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Abstract— The Imaging of Low Radar Cross-Sectional Targets by Inverse Synthetic Aperture Radar (ISAR) is a technique
used to generate high-resolution images of radar targets with low radar cross-section (RCS). This abstract provides an overview
of the ISAR technique and its applications for imaging low RCS targets. ISAR uses the motion of the target or the radar
platform to synthesize a long coherent aperture, which is used to generate high-resolution images of the target. ISAR is widely
used in military and civilian applications, such as identifying stealth aircraft and ships, detecting and tracking small targets,
and monitoring the health of infrastructure. These abstract highlights the key principles of ISAR, including the signal
processing techniques used to generate images, and discusses some of the challenges and limitations of the technique. This paper
presents some experimental results demonstrating the effectiveness of ISAR for imaging low radar cross-sectional targets.
Overall, ISAR is a powerful imaging technique that has significant potential for a range of applications.
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I. INTRODUCTION

Backward Synthetic Aperture Radar Imaging is a method for creating high-resolution photographs of objects, usually moving targets
like ships or airplanes [1]. The term "inverse" in ISAR describes how the radar is moved in relation to the target rather than how the
target is stationary and the radar is moving over it. In order to capture the scattered signals that are reflected back from the object, the
ISAR imaging system first illuminates the target with electromagnetic waves using a radar. The ISAR imaging system can generate an
extremely detailed image of an object by analysing the reflected signals and applying sophisticated signal processing algorithms.
Depending on the object's characteristics, such as shape and size, the ISAR imaging can be used to identify and classify various types
of objects, including aircraft, ships, and vehicles.When a target moves in relation to the radar antenna, ISAR imaging gathers data from
several radar pulses. Advanced algorithms are then used to process the data in order to produce a detailed 2D or 3D image of the object.
Following processing of the received signals, a time-frequency image of the target is produced, which is then converted via an inverse
Fourier transform into a two-dimensional image [2-5].

A. Radar System

Radio waves are used by radar (Radio Detection and Ranging) systems to find objects, measure their speed and direction, and produce
images of their sizes and shapes. Radar works on the basic principle that a radio signal is transmitted it bounces off an object, and
returns to the radar system [6-8]. The distance, speed, and direction of the item can all be calculated using the radar by examining the
properties of the echo signal, such as its delay time, frequency shift, and amplitude [9].

B.Types Of Radar
Radar systems can be classified into different types based on their operating frequency, power, and application. Some common types
of radar systems include:

1) Primary Surveillance Radar (PSR):
It is one of the radar systems to track and detect aircraft in the airspace. Its operating frequency ranges 2-18 GHz and uses a high-
power transmitter to transmit a pulse of energy that reflects off the aircraft and returns to the receiver radar shown in Fig.1 [10].
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Fig. 1 Primary Surveillance Radar

2)Secondary Surveillance Radar (SSR):

It is a type of radar system that is used to provide additional information about aircraft detected by PSR. SSR operates at a frequency
of 1030 MHz and sends out a signal that is received by a transponder onboard the aircraft. The transponder responds with additional
information such as aircraft identification, altitude, and speed shown in Fig. 2 [11].

Fig. 2 Secondary Surveillance Radar

3) Synthetic Aperture Radar (SAR):
It is a type of radar system that is used to create high-resolution images of the Earth's surface. It operates at a frequency range of 1-10
GHz and uses a sophisticated signal processing technique to produce images with fine detail shown in Fig. 3[12].

Fig. 3 Synthetic Aperture Radar

4) Weather Radar:
It is a type of radar system that is used to detect and track weather phenomena such as precipitation, storms, and tornadoes. It operates
at a frequency range of 1-10 GHz and uses Doppler shift to measure the velocity of the weather elements [13-15].
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Fig. 4 Primary Surveillance Radar
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5) Continuous Wave (CW) Radar:
It emits a continuous radio signal and detects any changes in the signal reflected back from a target [16].
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Fig. 5 Continuous Wave (CW) Radar

6)Marine radar :

It is used for navigation and detecting other ships and obstacles on the water. Marine Radar is a type of radar that is used on boats and
ships for navigation, collision avoidance, and weather monitoring. It can provide information on the location and movement of other
vessels and can detect weather patterns, such as storms and fog [17-19].
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Fig. 6 Marine Radar

7)  Automotive radar :
A type of radar used in vehicles for safety features such as collision avoidance, collision detection, adaptive cruise control, and blind
spot detection, pre-crash warning, etc. [20].
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Fig. 7 Automotive radar
C.Advantages Of Radar

1) Accuracy: Radar can detect objects with high- precision and accuracy, even in adverse weather conditions [21].

2) Long Range:Radar can detect objects at long ranges, which is useful for detecting and tracking aircraft and ships [22].

3)Security: Radar is used for border security, detecting and intercepting unauthorized entry, and monitoring airspace for threats[23].
4) All-weather capability: Radar can operate in all weather conditions, including rain, fog, and snow, providing reliable detection and
tracking [24].

5) Safety: Radar can help prevent accidents and collisions by providing early warnings of approaching objects, such as aircraft and
ships [25].

6) Non-visual: Unlike other technologies, radar can detect objects that are not visible to the naked eye, such as stealth aircraft [26].

D. Disadvantages Of Radar

1) Cost: Radar technology can be expensive to install and maintain, making it less accessible to smaller businesses and organizations
[27].
2) Interference: Radar signals can be disrupted by other electronic devices or natural phenomena, affecting the accuracy of the detection
[28].
3) Power consumption; Radar requires significant power to operate, which can make it challenging to use in remote or off-grid areas
[29].
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4) Limited resolution: Radar resolution can be limited, especially at long ranges, making it challenging to identify small objects or
distinguish between multiple objects in close proximity [30].
5) Health hazards: High-power radar systems can pose health hazards to personnel who work in close proximity to them [31].
6) Limited applicability: Radar is not suitable for all applications, and there are situations where other technologies may be more
effective or efficient [32].

1. BACKGROUND LITERATURE

The radar imaging techniques in Inverse synthetic aperture radar has been extensively used in multiple sectors, including military
surveillance, aviation and remote sensing. Significant research has been done over the years to develop and improve ISAR Imaging
algorithm as well as advance hardware technologies to enhance imaging resolution and accuracy [33-35]. In general, the literature on
ISAR imaging offers a wealth of knowledge and information for practitioners and researchers in the field of radar imaging. Currently,
research in this area is concentrated on addressing the difficulties of imaging in complicated scenarios such as crowded scenes and
adverse weather, as well as improving the technical performance of ISAR algorithms [36-38]. A few important sources are publications
like “Inverse Synthetic Aperture Radar Imaging: Principles, Algorithms and Applications” and “Inverse Synthetic Aperture Radar
Imaging using MATLAB,” which give a thorough review of the procedures and strategies utilized in ISAR Imaging [39,40]. Other
articles and publications concentrate on particular ISAR Imaging applications such as “ISAR Imaging of moving Targets”,”ISAR
Imaging of Ships and Buildings” and “High Resolution ISAR Imaging of Maneuvering Targets”. These sources show a wide range of
ISAR Imaging applications and study, and they offer informative details on the difficulties and possibilities in this area. Data collection
and processing, Doppler-based imaging, range azimuth imaging of moving targets are just a few of many subjects covered in the
literature on ISAR Imaging [41-43].

1. IMAGING TECHNIQUES

ISAR imaging is commonly used to identify and track low Radar Cross Sectional targets, which are difficult to detect using traditional
radar imaging techniques. There are several imaging techniques used in ISAR imaging for low RCS targets, including:

1)Doppler Processing:

This technique involves measuring the Doppler shift of  the radar signal reflected from the target. By analysing the Doppler shift,
it is possible to determine the target's velocity and trajectory, which can help in identifying the target [44,45].
2)Range-Doppler processing:

This technique involves processing the radar signalover a range of frequencies and time periods to create a two-dimensional image
of the target. The range-Doppler image provides information about the target's position, velocity, and size [46].
3) Polar formatting:
This technique involves converting the range-Doppler image into a polar image. The polar image provides a more intuitive view of the
target's shape and orientation [47].
4) High-resolution imaging:
This technique involves using a high-frequency radar signal to create a high-resolution image of the target. High-resolution imaging
can provide detailed information about the target's shape and surface features, which can help in identifying the target [48].
5) Multistatic imaging:

This technique involves using multiple radar systems to create an ISAR image of the target. Multistatic imaging can provide a more
accurate image of the target by reducing the effects of noise and interference [49].
Overall, these imaging techniques are used in combination to create a detailed and accurate ISAR image of low RCS targets.

V. EXPERIMENTATION

To perform an ISAR imaging experiment, you would need a radar system capable of transmitting and receiving signals in the desired
frequency range, as well as the ability to collect and process the received signals. You would also need a suitable target that can be
maneuvered in front of the radar system [50-53].

The steps involved in an ISAR imaging experiment typically include the following:

1) Set up the radar system and ensure that it is functioning correctly.

2) Select a moving target, such as an aircraft or ship, to be imaged.

3) Position the radar system in such a way that it can observe the target as it moves past the radar.

4) Transmit microwave signals towards the target and receive the reflections from the target.

5) Use signal processing techniques such as range compression, Doppler filtering, and motion compensation to create an image of the
target.

6) Analyse the image to determine the features of the target, such as its size, shape, and orientation [54-56].
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Fig. 8 Image Processing

The transmitter transmits the high frequency radio waves if any target is present in the radar coverage lobe the transmitted waves/signals
will strike the target and get scattered. Few signals are captured by the receiver known as echo signals. This echo signals are passed
through Non-Linear Device in which the output electric field, voltage, or current is not linearly proportional to the input electric field,
voltage, or current to take the extremely weak and uncertain signal from the antenna, usually on the order of microvolts or under -100
dBm, and amplify it to a more useful level, usually about one-half to one volt by LNA(Low Noise Amplifier) [57,58]. This Signal is
then passed through ADC to convert the analog signals to digital or binary form and then to Low-pass filters provide a smoother form
of a signal, removing the short-term fluctuations and leaving the longer-term trend. MCC measurement software has been set up in the
MATLAB for compatibility of the received signals with the MATLAB. Appropriate Image Processing Code is been done in MATLAB
to obtain the approximate 2D Image received through the echo Signals [59,60].

V. APPLICATIONS

ISAR (Inverse Synthetic Aperture Radar) imaging is a powerful technique used in radar imaging to produce high-resolution, three-
dimensional images of moving targets such as ships, aircraft, and vehicles. Here are some potential applications of ISAR imaging:

1) Military Surveillance:

ISAR imaging is used for military surveillance purposes to detect, identify, and track moving targets such as aircraft and ships. It
provides the military with the capability to monitor enemy movements and improve situational awareness [61,62].
2)Homeland Security:

ISAR imaging can be used for border surveillance to detect and track illegal activity such as smuggling and trafficking. It can also
be used for port security to detect threats and monitor shipping traffic [63].
3) Industrial Applications:

ISAR imaging can be used in industrial applications such as monitoring moving parts in machinery and inspecting structures for
defects [64].
4) Medical Imaging:

ISAR imaging can be applied in medical imaging to provide high-resolution images of moving organs such as the heart and lungs.
It has the potential to improve diagnostic accuracy and enable more targeted treatments [65-68].
5)Search and Rescue:

ISAR imaging can be used to locate and identify objects in distress, such as ships and airplanes that have gone missing or are in
distress [69].
6) Automotive Industry:

ISAR imaging can be used in the automotive industry to test and evaluate the performance of vehicles. It can help identify design
flaws, evaluate the aerodynamic properties of the vehicle, and improve safety features [70].
7) Remote Sensing:

ISAR imaging can be used for remote sensing applications such as monitoring weather patterns, tracking icebergs, and mapping
terrain. It can provide high-resolution images of moving objects and provide valuable information about their size, shape, and motion
[71].
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8) Border Security:
ISAR imaging can be used for border security to detect and identify moving objects such as vehicles and people. It can help border
patrol agents monitor the movement of people and goods across borders and provide valuable information about their size, shape, and
motion [72].

V1. RESULTS AND DISCUSSIONS

ISAR (Inverse Synthetic Aperture Radar) imaging is a technique used to produce high-resolution images of objects in motion, such as
aircraft or ships, using radar signals. The technique involves collecting a series of radar measurements as the object moves, and then
processing these measurements to create a detailed image of the object's shape and structure. The quality of the ISAR image depends
on several factors, such as the radar system's performance, the object's motion, and the processing algorithms used [73-76].

The processing algorithms used in ISAR imaging play a crucial role in extracting useful information from the radar measurements.
These algorithms typically involve complex signal processing techniques, such as Fourier transforms and image reconstruction
algorithms. The choice of algorithm can have a significant impact on the quality of the resulting image [77-79].

ISAR image
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Fig. 9 ISAR MATLAB Image 1Fig. 10 ISAR MATLAB Image 2
Here are some results and discussions of ISAR imaging:

1)High-Resolution Imaging: ISAR imaging can produce high-resolution images of targets that are difficult to achieve with other
imaging techniques. The technique uses a high-frequency radar signal that can penetrate through the surface of the target, allowing the
radar system to capture detailed information about the target's structure and composition [80-85].

2)Improved Target Identification: ISAR imaging can provide detailed information about the shape, size, and orientation of a target.
This information can be used to improve target identification and tracking, making it easier to differentiate between friendly and hostile
targets [86-90].

3)Range and Bearing Estimation: ISAR imaging can provide accurate range and bearing estimates of a target. This information is
critical for targeting and engagement decisions in military applications [91-94].

4)Signal Processing Challenges: ISAR imaging is a complex technique that requires sophisticated signal processing algorithms to
generate accurate images. The technique is sensitive to noise and other signal distortions, which can affect the quality of the resulting
images [95-99].

5)Limitations: ISAR imaging has some limitations, particularly when it comes to imaging targets that are moving or have complex
structures. The technique can also be affected by environmental factors such as weather conditions [100-108].

VII. CONCLUSIONS

ISAR (Inverse Synthetic Aperture Radar) imaging is a powerful technique used in radar signal processing to generate high-resolution
images of objects in motion. It has wide-ranging applications in various fields such as aerospace, defence, and maritime industries.

In conclusion, ISAR imaging has revolutionized the way objects in motion are visualized and analysed. By using this technique, it is
possible to obtain detailed information about the target's size, shape, and movement pattern, which can be used for a range of purposes,
such as target recognition, identification, and tracking.Furthermore, the advancement in technology has made ISAR imaging more
accurate, efficient, and cost-effective. With the increasing demand for improved security and surveillance systems, ISAR imaging is
expected to play a crucial role in shaping the future of radar technology.
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