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Micro-Doppler based Target Classification

ABSTRACT
· Description: The world today has bought on a need to pay increased attention to safety and security issues, for example, search and rescue operations, surveillance, and protection of critical infrastructure. These tasks are often labour intensive and potentially dangerous. This provides an incentive to create systems that aid operators to gain situational awareness. In this regard, unmanned aerial vehicles, pose a significant threat to privacy and security. 
· To understand and assess this threat, classification between different drone models and types is required. One way in which this has been demonstrated experimentally is through this use of micro-Doppler information from radars. Normally birds and drones are often confused and there is need for a method which clarifies their corresponding class.
·  Background: Due to substantial increase in the number of affordable drones in the consumer market and their regrettable misuse, there is a need for efficient technology to detect drones in airspace. Drone and birds both include micro-Doppler signatures due to their propeller blade rotation and wing beats respectively.
· These distinctive features can then be used to differentiate a drone from a bird, along with studying them separately. Detailed Description: Classification of drones and non-drones using micro-Doppler signatures captured from Radar as a sensor.
·  Moving parts of an object produce modulated Doppler components called micro-Doppler. The modulated Doppler signature is presented as added components to the Doppler signature of the drone body. 
· Due to rotating blades, frequency modulated components, which are quite revealing, are produced. To observe the time varying micro-Doppler’s, received FMCW should be processed by Joint time-frequency analysis.
·  A Conventional air surveillance radar system(operating usually at L-Band or S-Band) can rely on the radar cross section(RCS) of an aircraft for detection, but this may not always provide reliable detection, but this may not always provide reliable detection in case of drones. 
· Even if a dedicated system is built to be sensitive enough to detect small object like a drone, just RCS information is not adequate. Birds have similar physical size to drones and also will fly at similar altitude and speeds. 
· A reliable drone detection radar system must have the capability to discriminate between a drone and a bird. And hence micro-Doppler signature analysis is the key parameter for classification.
·  Expected Solution: Input: The micro-Doppler signatures of drones and bird Output: Class of the object(Drone or Bird)
· 











CHAPTER-1
INTRODUCTION
· Target classification is one of the major radar tasks in a variety of military and security applications. Some of these applications use electro-optical (EO) sensors, such as video surveillance [1]. 
· Radars have some significant benefits compared to EO sensors in terms of immunity to severe weather and poor lighting conditions, low cost, and robustness. Classification between humans and animals is a challenging task due to their Doppler similarity. 
· However, they are nonrigid bodies, and therefore, different motions of their parts induce additional modulations to the radar echoes [2]. These modulations, denoted as micro-Doppler, were proposed in the literature for radar targets classification [3].
·  Object classification using feature extraction from gridlike data by convolutional neural networks (CNNs) has been extensively studied in the literature. [4], [5]. It was shown that CNN, trained by visual data can outperform human classification capabilities, under visual distortions [6], [5], [7] [8].
· Majority of widely used training data sets contain objects that are characterised by visual features that are apparent for human classifier MNIST [9], ImageNet [10], CIFAR-10 [11]. The main task of the CNN classifier trained with such a dataset is to extract those distinguishing features. 
· Typically, radar “raw” data differs from these datasets because it does not contain identifiable features. Thus, the MAFAT radar dataset of moving humans and animals [12] was characterized only by an operational radar frequency. The radar measurements were collected from humans and animals moving at a similar radial velocity toward the radar. 
· Therefore, their classification using only spectral data is challenging, even for a human classifier. This work’s main idea is that the CNNs can learn some of a data’s distinguishable characteristics using sufficiently diverse training data. This work leverages the CNNs capabilities to extract the micro-Doppler signatures from the collected radar echoes to classify between animals and humans. 
· This work adopts some ingredients from the computer-vision deep learning (DL) for radar target classification: architectures, regularization methods to overcome the over-fitting phenomena, pre-processing methods to emphasize the distinguishing Doppler features, and data augmentations techniques to enrich the data’s diversity. 
· 




CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· In many scenarios, the sub-components of a target exhibit micro-motions such as rotation, vibration, tumbling, and coning, in addition to the target’s “bulk motion”. Examples of such micro-motions include rotating blades of a helicopter or multirotor, rotating blades of propeller of a fixed wing aircraft, swinging arms and legs of a pedestrian, and rotation of wind turbines.
·  The micro-motions induce Doppler modulations on the received signal known as micro-Doppler effect [4]. Micro-Doppler effect was first introduced in coherent laser detection and ranging systems [5]. Due to these modulations, sidebands are generated about the target’s Doppler frequency shift. 
· The micro-Doppler signature is the characteristic to a particular target’s micro-motion and hence it can be exploited for classification of different targets [4]. Figure 1 shows the simulated micro-Doppler signature of a running human with a radial speed of 2 m/s [6].
· 

2.1.1 DRAWBACKS OF EXISTING SYSTEM ARE 
· Complexity of Signal Processing: Micro-Doppler signals can be complex and require sophisticated algorithms for processing. This complexity can lead to longer computation times and increased power consumption.
· Environmental Interference: Micro-Doppler signatures can be affected by environmental factors, such as clutter, noise, and multipath propagation. This can degrade classification performance and lead to false positives or negatives.
· Environmental Interference: Micro-Doppler signatures can be affected by environmental factors, such as clutter, noise, and multipath propagation. This can degrade classification performance and lead to false positives or negatives.
· Limited Range: The effectiveness of micro-Doppler techniques may diminish at longer ranges. The Doppler shift becomes less pronounced with distance, which can complicate the classification of targets that are farther away.
· Calibration Requirements: Accurate classification may require careful calibration of the radar system and the environment, which can be time-consuming and may require specialized knowledge.



2.2. PROPOSED SYSTEM
· For the detection of the micro-Doppler signatures from the received signal, covariance based stransform based algorithm has been shown in Fig.1 and explained below in stepwise manner: 
· Firstly the signal has been transmitted from the radar sensor and is received back to the receiver of the Radar sensor.
·   Then, covariance based s-transform has been applied to plot the time-frequency representation or spectrograms of the received signal.
·  And then spectrograms of the detected and existing micro-Doppler signatures have been compared. If both are matched then target is detected else target is not detected.
· 

2.2.1. ADVANTAGES OF PROPOSED SYSTEM

· High Sensitivity to Small Movements: Micro-Doppler analysis is highly sensitive to even small, nuanced motions of targets. This capability allows for the identification of distinct motion patterns that are unique to different types of objects.
· Enhanced Target Discrimination: By analyzing the micro-Doppler signatures, it is possible to differentiate between targets that may appear similar in conventional radar returns. This allows for better classification of various objects, including humans, vehicles, and animals.
· Non-Destructive Testing: Micro-Doppler techniques can be applied in non-invasive ways, allowing for classification without physical contact or interaction with the target.
· Rich Information Content: The micro-Doppler effect provides additional information about the target's motion, including rotational and translational dynamics. This extra data can significantly improve classification performance.
· Real-Time Processing: With advancements in hardware and algorithms, micro-Doppler techniques can be implemented in real time, enabling immediate classification and response.



2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.




2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   


2.4 SYSTEM REQUIREMENTS
· System	:  i3 prcoessor.
· Hard Disk	: 500 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 8 GB
· Keyboard	: Standard Keyboard

2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project

2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows 10.
· Platform		: Python
· Front End		: html
· Back End		: mysql










2.5 MODULE DESCRIPTION
· Signal Acquisition Module
· Signal Processing Module
· Micro-Doppler Extraction Module
· Feature Extraction Module

Signal Acquisition Module

· Function: This module is responsible for capturing radar signals from the environment. It includes the radar hardware (e.g., antennas, transmitters, receivers) that emits radio waves and receives the reflected signals from targets.
· Components:
· Radar transceiver
· Signal conditioning circuitry (amplifiers, filters)
· 


Signal Processing Module

· Function: The acquired raw radar signals are processed to extract useful information. This involves several steps, such as filtering, demodulation, and Fourier transforms.
· Components:
· Filtering: To remove noise and enhance signal quality.
· FFT (Fast Fourier Transform): For transforming time-domain signals into the frequency domain to analyze the Doppler shifts.
· 




Micro-Doppler Extraction Module
· Function: This module focuses on isolating the micro-Doppler signatures from the processed signals. It identifies the specific frequency shifts associated with the motion of target components (like limbs or rotors).
· Components:
· Time-frequency analysis techniques (e.g., wavelet transform, short-time Fourier transform)
· Feature extraction algorithms to capture the micro-Doppler characteristics.
· 








CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 


















CHAPTER 5
CONCLUSION 
CONCLUSION

· In this paper, Micro-Doppler Signatures have studied using Short time Fourier transform and covariance based S-transform. 
· And from the results it has been concluded that the spectrogram of covariance based S-transform has good resolution as compared to the STFT based spectrogram.
·  Therefore, good resolution spectrogram can enhance the detection of the micro-Doppler signatures. In future, this work can be extended to include the machine learning for the detection of activities of humans as well as others.
·  


