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Abstract: Radar surveillance systems play a crucial role in detecting and tracking targets in various 

environments. However, detecting small targets, such as drones or missiles, poses significant challenges 

due to their low radar cross-section (RCS) and the presence of clutter. This seminar report discusses the 

techniques and challenges of small target detection in radar surveillance systems. 

We explore various techniques, including pulse Doppler radar, Constant False Alarm Rate (CFAR) 

detection, clutter maps, and machine learning algorithms, to improve detection performance. The report 

also discusses different types of radar systems, such as phased array radar, pulse compression radar, 

and MIMO radar, and their applications in air defense, surveillance, and border security. 

The report highlights the importance of advanced signal processing techniques, multimodal sensing, and 

cognitive radar in improving small target detection performance. It also discusses the challenges and 

future directions in this field, including the development of more sophisticated algorithms and systems to 

detect and track small targets in complex environments.. 

 

Keywords: Pulse Doppler Radar, CFAR Detection, Machine Learning 

 

I. INTRODUCTION 

Radar surveillance systems have become an indispensable component of modern defense and security infrastructure, 

providing real-time detection, tracking, and monitoring of targets in various environments. The ability to detect and 

track small targets, such as drones, missiles, or other unmanned aerial vehicles (UAVs), is crucial for ensuring the 

safety and security of critical infrastructure, military personnel, and civilians. However, detecting small targets poses 

significant challenges due to their low radar cross-section (RCS), complex flight patterns, and the presence of clutter 

and noise in the environment. 

The increasing proliferation of small UAVs and other low-observable targets has created a pressing need for advanced 

radar surveillance systems that can detect and track these targets effectively. Traditional radar systems often struggle to 

detect small targets, particularly in environments with high levels of clutter and interference. As a result, there is a 

growing demand for innovative solutions that can improve the detection performance of small targets in radar 

surveillance systems.This seminar aims to provide a comprehensive overview of the techniques and challenges of small 

target detection in radar surveillance systems. We will discuss various approaches, including pulse Doppler radar, 

Constant False Alarm Rate (CFAR) detection, and machine learning algorithms, that can be used to improve the 

detection performance of small targets. We will also explore the role of advanced signal processing techniques, 

multimodal sensing, and cognitive radar in enhancing the detection capabilities of radar surveillance systems. 

By examining the current state of small target detection in radar surveillance systems, this seminar aims to identify the 

key challenges and opportunities in this field and provide insights into the development of more effective and efficient 

radar surveillance systems. The findings of this seminar will be of interest to researchers, engineers, and policymakers 

working in the field of radar surveillance and defense. 

  

II. LITERATURE SURVEY 

The Literature Survey: Small Target Detection in Radar Surveillance Systems : Detecting small targets in radar 

surveillance systems is a challenging task due to their low radar cross-section (RCS) and the presence of clutter. 
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Researchers have proposed various techniques to improve detection performance, including deep learning-based 

methods. Infrared small target detection has gained significant attention, with numerous studies focusing on deep 

learning-based approaches. Cheng et al. provided a comprehensive review of infrared dim small target detection 

networks, categorizing them based on key issues such as enhancing representation capability, improving bounding box 

regression, and resolving target information loss ¹. 

 

Various techniques have been explored, including: 

 Attention Mechanisms: To enhance target features and suppress background clutter 

 Feature Fusion: To combine low-level and high-level features for improved detection 

 Deep Learning Architectures: Such as U-Net and its variants, which have shown promising results in infrared 

small target detection 

 

Some notable studies include: 

 ALC-Net: A model-driven deep network that utilizes local contrast to detect small targets 

 DNA-Net: A densely nested attention network for infrared small target detection 

 RISTDnet: A robust infrared small target detection network that combines manual feature extraction with deep 

learning 

  

III. SYSTEM DESIGN 

Designing System Design: Small Target Detection in Radar Surveillance Systems 

The system design for small target detection in radar surveillance systems involves several key components: 

1. Radar Transmitter: Transmits radar signals towards the target area. 

2. Radar Receiver: Receives the reflected radar signals from the target area. 

3. Signal Processing Unit: Processes the received radar signals to detect and track small targets. 

4. Target Detection Algorithm: Utilizes techniques such as pulse Doppler radar, CFAR detection, and machine learning 

algorithms to detect small targets. 

 

System Design : 

 Frequency Selection: Selecting the optimal frequency band for small target detection, considering factors such 

as range resolution, Doppler resolution, and clutter characteristics. 

 Waveform Design: Designing the radar waveform to optimize target detection performance, including 

parameters such as pulse width, pulse repetition frequency, and modulation type. 

 Antenna Design: Designing the radar antenna to optimize gain, beamwidth, and sidelobe levels for small target 

detection. 

 Signal Processing: Implementing advanced signal processing techniques, such as clutter suppression and target 

detection algorithms, to improve detection performance. 

  

IV. METHODOLOGY 

The methodology for small target detection in radar surveillance systems involves the following steps: 

 Data Collection: Collecting radar data from various sources, including simulated data and real-world data from 

radar systems. 

 Data Preprocessing: Preprocessing the collected data to remove noise and clutter, and to enhance the target 

signal. 

 Feature Extraction: Extracting relevant features from the preprocessed data, such as Doppler frequency, range, 

and amplitude. 

 Target Detection Algorithm: Developing and implementing a target detection algorithm using techniques such 

as pulse Doppler radar, CFAR detection, and machine learning algorithms. 
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 Performance Evaluation: Evaluating the performance of the target detection algorithm using metrics such as 

detection probability, false alarm rate, and accuracy. 

 

Techniques  Used 

 Pulse Doppler Radar: Using the Doppler effect to detect moving targets and distinguish them from stationary 

clutter. 

 CFAR Detection: Adapting the detection threshold to maintain a constant false alarm rate in the presence of 

clutter and noise. 

 Machine Learning: Using machine learning algorithms to classify targets and distinguish them from clutter. 

 

V. ADVANTAGES, LIMITATIONS AND  APPLICATIONS 

Advantages 

 Improved Detection Accuracy: Advanced signal processing techniques and machine learning algorithms can 

improve the detection accuracy of small targets in radar surveillance systems. 

 Enhanced Situational Awareness: Small target detection enables better situational awareness, allowing for 

more effective decision-making in various applications. 

 Increased Safety and Security: Detecting small targets, such as drones or missiles, can help prevent accidents 

and ensure public safety and security. 

 

Limitations 

 Clutter and Interference: Radar signals can be affected by clutter and interference, reducing the detection 

accuracy of small targets. 

 Complexity: Advanced signal processing techniques and machine learning algorithms can be complex and 

require significant computational resources. 

 Cost: Radar surveillance systems can be expensive, especially for high-performance systems with advanced 

features. 

 Limited Range and Coverage: Radar surveillance systems have limited range and coverage, requiring multiple 

systems to cover large areas. 

 

Applications 

 Air Defense: Small target detection is critical for air defense systems to detect and track incoming threats, such 

as missiles or drones. 

 Surveillance and Security: Radar surveillance systems are used in various applications, including border 

security, critical infrastructure protection, and public safety. 

 Aviation and Airport Security: Small target detection can help prevent drone-related incidents and ensure safe 

aircraft operations. 

 Military and Defense: Radar surveillance systems are used in various military applications, including target 

detection, tracking, and guidance. 

  

VI. CONCLUSION 

In conclusion, small target detection in radar surveillance systems is a critical aspect of modern defense and security 

infrastructure. The detection of small targets, such as drones or missiles, poses significant challenges due to their low 

radar cross-section and the presence of clutter and noise. However, with the advancement of signal processing 

techniques and machine learning algorithms, it is possible to improve the detection accuracy and reliability of radar 

surveillance systems. 
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This seminar report has provided a comprehensive overview of the techniques and challenges of small target detection 

in radar surveillance systems. We have discussed various approaches, including pulse Doppler radar, CFAR detection, 

and machine learning algorithms, and highlighted their advantages and limitations. 

  

VII. FUTURE SCOPE 

The future scope of small target detection in radar surveillance systems is promising, with ongoing research and 

development aimed at improving detection accuracy, reliability, and efficiency. Some potential areas of future research 

include: 

• Advanced Signal Processing Techniques: Developing more sophisticated signal processing techniques to 

improve target detection and clutter suppression. 

• Machine Learning and Artificial Intelligence: Integrating machine learning and artificial intelligence into radar 

surveillance systems to enhance detection capabilities and adapt to changing environments. 

• Multimodal Sensing: Combining radar with other sensors, such as optical or acoustic sensors, to provide a 

more comprehensive surveillance solution. 

• Cognitive Radar: Developing cognitive radar systems that can adapt to changing environments and target 

characteristics in real-time. 

• Distributed Radar Systems: Developing distributed radar systems that can provide more comprehensive 

coverage and improved detection capabilities. 

These advancements will enable radar surveillance systems to detect and track small targets more effectively, ensuring 

the safety and security of people and infrastructure. As technology continues to evolve, we can expect to see significant 

improvements in small target detection capabilities. 
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