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Executive Summary

The evolution of digital commerce has ushered in the era of invisible payments, characterized by 
minimal user intervention across connected ecosystems and IoT devices. This trajectory is now 
accelerating into agentic commerce, where AI-driven autonomous agents manage frictionless 
payments, context-aware purchasing, term negotiations, and financial optimization for both users and 
enterprises.

To support this critical shift, modern agentic commerce frameworks require a multi-layered 
architecture that focuses on agent identity, transaction oversight, machine-to-machine negotiation, and 
zero-trust security. While current protocols, including OAuth-based delegated authorization, tokenized 
credentials, open banking APIs, and early smart contract implementations, provide a crucial foundation, 
significant challenges remain. These include standardizing agent identities, establishing liability 
assignments, ensuring auditable decision-making intelligence, and fully securing autonomous 
negotiation protocols.

These innovations have a profound, immediate impact on high-volume sectors, such as fast-moving 
consumer markets and Quick Service Restaurants QSRs. They enable single-tap payments, wearable 
transactions, and automated subscription management. Critically, this convenience is accompanied by 
exponentially compounded risks, including increased online payment fraud, extensive privacy 
breaches, and complex dispute resolution processes.

This whitepaper equips CxOs, Chief Payments Officers, VPs of Engineering, Payment Heads, Product 
Leaders, and IT executives with strategic frameworks to secure invisible payments. Leaders will gain 
actionable guidance to balance innovation with systemic risk mitigation, ensuring both operational 
efficiency and enduring customer trust in the era of agentic commerce.
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The Rise of Invisible Payments

How Invisible Payments Operate

Invisible payments execute transactions 
automatically without real-time user action, 
while agentic commerce extends this by 
enabling AI agents to make context-aware 
financial decisions on behalf of users and 
enterprises. Securing this model requires a 
multi-layered approach combining tokenization, 
secure APIs, delegated and standardized agent 
identities, machine-readable protocols, and a 
comprehensive zero-trust framework.

The Strategic Imperative of Invisible 
Payments

Invisible payments extend beyond checkout 
efficiency to enable autonomous commerce, 
where AI agents initiate and optimize payments 
with minimal user involvement. This model 
powers subscriptions, instant micro-payments, 
and context-aware transactions across sectors 
like transit and QSRs, enhancing customer 
experience and operational efficiency. As 
reliance on automation grows, cybersecurity 
becomes critical, requiring continuous agent 
identity verification, real-time transaction 
monitoring, and sustained trust across digital 
ecosystems.

The Hidden Cost: Systemic Risk in 
Frictionless Payments

Reduced human involvement enables seamless 
automated payments but significantly amplifies 
security risk as authentication and oversight 
diminish. As invisible payments evolve into 
agent-driven systems, they demand layered 
cybersecurity controls, strong governance, and 
continuous trust validation to prevent fraud, 
data breaches, and operational failures.

These security failures directly threaten the 
enterprise's financial stability, regulatory 
compliance, and brand reputation. According to 
2024 statistics, the global average cost of a 
data breach has surged to $4.883 million 3, 
representing a 10%  rise from 2023. 
Cyberattacks are becoming exponentially more 
complex alongside the rapid evolution of 
technology, demanding constant vigilance and 
the immediate implementation of robust, 
continuous security protocols.

In this high-stakes landscape, cybersecurity 
emerges as the indispensable foundation for 
ensuring the reliability and solvency of 
machine-driven transactions.

$4.88M
The global average cost for a data 
breach in 2024, a 10%  increase YoY 
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Marketing Forces Driving Invisible Payments

Global Growth Projections & 
Investment Mandates

Invisible payments are fundamentally reshaping 
the financial landscape, projected to reach 
$2.27 trillion by 2034 with an impressive 18.2%  
Compound Annual Growth Rate CAGR. This 

expansion is a global phenomenon. While the 
Asia-Pacific region spearheads the surge, 
driven by rapid advancements in AI, biometrics, 
IoT ecosystems, tokenization, and widespread 
mobile wallet adoption, North America and 
Europe currently lead the overall adoption 
rates. 

Exhibit 1 Projected growth of invisible payments market 20242034
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Key growth drives: 
• AI & Biometrics
• IoT & Tokenization
• Mobile Wallets

Key Challenges: 
• Data Privacy & Fraud
• PSD2 & Compliance
• Account Takeover Risks

$2,274B

Source: TCS

https://www.tcs.com/what-we-do/industries/banking/white-paper/invisible-digital-payments
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Emerging markets in the Middle East, Africa, 
and Latin America are also contributing to 
steady growth, collectively reshaping traditional 
payment ecosystems worldwide.

Rapid growth driven by digital infrastructure is 
intensifying cyber risks, including privacy 

threats, advanced fraud, account takeovers, 
and evolving regulatory compliance. In 
response, industry leaders are investing in AI
driven fraud detection, Zero Trust 
architectures, advanced encryption and 
biometrics, and collaborative cybersecurity 
initiatives to enable secure, scalable adoption.

Exhibit 2 Invisible payment solutions market

Note: The images shown are for illustration purposes only and may not be an exact representation of the data.
Source: Polaris Market Research  

Size, By Region, 20202034 
USD Billion)

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

North America Europe Asia P acific Middle East & Africa Latin America

18.2% Global Market CAGR 
The global invisible payment 
solutions market is estimated to 
reach 2,274.13 billion by 2034

428.66

https://www.polarismarketresearch.com/industry-analysis/invisible-payment-solutions-market?utm_source=chatgpt.com
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High-Velocity Sectors Validating 
Market Expansion

The global QSR market, valued at USD 971.36 
billion in 2024, is projected to nearly double 
USD 1.93 trillion by 2032 (a CAGR of 9.01% , 
driven by demand for speed and convenience. 
This growth is heavily dependent on 
frictionless, contactless payment technologies 
that enable digital ordering, real-time tracking, 
and seamless, low-touch customer 
experiences.

Building on the transformation seen in QSRs, 
Mass transit systems are rapidly adopting 
invisible payments through Account-Based 
Ticketing, enabling seamless, contactless fare 
collection via cards, wallets, and wearables. 
While this infrastructure accelerates urban 
mobility and automated payments, it also 
increases cybersecurity risk, making proactive, 
scalable security frameworks essential to 
protect high-volume transaction data and 
maintain public trust.

Key Drivers of Invisible Payments 
Growth

Three core drivers underpin this market growth:

Accelerated Demand: The consumer mandate 
for frictionless experiences is driving the 
strategic prioritization of agentic commerce 
models across all verticals.

Technological Readiness: Breakthroughs in 
biometric authentication, tokenization, AI
powered payment routing, and secured 
gateways enhance system security, speed, and 
overall efficiency.

Widespread Integration: An increasing number 
of sectors, including Transit, Retail, and Smart 
Cities to Healthcare, are aggressively 
integrating these payment capabilities to 
simplify transactions and optimize customer 
experiences.

Exhibit 3 Quick service restaurants market to grow at 9.01% CAGR during 20252032

971.36 1,055.48

1,930.14

202 4 202 5 2032

Source: Fortune Business Insights

Quick service restaurants market size
US$ billion) 

https://www.fortunebusinessinsights.com/quick-service-restaurants-market-103236
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Invisible Payments in Action: Global Use Cases

Although agentic commerce is still evolving, 
sectors like QSR, retail, and mass transit 
already demonstrate their foundations, serving 
as early testbeds for invisible payments. These 
deployments highlight both the efficiency gains 
and the advanced cybersecurity needed to 
secure AI-orchestrated, low-touch financial 
interactions.

Amazon “Just Walk Out” Technology 

Case Study Context: Currently used in Amazon 
Go, Amazon Fresh, and select partner retail 
locations, this is the industry's prime example 
of a frictionless, invisible payment model in 
physical commerce.

Implementation Approach: The system 
leverages advanced AI, combining computer 
vision, sensors, and deep learning, to 
continuously track customer interactions and 
automatically manage a real-time, virtual 
shopping cart.

Invisible Payment Mechanism: Customers are 
authenticated on entry via the Amazon app or 
Amazon One palm recognition, and purchases 
are automatically charged to their Amazon 
account on exit, removing the need for 
checkout.

Agentic Commerce Dimension: AI functions as 
an autonomous agent, identifying customers, 
managing virtual carts, and executing payments 
in real time based on user behavior and 
physical actions.

Trigo & Standard AI  Enabling Legacy 
Retrofit Intelligence 

Case Study Context: Trigo and Standard AI 
work with retailers like Tesco and Aldi to 
convert traditional grocery stores into 
checkout-free environments, enabling scalable 
transformation without overhauling legacy 
infrastructure.

Implementation Approach: They use AI-driven 
computer vision and sensor analytics to track 
product interactions and associate them with 
individual shoppers in real time across existing 
store layouts.

Invisible Payment Mechanism: On exit, the AI 
system instantly completes the transaction and 
charges the shopper’s linked payment method 
without human intervention.

Agentic Commerce Dimension: This reflects 
mature agentic orchestration, with AI operating 
as a transactional agent that adapts to complex 
retail environments and integrates seamlessly 
with existing POS and inventory systems.

Ride-Hailing Platforms Uber, Ola, Lyft) 
– Everyday Invisible Payments at Scale

Case Study Context: Ride-hailing platforms like 
Uber, Ola, and Lyft exemplify invisible 
payments at scale, processing millions of 
transactions daily without explicit payment 
actions.

Implementation Mechanism: After a ride ends, 
the platform automatically charges the user’s 
registered payment method in the background, 
with no manual payment action required. 

Invisible Payment Experience: At drop-off, no 
user or driver action is required payments are 
completed automatically, enabling a fully 
contactless and autonomous experience.

Agentic Commerce Dimension: The platform’s 
backend AI acts as a transactional agent, 
detecting ride completion and executing 
automatic payments based on predefined logic, 
an early example of large-scale agentic 
payment orchestration. 
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Subscription Renewals and One-Click 
Commerce 

Case Study Context: Platforms like Netflix, 
Amazon, and Spotify illustrate invisible 
payments through automatic subscriptions and 
one-click purchases, reflecting expectations for 
seamless digital commerce.

Implementation Mechanism: Users pre-
authorize payments by securely storing card or 
payment IDs, enabling automatic renewals and 
purchases without repeated consent or 
credential entry. 

Invisible Payment Experience: Payments are 
processed securely in the background for 
renewals and one-click purchases, eliminating 
the need for traditional, action-heavy checkout 
flows.

Agentic Commerce Dimension: With initial 
consent in place, autonomous agents execute 
context-aware, scheduled transactions, 
reducing friction, increasing conversions, and 
enabling agentic payment ecosystems.

The New Cyber Attack Surface: 
Vulnerabilities in Frictionless Systems

API Surface Expansion and Exploitation Risk: 
Embedded financial services face growing API 
attack surfaces, creating vulnerabilities as 
payment authorization moves from user 
interfaces to machine-to-machine interactions.

Data Breach Exposure: In invisible payments, 
even minor breaches can expose sensitive data 
and biometrics, causing financial loss, identity 
misuse, and erosion of system trust.

Device Theft and Credential Compromise: 
Relying on mobile devices, wearables, and 
biometrics expands attack surfaces, allowing 
stolen identifiers to enable unauthorized 
transactions across systems without manual 
authentication.

AIDriven Fraud and Synthetic Identity 
Manipulation: Cybercriminals are using AI and 
ML to bypass traditional fraud defenses, 
employing deepfakes and synthetic identities to 
exploit financial systems.

Malware Infiltration Across the Ecosystem: 
Malware remains a persistent threat, infiltrating 
banking systems to steal login credentials and 
transaction data from servers and user devices.

Social Engineering and Verification Bypass: 
Risks such as Phishing, identity impersonation, 
and social engineering increasingly target 
frictionless payments, exploiting reduced user 
verification to bypass traditional controls.

Strategic Cybersecurity Trends for 
Invisible Payments

In response to the above emerging risks, 
cybersecurity for invisible payments is evolving 
across several key strategic trends:

• AIPowered, Real-Time Fraud Detection
Invisible payments, smart kiosks, and AI
driven commerce generate high-volume, 
low-touch transactions that demand real-
time, intelligence-led protection. Defensive AI 
and machine learning enable continuous 
behavioral monitoring and early anomaly 
detection, countering increasingly automated, 
AI-driven attacks with adaptive, context-
aware security controls. 

• Invisible Authentication Through Passive 
Security Layers

– Multi-Factor Authentication MFA 
Although MFA remains critical as a 
security measure, it is not always a 
practical choice for invisible payments, as 
its multiple steps can slow down the 
payment process. Therefore, the security 
model must switch to background user 
authentication rather than relying on 
active user verification.

– Biometric authentication: This is 
performed through facial scans at QSR 
kiosks, vehicle-linked identity in drive-thru 
payments, or wearable-based payment 
confirmation in autonomous commerce, 
aiming to build a seamless security 
identity layer. Critically, the biometric data 
must remain encrypted, anonymized, and 
secure to prevent information abuse.
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• Zero Trust as the Core Security Philosophy
In invisible payments, zero-trust continuously 
verify all transactions from devices, agents, 
or IoT sensors, securing payments without 
slowing transaction speed.

• Quantum-Resilient Cryptography for 
Future-Proof Protection
The growth of invisible payments raises long-
term quantum risks, prompting financial 
systems to explore Post-Quantum 
Cryptography PQC) to protect tokens, 
biometrics, and autonomous approvals.

• Secure-by-Design Software for APIDriven 
Payment Flows
Invisible payments depend on tightly 
interconnected APIs, increasing exposure 
across ordering, loyalty, and settlement 
services. Embedding security through SSDLC 
and API threat modeling ensures cyber risk is 
addressed from design through deployment, 
not after launch.

• Regulatory Alignment for Autonomous and 
Invisible Payment Models
As invisible payments grow, regulators are 
extending SCA to AI-driven and agent-
initiated transactions, emphasizing auditable, 
consent-based, and explainable payment 
decisions for compliance.

10© 2026, Opus Technologies
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Regulatory Oversight and Compliance Imperative

The deployment of invisible payments within 
high-volume, interconnected systems, such as 
agentic commerce platforms and QSR 
environments, poses complex regulatory 
challenges. These systems bypass traditional 
authorization techniques, thus attracting intense 
scrutiny regarding data protection, consumer 
rights, systemic risks, and effective compliance 
management.

Strong Customer Authentication 
SCA) and Payment Regulations

Regulations such as the EU’s PSD2 and PSD3 
mandate Strong Customer Authentication 
SCA, requiring user identity verification 
through independent factors. For industries 
adopting invisible payments, compliance is 
increasingly achieved through risk-based 
controls and continuous monitoring. The key 
challenge is to meet these evolving regulatory 
expectations while preserving a seamless, 
frictionless user experience.

Data Privacy and Protection 
Regulations

Invisible payment systems rely heavily on 
personal and device information to conduct 
automated transactions. This data dependence 
necessitates strict adherence to global data 
protection frameworks, including: 

• General Data Protection Regulation 
GDPR, EU

• California Consumer Privacy Act CCPA, US

• Personal Data Protection Bill India, pending 
enactment)For organizations facilitating 
invisible payments, managing data securely is 
paramount. Techniques such as data 
encryption, tokenization, and 
pseudonymization are crucial for mitigating 
regulatory risks and preventing breaches. 
These safeguards must be engineered to 
support real-time, high-volume transactions 
while preserving the frictionless nature of the 
invisible payment experience.

Cybersecurity Standards and 
Guidelines

Regulators set baseline cybersecurity standards 
for payment systems, and adherence is 
essential for enterprises in agentic commerce 
and QSR environments to ensure compliance 
and operational resilience. Key standards 
include: 

• PCI DSS Sets rules for securely handling and 
storing card data across multiple transaction 
points (e.g., mobile wallets, kiosks, AI-based 
checkout).

• ISO 27001 Provides a comprehensive 
framework for managing information security, 
ensuring sensitive user and enterprise 
information remains protected within invisible 
payment systems.

• NIST Cybersecurity Framework & Zero Trust 
Architecture: Supports continuous risk 
assessment and verification checks for every 
user transaction across multiple devices in 
autonomous payment ecosystems. 

• Post-Quantum Cryptography PQC 
Preparedness: Guides organizations in 
preparing for future computing threats that 
may impact encrypted payment data 
processes.

Banks, financial institutions, and merchants 
must actively demonstrate compliance through 
certifications, audits, and regular assessments. 
Organizations must continuously monitor their 
security posture, given the rapidly evolving 
nature of invisible payments.



12© 2026, Opus Technologies

Third-Party Risk and IoT Governance

Invisible payments increasingly depend on 
third-party APIs, cloud platforms, and IoT 
devices, heightening ecosystem risk. 
Regulatory guidance therefore mandates strong 
vendor risk management, secure integration, 
and timely incident reporting to protect 
payment data and system stability. To meet 
these obligations, organizations must perform:

• Comprehensive Vendor Cybersecurity 
Assessments: Evaluate the security 
measures of all third-party providers, 
including cloud platforms, payment 
processors, and IoT-connected devices (e.g., 
intelligent kiosks, ordering systems).

• Contractual Security Obligations: Implement 
strong regulatory agreements with vendors 
that clearly define required cybersecurity 
standards, data protection methods, and 
incident reporting rules.

• Continuous Monitoring of Third-Party 
Systems: Maintain vigilance over vendor 
security and IoT systems, leveraging anomaly 
detection and threat intelligence integration 
to identify and eliminate threats preemptively.

Failure to rigorously manage these third-party 
dependencies can result in significant 
regulatory fines, reputational damage, and an 
unacceptable increase in risk exposure as firms 
expand into extensive ecosystems.

Emerging Regulatory Focus Areas

As invisible payments become more common, 
regulatory bodies are focusing on the following 
associated emerging risks and compliance 
areas:

• Cross-Border Transaction Security: 
Ensuring automated payments across 
international channels remain secure while 
consistently adhering to multi-jurisdictional 
regulations.

• Digital Identity and Biometric Standards: 
Defining clear standards for secure, privacy-
compliant biometric authentication during 
automated transactions (e.g., facial 
recognition in QSR kiosks).

• Consumer Consent and Revocation Rights: 
Focusing on transparency and providing end-
user control to approve, change, or cancel 
invisible payments even when used in fully 
automated environments.

• Systemic Risk from Highly Automated 
Payment Flows: Continuously monitoring 
potential risks that may arise from the rising 
frequency of automated transactions, which, 
if untracked, could lead to large operational 
or financial losses.

Enterprises should engage regulators or 
sandbox programs to align invisible payment 
design with evolving compliance, securing 
innovation while preserving a seamless 
customer experience.
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Critical Cybersecurity Challenges in Invisible Payments

Vulnerability in Automated 
Authentication

Self-executing payments rely on automated 
approaches, such as biometrics, device-
integrated credentials, and SIM-based 
verification, to ensure seamless, frictionless 
transactions. However, this automation 
introduces critical security vulnerabilities:

• Biometric Spoofing: Fraudsters can replicate 
facial features, fingerprints, or voice to 
bypass automated authentication protocols 
used in kiosks, mobile wallets, or agentic 
commerce points.

• SIM Swap Attacks: Hijacked or compromised 
user mobile numbers can enable 
cybercriminals to intercept One-Time 
Passwords OTPs or authentication codes 
critical to invisible payment flows.

• Stolen or Compromised Device Data: 
Exploited devices (smartphones, wearables, 
connected car terminals) allow attackers 
unauthorized access to automated payment 
systems.

To mitigate these risks, a sophisticated multi-
layer authentication strategy is crucial:

• Continuous risk scoring to immediately 
detect transaction legitimacy.

• Behavioral analytics to identify unusual 
activity or deviations from established user 
patterns.

• Adaptive security models that dynamically 
adjust authentication requirements based on 
transaction context and device trust level.

Combining these measures allows 
organizations to protect frictionless user 
experiences while defending against complex 
cyberattacks.

Tokenization & Encryption 
Weaknesses

In high-frequency payment environments, 
tokenization and encryption are essential for 
securing sensitive payment data. However, 
several vulnerabilities can undermine these 
essential security measures:

• Misconfigurations or Errors: Mistakes in 
tokenization systems or encryption protocols 
can accidentally expose sensitive user 
information during automated transactions 
made through kiosks, mobile applications, or 
AI-based commerce platforms.

• Key theft or Mismanagement: Compromised 
cryptographic keys render encryption 
ineffective, leaving confidential payment 
information vulnerable to unauthorized 
access.

• Cross-Channel Replay Attacks: Stolen 
payment tokens can be re-used to execute 
fraudulent transactions across different 
channels (e.g., mobile wallets, drive-thru 
terminals).

To eliminate these risks, financial institutions 
and merchants must follow strict security 
protocols:

• Robust key management practices including 
segregation, rotation, and usage of secure 
storage.

• Regular cryptographic audits to verify the 
strength and integrity of encryption protocols.

• Rigorous testing of tokenization flows 
across all transaction channels to secure 
automated, high-frequency payments.

Enhancing tokenization and encryption 
standards is vital for protecting sensitive 
information, maintaining compliance, and 
preserving frictionless transaction strategies.
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Third-Party and IoT Risk

Automated payments inherently rely on third-
party applications, cloud services, and 
interconnected IoT devices. While these 
integrations deliver seamless convenience, 
they introduce new, expansive surfaces prone 
to complex security challenges:

• Compromised IoT Devices: Networked 
devices (kiosks, connected appliances, 
vehicle payment terminals) can be exploited 
for unauthorized payment transactions or 
data leakage.

• Vulnerable APIs: External APIs used for 
loyalty programs, digital wallets, or 
commerce workflows can become an easy 
bypass for internal security measures and 
manipulate transaction flows.

• Expanding Connected Ecosystem: Growing 
dependency on third-party integrations 
increases overall data exposure, especially 
when security policies are inconsistently 
applied or poorly monitored.

Mitigation strategies for these risks include:

• Securing payment applications via strictly 
enforced Secure Development Lifecycle 
SSDLC) practices and continuous 
vulnerability testing.

• Strong API authentication and access 
controls to guarantee that only authorized 
entities interact with payment endpoints. 

• Continuous monitoring of device behavior 
to identify anomalies and prevent potential 
data breaches in real time.

Employing these strategies efficiently protects 
invisible payments while maintaining data 
integrity and customer trust.

Limits of Real-Time Fraud Detection 

Traditional, static methods of fraud detection 
are often insufficient for touchless payments. 
They struggle to manage the complexities of 
autonomous, high-speed payment flows 
because they rely on fixed rules:

• Adaptive Attack Strategies: Cybercriminals 
continuously change bypass techniques to 
circumvent fixed fraud detection rules, 
primarily targeting transactions made via 
digital agents and unobtrusive payment 
channels.

• Delayed Threat Identification: Traditional 
systems frequently identify fraudulent activity 
too late, increasing financial losses before 
intervention can take place.

Adopting AI and ML-based solutions can help 
mitigate the above challenges:

• Real-Time Anomaly Detection: Effectively 
monitors large volumes of autonomous 
transaction streams across all channels, 
including drive-thru kiosks, agentic 
commerce systems, or mobile applications.

• Cross-Channel Pattern Recognition: 
Identifies subtle, multi-dimensional fraud 
signals by analyzing user behavioral patterns, 
transaction context, and device usage.

• Predictive and Adaptive Fraud Prevention: 
Dynamically adjusts detection models to find 
new or emerging threat patterns, enabling 
proactive measures against fraud without 
disrupting the user's frictionless experience.
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Balancing Consumer Trust 
and Friction

In high-speed environments, maintaining a 
smooth, effortless experience is paramount, yet 
adding excessive security steps can slow the 
process, leading to user frustration, decreased 
adoption, and reduced conversion rates:

• Excessive Security Prompts Reduce 
Convenience
Frequent user authentication, consistent 
alerts, or unnecessary verification disrupts 
the core flow of high-speed, invisible 
payments.

• Trust Depends on Security That Feels 
Invisible to the User
Customers require protection, but if the 
security mechanisms become too obvious or 
intrusive, it can erode trust in the invisible 
payment system itself.

• Over-Engineering Security Can Harm 
Adoption
Even a delay of a few seconds caused by 
repetitive verification can lead to a decline in 
customer numbers or an increase in 
abandonment rates in fast-checkout systems.

To preserve both security and user experience, 
organizations must deploy:

• Adaptive and Context-Aware 
Authentication that initiates additional 
checks only when a detectable anomaly or 
sudden risk is present.

• Behavioral and Passive Biometrics for 
validating user identity without requiring 
explicit user input.

• User-Centric Security Design ensures that 
background protective mechanisms offer 
clear user controls for data transparency and 
consent.

Utilizing intelligent, low-friction techniques 
allows businesses to maintain customer trust, 
comply with regulations, and establish a fast, 
secure, and seamless integrated invisible 
payment system.
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Identity, 
Authentication & 
Authorization

• Risk-based authentication
• Device and identity binding
• Dynamic SCA exemptions
• Delegated authentication models

• Behavioral biometrics
• FIDO2 and passkey-based authentication
• Adaptive Identity and Access Management IAM
• SCA engines, PSD2 and RBI guidelines

Payment Data 
Protection & 
Tokenization

• Network tokenization
• Context-bound tokens
• Per-transaction cryptograms
• PCI DSS scope reduction

• EMV-compliant tokenization
• Secure Elements and Hardware Security 

Modules HSMs
• Format-Preserving Encryption FPE  

API & Integration 
Security

• Strong transport security
• Standards-based authorization
• Threat and abuse protection
• Continuous security posture monitoring

• API gateways
• Service mesh security 
• Open Banking–aligned security

Transaction 
Monitoring & Fraud 
Intelligence

• Behavioral transaction analytics
• Contextual risk checks
• Advanced AI/ML models
• Consortium intelligence

• Real-time fraud detection and 
decisioning engines

• Network-level risk scoring
• Agentic AI

Endpoint, IoT & Device 
Security

• Secure device provisioning and identity
• Trusted execution environments TEE
• Firmware and software integrity assurance
• End-to-end device lifecycle management

• Cryptographic device binding
• Certificate-based device authentication (mTLS)
• Hardware-backed device identity
• Mobile Threat Defense MTD

Third-Party & 
Ecosystem Risk 
Management

• Continuous vendor risk assessment
• Secure onboarding and certification
• Least-privilege access enforcement
• Real-time partner behavior monitoring

• Strong partner authentication 
OAuth 2.0, mTLS, JWT

• Zero Trust Network Access ZTNA
• Automated vendor risk assessment tools

Governance, 
Compliance & 
Resilience

• Continuous compliance monitoring
• Incident response automation
• Fraud loss attribution and recovery
• Data residency and sovereignty enforcement

• Risk registers and control libraries
• Fraud and cyber incident correlation engines

Cybersecurity Framework for Invisible Payments

To secure autonomous and invisible payment 
flows, financial institutions must move beyond 
perimeter-based security to an intelligent, 
layered cybersecurity model. By embedding 
security-by-design, real-time threat detection, 
and continuous validation of users and 
systems, institutions can enable seamless 
payments while maintaining compliance and 
trust. The framework should be anchored on 
five core security guiding principles, listed 
below:

1. Zero Trust by Design – Never implicitly 
trust users, devices, networks, or services

2. Continuous Authentication – Continuously 
validate identity across the entire 
transaction lifecycle

3. Tokenization Everywhere – Minimize risk 
by eliminating exposure of sensitive 
payment data

4. Behavioral & Contextual Intelligence – 
Detect and prevent fraud without 
introducing customer friction

5. Defense-in-Depth – Apply layered security 
controls across all ecosystem participants

Below layered framework embeds 
cybersecurity across the invisible payment’s 
lifecycle, replacing visible user controls with 
continuous, intelligence-driven protection. It 
combines adaptive identity assurance, strong 
cryptographic data protection, and secure API 
interoperability with real-time, AI-driven fraud 
intelligence to manage risk without impacting 
customer experience. Hardware-backed device 
trust, Zero Trust partner access, and 
continuous compliance and resilience 
capabilities ensure secure scale, regulatory 
alignment, and operational continuity across the 
extended payments ecosystem.

Exhibit 4 Layered Framework for Ensuring Secured Invisible Payments

Framework Layers Key Controls Involved Technologies

Layer
01

Layer
02

Layer
03

Layer
04

Layer
05

Layer
06

Layer
07
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Industry-Recognized Cybersecurity 
Frameworks

• Agent Pay Acceptance Framework: A 
security-led tokenization model introduced 
by networks like Mastercard and Visa. It 
registers and verifies autonomous AI agents 
using dynamic, cryptographically secured 
agent tokens, allowing merchants and 
processors to approve tokenized transactions 
confidently.

• Trusted Agentic Commerce Protocol 
TACP Leverages JSON Web Encryption 
JWE) to securely transmit enriched user and 
transaction context (behavioral signals) 
across the ecosystem, enhancing fraud 
detection while maintaining customer 
continuity.

• Authenticated Actions for Autonomous 
Systems A2As A runtime security 
enforcement layer that utilizes digitally signed 
Behavior Certificates to define permitted 
actions and verify the legitimacy of every 
instruction initiated by an agent.
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Cybersecurity Protocols for Invisible Payments

Invisible payments remove explicit customer 
actions at the point of transaction, 
fundamentally shifting the security model. As 
authentication, authorization, and validation 
move into the background, cybersecurity must 
evolve from event-based controls to 
continuous, intelligence-driven protection.

Effective security for invisible payments is 
anchored in an identity-first approach, 
combining risk-based authentication, device 
and behavioral intelligence, and delegated 
authentication models to verify users without 
friction. Payment credentials are protected 
through end-to-end tokenization, cryptographic 
transaction binding, and strict PCI scope 
minimization, ensuring sensitive data is never 
exposed.

Fraud prevention relies on real-time and 
continuous risk monitoring, leveraging AI-driven 
analytics, behavioral biometrics, and contextual 
signals to detect anomalies across devices, 
sessions, and transactions. As APIs and 
embedded ecosystems expand the attack 
surface, Zero Trust principles, strong API 
security, and third-party risk controls become 
critical.

Finally, privacy-by-design, regulatory 
alignment, and cyber resilience ensure that 
invisible payment systems remain secure, 
compliant, and trustworthy on a scale. 
Together, these protocols enable seamless 
customer experiences while preserving 
transaction integrity, trust, and operational 
resilience. 

Industry-Recognized Cybersecurity 
Protocols

• EMV Tokenization Standards: EMV 
standards underpin secure card-based and 
tokenized payments by enabling dynamic 
cryptograms, token lifecycle management, 
and transaction binding. Network tokenization 
is foundational for invisible and recurring 
payment use cases.

• Agentic Commerce Protocol ACP An 
open-source collaboration by OpenAI and 
Stripe that allows secure, token-based 
purchasing directly within AI conversational 
interfaces (e.g., ChatGPT, ensuring smooth, 
safe invisible transactions.

• FIDO2 / Passkeys: FIDO2 enables password 
less, phishing-resistant authentication, 
supporting frictionless identity assurance 
while meeting strong authentication 
requirements through cryptographic proof 
rather than user friction.

• Model Context Protocol MCP A 
standardized integration layer developed by 
Anthropic that enables AI agents to utilize 
business data (product catalogs, inventories, 
checkout logic) in a context-accurate, 
machine-readable format, ensuring accuracy 
in automated transactions.

• Agent-to-Agent A2A Protocol: A standard 
for communication and collaboration between 
autonomous agents, supporting the secure 
and efficient execution of complex multi-
agent commerce workflows.
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Cybersecurity Implementation Strategy

Designing a future-ready strategy requires striking a 
balance between seamless transactions and layered, 
intelligent protection. As autonomous flows reduce 
visible user authentication, organizations must adopt 
an adaptive security posture across six key 
directives:

1. Build a Secure Technology 
Backbone for Invisible Payments
• Tokenization: Replace sensitive card data 

with non-exploitable tokens to minimize 
breach impact.

• End-to-End Encryption: Enforce TLS and 
strong encryption to protect data in transit and 
at rest across all payment touchpoints.

• Cloud Security Controls: Use cloud-native 
security features like key management and 
access controls to safeguard infrastructure.

• Secure API Framework: Apply strict 
authentication, authorization, and API gateway 
policies to prevent unauthorized access and 
data exposure.

2. Redefine Authentication to Enable 
Frictionless Security
• Risk-Based Authentication: Leverage 

machine learning to continuously assess 
behavioral patterns and trigger additional 
verification only when anomalies (new 
devices, locations) are detected.

• Biometric Validation: Integrate passive 
biometrics (facial/palm recognition) to enable 
secure verification without interrupting the 
payment flow.

• Device Fingerprinting: Utilize device and 
network signatures to silently confirm trusted 
environments, allowing secure authentication 
without user intervention.

3. Shift to Intelligent, Proactive Fraud 
Management

• AIDriven Fraud Detection: Use machine 
learning to identify abnormal transaction 
patterns and detect sophisticated threats like 
account takeovers that bypass traditional rule-
based systems.

• Behavioral Analytics: Build profiles based on 
purchase habits and transaction frequency, 
triggering adaptive security checks when 
activity deviates from expected norms.

• Ecosystem Collaboration: Partner with banks 
and payment providers to share intelligence 
and enhance collective threat visibility.

4. Build Transparency to Strengthen 
Customer Trust
• Clear Communication: Inform users how 

invisible payments operate and provide instant 
alerts for every transaction.

• Easy Dispute Resolution: Offer a streamlined 
process for reporting and resolving suspicious 
transactions to reinforce customer 
confidence.

• User-Controlled Settings: Enable customers 
to pause, modify, or disable automated 
payments, ensuring they retain control over 
their financial interactions.
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5. Embed Compliance and Regulatory 
Readiness

• PCI DSS Adherence: Maintain compliance 
with PCI DSS to ensure consistent 
protection of cardholder data.

• Data Privacy Enforcement: Comply with 
GDPR and equivalent regulations by 
classifying sensitive data, restricting 
access, and enabling customer consent 
controls.

• Forensics-Driven Response: Use 
forensic investigation after any incident to 
identify root causes and strengthen 
systemic defenses.

6. Maintain Continuous Vigilance and 
Security Culture

• Timely Updates and Patch Management: 
Ensure all infrastructure is continuously 
updated to eliminate known 
vulnerabilities.

• Active Monitoring and Audits: Conduct 
regular vulnerability scans, penetration 
tests, and compliance audits to detect 
and remediate gaps early.

• Employee Security Awareness: Train 
employees across all functions to 
recognize threats, follow data handling 
protocols, and act as active defenders in 
the security chain.
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Strategic Directives & Way Forward

Invisible and autonomous payment flows, 
increasingly adopted across agentic commerce 
platforms and QSR ecosystems, create new 
cybersecurity exposure points. To safeguard 
these frictionless transactions, security must be 
integrated from the outset, powered by real-
time AI defense mechanisms, and carefully 
balanced between user convenience and 
systemic resilience.

Key Strategic Directives

These four actions represent the essential shift 
from reactive defense to proactive security 
engineering:

• Shift-Left Security Engineering: Embed 
threat modeling, API hardening, and adaptive 
authentication early in the payment 
architecture to prevent vulnerabilities before 
deployment.

• AIEnhanced Fraud Intelligence: Deploy 
adaptive fraud detection engines (such as 

Feedzai, Featurespace, or Sift) to analyze 
behavioral patterns and autonomously 
mitigate risk across all autonomous payment 
flows.

• Cross-Ecosystem Intelligence Sharing: 
Foster collaboration among industry players 
and regulatory bodies to enable unified threat 
visibility and coordinated incident responses.

• User Trust & Transparency Mechanisms: 
Offer real-time alerts, granular consent 
controls, and clear data usage visibility to 
sustain consumer confidence without 
disrupting the effortless payment experience.

Strategic Outcome

By designing security into every layer, 
leveraging AI for adaptive protection, fostering 
ecosystem alignment, and empowering users 
with transparent controls, organizations can 
ensure that invisible payment interactions 
remain secure, compliant, and truly frictionless.
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Partnering for Future-Ready Payment Security

Invisible and autonomous payments are 
redefining digital commerce, creating new 
cybersecurity challenges where convenience, 
trust, and compliance must coexist. Traditional 
perimeter defenses are insufficient; the future 
demands real-time, AI-enabled, Zero Trust 
security. With deep payments expertise, strong 
regulatory alignment, and proven deployments, 
Opus Technologies partners with enterprises to 
build intelligent, future-ready payment security 
platforms.

Why Partner with Opus:

• Specialized Security Engineering for Invisible 
Payments & Agentic Commerce

• AIDriven Fraud Defense Accelerators and 
Real-time Risk Scoring Engines

• Secure API Frameworks and Tokenization 
Blueprints Built for Scale

• Regulatory Intelligence Layer for Global 
Compliance Readiness

• Faster Time to Market Through Ready-to-
Deploy Security Modules & Reference 
Architectures

At Opus, we believe that security should 
accelerate innovation, not hinder it. We partner 
with financial institutions and merchant 
networks to enable them to confidently 
embrace invisible payments by embedding 
security into every interaction, integration, and 
transaction touchpoint.

As invisible payments evolve into the default 
transaction model of the digital economy, Opus 
stands ready as your strategic cybersecurity 
innovation partner, ensuring your payment 
ecosystem is not just protected but also 
trusted, compliant, and future-proof.
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Opus is a trusted engineering partner to payment providers, banks and 
fintechs navigating change in a real-time, digital-first world. We solve 
for business value—accelerating go-to-market, unlocking future 
readiness, and powering transformation at scale.

Our promise is simple: Business Value Acceleration. 
Realization. Maximization.

We deliver on this promise through the Opus trifecta—a domain-native 
engineering skillset, a value-creation mindset, and a toolset that drives 
business agility. From MVP Minimum Viable Product to MPT 
Maximum Possible Transformation), Opus turns engineering into 
business advantage.
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