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Course Outcomes

At the end of the Course, Student will be able to: 

CO 1 : Model the radar range equation. 

CO 2 : Make use of the range equation in analytical 

problems. 

CO 3 : Explain the different types of radars and its 

applications. 

CO 4 : Classify the different tracking techniques. 

CO 5 : Explain the performance of radar receiver systems. 
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Course Contents

UNIT I  : Basics of radar & radar equation

UNIT II : CW & FM radar  

UNIT III: MTI& Pulse doppler radar

UNIT IV: Tracking radar

UNIT V : Detection of Radar Signals in Noise & Radar 

receivers
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Text Books

Introduction to Radar Systems, Merrill I. Skolnik, TMH 
Special Indian Edition, 2nd Edition, 2007. 
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Unit-5 Outcomes

At the end of the unit, Student will be able to:

CO5:Explain the performance of radar receiver systems
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Contents 

Detection of Radar Signals in Noise: 

Introduction, Matched Filter Receiver – Response Characteristics and Derivation, Correlation detection and Cross-

correlation Receiver, Efficiency of Non-Matched Filters, Matched Filter with Non-white Noise, Noise Figure and Noise 

Temperature. 

Radar Receivers: 

Displays – types. Duplexers – Branch type and Balanced type, Circulators as Duplexers. Introduction to Phased Array 

Antennas – Basic Concepts, Radiation Pattern, Beam Steering and Beam Width changes, Series versus parallel feeds, 

Applications, Advantages and Limitations, Radomes
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Learning  Outcomes

At the end of this lecture, Student will be able to: 

LO1: Radar Receivers:

Displays – types.
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RADAR RECEIVER

The function of the radar receiver is to detect desired echo signals in the presence of noise,

interference, or clutter.

In this unit, the receiver design is considered mainly as a problem of extracting desired signals 

from noise. Noise can enter the receiver via the antenna terminals along with the desired signals, 

or it might be generated within the receiver itself.

the receiver must be designed as a matched filter, or its equivalent.

Receiver design also must be concerned with achieving sufficient gain, phase, and amplitude

stability, dynamic range, tuning, ruggedness, and simplicity.

Although the superregenerative, crystal video, and tuned radio frequency (TRF) receivers have 

been employed in radar systems, the superheterodyne has seen almost exclusive application 

because of its good sensitivity, high gain, selectivity, and reliability
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displays

The purpose of the display is to visually present in a form suitable for operator interpretation 

and action, the information contained in the radar echo signal

raw video and synthetic video.

deflection-modulated CRT, intensity modulated CRT,

The deflection of the beam or the appearance of an intensity-modulated spot on a radar 

display caused by the presence of a target is commonly referred to as a blip.

The focusing and deflection of the electron beam may be accomplished electrostatically,

electromagnetically, or by a combination of the two.
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In some high-range-resolution radars, however, the number of resolvable range cells available from the radar 

might be greater than the number of resolution cells available on the PPI screen. The result is a collapsing 

loss.

The decay of the visual information displayed on the CRT should be long enough to allow the operator not to 

miss target detections, yet short enough not to allow the information painted on one scan to interfere with the 

new information entered from the succeeding scan.

The ability of an operator to extract information efficiently from a CRT display will depend on such factors 

as the brightness of the display, density and character of the background noise, pulse repetition rate, scan rate 

of the antenna beam, signal clipping, decay time of the phosphor, length of time of blip exposure, blip size, 

viewing distance, ambient illumination, dark adaptation, display size, and operator fatigue.
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Types of display presentations.

A-scope. A deflection-modulated display in which the vertical deflection is proportional to target echo

strength and the horizontal coordinate is proportional to range.

B-scope. An intensity-modulated rectangular display with azimuth angle indicated by the horizontal

coordinate and range by the vertical coordinate.

C-scope. An intensity-modulated rectangular display with azimuth angle indicated by the horizontal

coordinate and elevation angle by the vertical coordinate.

D-scope. A C-scope in which the blips extend vertically to give a rough estimate of distance.

E-scope. An intensity-modulated rectangular display with distance indicated by the horizontal coordinate

and elevation angle by the vertical coordinate

F-Scope. A rectangular display in which a target appears as a centralized blip when the radar antenna is

aimed at it. Horizontal and vertical aiming errors are respectively indicated by the horizontal and vertical 

displacement of the blip

G-Scope. rectangular display in which a target appears as a laterally centralized blip when the radar

antenna is aimed at it in azimuth. and wings appear to grow on the pip as the distance to the target is

diminished; horizontal and vertical errors are respectively indicated by Horizontal and vertical

displacement of the blip.
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H-scope. B-scope modified to include indication of angle of elevation. The target appears as two 

closely spaced blips which approximate a short bright line, the slope of which is in proportion to 

the sine of the angle of target elevation.

I scope: A display in which a target appears as a complete circle when the radar antenna is 

pointed at and in which the radius of the circle is proportional to target distance; incorrect aiming 

of the antenna changes the circle to a segment whose arc length is inversely proportional to the 

magnitude of the pointing error, and the position of the segment indicates the reciprocal of the 

pointing direction of the antenna.

J-scope. A modified A-scope in which the time base is a circle and targets appear as radial 

deflections from the time base.

K-scope. A modified A-scope in which a target appears as a pair of vertical deflections. When the 

radar antenna is correctly pointed at the target, the two deflections are of equal height, and when 

not so pointed, the diffrence in deflection amplitude is an indication of the direction and 

magnitude of the pointing error.
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L-scope. A display in which a target appears as two horizontal blips, one extending to the right from a central 

vertical time base and the other to the left; both blips are of equal amplitude when the radar is pointed directly 

at the target, any inequality representing relative pointing error, and distance upward along the baseline 

representing target distance.

M-scope. A type of A-scope in which the target distance is determined by moving an adjustable pedestal signal 

along the baseline until it coincides with the horizontal position of the target signal deflections; the control 

which moves the pedestal is calibrated in distance.

N-scope. A K-scope having an adjustable pedestal signal, as in the M-scope, for the measurement of distance.

0-scope. An A-scope modified by the inclusion of an adjustable notch for measuring distance.

PPI, or Plan Position Indicator (also called P-scope). An intensity-modulated circular display on which

echo signals produced from reflecting objects are shown in plan position with range and azimuth

angle displayed in polar (rho-theta) coordinates, forming a map-like display. An offset, or offcenter,

PPI has the zero position of the time base at a position other than at the center of the display to

provide the equivalent of a larger display for a selected portion of the service area. A delayed PPl is

one in which the initiation of the time base is delayed.

R-scope. An A-scope with a segment of the time base expanded near the blip for greater accuracy in

distanq measurement.

RHI, or Range-Height Indicator. An intensity modulated display with height (altitude) as the vertical axis

and range as the horizontal axis.
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duplexers
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Branch type duplexer

Some times employ gas 
discharge devices.
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Balanced duplexer using dual 

TR tubes and two short-slot 

hybrid junctions. (a) Transmit

condition; (b) receive 

condition

Based on the short-slot hybrid 

junction which consists of two 

sections of waveguides joined 

along one of their narrow 

walls with a slot cut in the 

common narrow wall to 

provide coupling between the 

two
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The power-handling capability of the balanced duplexer is inherently greater than that of the branch-

type duplexer and it has wide bandwidth, over ten percent with proper design. A receiver protector, 

to be described later, is usually inserted between the duplexer and the receiver for added protection.
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Circulators as Duplexers

However, it is not the isolation between transmitter and receiver ports that usually determines the 

amount of transmitter power at the receiver, but the impedance mismatch at the antenna which reflects 

transmitter power back into the receiver. The VSWR is a measure of the amount of power reflected by 

the antenna.

For example, a VSWR of 1.5 means that about 4 percent of the transmitter power will be reflected by 

the antenna mismatch in the direction of the receiver, which corresponds to an isolation of only 14 

dB. About 11 percent of the power is reflected when the VSWR is 2.0, corresponding to less than 10 

dB of isolation.
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The ferrite circulator with receiver protector is attractive for radar applications because of its long 

life, wide bandwidth, and compact design.
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Introduction to Phased Array Antennas – Basic Concepts
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The phased array is a directive antenna made up of individual radiating antennas, or 

elements, which generate a radiation pattern whose shape and direction is determined by 

the relative phases and amplitudes of the currents at the individual elements. 

The radiating elements might be dipoles, open-ended waveguides, slots cut in waveguide, 

or any other type of antenna.

It has been considered in those radar applications where it is necessary to shift the beam 

rapidly from one position in space to another, or where it is required to obtain information 

about many targets at a flexible, rapid data rate.
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An array antenna consists of a number of individual radiating elements 

suitably spaced with respect to one another. The relative amplitude and phase 

of the signals applied to each of the elements are controlled to obtain the 

desired radiation pattern from the combined action of all the elements.

linear array and the planar array

A broadside array is one in which the direction of maximum radiation 

is perpendicular, or almost perpendicular to the line (or plane) of the 

array. An endfire array has its maximum radiation parallel to the array.
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The linear array can also act as a feed for a parabolic-cylinder antenna. The combination of the 

linear-array feed and the parabolic cylinder generates a more controlled fan beam than is possible 

with either a simple linear array or with a section of a parabola.

Other types of array antennas are possible than the linear or the planar arrangements. For example, 

the elements might be arranged on the surface of a cylinder to obtain 360ocoverage.

Endfire linear arrays have not been widely used in radar applications

Radiation pattern:

The difference in the phase of the signals in adjacent elements is 𝜓 = 2𝜋
𝑑

𝜆
sin 𝜃, where 𝜃 is the 

direction of the incoming radiation. The sum of all the voltages from the individual elements, when 

the phase difference between adjacent elements is 𝜓, can be written
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where w is the angular frequency 

of the signal. The sum can be 

written

N-element linear array.

The field intensity pattern

is

The pattern has nulls (zeros) when the numerator is zero. However, by applying L'Hopital's rule 

(differentiating numerator and denominators separately) it is found that |Ea | is a maximum whenever 

𝑠𝑖𝑛𝜃 = ±
𝑛𝜆

𝑑

These maxima all have the same value and are equal to N
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Main beam and grating lobes

The maximum at sin 𝜃 = 0 defines the main lobe. The other maxima are called grating lobes. They are 

generally undesirable and are to be avoided. I f the spacing between elements is a half-wavelength 

((d/𝜆 = 0.5). The first grating lobe (n=±1 ) does not appear in real space since sin 𝜃 > I, which cannot 

be. 

Grating lobes appear at +90° when d= 𝜆

an element spacing equal to one wavelength can be tolerated for a nonscanning array

an antenna of isotropic elements has a similar pattern in the rear of the antenna as in the front.

The radiation pattern is equal to the normalized square of the amplitude, or
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When directive elements are used, the resultant array antenna radiation pattern is
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The resultant radiation pattern is the product of the element factor Ge(𝜃) and the 

array factor Ga(𝜃)(also called spacefactor), the latter being the pattern of an array 

composed of isotropic elements.

Grating lobes caused by a widely spaced array may therefore be eliminated with

directive elements which radiate little or no energy in the directions of the 

undesired lobes.
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If the radiation patterns in the two principal planes are G1(𝜽𝒆) and G2(𝜽𝒂),the two-dimensional 

antenna pattern is

The normalized radiation pattern of a uniformly illuminated rectangular array is
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Beam steering.

If the same phase is applied to all elements, the relative phase difference between adjacent elements is 

zero and the position of the main beam will be broadside to the array at an angle 𝜽 = 0

The direction of the main beam is at an angle 𝜃0 when the phase difference is

∅ = 2𝜋
𝑑

𝜆
𝑠𝑖𝑛𝜃0

The normalized radiation pattern of the array when the phase difference between adjacent elements is ∅
is given by

The maximum of the radiation pattern occurs when 𝑠𝑖𝑛𝜃 = 𝑠𝑖𝑛𝜃0
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grating lobes appear at an angle 𝜃𝑔whenever 

the denominator is zero or when

If grating lobe is permitted to appear at - 90° when the main beam is steered to +90°, found from the above 

that d=
𝜆

2

If the scan is limited to ±600, 𝑎𝑏𝑜𝑣𝑒 equations state that the element spacing should be less than 0.54𝜆

𝜋
𝑑

𝜆
𝑠𝑖𝑛𝜃𝑔 − 𝑠𝑖𝑛𝜃0 = ±𝑛𝜋

𝑠𝑖𝑛𝜃𝑔 − 𝑠𝑖𝑛𝜃0 = ±𝑛
𝜆

𝑑
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Change of beamwidth with steering angle.

The half-power beamwidth in the plane of scan increases as the beam is scanned off the broadside 

direction.

The beamwidth is approximately inversely proportional to cos 𝜃0, where 𝜃0 is the angle measured from 

the normal to the antenna

the radiation pattern is of the form (sin 2 u)/u2 , where u= n𝜋
𝑑

𝜆
𝑠𝑖𝑛𝜃 − 𝑠𝑖𝑛𝜃0 . The Antenna pattern is 

reduced to half its maximum value when u=±0.443𝜋

The half power beamwidth is 
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Beamwidth and eccentricity of 

the scanned beam
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Summary

CO 1 : Modelled the radar range equation. 
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Summary

Conclude Course Outcomes at the end of course
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