physical bank
branches. But with increasing demand for
contactless and remote financial services, Virtual
ATM systems intelligent banking experiences (Smith
& Kumar, 2023). Simple electronic transaction
systems led the way in the evolution of banking
technologies, which eventually progressed to

In recent decades, the banking sector has undergone
a dramatic shift in the way it operates, thanks to the
growth of digital technology. Digital technology has
revolutionized the banking industry over the past
few decades. The traditional banking system, which
was heavily dependent on manual processes and in-
person interactions, is undergoing a transformation
towards intelligent, automated, and customer-
centric financial services. The digital transformation
of banking has been driven by the rise of online
banking, mobile banking, cloud computing, artificial
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Internet banking and mobile financial platforms as
shown in Fig.1.

In today's banking landscape, Al-powered analytics,
biometric  verification, cloud technology for
transaction processing, and blockchain-based
security measures enhance operational efficiency
and user trust (Zhang et al., 2023; Brown, 2022).
Traditional ATMs rely on traditional card and PIN
authentication, which are susceptible to many cyber
attacks including card skimming, phishing, shoulder
surfing, and malware attacks (Ali & Khan, 2022). In
contrast, Virtual ATM systems offer advanced
features such as cardless transactions, QR-code
authentication, mobile wallet integration, biometric
verification, and real-time fraud detection
mechanisms (Chen, 2024). These smart systems cut
the reliance on physical infrastructure and improve
transaction security and customer convenience.

Figure.1 The Evaluation of Virtual ATM Technologies.
Virtual ATMs are becoming essential in the digital
banking landscape as smart financial services
become more prevalent, highlighting the need for
secure and intelligent solutions. During the COVID-
19 pandemic, the need for contactless banking
solutions and remote transaction capabilities (WHO,
2022) further increased. Furthermore, Al is being
used by financial institutions to enhance security
measures, such as fraud detection, multi-factor
authentication, and blockchain technology, in order
to reduce security risks and increase transparency in
transactions (Gupta & Verma, 2024). Financial
inclusion is also being enhanced by the use of virtual
ATM systems which enable banking services to
remote and underserved populations using mobile
and internet devices (Kumar, 2023). Hence, Virtual
ATM technology is a major leap to the future of
secure, intelligent, and completely digital banking
ecosystems.

Il. METHODOLOGY

A systematic search was performed in various
scientific databases such as IEEE Xplore, ACM Digital
Library, PubMed, Google Scholar, Scopus and
patents (USPTO, EPO). The search queries included
"virtual ATM," "cardless ATM," "contactless ATM,"

"ATM virtualization," "biometric ATM
authentication,” "NFC ATM," "QR code ATM," and
"VR ATM. Priority was given to literature published
between 2013 and 2024, but seminal works were
included. The papers had to cover at least one of the
following topics: authentication technology for
ATMs, ATM hardware or software virtualization,
VR/AR based ATM simulation, and security analysis
of ATM systems. Where peer-reviewed literature was
lacking, industry reports, patent applications or
standards documents were included.

ATM Virtualization Architectures

Thin-Client and Hypervisor-Based Models

One of the basic concepts of virtual ATM research is
to separate the ATM application layer from specific
hardware. The traditional ATM software stack was
monolithic, tightly coupled to specific hardware
configurations, and expensive to maintain, and
lacked flexibility. The solution to this is virtualization,
which moves the operating system and application
to a centralized server, while the physical ATM
becomes a thin client.

In one prominent patent by NCR Corporation (U.S.
Patent 9,904,915), the ATM is provided access to a
virtualized operating system and ATM application via
a thin-client mechanism. A recovery program is used
to continuously monitor access to the network, and
upon network failure, allows the ATM to continue to
serve customers by utilizing locally cached state,
including retracting media that has been dispensed,
but not removed by the customer. This architecture
gracefully addresses the challenges of central
management and edge reliability.

This is extended by use of hot-swap virtual machines
for redundancy in a complementary invention (US
Patent 10,095,593). It operates two virtual ATM
environments simultaneously, with no resetting of
I/O ports or repowering of hardware required to
switch when one fails, and it provides near zero down
time. The patent specifies that the device interfaces
supported include biometric sensors, contactless
chip scanners, RFID readers, and NFC transceivers,

showcasing early architectural integration of
contactless authentication within virtual ATM
systems.
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ATM-as-a-Service (ATMaaS)

The concept of "ATM-as-a-Service" (ATMaaS) has
been mentioned in industry publications, in which
banks lease ATM infrastructure to white-label ATM
service providers who operate the hardware but the
bank manages the software and customer
experience. According to Mordor Intelligence (2024)
ATMaaS partnerships are one of the key strategies
for the cost-effective rollout of cardless and
biometric features, especially for smaller regional
banks that do not have the capital to upgrade their
entire ATM fleet. This is very similar to the Software-
as-a-Service (SaaS) approach that has been widely
adopted in enterprise computing.

Cloud-Connected ATM Architectures

Cloud connectivity allows ATMs to benefit from real-
time fraud detection, dynamic software updates and
centralized customer data without having to store
local databases. Diebold Nixdorf and NCR Atleos
have both released technical white papers about
cloud-managed ATM  fleets. One viable
implementation of this architecture is for the
customer to pre-stage cash withdrawals on their
smartphone, with the ATM receiving a cloud-
validated token to dispense cash. Paydiant and
Diebold had already joined forces as early as 2013 to
launch a QR code-based cloud-connected cash
withdrawal service, which predates the era of wide-
spread 5G connectivity.

I1l. CARDLESS AND CONTACTLESS ATM
TECHNOLOGIES

1. Near-Field Communication (NFC)

NFC is used to transfer data between two devices in
a secure manner within a range of about 4
centimetres. The customer holds her smartphone or
smartwatch near an ATM's reader, logs in to her
mobile banking app and performs a normal ATM
transaction. According to the research and
deployment statistics, the number of NFC-enabled
ATMs increased by 86% from 2018 to 2019 (RBR
Global ATM Market and Forecasts). To support Apple
Pay at its ATM network, Bank of America is rolling
out NFC contactless readers, which the bank claims
will help eradicate some forms of card skimming
fraud. Removing the need for card insertion removes

the main vector for skimmer hardware installation, as
| mentioned in the NCR Atleos white paper.

To overcome the drawbacks of single factor
authentication of ATRAMs and speed the
transactions, Mandalapu et al. (2015) put forth their
idea of introducing a three-level NFC authentication
system which combines NFC tap, biometric
verification, and PIN in a multi-layered approach. In
the simulation, their system showed a decrease in
the number of card-blocking incidents.

2. QR Code-Based Withdrawals

QR codes can be used for customers who don't have
the NFC hardware. The process goes as follows:
Open the mobile banking app, start a withdrawal and
read a QR code that is appearing on the ATM screen.
The code is generated on a transaction-by-
transaction basis and can be used only once, offering
cryptographic freshness. Spanish banking giant
Banco Sabadell introduced SMS as a means of cash
withdrawal as early as 2013, and later generations
are now moving towards QR codes, which provide
more details than SMS and have a lower risk of
interception.

A study conducted by Mahajan et al, (2023) on
“Cardless transaction in ATM", which describes a
proposed QR-based ATM with multi-factors
authentication using OTP which is required for
confirming the transaction. According to their
results, QR code workflows work best in markets with
a high smartphone penetration rate and inconsistent
NFC hardware support.

3. One-Time Password (OTP) Mechanisms

OTP based cardless ATM systems are based on
sending a numeric code through a bank's mobile
app as per the RFC 6238 (Time-based One-Time
Password) or SMS. The customer types in the OTP on
the ATM keypad instead of inserting a card. OTP
systems do not need much modification of existing
ATMs, which makes it a cost-effective transition
pathway. Mandalapu et al. (2025) conducted a survey
and review of OTP and voice verification for the
security of ATMs, highlighting that OTP is statistically
proven to reduce cases of unauthorized transactions,
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but still faces challenges with SIM-swap and real-
time phishing attacks.

4. Voice and Speech-Based Access

Banco Sabadell tried voice command access to the
ATM with the use of Google Glass, allowing cash
withdrawal by voice. Even though it's not yet widely
implemented, it is a precursor to interfaces designed
with accessibility in mind. Research also overlaps
with literature on assistive technology, and voice
access to ATM presents a need for the visually
impaired user.

IV. BIOMETRIC AUTHENTICATION IN
VIRTUAL ATM SYSTEMS

1. Fingerprint Recognition

Fingerprint recognition is the modality most widely
studied for ATM applications, it is easy to use and
highly accurate. In a controlled environment, Muley
and Kute (2018) found high verification accuracy in
their proposed system replacing the ATM card
system with a fingerprint system. Moorthy et al.
(2024) presented a hybrid biometric authentication
approach for ATMs based on fingerprint recognition
that improved the security of transactions over PIN-
only baselines. The paper is published in the
International Journal of Software Engineering and
Computer Systems.

2. Facial Recognition

Given the emergence of deep learning, facial
recognition for ATM authentication has emerged as
a strong research trend. Facial recognition
technology could be deployed on ATMS to validate
transactions, says Roy (2022) in IJRASET, because the
use of face-based identification does not involve any
intrusion and will not require physical cards for
validation. Various researchers have used Deep
Convolutional Neural Networks (DCNNs). A novel
face biometric authentication system for 2024 has
been proposed by researchers from the International
Journal of New Innovations in Engineering and
Technology which advocates using multiple factors
to ensure security even in the event of one being
compromised, which is the case with electronic facial
recognition and the physical access card used by
DCNN.

In Spain, CaixaBank has deployed ATMs with facial
recognition technology where there are no physical
interactions other than to select the amount.In Spain,
CaixaBank have implemented ATMs that have facial
recognition technology, with physical interactions
being limited to amount selection, thereby proving
the technology to be viable in the real world. In the
context of the deployment of ATMs, Agarwal et al.
(2022) explained that the combination of Al and
biometrics is a "dual shield" against cyber threats,
with Al implementing the anomaly detection
mechanism, and biometrics performing
authentication.

3. Multi-Modal and Ternary Biometric Fusion

In the article entitled A three factor biometric ATM
authentication system based on fusion of fingerprint,
face and retina recognition, published by Aljuaid et
al. (2022) of the Computer Systems Science and
Engineering (Tech Science Press), the use of fusion of
fingerprint, face and retina recognition techniques in
an ATM was proposed to ensure the security of the
financial transaction. Biometric images are converted
to YIQ color space for normalizing the brightness in
a novel way by them and they use Cellular Automata
Segmentation and Discrete Wavelet Transform
(DWT) with Mexican Hat Wavelet for feature
extraction. The literature review that accompanies
their study shows that all the researchers studied
agree that the security of biometric ATM
authentication is much higher than that of card-
based one. The results showed that the fused ternary
approach was superior to the individual modality
systems in terms of the false acceptance and false
rejection rates.

In the work of Igbal et al. (2024), the authors delved
into the idea of voice and facial biometric
combination, highlighting the potential for higher
resistance to spoofing attacks using multi-modal
systems. A detailed description of the biometric user
authentication system including physiological and
behavioral biometric features is given, and biometric
applications related to ATMs are discussed with a
taxonomical background.
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4. Security and Privacy Concerns in Biometric
ATMs

The new use of biometrics creates new risk classes.
Unlike PINs, the biometric features cannot be wiped
out should they be lost or compromised. The
privacy-enhancing technologies for biometric data
storage, particularly, are the focus of Oliveira and
Costa (2023), who suggest using template protection
schemes like fuzzy vaults and cancelable biometrics.
Thomas and Zhao (2024) discuss the ethical issues
with consent, data storage, and mission creep in
biometric authentication systems. Regulatory
compliance frameworks like the GDPR in the EU and
the upcoming Al Acts put limits on the collection of
biometric data that ATM deployments need to be
compliant with.

V. VIRTUAL REALITY ATM
SIMULATIONS

1. Rehabilitation and Accessibility Applications
The virtual ATM is also used as a therapeutic and
training tool in a body of literature that is separate
from the banking literature. Christiansen et al.
(PubMed, PMC2881048) were the first ones to
develop VR-ATM for people with Acquired Brain
Injury (ABI). The first part of the study was designed
to test the validity of using a VR-ATM environment
to predict actual ATM performance and the second
part compared VR-ATM training with traditional
computer-assisted instruction (CAl) for cash
withdrawal and money transfer. The results
confirmed the validity of VR-ATM as an assessment
tool and its effectiveness as a training tool.

The need for VR in such a context is a strong one:
time pressure, sequential accuracy, and public
places, where errors cause anxiety. Post-ABI often do
not use ATMs because of their cognitive load and
fear of failure. VR provides repeated safe practice in
a realistic simulated environment to develop
procedural memory and confidence before
community re-entry.

2. Participatory Design with Older Adults

Mertens et al. (2019) present a participatory design
research project that involved older adults in the co-
design of a VR ATM training simulation in

collaborative  workshops. The study is a
methodological contribution because it involves
end-users who are not very skilled with ICTs to
interact with cutting-edge immersive technology.
Participants used VR headsets and were asked to
take control of the design of interaction and
interface. The paper presents some suggestions on
how to set up co-creation opportunities for
populations historically underrepresented in the
design of new technologies, and recommends
hardware and software tools for participatory VR
prototyping. This line of research is also relevant in
the context of inclusion imperatives in banking:
Verma and Das (2022) reported that biometric based
banking systems could help enhance security and
access to banking for elderly users, indicating a need
to co-develop VR training tools and accessible ATM
interfaces.

3. Accessibility for Visually Impaired Users

An AIP Conference Proceedings paper titled “A
ratified biometric automatic teller machine for
visually impaired availing IVRS technology” was
published by Madhuvani et al. (2024) which is an
interactive voice response system (IVRS) combined
with biometric authentication. The system can help
blind persons perform transactions on ATMs using
audio prompts and voice commands, improving
financial inclusion. It is a design approach that is of
great social significance and is situated at the
crossroads of biometric ATM research and assistive
technologies.

Security Challenges in Virtual ATM Systems
Traditional Threats and Mitigation Through
Virtualization

Cardless systems that remove the need for a physical
card to be inserted into the ATM are a formidable
defense against card skimming, which is the addition
of card readers to the ATM slot. Biometric
authentication is an effective alternative to PIN entry,
which helps mitigate PIN shoulder surfing risk. When
the authenticator is the user's enrolled biometric or
is a mobile device with additional authentication
layers, physical card theft is minimized. The
developments in ATM security outlines these threat
vectors and assigns biometric ATM mitigation
strategies to them.



Sahazad Ahmad, International Journal of Science, Engineering and Technology,

2026, 14:2

Emerging Threats in Digital ATM Systems

Virtual ATM architectures create new attack surfaces.
SIM-swap attacks can be used to take control of OTP
delivery through SMS. Mobile malware can steal
codes made by the application before they get to the
ATM. Although it is theoretically possible, the short
range of NFC and the “session bound” nature of QR
codes offer natural countermeasures against
network-layer attacks on NFC and QR-code
communications. Cloud connected ATMs create a
greater network attack surface as any security flaw in
the cloud-based authentication or session
management process can be leveraged on a large
scale.

Zubair and Nasreen (2023) used predictive analytics
to combat fraud in retail banking, showing that
machine-learning models that learn from transaction
data can accurately detect unusual ATM usage.
Kumar and Zhang (2022) created Artificial
Intelligence-based Fraud Detection Models that can
be used for ATM transaction monitoring.

Biometric Spoofing and Anti-Spoofing Measures
Among the facial recognition ATM systems the
liveness detection is of crucial importance.
Photographs, video replays or 3D masks with
presentation attacks must be identified prior to
authentication. Selection of deep-learning based
anti-spoofing classifiers has been incorporated in
various proposed systems, but the challenge of
adversarial robustness still has to be addressed.
Grayson and Patel (2024) provide a specific focus on
the design of cost-efficient biometric systems and
how such systems are applied in emerging markets
where computational restrictions can prevent the
use of more sophisticated anti-spoofing techniques
on device.

Applications and Benefits of Virtual ATM

Smart Banking Services

Smart banking uses Al, cloud computing, mobile
apps, and data analysis to offer secure, tailored
financial solutions. Virtual ATMs enable instant
account checks, auto-track transactions, detect fraud
early, and suggest customized options. These
features boost operations and let users manage
banking from phones or online tools. Chatbots

powered by Al and biometric login strengthen trust
and protect customer data in current banking
systems (Brown, 2022; IBM, 2024).

Remote Banking and Financial Inclusion

Users can access banking anytime via internet-
connected devices through remote banking. Virtual
ATMs extend service to rural areas lacking physical
banks. Mobile apps, digital wallets, and cardless
withdrawals lower geographic and economic
hurdles. These tools enable fund transfers, balance
checks, and safe payments without going to
branches. This boosts access and engagement in the
digital economy (Smith & Kumar, 2023).

Cashless Transactions

Cashless transactions are the transactions which are
being made by electronic means instead of cash for
the financial transactions. Virtual ATM systems can
be used for QR-code payments, mobile wallets, NFC-
based payments and online fund transfers to
facilitate cashless banking solutions and payments.
Such systems help to lessen reliance on cash
handling, cut down on the time required to process
transactions, and enhance financial transparency. A
cashless economy is being encouraged by
governments and financial institutions globally, as a
way to improve the efficiency of transactions and
minimise financial fraud (Ali & Khan, 2022).

Improved Customer Experience

The use of virtual ATM systems is a key method of
enhancing customers' experience by providing
quick, easy and safe banking services. Convenience
and ease of transactions with features like biometric
authentication,  multilingual  interfaces, 24/7
availability, and mobile integration.

Recommendation systems and chatbots powered by
Al also help customers with banking inquiries in a
timely manner. Contactless and cardless banking
services are also crucial for improving the customer
experience, as they allow for safer and faster
transactions, particularly during emergency or
remote situations (WHO, 2022) (Chen, 2024).
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Cost Reduction in Banking Operations

By alleviating the reliance on traditional ATM
hardware and banking operations, virtual ATM
systems have enabled financial institutions to cut
down on operational and infrastructure expenses.
Cloud Computing and Virtualization Technologies
cut down on hardware deployment, energy usage
and maintenance costs. Automated transaction
processing and Al-based fraud monitoring also
decrease human intervention and operational
inefficiencies. In addition to the above, digital
banking systems are also more scalable and
resource-saving, allowing banks to serve a larger
customer base while spending less on their
operations (Gupta & Verma, 2024)(Kumar, 2023).

Challenges and Limitations

Even with the swift progress of Virtual ATM
technology, there are still some challenges and
limitations that have hindered the widespread
adoption and implementation of Virtual ATM
technology. Cyber security and data privacy is one of
the key concerns. Due to their reliance on internet
connectivity, cloud platforms, and mobile
applications, virtual ATM systems are susceptible to
cyber-attacks like phishing, malware injection,
identity theft, ransomware, and unauthorized access
(Oliveira & Costa, 2023). While advanced encryption
and  multi-factor  authentication  technology
enhances security, cybercriminals are always finding
new ways to exploit these technologies for financial
transactions and sensitive customer information.

This is also a major constraint: reliance on solid
Internet and digital infrastructure. However, limited
internet connectivity and lack of digital literacy in
many rural and underdeveloped areas hinder the
ability to effectively use Virtual ATM services (World
Bank, 2023). Financial inclusion efforts can thus be
challenged in a low-tech region. Moreover, older
people and non-technical customers might find it
challenging to adjust to complete digitized banking
environments consequently decreasing customers'
acceptance and trust in virtual banking systems.

Ethics and privacy issues are another big factor in the
adoption of Virtual ATM. Today, biometric
authentication like fingerprint, facial recognition and

iris scan are used in many modern systems in order
to make secure transactions. Inappropriate storage
or handling of biometric data can result in significant
privacy breaches and identity issues (Thomas &
Zhao, 2024). Moreover, the use of Al and ML in fraud
detection can also lead to algorithmic bias, incorrect
predictions, and transparency concerns, particularly
if the training data is not comprehensive or
balanced.

Another obstacle for the banking institutions is the
high implementation and maintenance costs.
Establishing secure cloud infrastructure,
implementing Al-driven fraud detection solutions
and ensuring regulatory adherence demands
substantial efforts in hardware, software, and
cybersecurity frameworks (Mordor Intelligence,
2024). However, with financial constraints, especially
for small and medium-size financial institutions, it
may be challenging to have such advanced
technologies.  Furthermore, meeting banking
requirements, data  security policies and
international security protocols is a complicated and
ever-changing procedure. Thus, while VA systems
provide smart and convenient banking services,
addressing security vulnerabilities, infrastructure
constraints, privacy concerns, and costs is crucial for
secure and sustainable digital banking systems
(Zubair & Nasreen, 2023).

Comparative Analysis of Existing Systems
Banking technology has reshaped ATM services from
basic card-dependent units to advanced Virtual ATM
solutions. Old ATMs used debit or credit cards paired
with PINs for operations. These upgrades made
banking easier and cut down staffing demands. Yet
they face risks like card copying, PIN breaches, visual
theft, and software threats. Their reliance on fixed
hardware and network setups also drives up setup
and ongoing repair expenses.

Cardless ATMs now use QR codes, One-Time
Passwords, and mobile banking features to cut
reliance on physical cards and boost ease of use and
speed. Still, risks like phishing, OTP theft, and weak
phone security remain concerns. Recently, Virtual
ATM solutions have grown popular through mobile
apps, cloud platforms, biometrics, and contactless
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methods offering safer remote banking (Smith &
Kumar, 2023). They offer flexible access from any
time or place while lowering banks' operating
expenses. Customers benefit from improved service
and greater flexibility without needing physical visits.
Al-powered virtual ATMs boost bank safety and
performance using smart fraud alerts, behavior
tracking, and proactive oversight. Real-time analysis
by Al and machine learning detects unusual activity,
reducing fraud and strengthening risk control.
Biometric tools like face scan, fingerprint checks, and
eye pattern reading provide stronger protection
than standard PINs. These systems also enable

Virtual ATMs using blockchain technology introduce
a new phase in secure digital banking. This system
enables decentralized transaction checks, full
transparency, and unchangeable records, lowering
risks tied to central bank databases (Ali & Khan,
2022). Still, such platforms encounter issues with
scale, connection between networks, and
compliance rules. Analysis shows that combining Al,
cloud services, biometrics, and blockchain gives
virtual ATMs better safety, growth potential,
performance, and ease of use versus standard ATM
setups. As a result, smart Virtual ATMs will
significantly influence upcoming digital finance

tailored financial features and flexible login environments and connected financial systems
protocols. (Chen, 2024).
Features / Parameters Traditional ATM
Table 1: Comparative Analysis of Existing System use in ATM
Features / Traditional Cardless Virtual ATM Al-Enabled Blockchain-
Parameters ATM ATM System Virtual Based Virtual
System System ATM ATM
Authentication | Card+PIN | OTP/QR | Mobile App+ | Biometric+ Blockchain
Method Code OTP Al Wallet +
Verification Biometric
Physical Card Required Not Not Required Not Not Required
Requirement Required Required
Transaction Physical ATM + | Fully Digital / | Intelligent Decentralized
Mode ATM Only Mobile Virtual Digital Transactions
Banking
Security Level Moderate High High Very High Extremely
High
Fraud Detection Limited Basic Real-Time Al-Based Immutable
Monitoring Alerts Fraud Transaction
Detection Validation
User Medium High Very High Very High High
Convenience
Biometric Rarely Used | Optional Supported Strongly Integrated
Authentication Integrated
Contactless Limited Supported Fully Fully Fully
Transactions Supported Supported Supported




Sahazad Ahmad, International Journal of Science, Engineering and Technology,

2026, 14:2
Cloud Minimal Partial High High Distributed
Integration Ledger
Scalability Moderate High Very High Very High High
Transaction Moderate Fast Fast Intelligent Moderate
Speed Optimizatio
n
Operational High Medium Low Medium Medium
Cost
Cybersecurity Basic OTP-Based | Multi-Factor Al + Cryptographic
Protection Encryption Security | Authentication | Behavioral Security
Analytics
Dependency on High Medium Low Low Low
Physical
Infrastructure
Financial Moderate High Very High Very High High
Inclusion
Support
Al Integration Not Limited Partial Fully Partial
Available Integrated
Transparency Moderate Moderate High High Very High
and
Auditability
Future Low Medium High Very High Very High
Readiness

VI. CONCLUSION

By combining cutting-edge digital technologies like
Artificial Intelligence, cloud computing, blockchain,
biometrics, NFC, and mobile banking platforms,
virtual ATM systems have become a game-changer
in today's banking landscape. Virtual ATM systems
offer not only greater security,

better access, lower operating costs, and greater
customer convenience, but also offer significant
advantages over traditional ATM infrastructures. The
study shows that technologies like biometric
authentication, Al-driven fraud detection, and
contactless transaction methods can improve the

security of traditional banking systems, which are
vulnerable to card skimming, PIN theft, and
unauthorized access. Furthermore, cloud-connected
and ATM-as-a-Service architectures improve
scalability, centralized management, and service
reliability in digital banking environments.

The study also emphasizes the increasing role of
Virtual ATM systems in the financial inclusion and
tele-banking, and in making it easier for the elderly
and visually impaired, as well as for building cashless
economies. While these benefits exist, there are still
a number of challenges that need to be addressed,
such as cybersecurity concerns, privacy issues with
biometric data, network dependency, regulatory
compliance and implementation costs. While

2
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blockchain and Al technologies offer potential
solutions for secure and intelligent transaction
management, there are still challenges to address
regarding scalability, interoperability, and ethical
considerations. In conclusion, the banking landscape
is poised for a transformation into a fully digital,
contactless, and intelligent financial ecosystem,
where Virtual ATM systems will be instrumental in
meeting the evolving demands of customers and
markets across the globe while ensuring secure,
scalable, and user-centric banking services.
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