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Abstract

Radar is an object detection system which recognizes the targets and helps generate various characteristics of the target. Several
field tests are held extensively for the testing of the radar system. This is extremely costly and requires the usage of lot of
resources which is a huge drawback. To reduce such a complexity, Radar Target Generator becomes very crucial. This paper
proposes a Radar Target Generator for Airborne targets. The proposed system reduces cost as it is a simulation environment, thus
providing the user an opportunity to visualize the scenarios. It also generates various of the parameters of the targets dynamically
hence saving a lot of time.
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I. INTRODUCTION

Radio Detection and Ranging is the full form of RADAR [1]. Radar uses the electromagnetic waves in the microwave region to
detect various attributes of an object such as the location, height, intensity and the movement of the targets. The working
involves the energy being radiated into space after which the echo signals are collected back from the reflection. This reflection
indicates that there is some object present. Then, these signals are compared with the transmitted signals in parallel.

A. Radar Signal

The Radar system contains several components such as Transmitter, Receiver, Antennae, Radar Data Processor, Radar Signal
Processor. The transmitter emits waves of radar that are called as the radar signals in directions that are predetermined. When
these signals come in contact with a target object they are then scattered in different directions. The reflected signals are the ones
which actually make the radar work.

Radar receivers are not usually at the same region as the transmitter and the signals which are received are made strong
enough by using electronic amplifiers. Radar Signal Processors are used to recover the useful radar signals as not all the reflected
signals are not prominent. The signals which are not useful are termed as Clutter. Clutter might be anything like birds, rain,
insects or any kind of atmospheric turbulence.

The ability of the radar to weakly absorb the radio waves across the medium through which it passes makes the radar to detect
objects which are even at long distances. The weather phenomenon such as fog, clouds, snow and sleet which actually block the
visible light are actually transparent to the radio waves. The radio frequencies that are usually scattered by atmospheric gases are
actually not considered while designing of the radars expect when the requirement is actually present.

& Hlumination

The transmissions from the sun or the moon are not relied upon by the radar. It actually considers its own transmissions for
several purposes. The procedure involved in directing these kind of transmissions or the artificial waves towards the objects is
coined as illumination.

. Reflection

If the electromagnetic waves from the radar meet a material object which is of a different dielectric constant, the waves will
reflect from the boundary of the material. This means to say that a solid object will change significantly in its atomic density and
scatter the radio waves as well from its surface. This is the major reason why radar is well suited for the detection in aircrafts and
ships.

Materials which absorb radar which contain a resistive and sometimes magnetic substances is used in military vehicles to
reduce radar reflection. The radar waves scatter in different directions majorly depending on the size of the radio wave and the
shape of the target. If the wavelength is short compared to the targets size then the waves will bounce off like the reflection from
water. If it is longer than the targets size then it may not be visible at all.
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The radars which were earlier used wavelengths that were larger than the targets and received very light signals. The radars
which are used now a days use wavelengths which are short that can process small objects even as small as pieces of cake.

The shorter radio waves reflect from even a smaller curve and corners. The targets which are most reflective for these kind of
shorter wavelengths will have 90 degrees between the surfaces which reflect. These kind of structures are used as radar reflectors
which will help detect the objects which are otherwise very difficult to detect. For example: The corner reflectors on the boats
will make them more detectable to avoid collisions or during the rescue. In the similar way, the objects which wants to avoid
detection will not have inside corners or surfaces which leads to the stealth aircrafts. This kind of aircrafts eliminate reflection
due to diffraction in the longer wavelengths. The extent to which the object reflects or scatters radio waves is known as Radar
Cross Section.

. Radar Range equation

R max is the maximum range of the radar and its equation is represented as follows-

R max = PG.G,ol” |

min  _| (1)

Where,

Pt = Power radiated from the transmitting antenna.
G: = Gain of the transmitting antenna.

G = Gain of the receiving antenna.

o = Radar Cross Section of the target.

A = Wavelength of the signal.

Pmin = the minimum power detected by the receiver

E. Doppler Effect

The shift in the frequency is usually caused by the motion which changes the number of wavelengths between the reflector and
the radar. This can either increase or decrease performance depending on the effects of the detection.

Many of the applications of the radar use the Doppler Effect to enhance the performance. This will help to produce data about
the target velocity during the detection procedure. It also allows the small objects to get detected in an atmosphere which
contains larger slow moving objects. The Doppler shift depends on the radar configuration. The radar configuration can be either
active or passive in nature. Active radars are used to transfer a signal that is reflected back to the receiver. Passive radars depend
on the object sending signals to the receiver.

F. Polarization

The electric field is perpendicular to the direction of the propagation in all the electromagnetic radiations. During the
transmission of the radar signals, the polarization can be controlled to induce different effects. Radar uses different kind of
polarization to detect different kind of reflections. This includes horizontal, vertical, linear and circular polarizations. Circular
polarizations is used to minimize the interference during rain. Linear polarization indicates metal surfaces. The returns of the
random polarization indicate fractal surface such as rocks, soil and are used by the navigation radars.

iv. Plot and track extraction

The radar performance enhancement can be done through introducing track algorithms [5]. These tracking algorithms gives the
ablity to predict future positions of multiple moving targets based on the history of the individual positions that are being
reported by the sensors.

The historical data are collected and are used to predict the future values like position for use in the air traffic control,
estimation of the threats, aiming of the guns and for missile guidance. The position data is collected by the radar sensors and are
span over a few minutes.

There are four major common track algorithms namely nearest neighbor, probabilistic data association. Multiple hypothesis
tracking, interactive multiple model. The returns from the radar video from an aircraft can be used to start the plotting procedure
where the spurious unwanted signals are discarded. The sequences can be monitored using a device known as the plot extractor.

The real time returns which are non-relevant are removed from the radar display and only a single plot is displayed on the
radar display. A radar tracker is used to match the sequencing plots which belong to the individual target and the estimation of
the target headers and the speed is done.
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#1. Applications of the Radar

The data that is returned by the radar contains the bearing and the range of the object from the radar scanner. It is mainly used in
the fields where the object position is crucial. The first application field where such an application is crucial is the military. In
military, radar is used for locating the air, ground and the sea targets. In the civilian fields, it is used in aircrafts, shifts and roads.

In the case of airborne radars, the aircrafts come with an radar device which will warn the operator of the obstacles
approaching their path. It is also used to display the weather information and is also used to get the altitude [7] readings.

In case of the marine radars, radars are implemented to measure the bearing and the distance of the ships to prevent the
collision with other ships during navigation and to fix their positioning in the sea or with respect to fixed references such as the
islands, buoys and lightships.

The radar is also used by the meteorologists, to monitor the precipitation and the wind. Radar has become a truly crucial tool
in case of the short-term weather forecasting channels. It is also used by the geologists to specialize the ground penetrating radars
to get to know the composition of the earths crust. Police forces use radar to map the vehicular speeds on roads. The radars
which are smaller in size are used to detect the movement of human beings. For example: It is used to detect the breathing
pattern un case of sleep monitoring, intrusion detection system etc.

Il. LITERATURE SURVEY

. Radar Data Processing System

RADAR FLIGHT DATA:

Fig. 1: Radar Data Processing System

The main functionality of the Radar Data Processor is to plot the signals that are received by the radar, process the signals, filters
the clutter and also initiates the tracks and updates the accuracy of the track parameters. The RDP can be configured for any type
of Radar Systems. The functions of the RDP are to process the plots, to correlate the clutter, to correlate the tracks, to initiate the
tracks, to resolute the tracks, to update the tracks, and to do the mirror track initiations.

The features of the radar are quick initiations of the tracks that are real, to minimize the plotting of the redundant tracks, for
the maintenance of the tracks, customized hardware interface, outputting of the track data, user friendly GUI, use of advances
tracking algorithms and the diagrammatic feature to assess the quality of the output of the radar.
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Fig. 2: Image with STK

System Tool Kit (STK) are used for end to end radar system modeling. It is a software that is physics based and allows the users
to perform analysis of the ground, air, sea and the space assets and share the results as a one-single solution. STK defines the
radar communication scenario by moving the TX,RX and interfere objects. This scenario is then analyzed to obtain the time,
range, RCS [3] and other parameters. It is also used to model the flight scenario and also the characteristics of path such as
Doppler, RCS, aircraft dynamics etc.

Scenario Toolkit and Generation Environment (STAGE) allows the users to create simulation scenarios across gaming
platforms and in the areas which involves operations and analysis. It is extendable and provides the user with certain tools to
develop scenarios which are rich in entities with 2D as well as 3D viewing.
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Fig. 3: ArcGIS

ArcGIS is the acronym for Geographic Information System that is used for working with maps and the geographical data. It is
mainly used for the creation and discovering of the geographic information. It is used in many applications and for managing
several geographic information’s present in the database.
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Qt [6] is a platform used mainly to develop several of the application software that can be run on different software and hardware
platforms. It mainly focuses on the applications that use Graphical User Interfaces. The main pro of using the Qt is that it
implements a little or no change in the underlying codebase by being a native application. It provides several functionalities such
as command line tools and also consoles for the servers.

Qt uses standard C++ and contains signals and slots for handling the events which helps in the development of both GUI as
well as server applications. Qt also supports compilers including GCC C compiler and Visual Studio Suite.

I1l. EXISTING AND PROPOSED SYSTEM

A. Existing System

A Radar Display [9] can be defined as the electronic device to present the data which is received by the radar to the operator,
The system with a radar display which are particularly limited to the land targets is already present. This display is limited to the
stationary radars which can detect only single targets at a given instance of time. The views provided by such radars are only A-
scope and PPI [4].

The drawbacks of the already existing system are that no platform for detecting the airborne targets, no mechanism to remove
the clutter and the unwanted information, no support of the B-scope and the C-scope and the three-dimensional views were not
implemented.

#. Proposed System

Table -1
Problem Statement with the Solution

Problem | Need of a Real-time Radar Target Generator [2] for the evaluation of a Radar Data Processor under various maneuvering modes.

The behavior of the Radar in tracking highly maneuvering targets becomes unpredictable. This results in catastrophic situations
Affects - . R - . - -
like erroneous track maintenance (track initiation, deletion, etc.,), increased false alarm rates, incorrect tracking, etc.

The results from one flight to the next are not repeatable due to changes in speed, altitude, maneuvering, pilot awareness, sun
Impact angle, etc. Thus each flight is slightly different, and getting enough flights in to be statistically significant is too cost prohibitive.
The operational cost of a real aircraft may not be affordable.

Solution | An automatic Real-time Radar Target Generator software with a Geographical Information System (GIS) Map integrated interface.

The proposed system has the capability to generate targets in real-time from stored scenarios, has a GIS map integrated Plan
Position Indicator (PPI) Radar Display, provides an interface with a Radar Controller through UDP or TCP/IP, display the path
of the moving targets and beam position, supports configuration of Radar, Display, Map and Beam parameters, computes various
parameters of the target, displays the computed values in a tabular form, supports saving the scenario images & logged data in
files.

IV. IMPLEMENTATION

The cross platform framework Qt [6] along with MingW compiler is used for the development, considering the GUI aspects and
capability of working under different operating system (Linux/Microsoft Windows/Mac). The development is done completely
with the C++ 11 programming language. An object oriented approach using UML 3.0 is followed in this development. The
development environment includes Qt Creator & Designer IDE, which is part of Qt C++ Toolkit 5.5.

This section mainly deals with the implementation. Here the implementation is done by using the iterative model [12].The
iterative model is used because it overcomes the drawbacks of the waterfall model. Here the examination and the re-examination
of the statement given in the requirement stage are done in order to ensure it is being properly implemented. Several of the
implementation procedures are elaborated. The operating system choice, the programming choices and details of the coding are
also explained. The implementation phase of any development is as important as it yields the terminal solution, which solves the
problem at hand.

The implementation phase involves the actual materialization of the ideas, which are expressed in the analysis documents and
developed in the design phase. Implementation should be perfect mapping of the design document in a suitable programming
language in order to achieve the necessary final product. Often the product is ruined due to incorrect programming language
chosen for implantation or unsuitable method of programming. It is better for the coding phase to be directly linked t the design
phase in the sense if the design is in terms of object oriented terms then implantation should be preferably carried out in a object
oriented way.

A multitude of algorithms are used in this application. They include azimuth computation algorithm, heading computation
algorithm, Elevation computation algorithm, Ground Range computation algorithm, Polar to Cartesian & Cartesian to Polar
Conversion algorithms, algorithms for computing velocity components Vx, Vy & Vz, altitude, Probability of Detection and
algorithms handling different maneuvering cases to compute the segment duration under various kinematic conditions and other
segment related parameters. A discussion on these algorithms is beyond the scope of this paper. The constants that are
considered include earth radius, pi, minimum and maximum range, minimum and maximum azimuth, minimum and maximum
elevation, minimum and maximum altitude, acceleration, climb, range, duration and other constant values.
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A. Algorithm

Below is a pseudo code for steady flight. Such algorithms are only used for other maneuvering types as well.
1) Description:

This function is used to calculate the output parameters when the Maneuver type is steady type flight.
1) Get the Altitude at start position and store in Alt local variable.

2) Get the X value at start position and store in X Old local variable.

3) Getthe Y value start position and store in Y Old local variable.

4) Get the Vx value at start position and store in VVx Old local variable.

5) Get the Vy value at start position and store in Vy Old local variable.

6) Get the s Segment Duration and store it in Segment Duration local variable.

7) Compute the new X, Y and Z position.

8) Compute the ground Range.

9) Set the computed Position values in X, Y, Z direction, ground-range and altitude to position class variables.

10) Compute the Range, Azimuth and Elevation using Cartesian to polar coordinates conversion.

V. RESULT
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Fig. 5: Display of the track and the parameters

A Scenario file named AllCasesScenario.xml is used in verifying the various capabilities. Here 5 Targets are being loaded.
These Targets are drawn using Line and Arc segments. The first target which has 8 segments. The first segment of this target is
steady flight (constant velocity). In the second segment the Target is in acceleration mode. In the third segment it takes co-
ordinate turn. In the fourth segment Target is in Climb and Accelerate mode. In the fifth segment Target is in Acceleration and
Turn mode. In the sixth segment Target takes Co-ordinate turn. In the seventh segment Target is in Climb and Acceleration

mode. In the eighth segment Target takes Climb.

V1. CONCLUSION

A system for Real-time Radar Target Generator was developed as part of this paper. The Radar Target Generation software shall
be used a synthetic environment which defines the air picture scenarios. It shall be used in conjunction with In-house developed
Radar Target Scenario Modeling software to validate Radar Data Processors. The Scenario Modeler defines target entities with
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detection criteria and different maneuvering type such as constant velocity, constant acceleration, and level turn, climb,
accelerate & climb, accelerate & turn and climb & turn. This software can generate different number and types (Helicopter,
Commercial Aircraft, Transport Aircraft, Fighter, etc.,) of target entities with different number of segments. Most parts of the
system are implemented as reusable software components to encourage reuse. Modern application programming paradigms
allowed us to achieve high system modularity and better interaction between the user and the system. The system was
successfully tested under various target maneuvering conditions and is fully functional as per our aim.
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