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Abstract

India's digital ecosystem, which includes services like UPI transactions and Aadhaar authentication, is
growing quickly. Traditional cybersecurity measures are being challenged by the rise in cyber threats
brought about by this expansion. In order to proactively defend against new cyberthreats, this paper
presents the Adversarial-Aware Adaptive Defense (AAAD), an Al-driven framework that combines
Generative Adversarial Networks (GANs) and Deep Reinforcement Learning (DRL). Due to its high
detection rates, low false positives, and quick reaction times, AAAD can be implemented throughout
India’s varied digital infrastructure. Keywords: Deep Reinforcement Learning, Generative Adversarial
Networks, India, Al cybersecurity, Aadhaar, data protection, and edge computing.

1. INTRODUCTION

1.1 The Growing Need for Cybersecurity in India

The growth of digital technology in India has intensified with the introduction of the internet to over 800
million people. This has placed India among the top and most rapidly advancing online markets in the
world. Infrastructure services like Aadhaar for identity validation, UPI for digital payments, and e-
government services are primary components of the country’s digital system. But with all this fast-paced
advancement, there has come the problem of surveillance, which makes cybersecurity very important.

Particularly the financial industry has faced a dangerous spike in cases of fraud. The Reserve Bank of
India (2023) reported losses of over 215,000 crore in 2022 due to cyber fraud involving fake UPI link
scams and phishing websites. In addition, ransomware attacks on hospitals in keral have gained a lot of
attention as these not only bring off monetary gains, but also sensitive health information is at risk.

Also, as CERT-In states, there is a growing concern about the safety of citizens’ personal data in India
after 2.8 million Aadhaar related records were leaked and sold on the dark web in 2023. These sorts of
cases show how advanced cyber criminals are becoming and how inadequately the available firewall
systems can tackle the problem.
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1.2 Limitations of Existing Systems

Traditional cybersecurity approaches are largely based on signature detection or strict regulatory
frameworks. Such mechanisms are necessarily reactive and poorly suited to discovering new threats, such
as those that are emanating from deepfake technology or sophisticated social engineering. As such attack
vectors progress, the deployment of manual regulation is insufficient to protect in volume, especially with
the diverse linguistic, cultural, and technical contexts found in India.

Furthermore, the commercial cyber solutions available today are optimized for high speeds of the internet,
which are urban-centric. Such solutions are too expensive and fail to take into account the distinct needs
of rural regions, which are marked by intermittent internet access and regional language dominance.
Hence, there is a high need for a solution that is agile, scalable, and resilient in addressing the distinctive
challenges of the Indian digital landscape.

1.3 Proposed Solution: Adversarial-Aware Adaptive Defense

In order to combat these threats, we present the Adversarial-Aware Adaptive Defense (AAAD), a state-
of-the-art cybersecurity system that leverages Generative Adversarial Networks (GANs) and Deep
Reinforcement Learning (DRL) to anticipate and react to emerging cyber threats.

The key characteristics of AAAD are:

- Generative Adversarial Networks (GANs): GAN models imitate adversarial attacks, i.e., fake UPI
transactions or fake Aadhaar authentication attempts, thus allowing the system to predict and counter new
future attack paths.

- Deep Reinforcement Learning (DRL): DRL adjusts security policies in real time based on live traffic
feedback. With this real-time learning function, AAAD adapts to new threats.

- Edge Deployment: In order to solve connectivity problems, AAAD is implemented to run on local
machines, keeping reliance on cloud infrastructure to a bare minimum. This provides real-time
performance, even on low-bandwidth or remote deployments.

- Multilingual Support: Since India is a linguistically diverse nation, AAAD uses Natural Language
Processing (NLP) models that are skilled at identifying fraudulent activity in different Indian languages,
such as Hindi, Tamil, Bengali, and so on.

2. SYSTEM ARCHITECTURE

2.1 Threat Simulation Engine (TSE)

The Threat Simulation Engine (TSE) is the central component of AAAD's sophisticated defense
mechanism. It employs Generative Adversarial Networks (GANS) to generate synthetic but very realistic
cyber threats, which are subsequently employed for training detection models and hardening them.
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Traits:

Phishing Email Simulation: GANSs create simulated fake emails with different language and
structure to mimic attacks on UPI customers and bank customers.

Generation of synthetic QR codes involves the generation of codes with malicious payloads,
therefore allowing the training of detection models to recognize even minute variations in visual
composition or encoded information.

Simulated Aadhaar Forgeries: GAN-generated Aadhaar cards that have undergone slight
modifications help in training the model to identify authentic and fake documents.

Deepfake Audio Calls: Al-generated artificial customer service or banking voice calls are used to
train the voice-based fraud prevention system.
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2.2 Adaptive Policy Engine (APE)

Adaptive Policy Engine (APE) is powered by Deep Reinforcement Learning (DRL) for real-time
learning and policy adaptation. Unlike static conventional firewalls or hand-coded rules, APE adapts
dynamically in real time, based on environmental input and feedback provided by detection systems.

Functional Highlights:

Incentive-Driven Learning Cycle:
e +10 points: Properly marks attempted phishing
e +20 points: Flags zero-day attack variant

e —10 points: False positive on a valid transaction

IJSAT260110120 Volume 17, Issue 1 (January-March 2026) 3


https://www.ijsat.org/

IJSAT

International Journal on Science and Technology (IJSAT)
E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

e +5 points: Adapts threshold on a behavior anomaly

e +15 points: Catches fraud in new, previously unknown data

e Adaptive Policy Tuning: Policies automatically update based on:
User behavior patterns
Seasonal peaks (e.g., festival-time UPI scams)
Regional susceptibilities

Real-time Feedback Mechanism: The Al is rewarded or punished in real time, which enhances detection
procedures and reduces subsequent errors.

Adaptive Policy Engine Architecture
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2.3 Edge Deployment Module (EDM)

The Edge Deployment Module (EDM) guarantees real-time, privacy-aware decision-making
independent of continuous internet connectivity. This is especially important in rural India, where
connectivity is poor and cloud-based systems tend to fail.

Key Capabilities:

On-Device Inference: AAAD models run locally on devices like smartphones, POS machines,
kiosks, and ATM devices. This provides ultra-low latency and zero dependency on external servers
at runtime.

Offline Threat Detection: All detection functions—ranging from phishing attempts, QR code
scanning, and Aadhaar document validation—operate offline with pre-trained models. Without the
internet as well, AAAD is able to mark suspicious activity in real-time.
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Federated Learning Support: Instead of uploading raw user data to the cloud, local model updates
are updated periodically to a central system when there is internet access. This provides user privacy
and complies with regulations.

Periodic Syncing: Data is securely cached and encrypted locally and then batch-synced to a central
node during low-bandwidth windows (e.g., nighttime), conserving bandwidth. Edge Al
Optimization: The models are optimized for edge environments through quantization, pruning, and
distillation—minimizing model size and power usage. This allows deployment on devices with a
minimum of 1GB RAM and low-end CPUs.

Edge Deployment
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2.4 Reward System for Al Optimization

The AAAD system uses a detailed Multi-Dimensional Reward Matrix to continuously train and evaluate
its Al agents:
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3. METHODOLOGY
3.1 Data Collection

To train AAAD, various datasets were used:
- CIC-IDS2017 intrusion dataset: One of the most used datasets for assessing network security.
- Synthetic phishing and QR code fraud samples: Produced by GANs to mimic actual fraud behavior.

- Anonymous transaction records: Provided by the participating banking institutions to mimic real
financial transactions.

3.2 Preprocessing
Data preprocessing involved a series of steps for prepping the dataset for training:

- Language Normalization: Text data in various languages (like Hindi and Tamil) were normalized into
one script to maintain uniformity.

- QR Code Vectorization: The QR code images were transformed into feature vectors to facilitate
analysis with convolutional neural networks (CNNSs).

- Voice Phishing Spectrogram Conversion: Phishing calls were translated into spectrograms in order to
analyze them through deep learning.

3.3 Training

The GANs were trained with Wasserstein loss, a technique that provides stable adversarial generation.
The DRL models were trained with Proximal Policy Optimization (PPO), a reinforcement learning
algorithm that can trade off exploration and exploitation, leading to stable threat detection policies.

4. RESULTS AND ANALYSIS

4.1 Performance Comparison
The AAAD approach is preferable to traditional rule-based security systems in numerous important
aspects, as illustrated below:

Metrix AAAD Traditional Tools
False Positive Rate 3.2% 15.7%

Detection Latency 40-60ms 120-170 ms
Offline Capability Available Not Available
Multilingual Support 12+ Languages Supported | English Only
Avg. Deployment Cost 25k + 60-70k+
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4.2 Performance Visualization
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5. USE CASE SCENARIOS IN INDIA

5.1 Aadhaar-Based Verification

Aadhaar authentication is used extensively in the Indian context for numerous services, but there are
frequent submissions of fake Aadhaar documents and images. AAAD's GAN-trained classifiers identify
fine-grained anomalies in documents submitted, so only authentic IDs are accepted. This is particularly
useful for rural banking environments where document verification is human-intensive and error-prone.

5.2 UPI Fraud Defense

UPI fraud in India, such as phishing through spoofed customer care numbers and fake payment receipts,
is prevalent. The AAAD system detects fake screenshots and manipulations through sophisticated
spectrogram analysis of UPI transaction images. It also dynamically learns in real-time to detect new types
of fraud as and when they emerge.

5.3 Cybersecurity for Small Clinics

Small local clinics usually do not have strong cybersecurity in place, so they are the most vulnerable to
ransomware. With AAAD deployed on the edge, these clinics can identify unusual file activity and stop
encryption attempts before it is too late without needing cloud servers.
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6. ADVANTAGES OVER TRADITIONAL SYSTEMS

Traditional Systems AAAD System
» Static Rules * Adaptive Policies
* High False Positives * GAN-based Threat Simulation
* Delayed Response * DRL for Learning
* Centralized Processing * Edge Deployment

Conventional “Advanced Al

Key Differences

7. LIMITATIONS AND FUTURE WORK
Although promising, AAAD has some challenges to overcome:

- GAN Bias: GAN-generative adversarial attacks currently might not capture all the attack patterns. A
multi-institution federated training process is in progress to improve diversity.

- Training Time for DRL: The initial learning period for DRL models takes hours, particularly when
learning new patterns of attacks. After that, though, the models are light and can be deployed efficiently
on edge devices.

- Edge Constraints: Low-resource devices, like those with less than 2GB of RAM, can have performance
issues. Studies on lightweight model quantization are being conducted to mitigate these issues.

- Multilingual Voice Phishing Detection: Although text-based fraud detection is very effective, regional
accent detection in voice phishing calls is an area that needs improvement.

8. CONCLUSION

The Adversarial-Aware Adaptive Defense (AAAD) system provides a groundbreaking, India-focused
solution for cybersecurity. By integrating GANs for attack simulation and DRL for adaptive learning,
AAAD offers proactive, scalable, and affordable defense mechanisms. AAAD tackles the specific
challenges of India's multilingual, low-bandwidth, and cost-conscious environment, positioning it as a
critical solution for protecting critical public infrastructure such as Aadhaar and UPI.
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