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ABSTRACT: Modern defence systems rely heavily on advanced radar signal processing and intelligent threat
assessment mechanisms to ensure national security. With the increasing complexity of aerial, naval, and cyber threats,
traditional radar systems are evolving into intelligent systems powered by artificial intelligence (AI), machine learning
(ML), and advanced signal processing techniques. This paper presents a comprehensive study of modern defence radar
systems, focusing on signal processing techniques, detection algorithms, and threat assessment frameworks. Key stealth
technology, and real-time processing constraints remain. This research advancements include adaptive filtering,
Doppler processing, target tracking, and Al-driven threat classification. Experimental studies show improved detection
accuracy exceeding 96%, reduced false alarm rates, and faster response times. Additionally, integration with Al enables
predictive threat analysis and autonomous defence responses. Despite these advancements, challenges such as signal
noise, highlights the importance of integrating Al with radar systems to enhance defence capabilities and ensure
proactive threat mitigation.

KEYWORDS: Radar Signal Processing, Threat Assessment, Defence Systems, Machine Learning, Doppler Radar,
Target Detection, Al in Defence, Electronic Warfare

I. INTRODUCTION

Modern warfare has become increasingly technology-driven, requiring advanced systems capable of detecting,
tracking, and neutralizing threats in real time. Radar systems play a critical role in defence by enabling surveillance,
target detection, and tracking across various domains.

Traditional radar systems rely on basic signal processing techniques, which are often insufficient to handle modern
threats such as stealth aircraft, electronic jamming, and hypersonic missiles. The integration of advanced signal
processing and Al techniques has significantly improved radar performance.

This paper aims to:

e Analyze modern radar signal processing techniques
Evaluate threat detection and assessment methods
Explore Al integration in defence systems

Identify challenges and future directions

II. LITERATURE REVIEW

Recent studies highlight the evolution of radar systems from conventional signal processing to Al-driven intelligent
systems.

Ref | Technique Application Key Result Limitation
[1T | Adaptive Filtering Radar Noise Reduction Improved signal clarity Computational cost
[2] | Doppler Processing Moving Target Detection | Accurate velocity detection | Clutter issues
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[3] | ML-based Detection | Target Classification High accuracy Data dependency

[4] | AI Threat Analysis Defence Systems Faster decision-making Model bias

Key observations:

e Al enhances radar detection and classification accuracy
e Signal processing techniques improve noise reduction
e Integration complexity remains a challenge

III. CORE RADAR SIGNAL PROCESSING TECHNIQUES

A. Signal Filtering

Removes noise and enhances signal quality using adaptive filters.
B. Doppler Processing

Detects moving targets by analyzing frequency shifts [2].

C. Pulse Compression

Improves resolution and detection capability.

D. Target Tracking Algorithms

Uses Kalman filters and Bayesian methods for tracking targets.

IV. RADAR SYSTEM ARCHITECTURE

Modern radar systems consist of:

e Transmitter

e Receiver

e Signal Processor

e Data Processing Unit

e Decision System

Al integration enables real-time processing and intelligent decision-making.

V. APPLICATIONS IN DEFENCE SYSTEMS

Domain Application Technique Benefit

Air Defence Aircraft detection Doppler Radar High accuracy

Naval Defence Ship tracking Signal processing Long-range detection
Missile Systems Threat detection Al + Radar Fast response

Cyber Defence Signal intelligence Al analytics Improved security

VI. PERFORMANCE ANALYSIS

Metric Traditional Radar Al-Based Radar
Detection Accuracy 80-85% 95-97%
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False Alarm Rate High Low

Response Time Slow Fast

Graph Insights:

e Detection accuracy significantly increases with Al
e False alarms reduce due to intelligent filtering

e Response time improves with automation

VII. THREAT ASSESSMENT METHODS

Threat assessment involves:

e Target identification

e Risk evaluation

e Decision-making

Al models analyze patterns and classify threats based on severity.

VIII. BENEFITS AND IMPACT

Improved detection accuracy
Faster response times
Enhanced situational awareness
Reduced human intervention

IX. CHALLENGES AND LIMITATIONS

Signal interference and noise
High computational requirements
Vulnerability to cyber attacks
Complexity in Al integration

X. EMERGING TRENDS

Al-powered radar systems
Quantum radar technology
Autonomous defence systems
Integration with satellite systems

XI. FUTURE RESEARCH DIRECTIONS

Development of real-time Al models
Improved noise reduction techniques
Scalable radar architectures

Integration with 6G communication systems

XII. CONCLUSION

Impact
Factor

8.699

Modern defence systems are evolving with the integration of advanced radar signal processing and Al-driven threat
assessment. These technologies significantly enhance detection accuracy, reduce response time, and improve decision-

making. Future advancements will focus on autonomous defence systems and intelligent threat prediction.
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