
NEAR EAST UNIVERSITY

Faculty of Engineering

Department of Electrical and Electronic
Engineering

RADAR SYSTEMS

Graduation Project
EE-400

Student: Khaled ABU ASBEH (20011093)

Supervisor: Prof. Dr Fakherddin Mamedov

•

Nicosia - 2002



ACKNOWLEDGMENTS

First I want to thank Prof .Dr. Fakhreddin mamedov to be my advisor. Under this

guidance, I successfully overcome many difficulties and learn a lot about radar system.

In each discussion, he the explained my questions patiently, and I felt my quick

progress from his advises. He always helps me a lot either in my study or my life. I

asked him many questions in radar system and he always answered my questions

quickly and in detail.

Special thanks to my friends with their kind help, thanks to faculty of engineering for

having such a good computational environmental.

I also want to thanks all my friends in NEU: youself, weal, and Mohammed. Being with

them make my 4 years in NEU full of fun.

Finally I want to thanks all the administration of NEU and dean of our faculty for his

help in all period of studying and solve our problems.

•



- - ------ -- ----- ----

ABSTRACT

The objective of studying radar to know its performance and to know its ability of

detection targets, and also know the different types of radar (as its classified) and get the

knowledge of the construction of the main parts of radar block, especially on the

magnetron as oscillator in radar - the main part in radar transmitter which give the

antenna high power with high frequency and high stability in the high temperature.

Then we will know the different types of radar display and know the methods of scan

radar slides which include the targets map and how there is synchronization between the

rotating antenna and scanning beam on screen.

Finally, we will see the final output of radar system which is antenna, and know the

different types of radar antenna and the different parameters which determine the

radiation patterns and then know types of radar feeders which transfer power to antenna.

This is all our objectives which will take them one by one and its details., so our goal to

understand the basic construction of the radar systems , and has the ability to understand

its operation of detection the targets and what is the rules or conditions that determined

the ability of radar detection.

And at the end of this project we should get the purpose of the radar system and how its

work which include also the display systems and antenna systems and its types and the

different parameters of it.

•
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INTRODUCTION

Radar is an electric device that has been widely used, so its waves are very

important to deeply study the propagation of radar signals, also a typical block diagram

of radar set which is consisted of transmitter, receiver, antenna and indicator.

Conventional radars have been operated at frequencies extending from about 25 to

70000 MC. These are not necessarily the limits since radar can be operated at frequency

outside.

Generations of adequate RF. power is an important part of any radar system. So

that the transmitter is selected for any particular application. There are two basic

transmitter configurations used in radar. One is the self-exited oscillator exemplified by

the magnetron and the other utilizes a low power level by one or more power amplifier

tubes.

The types of radar antenna are different from antenna used in communications.

Radar antenna must generate beams with shaped directive patterns which can be

scanned, since the radar opened at VHF or the UHF bands use array antenna. At the

microwave frequencies the parabolic reflector and microwave lenses are used.

The first chapter to know its ability of detection targets, and also know the

different types of radar (as its classified) and get the knowledge of the construction of

the main parts of radar block, especially on the magnetron as, oscillator in radar - the

main part in radar transmitter which give the antenna high power with high frequency

and high stability in the high temperature, and see also the idea of the high power•
transmission line to radar antenna which is wave guide.

The second chapter we will know the different types of radar display and know

the methods of scan radar slides which include the targets map and how there is

synchronization between the rotating antenna and scanning beam on screen and know

the early type of scanning slide on radar screen and method of control the display of

radar by computer controller.
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The third chapter we will see the final output of radar system which is antenna,

and know the different types of radar antenna and the different parameters which

determine the radiation patterns and then know types of radar feeders which transfer

power to antenna and also the technology of radar antenna array and the basic concepts

of it.

•
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I.RADAR

1.1 RADAR FUNDAMENTALS:

1. 1. 1 GENERAL INTRODUCTION:
Radar is an electric device that has been widely used, so its waves are very important to

deeply study the propagation of radar signals, also a typical block diagram of radar set

which is consisted of transmitter, receiver, antenna and indicator. Conventional radars

have been operated at frequencies extending from about 25 to 70000 MC. These are not

necessarily the limits since radar can be operated at frequency outside. Generations of

adequate R.F. power is an important part of any radar system. So that the transmitter is

selected for any particular application. There are two basic transmitter configurations

used in radar. One is the self-exited oscillator exemplified by the magnetron and the

other utilizes a low power level by one or more power amplifier tubes. The types of

radar antenna are different from antenna used in communications. Radar antenna must

generate beams with shaped directive patterns which can be scanned, since the radar

opened at VHF or the UHF bands use array antenna. At the microwave frequencies the

parabolic reflector and microwave lenses are used. The special design which this project

contains is a wide-band amplifier or video amplifier, since the RC- coupled voltage and

current amplifiers possess flat frequency-response characteristics over range of

frequencies. The region of uniform amplification must be wider than possible with

simple circuits. Extending the high frequency range of amplifier via adding the

compensating elements (inductance or capacitance). Since this amplifier has received

considerable attention, different services require different solutions. For example, in TV
"'a uniform application over the range 25 CPS to about 4.5 or 5 MHZ is required, and

radar receives uniform responses of2 to 8 MC. •

1 .1.2 LEARNING OBJECTIVES :
Learning objectives are stated at the beginning of each chapter. These learning

objectives serve as a preview of the information you are expected to learn in the

chapter. The comprehensive check questions are based on the objectives. By

successfully completing the OCC/ECC, you indicate that you have met the objectives

and have learned the information. The learning objectives are listed below .
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Define range, bearing, and altitude as they relate to a radar system .Discuss how pulse

width, peak power, and beam width affect radar performance .Describe the factors that

contribute to or detract from radar accuracy .Using a block diagram, describe the basic

function, principles of operation, and interrelationships of the basic units of a radar

system .Explain the various ways in which radar systems are classified, including the

standard Army/Navy classification system .

Explain the basic operation of cw, pulse, and Doppler radar systems

1.2 INTRODUCTION TO RADAR FUNDAMENTALS:

The term RADAR is common in today's everyday language. You probably use it

yourself when referring to a method of recording the speed of a moving object. The

term Radar is an acronym made up of the words radio detection and ranging. The term

is used to refer to electronic equipment that detects the presence, direction, height, and

distance of objects by using reflected electromagnetic energy. Electromagnetic energy

of the frequency used for radar is unaffected by darkness and also penetrates weather to

some degree, depending on frequency. It permits radar systems to determine the

positions of ships, planes, and land masses that are invisible to the naked eye because of

distance, darkness, or weather .

The development of radar into the highly complex systems in use today represents the

accumulated developments of many people and nations. The general principles of radar

have been known for a long time, but many electronics discoveries were necessary

before a useful radar system could be developed. World War II provided a strong
"incentive to develop practical radar, and early versions were in use soon after the war

began. Radar technology has improved in the years since the war. We now have radar
•

systems that are smaller, more efficient, and better than those early versions.

Modem radar systems are used for early detection of surface or air objects and provide

extremely accurate information on distance, direction, height, and speed of the objects.

Radar is also used to guide missiles to targets and direct the firing of gun systems. Other

types of radar provide long-distance surveillance and navigation information .
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1.3 BASIC RADAR CONCEPTS:

The electronics principle on which radar operates is very similar to the principle of

sound-wave reflection. If you shout in the direction of a sound-reflecting object (like a

rocky canyon or cave), you will hear an echo. If you know the speed of sound in air,

you can then estimate the distance and general direction of the object. The time required

for a return echo can be roughly converted to distance if the speed of sound is known.

Radar uses electromagnetic energy pulses in much the same way, as shown in figure 1-

1. The radio-frequency (rf) energy is transmitted to and reflects from the reflecting

object. A small portion of the energy is reflected and returns to the radar set. This

returned energy is called an ECHO, just as it is in sound terminology. Radar sets use the

echo to determine the direction and distance of the reflecting object.

fi ADAR •

Figure (1.1): Radar echo.

NOTE: The terms TARGET, RETURN, ECHO, CONTACT, OBJECT, and

REFLECTING OBJECT are used interchangeably throughout this module to indicate a

surface or airborne object that has been detected by a radar system.
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Radar systems also have some characteristics in common with telescopes. Both provide

only a limited field of view and require reference coordinate systems to define the

positions of detected objects. If you describe the location of an object as you see it

through a telescope, you will most likely refer to prominent features of the landscape.

Radar requires a more precise reference system. Radar surface angular measurements

are normally made in a clockwise direction from TRUE NORTH, as shown in figure 1-

2, or from the heading line of a ship or aircraft. The surface of the earth is represented

by an imaginary flat plane, tangent (or parallel) to the earth's surface at that location.

This plane is referred to as the HORIZONTAL PLANE. All angles in the up direction

are measured in a second imaginary plane that is perpendicular to the horizontal plane .

•

Figure (1.2): Radar reference coordinates.

This second plane is called the VERTICAL PLANE. The radar location is the center of

this coordinate system. The line from the radar set directly to the object is referred to as

the LINE OF SIGHT (los). The length of this line is called RANGE. The angle between

the horizontal plane and the los is the ELEVATION ANGLE. The angle measured

clockwise from true north in the horizontal plane is called the TRUE BEARING or
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AZIMUTH angle. These three coordinates of range, bearing, and elevation describe the

location of an object with respect to the antenna.

1.4 A RADAR SYSTEM DESCRIPTION:

1 .4. 1 Background Information:

What's RADAR stand for again?

• It is Radio detecting and ranging.

• Goal of a radar system is to extract information about an object (the target)

which is outside the radar itself.

• Radar systems are very similar to the general communications system.

• The diagram below shows the basic block diagram of a monostatic radar system.

Monostatic means that the receiver and transmitter are in the same place.

• A radar system achieves its purpose is by firstly transmitting a signal from its

antenna .This signal is in the form of an electromagnetic wave bounces of the

target and proceeds to the receiver antenna of the radar system.

• The "bouncing" off the target changes some of the parameters of the transmitted

signal and the receiver measures these changes and extracts the information

about the target, i.e. its speed, size, heading, position etc.

What is Radar Used For?
• Radar is used to gain information about the surrounding area.

• For example what is the weather like, is there an aircraft, ship, tank etc

approaching. '"
• Like most things there are specialist radar systems that perform difference tasks.

• There are also radar systems that can perform many tasks- These types of radar

are called multi-mode radar systems.

• The image above of a nose cone radar is an example of a multi-mode radar

system.
• Multi-mode systems using do not perform as well as their single-mode

counterparts in any particular task but are used when space is at a premium, like

in an aircraft.
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• The information gathered by radar systems can be used to control other systems

directly, like autopilots, automated weaponry, or can be used to help human

supervisors to control aircraft and the like.

• The E-3 AWACS ( Airborne Warning And Control System) is an example of an

airborne supervisory role of radar. There are many other application of radar

system.

1.4.2 The parts of a Radar System

Aı¢eıına:---=~+---·. ---··-• Echo

Reciever

" Figure (1.3): radar block

• The transmitter a sends out a signal suitable for passage through the channel.

• The channel a signal transverses the channel twice, once on the way to the target

and then on the path back to the antenna.

• The receiver measures the parameters changes caused on the transmitted signal

by the target.

What Type of Information Can Be Deduced by Radar System and What type of

information can be deduced about a target from its echo?
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The most immediate information that can be deduced about a target is the distance to

the target. This is a simple time measurement of the time from the transmission of the

pulse to the reception of the echo.

The direction to the target can be determined by the angle of the radar antenna's

axis.The size of the target is directly proportional to the power of the received echo.

The speed of the target can be determined by the position of the echo's spectrum. The

shift from the original transmitted spectrum gives us this information, using the Doppler

Effect. More on the Doppler Effect in the Continuous Wave Radar section.

1 .4.3 Noise In Radar Systems :

• Like in communication systems, noise plays a big role in radar systems.

• The types of noise are the same as in communication systems except clutter

noise which is unique to Radar systems .

• Clutter noise is the sum of all the echoes that return to the receiver from terrain

objects like hills, trees etc., objects that are of no interest, in most cases, to the

radar system .Clutter noise can to some extent by removed because the object

producing the unwanted echo is stationary and this leads to the ability to detect

and ignore them.

• The same techniques are used in radar systems to reduce the influence of noise

that are communication systems.used in

1 .4.4 Different Radar System Set-ups:

Most radar systems have the transmitter and receiver in the same location, monostatic

radar.There are however systems in use where the receiver and transmitter are in. ..
different locations, this is called biostatic, and cases where there are multiple receivers

and transmitters, called multistatic.There are cases where the transmitted signal is not of

the radio spectrum .For example sonar, which is used for under water detecting. Here

the transmitted wave is in the acoustic spectrum. Acoustic systems are also sometimes

used for atmospheric sensing.
-Differences and similarities between radar and communication systems:
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• The main difference between the communications system and the radar system

is that in the radar system the information does not originate at the transmitter.

The information originates at the target.

• Radar and communication system have a lot in common.

• Signals that are transmitted by each system are very similar.

• The processing of these signals, especially to reduce noise are also very similar

and so not much detail will be given here as it assume the reader has a good

understanding of communication systems.

1.5 Components of a Radar System :

~
Aııteıma Controlll!r

<J
Tıwıııittul
Modulator

Freq. Gen.
T~
Contıol

Data pıocessor
Userdisplıı.ys

figure(l.4). Block diagram of a Monostatic Single Antenna Radar System

• Frequency Generation

• Transmitter

Modulator "•
• Duplexer

• Antennas

• Antenna Controller

• Receiver

•

1.5.1 Frequency Generation, timing and control:

• Generates the frequency and synchronization signals that are required by the

system
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• It determines when the transmitter fires and how other systems functions relate

to the time of transmission

• It controls the system's parameters and passes them to the other modules

1 .5.2 Transmitter:

• The transmitter generates the radio signal which is used to illuminate the target

1.5.3 Modulator:

• In pulsed systems, Pulsed Radar (PR), the modulator turns the transmitter on and

off.

• In continuous systems, Continuous Wave Radar (CWR), it provides the

modulation uses to determine target range.

1.5.4 Duplexer:

• In a monostatic single antenna system the duplexer switches the antenna

between the transmitter and the receiver.

• This allows the antenna to be shared between the two functions.

• The switch is usually electronic as the switch has to be made within

nanoseconds.

1.5.5 Antenna:

• The antenna concentrates the signal from the transmitter into a narrow beam

radiated in the desired direction

• Intercepts the echo fsorn the target in the desired direction.

• Matches the systems impedances to those of the transmission medium.

• Is usually steered so that the antenna can search or track in-maying directions.

1 .5.6 Antenna Controller:

• Positions the antenna beam to the required azimuth and elevation angles.

• Interacts with the system controller and data processor, reporting the positioning

of the beam.

• Antennas can either be mechanically steered or electronically steered as is the

case with phased arrays.
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1.5.7 Receiver :

• Amplifies the received echo signal to a level sufficient for the signal processor.

• Filters incoming signal removing out-of-band interference. This is called

channel selecting filtering.

1.5.8 Signal Processor:

• Processes the target echoes and the interfering signals to increase the target echo

signal level and suppress the interference.

• Performs the detection function, i.e. makes the decision of whether a target is

present or not.

• Determines target parameters like range and Doppler shift.

1.5.9 Data Processor:

• Stores and processes the location of detected targets.

• In some radar systems the data processor extrapolates the targets' position in a

track while scan function.

• In tracking radars the data processor may control the servo for the antenna by

processing angular errors into signals that control the antenna's motion.

• In some systems the data may be sent to other locations in a process called

netting. Target position is converted into coordinates understandable to all

systems in the net. At the receiving end the data processor converts the

coordinates back to a format understandable by the local system.

1.5.10 Displays :

The display puts the information extracted frqm the echo signal by the data processor

into a form that is useable by the radar operator and others such as traffic controllers

and weapon system operators and supervisors .

1.6 The radar equation for single target :

The energy intercepted by the target will be:

(1)
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where

c is the back scattering cross section of the target.

NOTE: not necessarily equal to the geometrical cross section.

The amount of energy which gets back to the antenna is:

(2)

The amount of power that is collected by the antenna is:

(3)

where : [Pr] = watts

Ae = effective area of the antenna

What are typical values of these quantities?

Pı~105W

r ~ 100 km
•

G~40 dB

A~ 1 m2

Inserting these numbers into the above equation gives

11



The gain can be express in terms of the effective area of the antenna and the

wavelength of the radar by:

(4)or

so substituting (4) into (3) gives:

This is the radar equation for a point target.

ldBWI

figure (1.5): Bistatic (Tx and Rx in different locations)

10'= RCS

~+
= 10 ,log,o [Pı x Gı x G,

figure(l.6) : Monostatic (Tx and Rx in same location)

Keep all units consistent. Losses due to atmospheric absorption and antenna

polarization are not included.
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where: Pr = Received peak power ( W )

Pt = Transmitted peak power ( W )

Gt = Gain of transmitter antenna ( ratio, not dBi )

Gr= Gain of receiver antenna ( ratio, not dBi)

I= Transmitted wavelength ( m, cm, in, etc. )

s = Radar cross-section of target - RCS ( m2, cm2, in2, etc. )

R = Range ( m, cm, in, etc. )

RTx = Transmitter range to target ( m, cm, in, etc. )

RRx = Receiver range from target ( m, cm, in, etc. )

c = speed of light.

1. 7 Radar Equation for Distributed Targets :

• Before we derive the radar equation for the distributed targets situation, we need

to make some assumptions:

1. The beam is filled with targets Q: Where/when would this assumption
break down?

2. Multiple scattering is ignored
3. Total average power is equal to the sum of powers scattered by

individual particles.

Recall the radar equation for a single target: •

(1)

• Pris the average received power
• P1 is the transmitted power
• G is the gain for the radar
• 4 is the radar's wavelength
• c is the targets scattering cross section
• r is the range from the radar to the target
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