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Abstract - The global digital payments ecosystem is 

undergoing rapid transformation driven by embedded 

finance, contactless commerce, smart mobility 

infrastructure, Internet of Things (IoT)-enabled 

systems, and real-time payment technologies. 

Transportation-linked payment infrastructures such as 

RFID-enabled toll systems, transit wallets, vehicle-

linked payment ecosystems, and mobility payment 

platforms are increasingly evolving beyond 

transportation use cases into broader merchant 

commerce ecosystems. 

Globally, payment ecosystems such as E-ZPass in the 

United States, ERP systems in Singapore, ETC 

infrastructure in China, and Mobility-as-a-Service 

(MaaS) ecosystems across Europe demonstrate 

increasing convergence between transportation 

infrastructure, digital identity systems, merchant 

commerce, and embedded financial services. 

Simultaneously, the rapid growth of real-time digital 

payment systems such as UPI has increased exposure to 

fraud risks including QR-code manipulation, merchant 

impersonation, unauthorized transaction initiation, and 

social engineering attacks. 

This study proposes a conceptual framework for 

transforming RFID-enabled transportation payment 

infrastructures into scalable merchant commerce 

ecosystems while simultaneously integrating RFID-

based merchant validation and proximity 

authentication as supplementary risk mitigation layers 

for real-time payment systems. The proposed 

framework integrates RFID infrastructure, merchant 

acquiring systems, tokenization layers, cloud-based 

payment orchestration, AI-driven fraud monitoring, 

and mobility-linked financial ecosystems. 

The paper contributes to the emerging literature on 

embedded finance, smart mobility, merchant acquiring 

innovation, digital payment security, and 

transportation-linked commerce ecosystems by 

positioning RFID-enabled transportation payment 

infrastructure not merely as a toll collection 

mechanism, but as a foundational embedded financial 

ecosystem capable of supporting intelligent global 

commerce, secure contactless transactions, and next-

generation mobility-linked financial services. 

I. INTRODUCTION 

 

The global financial services industry is undergoing 

significant transformation driven by: 

• Digital banking  

• Embedded finance  

• Contactless commerce  

• Real-time payments  

• Smart mobility ecosystems  

• AI-driven financial infrastructure  

• IoT-enabled payment systems  

Digital commerce increasingly demands frictionless, 

context-aware, and intelligent payment systems 

capable of supporting transactions across 

transportation, retail, urban infrastructure, logistics, 

and mobility ecosystems. 

Transportation-linked payment systems have 

emerged as important components of this 

transformation. Initially designed for toll collection 

and transit fare management, RFID-enabled 

transportation infrastructures are increasingly 

evolving into broader financial ecosystems 

integrating: 

• Merchant payments  

• Parking systems  

• Fuel transactions  

• Fleet management  

• EV charging  

• Retail commerce  

• Smart city infrastructure  

• Mobility-linked financial services  

Several countries have developed large-scale 

transportation-linked payment infrastructures 

including: 

• E-ZPass in the United States  

• Electronic Road Pricing (ERP) in Singapore  

• Electronic Toll Collection (ETC) systems in 

China  
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• Mobility-as-a-Service (MaaS) ecosystems 

in Europe  

• FASTag in India  

These ecosystems collectively demonstrate 

convergence between: 

• Transportation infrastructure  

• Embedded finance  

• Merchant acquiring systems  

• Mobility commerce  

• Digital identity systems  

• Context-aware payment architectures  

Simultaneously, the rapid growth of real-time digital 

payment systems globally has also increased 

exposure to payment fraud risks including: 

• QR-code fraud  

• Merchant impersonation  

• Phishing attacks  

• Unauthorized payment requests  

• Identity theft  

• Social engineering fraud  

• Device compromise  

• Remote payment manipulation  

Most real-time payment ecosystems currently rely 

on: 

• Mobile authentication  

• OTP verification  

• QR scanning  

• Tokenized credentials  

• Virtual payment identifiers  

• Device binding  

However, these systems often lack: 

• Physical presence validation  

• Context-aware merchant authentication  

• Proximity-based payment verification  

• Vehicle-linked transaction intelligence  

This study proposes that RFID-enabled 

transportation infrastructures can serve dual strategic 

roles: 

1. As scalable merchant commerce 

ecosystems.  

2. As supplementary authentication and fraud 

mitigation frameworks for real-time 

payment systems.  

The paper develops a global conceptual framework 

integrating: 

• RFID infrastructure  

• Merchant acquiring systems  

• API banking  

• Payment orchestration  

• AI-driven fraud analytics  

• Mobility-linked identity systems  

• Smart city infrastructure  

• Contactless commerce ecosystems  

The study contributes to literature on: 

• Embedded finance  

• Smart mobility  

• Merchant acquiring innovation  

• Digital payment security  

• RFID-enabled commerce  

• Intelligent payment systems  

• Transportation-linked financial ecosystems  

by positioning transportation-linked payment 

infrastructure as a foundational layer for next-

generation global digital commerce. 

 

II. GLOBAL EVOLUTION OF 

TRANSPORTATION-LINKED PAYMENT 

ECOSYSTEMS 

 

Transportation-linked payment systems have evolved 

significantly due to: 

• Urbanization  

• Transportation modernization  

• Digital payment adoption  

• Smart city initiatives  

• Mobility digitization  

• Expansion of contactless commerce  

Initially focused on toll collection and transit 

payments, these systems increasingly support 

broader merchant and embedded finance ecosystems. 

 

2.1 United States: E-ZPass and Vehicle Commerce 

The United States developed one of the largest RFID-

based toll ecosystems through E-ZPass. 

The ecosystem expanded into: 

• Airport parking  

• Urban parking  

• Fleet payment systems  

• Drive-through commerce pilots  

• Mobility-linked payment systems  

Connected vehicle commerce initiatives further 

enabled: 

• Vehicle-linked authentication  

• Context-aware payments  

• Intelligent transportation commerce  

The U.S. ecosystem demonstrates scalability of 

RFID-enabled mobility payments beyond 

transportation use cases. 

 

2.2 Singapore: ERP and Smart Nation Infrastructure 

Singapore’s ERP ecosystem integrates: 

• Congestion pricing  
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• Urban traffic management  

• Smart mobility  

• Contactless payment systems  

• Digital identity infrastructure  

Singapore’s Smart Nation initiatives further 

integrated: 

• Transportation systems  

• Mobility-linked commerce  

• Smart parking  

• Intelligent transportation payments  

The Singapore model demonstrates convergence 

between transportation infrastructure and smart city 

commerce ecosystems. 

 

2.3 China: ETC and Super-App Integration 

China’s ETC ecosystem integrates with: 

• WeChat Pay  

• Alipay  

• Smart transportation ecosystems  

• Mobility commerce platforms  

Chinese transportation payment ecosystems support: 

• Fuel payments  

• EV charging  

• Smart parking  

• Fleet management  

• Retail commerce  

• Logistics payments  

China demonstrates large-scale integration between 

transportation infrastructure and embedded finance 

ecosystems. 

 

2.4 Europe: Mobility-as-a-Service (MaaS) 

European ecosystems increasingly support: 

• Unified transportation payments  

• Smart transit wallets  

• Mobility subscriptions  

• Urban commerce integration  

• Smart parking ecosystems  

Countries including: 

• Germany  

• Netherlands  

• Sweden  

• United Kingdom  

have implemented integrated mobility commerce 

systems combining transportation, retail, and digital 

financial services. 

 

III. LITERATURE REVIEW 

 

Existing literature extensively examines: 

• Digital payment ecosystems  

• Contactless commerce  

• Merchant acquiring systems  

• Transportation payments  

• Embedded finance  

• Smart mobility infrastructure  

Research on RFID systems suggests: 

• Reduced transaction friction  

• Improved operational efficiency  

• Faster transaction processing  

• Enhanced customer convenience  

Merchant acquiring literature focuses on: 

• Transaction routing  

• Merchant onboarding  

• Settlement systems  

• Payment orchestration  

• Fraud monitoring  

Embedded finance research highlights integration of 

financial services within: 

• Transportation ecosystems  

• Retail ecosystems  

• Digital platforms  

• Mobility commerce environments  

Technology Acceptance Model (TAM) studies 

indicate that: 

• Convenience  

• Ease of use  

• Security  

• Familiarity  

• Transaction speed  

significantly influence adoption of contactless 

payment systems. 

However, limited literature exists on: 

• RFID-enabled merchant payments  

• Transportation-linked embedded commerce  

• RFID-based UPI risk mitigation  

• Vehicle-linked payment authentication  

• Context-aware payment systems  

This study attempts to address these gaps. 

 

IV. RESEARCH GAP 

 

Existing research primarily focuses on: 

• Toll collection systems  

• Transit fare management  

• Transportation efficiency  

• Contactless transit payments  

• UPI payment growth  

Limited research exists on: 

• RFID-enabled merchant acquiring  

• Vehicle-linked commerce ecosystems  



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 203033            INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY  9619 

• Transportation-linked embedded finance  

• RFID-based merchant authentication  

• Proximity-based payment verification  

• RFID-enabled fraud mitigation for real-time 

payments  

The study addresses these gaps by proposing a global 

framework integrating transportation-linked RFID 

infrastructure with merchant commerce and 

intelligent payment security systems. 

 

V. RESEARCH OBJECTIVES 

 

The study aims to: 

1. Examine evolution of RFID-enabled 

transportation payment systems globally.  

2. Evaluate potential of RFID infrastructure in 

merchant commerce ecosystems.  

3. Analyze integration opportunities between 

RFID systems and merchant acquiring 

platforms.  

4. Evaluate RFID-enabled authentication as a 

fraud mitigation framework for real-time 

payments.  

5. Examine implications for smart mobility 

and embedded finance ecosystems.  

6. Develop a conceptual framework for 

intelligent transportation-linked commerce 

systems.  

 

VI. RESEARCH QUESTIONS 

 

RQ1 

Can transportation-linked RFID systems evolve into 

scalable merchant commerce ecosystems? 

RQ2 

How can RFID infrastructure integrate with merchant 

acquiring systems? 

RQ3 

Can RFID-enabled authentication mitigate fraud 

risks in real-time payment systems? 

RQ4 

What operational and regulatory challenges exist in 

RFID-enabled commerce ecosystems? 

RQ5 

How can smart mobility infrastructure support 

embedded financial ecosystems? 

 

VII. THEORETICAL FRAMEWORK 

 

The study is grounded in: 

• Embedded Finance Theory  

• Smart Mobility Theory  

• Platform Ecosystem Theory  

• Technology Acceptance Model (TAM)  

Embedded Finance Theory 

Financial services increasingly integrate within non-

financial ecosystems such as transportation and 

mobility platforms. 

Smart Mobility Theory 

Transportation infrastructure increasingly integrates 

payments, commerce, and intelligent urban systems. 

Platform Ecosystem Theory 

Transportation payment systems function as multi-

sided ecosystems connecting: 

• Banks  

• Merchants  

• Mobility providers  

• Consumers  

• Payment processors  

Technology Acceptance Model 

Convenience, speed, security, and trust drive 

adoption of RFID-enabled commerce systems. 

 

VIII. PROPOSED RFID-ENABLED MERCHANT 

COMMERCE ECOSYSTEM 

 

The proposed framework extends transportation-

linked RFID infrastructure into broader merchant 

ecosystems. 

Proposed Use Cases 

Fuel Stations 

Vehicle-linked automated payments. 

Drive-Through Restaurants 

Hands-free payment authorization. 

Smart Parking 

Unified urban mobility payments. 

EV Charging 

Automated charging authorization and settlement. 

Retail Commerce 

Fast checkout through RFID-linked customer 

authentication. 

Logistics Ecosystems 

Fleet-linked transaction management. 

Smart City Commerce 

Integrated transportation and urban commerce 

ecosystems. 

 

IX. RFID-ENABLED UPI RISK MITIGATION 

FRAMEWORK 

 

The rapid growth of UPI transactions has increased 

exposure to: 

• QR-code fraud  

• Fake merchants  
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• Social engineering  

• Unauthorized payment requests  

The study proposes RFID-enabled proximity 

validation as a supplementary risk mitigation layer. 

Proposed Payment Flow 

RFID Device/Vehicle → Merchant RFID Reader → 

Merchant POS → UPI Request → Customer 

Authorization → Bank Validation → Settlement 

 

X. RISK MITIGATION BENEFITS 

 

Physical Presence Validation 

RFID confirms customer proximity to merchant 

location. 

Merchant Authentication 

Approved merchant terminals are validated through 

RFID-linked infrastructure. 

Reduced QR Fraud 

Dependency on static QR codes decreases. 

Context-Aware Transactions 

Payments validated using: 

• Location  

• Merchant device ID  

• Vehicle presence  

• Behavioral analytics  

Enhanced Fraud Analytics 

RFID-generated metadata improves fraud monitoring 

systems. 

 

XI. TECHNOLOGY INFRASTRUCTURE 

 

Key enabling technologies include: 

• RFID systems  

• NFC-enabled POS terminals  

• API banking  

• Tokenization  

• AI fraud monitoring  

• Cloud-based settlement systems  

• Smart mobility platforms  

• IoT infrastructure  

• Merchant acquiring systems  

 

XII. MERCHANT ACQUIRING INTEGRATION 

 

Merchant acquiring systems play central roles in: 

• Merchant onboarding  

• Transaction routing  

• Settlement management  

• Fraud analytics  

• Tokenized payment processing  

• Interoperability management  

Modern acquiring systems increasingly function as 

embedded commerce infrastructure. 

 

XIII. REGULATORY AND PRIVACY 

CONSIDERATIONS 

 

Key concerns include: 

• Data privacy  

• Location tracking  

• Unauthorized RFID scanning  

• Customer consent  

• Transaction surveillance  

• Payment authorization frameworks  

Important regulatory areas include: 

• PCI-DSS  

• Data protection laws  

• RBI guidelines  

• Tokenization mandates  

• Smart mobility regulations  

 

XIV. RISK MANAGEMENT FRAMEWORK 

 

Recommended safeguards include: 

• Multi-factor authentication  

• Dynamic tokenization  

• Geo-fencing  

• Device fingerprinting  

• AI-driven fraud analytics  

• Transaction alerts  

• Merchant whitelisting  

• Context-aware transaction scoring  

 

XV. RESEARCH METHODOLOGY 

 

Research Design 

Mixed-method exploratory research. 

Primary Data 

• Merchant interviews  

• Consumer surveys  

• Mobility operator interviews  

• Acquiring bank discussions  

Secondary Data 

• Transportation reports  

• Digital payment statistics  

• Smart city studies  

• RFID commerce research  

 

XVI. EXPECTED FINDINGS 

 

The study expects to demonstrate: 
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1. RFID-enabled transportation infrastructure 

can evolve into merchant commerce 

ecosystems.  

2. RFID-enabled authentication may improve 

payment security.  

3. Transportation-linked commerce may 

support embedded finance expansion.  

4. Smart mobility infrastructure may become 

foundational to intelligent commerce 

ecosystems.  

5. Merchant acquiring systems may 

significantly benefit from RFID-enabled 

commerce integration.  

 

XVII. STRATEGIC IMPLICATIONS 

 

Banks 

• New transaction revenue streams  

• Embedded finance expansion  

• Enhanced fraud management  

Merchants 

• Faster checkout  

• Reduced fraud exposure  

• Improved customer experience  

Governments 

• Smart city enablement  

• Transportation modernization  

• Digital commerce growth  

Fintechs 

• Mobility commerce innovation  

• Intelligent payment systems  

• Vehicle-linked financial services  

 

XVIII. CONCLUSION 

 

Transportation-linked RFID payment infrastructures 

are evolving beyond toll collection and transit 

payments into broader embedded commerce 

ecosystems. Global developments across the United 

States, Singapore, China, Europe, and India 

demonstrate increasing convergence between 

transportation infrastructure, merchant acquiring 

systems, digital identity, and embedded finance 

architectures. 

The study proposes that RFID-enabled transportation 

infrastructure can serve dual strategic roles: 

1. Enabling scalable mobility-linked merchant 

commerce ecosystems.  

2. Supporting intelligent fraud mitigation 

frameworks for real-time digital payment 

systems.  

The integration of RFID infrastructure with merchant 

acquiring systems, AI-driven fraud monitoring, 

tokenization frameworks, and context-aware 

authentication systems may significantly improve: 

• Payment security  

• Customer convenience  

• Merchant efficiency  

• Embedded financial service delivery  

As smart mobility ecosystems and real-time payment 

systems continue expanding globally, RFID-enabled 

transportation payment infrastructures may emerge 

as foundational components of next-generation 

intelligent commerce and embedded financial 

ecosystems. 

Glossary 

Term Definition 

RFID Radio Frequency Identification technology enabling wireless identification 

and authentication. 

Embedded Finance Integration of financial services within non-financial ecosystems. 

Smart Mobility Integration of transportation infrastructure with intelligent digital 

technologies and payment systems. 

Merchant Acquiring Infrastructure enabling merchants to accept digital payments. 

Mobility Commerce Commerce integrated with transportation and mobility ecosystems. 

UPI Unified Payments Interface enabling real-time digital payments. 

NFC Near Field Communication technology enabling contactless transactions. 

Tokenization Replacement of sensitive payment data with encrypted digital tokens. 

IoT Internet of Things infrastructure connecting smart devices and systems. 

API Banking Banking integrations enabled through APIs. 

Payment 

Orchestration 

Technology layer managing payment routing and optimization. 

Context-Aware 

Authentication 

Transaction validation using location, device, behavioral, and proximity 

intelligence. 
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MaaS Mobility-as-a-Service integrating transportation and commerce ecosystems. 

Smart City Urban ecosystem integrating digital infrastructure, mobility, and intelligent 

commerce systems. 

Contactless 

Commerce 

Payment ecosystem enabling frictionless digital transactions without 

physical contact. 

Vehicle-Linked 

Payments 

Transactions authenticated through vehicle identity infrastructure. 
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