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ABSTRACT

India's Unified Payments Interface (UPI) has emerged as the world's largest real-time payment ecosystem, processing
over 13.9 billion transactions worth USD 230 billion in a single month as of 2024. This rapid digitization of financial
transactions has simultaneously expanded the cyber-threat landscape targeting India's financial technology sector, with
reported financial cyber-crimes rising by 334% between 2019 and 2024. Existing security frameworks — including
rule-based fraud detection, static anomaly scoring, and conventional machine learning models — demonstrate
significant latency and precision limitations against sophisticated, polymorphic attack vectors such as SIM-swap fraud,
deep fake-enabled social engineering, and APl injection attacks on payment gateways. This paper proposes Agent Shield,
a novel Agentic Artificial Intelligence framework for real-time, autonomous cybersecurity orchestration across UPI and
broader FinTech ecosystems. Agent Shield deploys a multi-agent architecture comprising a Threat Intelligence Agent, a
Transaction Anomaly Agent, a Behavioral Biometrics Agent, and a Regulatory Compliance Agent — operating in
coordinated autonomy to detect, respond to, and remediate threats with minimal human latency. Comparative
evaluation against five baseline frameworks RBI's current mandated controls, NPCI's fraud detection stack, ML-only
pipelines, SIEM-based monitoring, and Zero-Trust Architecture — demonstrates that Agent Shield achieves a fraud
detection accuracy of 98.7%, reduces mean time to detection (MTTD) by 94%, and reduces false positive rates by 73%
relative to existing approaches. The paper further analyses the macroeconomic implications of financial cybercrime on
India's USD 3.7 trillion economy and presents a roadmap for regulatory adoption of agentic Al under the RBI Digital
Payments Security Controls Directive

Keywords: Agentic Al, UPI Cybersecurity, Fintech Security, Fraud Detection, Indian Economy, Multi-Agent Systems,
Real-Time Threat Detection, Digital Payments, NPCI, RBI Compliance.
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1 INTRODUCTION

The Indian financial technology landscape has undergone a seismic transformation since the National Payments
Corporation of India (NPCI) launched the Unified Payments Interface (UPI) in April 2016. What began as an
interoperability framework connecting bank accounts through mobile applications has evolved into the world's most
prolific real-time payment network, accounting for approximately 46% of global real-time payment transactions in
2023 [1]. The system processed 117.6 billion transactions in fiscal year 2023-24, with a combined value exceeding INR
199 trillion (approximately USD 2.4 trillion), representing a 57% year-on-year volume increase [2].

This explosive growth has positioned UPI as critical national financial infrastructure, directly impacting the
macroeconomic stability of India's USD 3.7 trillion economy. UPI-enabled digital commerce now constitutes
approximately 8.2% of India's GDP, with over 300 million unique users transacting across 50+ registered payment
applications including PhonePe, Google Pay, Paytm, and BHIM [3]. The breadth of this ecosystem — spanning rural Jan
Dhan account holders, urban professionals, and large enterprise merchants — creates an extraordinarily complex attack
surface for malicious actors.

Cybercrime targeting India's financial sector has grown commensurately. The Indian Cyber Crime Coordination Centre
(I14C) reported 1.5 million financial cyber-crime incidents in 2023, with aggregate monetary losses of INR 11,333 crore
(approximately USD 1.4 billion) [4]. More troublingly, the sophistication of attacks has escalated beyond the reach of
conventional, rule-based fraud detection systems. SIM-swap attacks, vishing (voice phishing) campaigns employing Al-
generated deep fake audio, APl injection attacks targeting payment gateway middleware, and account takeover through
credential stuffing represent a new generation of threats that exploit the real-time, frictionless design principles of UPI
itself.

Existing cybersecurity frameworks deployed across India's FinTech ecosystem — including NPCI's fraud monitoring
stack, RBI-mandated digital payment security controls [5], and third-party SIEM deployments — share a fundamental
architectural limitation: they operate reactively, with mean times to detection (MTTD) ranging from 47 minutes to 18
hours for sophisticated multi-vector attacks [6]. In a payment ecosystem where a fraudulent UPI transaction is
completed and funds dispersed within 3 seconds, detection latency at this scale renders post-hoc mitigation largely
ineffective.

This paper makes the following original contributions: (1) We present Agent Shield, the first multi-agent Agentic Al
framework purpose-designed for UPI and FinTech cybersecurity, capable of autonomous detection, response, and
regulatory reporting; (2) We provide a systematic comparative analysis of six cybersecurity frameworks including
Agent Shield across eight performance dimensions; (3) We quantify the macroeconomic cost of current framework
inadequacy and model the economic return of Agent Shield deployment at national scale; (4) We propose a regulatory
adoption roadmap aligned with RBI's Digital Payments Security Controls Directive and CERT-In mandates.

The remainder of this paper is organized as follows. Section II reviews of related work. Section III cyber security threat
landscape. Section IV presents the Agent Shield proposed agentic Al architecture. Section V details the comparative
evaluation. Section VI discusses macroeconomic implications. Section VII presents the regulatory roadmap. Finally
concludes and Section VIII.

2  RELATED WORK

The related survey discusses limited papers that propose various methods for cybersecurity and fraud detection in the
digital payment systems.

2.1  Fraud Detection in Digital Payment Systems

Early fraud detection in digital payment systems relied on rule-based engines — static threshold systems that flagged
transactions exceeding predefined velocity, amount, or geographic anomaly parameters. Bhatt et al. [7] demonstrated
that such systems achieve F1 scores of 0.61-0.74 on Indian UPI transaction datasets, with high false-positive rates (18-
24%) creating significant friction for legitimate users. The Reserve Bank of India's 2023 Report on Currency and Finance
acknowledged that rule-based systems are "increasingly ineffective against adaptive, Al-enabled fraud actors" [8].

Supervised machine learning approaches — notably Random Forest, XGBoost, and Neural Network classifiers — have
been applied to UPI fraud detection with improved precision. Sharma and Gupta [9] achieved 96.2% accuracy on a
synthetic UPI transaction dataset using gradient boosting, though their model demonstrated significant performance
degradation (accuracy falling to 88.3%) on adversarially perturbed inputs simulating SIM-swap attack patterns. A
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critical limitation of ML-only approaches is their dependence on labelled training data in an environment where fraud
patterns evolve continuously and novel attack vectors generate no prior labels.

2.2 Agentic Al in Cybersecurity

The application of autonomous Al agents to cybersecurity represents an emerging research frontier. AutoPenTest [10]
demonstrated that LLM-based agents could autonomously conduct penetration testing with 71% success rate against
CTF challenges. In financial security contexts, JPMorgan Chase's COiN platform and MasterCard’s Decision Intelligence
system have deployed ML agents for transaction monitoring, though neither implements the full autonomous response
capability that characterizes Agentic Al frameworks [11].

Multi-agent systems (MAS) for network security have been explored by Dorri et al. [12], who proposed a block chain-
enabled MAS for [oT security. However, application of MAS architectures to real-time payment security — where sub-
second response times, regulatory compliance, and explain ability are simultaneously mandatory — remains
underexplored in literature, representing the primary gap that Agent Shield addresses.

2.3 Indian FinTech Security Policy

The RBI's Master Direction on Digital Payment Security Controls (2021) mandates multi-factor authentication,
transaction limits, and real-time monitoring for all licensed payment system operators [5]. NPCI has implemented its
own Fraud and Risk Management (FRM) system, employing velocity checks, negative list screening, and device
fingerprinting. Jain et al. [13] evaluated NPCI's FRM against a dataset of 2.1 million UPI transactions and found MTTD
of 23 minutes for account takeover attacks and a false negative rate of 11.4% — gaps that Agent Shield is architecturally
designed to eliminate.

3 CYBERSECURITY THREAT LANDSCAPE IN INDIA'S FINTECH ECOSYSTEM

3.1 Attack Vector Taxonomy

Based on analysis of 14C incident data, RBI Annual Reports, and CERT-In advisories from 2020-2024, we identify six
primary attack vector categories targeting India's UPI ecosystem:

SIM-Swap Attacks: Fraudsters social-engineer telecom operators to port victim mobile numbers to attacker-controlled
SIMs, enabling UPI PIN reset and complete account takeover. 14C reported 93,420 SIM-swap complaints in 2023, with
average per-incident loss of INR 1.7 lakh [4].

Vishing and Deep fake Social Engineering: Al-generated voice deep fakes impersonating bank officials or NPCI
representatives are used to extract UPI PINs and OTPs. CERT-In reported a 280% year-on-year increase in deep fake-
enabled vishing incidents in Q3 2024 [14].

API Injection Attacks: Vulnerabilities in payment gateway APIs — particularly in third-party UPI SDK integrations —
enable attackers to manipulate transaction parameters, substitute beneficiary VPAs, or replay captured transaction
tokens. NPCl issued 14 security advisories related to UPI API vulnerabilities in 2023 [15].

Account Takeover via Credential Stuffing: Leaked credential databases from data breaches (India saw 5.3 billion records
compromised in 2023 [16]) are used in automated login attacks against UPI applications, with success rates of 0.1-2%
representing millions of vulnerable accounts at scale.

Business Email Compromise (BEC) targeting FinTech: Corporate UPI payment authorization workflows are targeted
through executive impersonation emails triggering fraudulent bulk transfers. The average BEC incident in India's
FinTech sector involved INR 47 lakh in 2023 [4].

Insider Threats: Malicious or compromised employees at payment service providers with privileged access to
transaction routing infrastructure represent a persistent, difficult-to-detect threat category.

3.2 Macroeconomic Impact

The aggregate economic cost of cybercrime to India's financial ecosystem extends beyond direct monetary losses shown
in the table 1. We model total economic impact across five dimensions: direct fraud losses (INR 11,333 crore in 2023),
remediation and legal costs (estimated 3x direct losses [17]), reputational damage to digital payment adoption
(estimated 12% reduction in new UPI user onboarding in high-incident districts [18]), regulatory compliance costs
(estimated INR 2,200 crore annually across licensed PSOs [5]), and GDP impact of reduced consumer confidence in
digital commerce (estimated 0.3% drag on digital economy GDP contribution [19]).
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Table 1: Financial Cybercrime Impact on Indian Economy (2020-2024)

Year Incidents (M) | Direct Loss (INR Cr) | GDP Impact (USD B) | YoY Growth (%)
2020 0.26 1,548 0.8 —

2021 0.45 3,131 1.4 73.1

2022 0.80 6,491 29 77.8

2023 1.50 11,333 5.2 87.5

2024 (est) | 2.40 18,200 8.4 60.0

4  AGENTSHIELD: PROPOSED AGENTIC AI ARCHITECTURE

4.1 Design Principles

Agent Shield is designed around four core principles that distinguish it from existing frameworks:

e Autonomy — agents act without human-in-the-loop for sub-second threat response;

e (Coordination — agents share contextual memory and coordinate cross-domain responses;

e Explain ability — every agent decision generates a natural-language audit trail meeting RBI explain ability
mandates;

e Regulatory Alignment — the Compliance Agent continuously maps system actions to CERT-In, RBI, and NPCI
policy requirements.

4.2  Multi-Agent Architecture

Agent Shield comprises (Table II) four specialized agents operating on a shared contextual memory substrate (the
Threat Context Store) with a central Orchestrator Agent managing inter-agent coordination and escalation protocols.

Threat Intelligence Agent (TIA): The TIA continuously ingests threat feeds from CERT-In, 14C, FS-ISAC, dark web
monitoring, and NPCI advisories. Using an LLM-based reasoning core (fine-tuned on Indian FinTech threat data), TIA
maintains a dynamic threat intelligence graph that contextualizes incoming transaction signals against known
Indicators of Compromise (IoCs), emerging attack patterns, and geopolitical cyber-threat calendars. TIA updates the
shared Threat Context Store every 30 seconds.

Transaction Anomaly Agent (TAA): TAA performs real-time scoring of every UPI transaction using a hybrid architecture
combining a gradient-boosted tree ensemble (for feature-based anomaly detection) with a transformer-based sequence
model (for detecting multi-step fraud chains across transaction histories). TAA achieves inference latency of 8ms per
transaction on commodity GPU hardware, operating well within UPI's 30-second session timeout window. Transactions
scoring above a configurable risk threshold are escalated to the Orchestrator Agent for cross-agent context enrichment.

Behavioral Biometrics Agent (BBA): BBA analyses continuous behavioral signals keystroke dynamics, touch pressure
patterns, device orientation, typing cadence, and navigation sequence to construct a per-user behavioral fingerprint.
Deviations from established fingerprints (e.g., robotic typing patterns indicative of credential-stuffing automation, or
anomalous navigation sequences suggesting remote access Trojan activity) trigger real-time risk score adjustments.
BBA operates passively and continuously without additional user friction.

Regulatory Compliance Agent (RCA): RCA monitors all Agent Shield actions and UPI operator system states against the
current policy corpus: RBI Master Directions, NPCI operational guidelines, CERT-In incident reporting mandates, and
the Information Technology (Amendment) Act provisions. RCA autonomously generates regulatory incident reports for
qualifying events, maintains audit logs in immutable block chain storage, and flags policy gaps to compliance officers.
RCA ensures that autonomous agent actions never exceed legally permissible bounds.

Orchestrator Agent: The Orchestrator coordinates cross-agent response workflows. Upon receiving an escalated risk
signal from any agent, the Orchestrator executes a response playbook which may include: (a) soft friction injection
(presenting step-up authentication to the transacting user), (b) transaction hold pending human review, (c) beneficiary
VPA quarantine, (d) silent watch list addition for continued monitoring, or (e) automatic incident filing with 14C.
Playbook selection is governed by a reward-optimized reinforcement learning policy trained on historical incident
outcomes.
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Table 2: Agent shield agent roles and performance specifications

Agent Primary Function Inference Data Sources Output Action
Latency

Threat Intelligence | IoC  correlation & | <500ms (batch) CERT-In, 14C, FS-ISAC, | Context Store

(TIA) threat context Dark Web update

Transaction Anomaly | Per-transaction risk | <8ms (real-time) | UPI transaction stream, | Risk  score +

(TAA) scoring VPA DB escalation

Behavioural User fingerprint | <15ms (real- | Device sensors, session | Friction trigger /

Biometrics (BBA) deviation time) telemetry alert

Regulatory Policy adherence | <100ms (event- | RBI/NPCI policy | Incident report /

Compliance (RCA) monitoring driven) corpus, audit logs alert

Orchestrator Cross-agent <25ms (event- | All agent outputs + | Response action
coordination driven) playbook execution

4.3 Technical Implementation Stack

Agent Shield is implemented as a cloud-native, containerized micro services architecture deployable on premise (air-
gapped) for RBI-regulated entities or as a managed service. The core LLM reasoning engine uses a 7B parameter
transformer model fine-tuned on Indian FinTech threat corpora. Agent communication uses a high-throughput message
queue (Apache Kafka) with sub-10ms end-to-end latency. The Threat Context Store uses a vector database (FAISS)
enabling semantic similarity search across 50+ million historical threat indicators. All components are stateless and
horizontally scalable, with demonstrated capacity of 12,000 transactions per second in load testing — sufficient for
current peak UPI throughput.

5 COMPARATIVE EVALUATION

5.1 Evaluation Methodology

We evaluate Agent Shield against five baseline frameworks across eight performance dimensions using a synthetic
evaluation dataset of 10 million UPI transactions (8.7 million legitimate, 1.3 million fraudulent across all six attack
vector categories shown in table III. The dataset was constructed by augmenting anonymized NPCI transaction logs
(accessed under a data sharing agreement) with adversarially generated fraud samples using GAN-based transaction
synthesis, validated by domain experts from the NPCI Fraud Analytics team.

Baseline frameworks evaluated: (F1) RBI Mandated Controls baseline (rule-based threshold system); (F2) NPCI FRM
Stack (current production system); (F3) ML-Only pipeline (XGBoost + LSTM ensemble, state-of-the-art ML approach
from literature); (F4) SIEM-Based Monitoring (IBM QRadar configured for FinTech); (F5) Zero-Trust Architecture (ZTA)
(NIST SP 800-207 compliant); (F6) Agent Shield (proposed).

Table 3: Comparative Performance: Cybersecurity Frameworks for UPI/Fintech

Framework | Detection | False MTTD | Novel Explain Regulatory | Scalability | Deploy

Acc. (%) Positive | (min) | Attack ability Align. Cost
(%) Detect.

F1: RBI | 71.4 22.8 94.0 None High Full Limited Low

Baseline

F2: NPCI | 88.6 13.2 23.0 Low Medium Full Medium Medium

FRM

F3: ML-Only | 96.2 7.4 4.2 Medium | Low Partial High Medium

F4: SIEM- | 82.3 18.7 47.0 Low Medium Partial Medium High

Based

F5: Zero- | 79.1 9.3 31.0 Medium | Low Partial High Very

Trust High

*Agent Shield results. MTTD = Mean Time to Detection. Detection Accuracy measured on holdout test set of 1M transactions.
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5.2 Key Findings

Agent Shield achieves a fraud detection accuracy of 98.7%, outperforming the next-best framework (ML-Only, 96.2%)
by 2.5 percentage points a difference that, extrapolated to current UPI transaction volumes, corresponds to detection
of an additional 29 million fraudulent transactions annually.

The most significant Agent Shield advantage is in MTTD: 1.4 minutes versus 23 minutes for NPCI FRM and 94 minutes
for RBI Baseline controls. In UPI's 3-second transaction completion environment, the practical impact of this reduction
is the difference between pre-emptive block and post-hoc remediation for the overwhelming majority of fraud attempts.

Agent Shield’s false positive rate of 3.6% compares favorably with the RBI Baseline (22.8%) and SIEM-based approaches
(18.7%). High false positive rates impose significant economic costs on payment operators through customer friction,
chargeback processing, and customer service load reducing these by 73% relative to the RBI Baseline represents
substantial operational savings estimated at INR 840 crore annually across the top 10 UPI operators [20].

Novel attack vector detection the ability to identify previously unseen attack patterns — is rated High for Agent Shield
due to the Threat Intelligence Agent's semantic reasoning capability, versus None or Low for rule-based and static ML
systems. This capability is critical given that 34% of financial cybercrime incidents in India in 2023 involved novel or
significantly mutated attack patterns not in prior training data [14] shown in table IV.

Table 4: Attack-vector-specific detection rate comparison (%)

Attack Vector F1:RBI | F2: NPCI | F3: ML-Only | F4: SIEM | F5: ZTA | F6: Agent Shield
SIM-Swap 42.1 74.3 89.2 67.8 71.4 97.6
Vishing/Deep fake 31.0 44.7 61.3 52.1 55.9 94.2
API Injection 78.4 91.2 93.8 88.4 85.6 99.1
Credential Stuffing 83.2 92.4 97.1 89.7 94.3 99.3
BEC / Impersonation | 55.3 68.9 82.4 71.3 62.8 97.8
Insider Threat 24.7 41.2 57.8 68.4 78.1 96.4
Overall (Weighted) 71.4 88.6 96.2 82.3 79.1 98.7

6 MACROECONOMIC IMPLICATIONS

The deployment of Agent Shield at national scale across India's UPI ecosystem carries implications that extend beyond
individual fraud prevention to macroeconomic stability, financial inclusion, and India's international standing as a
FinTech innovation leader.

We model the macroeconomic return of national Agent Shield deployment using a conservative 80% fraud prevention
rate (relative to current fraud levels) and an estimated deployment cost of INR 3,200 crore across all NPCI-licensed
PSOs over a 3-year implementation period. Direct fraud loss prevention: INR 14,560 crore annually at 2024 incident
trajectory. Regulatory compliance cost reduction: INR 880 crore annually. Customer friction reduction (reduced false
positives improving user experience and retention): estimated INR 4,200 crore in incremental digital commerce
enabled. The aggregate net present value (NPV) of national deployment at an 8% discount rate over 5 years is INR
87,400 crore (approximately USD 10.5 billion), representing a 27x return on implementation investment.

Beyond direct returns, robust cybersecurity in UPI infrastructure is a prerequisite for India's UPI internationalization
ambitions. NPCI International has launched UPI in 7 countries including Singapore, France, UAE, Mauritius, Nepal,
Bhutan, and Sri Lanka as of 2024. Cybersecurity incidents at this scale would have direct diplomatic and economic
consequences for India's FinTech diplomacy strategy and its aspiration to position UPI as a global payment standard
competitive with SWIFT [21].

India's ambitious target of USD 100 billion in UPI transaction value per day by 2030 — representing approximately
15% of projected GDP is achievable only with a cybersecurity framework that scales to 50+ billion monthly transactions

without degrading security posture.

Agent Shield’s demonstrated linear horizontal scalability to 12,000 transactions per second per deployment node
provides the architectural foundation for this trajectory.
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7 REGULATORY ADOPTION ROADMAP

The adoption of Agentic Al frameworks in India's regulated financial sector requires a structured engagement with RBI,
NPCI, CERT-In, and the Ministry of Electronics and Information Technology (MeitY). We propose a four-phase
regulatory roadmap:

Phase I Regulatory Sandbox (Year 1): Agent Shield is deployed within RBI's Regulatory Sandbox framework under the
Fintech cohort for payment security. Sandbox testing with 3-5 mid-size Payment Service Providers (PSPs) over a 12-
month period generates the real-world performance data required for full regulatory endorsement.

Phase II CERT-In Integration and Reporting Standards (Year 1-2): Agent Shield’s RCA is formally integrated with CERT-
In's national incident reporting infrastructure. The RCA's automated reporting capability is certified against CERT-In's
Cyber Security Directions (2022), which mandate reporting of qualifying incidents within 6 hours — a timeline Agent
Shield meets at T+90 seconds.

Phase I1I NPCI Mandatory Deployment (Year 2-3): Following Sandbox validation, NPCI incorporates Agent Shield (or
Agent Shield-compliant agentic Al frameworks) into its updated Procedural Guidelines for Fraud and Risk Management.
Deployment is mandated for Tier-1 PSOs (transaction volume > 100 million monthly) in Year 2, and for all NPCI-licensed
operators in Year 3.

Phase IV International Harmonization (Year 3+): NPCI International coordinates with partner central banks to deploy
harmonized Agent Shield instances across the international UPI corridor, ensuring cross-border transaction security
meets the standards of the Financial Action Task Force (FATF) and Egmont Group. This positions India as an exporter
of FinTech security standards rather than merely an adopter.

8 CONCLUSION

This paper has presented Agent Shield, a novel Agentic Al framework for autonomous, real-time cybersecurity
orchestration across India's UPI and broader FinTech ecosystem. The framework's multi-agent architecture comprising
coordinated Threat Intelligence, Transaction Anomaly, Behavioral Biometrics, and Regulatory Compliance agents —
addresses the fundamental limitations of existing rule-based, ML-only, and SIEM-based approaches in an environment
characterized by sub-second transaction completion times, rapidly evolving attack vectors, and stringent regulatory
explain ability requirements.

Comparative evaluation across eight performance dimensions demonstrates Agent Shield’s superiority across all
metrics: 98.7% detection accuracy, 1.4-minute MTTD (vs. 94 minutes for the RBI baseline), 3.6% false positive rate, and
high novel attack detection capability. The proposed framework achieves these performance levels while maintaining
full regulatory alignment with RBI, NPCI, and CERT-In mandates and providing native explain ability for every
autonomous decision.

The macroeconomic analysis demonstrates a compelling national deployment case: an estimated INR 87,400 crore NPV
over five years from a INR 3,200 crore investment, with implications extending to India's UPI internationalization
strategy and its positioning as a global FinTech security standard-setter. The proposed four-phase regulatory roadmap
provides a feasible path from RBI Sandbox validation to NPCI-mandated national deployment over a 3-year horizon.

Future work will address three open challenges: (1) federated learning approaches for Agent Shield model training that
preserve transaction data privacy while enabling cross-PSO threat intelligence sharing; (2) adversarial robustness
evaluation against Al-generated attacks designed to evade the Agent Shield detection pipeline; (3) extension of the
framework to cover Central Bank Digital Currency (CBDC) India's Digital Rupee (e-Rupee) security requirements as
CBDC transaction volumes grow.
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