
Radar Systems

MSR Sekhar

Assistant Professor

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: sekhar_maddirala@aec.edu.in



Radar Systems
(UNIT-III)

MTI and Pulse Doppler Radar

MSR Sekhar

Associate Professor 

Department of Electronics and Communication Engineering

Aditya Engineering College (A)

Email: sekhar_maddirala@aec.edu.in



• CO 3 : Explain the different types of radars and its applications. 
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Learning  Outcomes

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

LO1: get an idea of Principle of MTI and Pulse 

doppler radars
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The MTI radar, usually operates with ambiguous doppler measurement (so-called blind speeds) but 

with unambiguous range measurement (no second-time'-around echoes). 

The opposite is generally the case for a pulse doppler radar. Its pulse repetition frequency is usually 

high enough to operate with unambiguous doppler (no blind speeds) but at the expense of range 

ambiguities.

MTI is a necessity in high-quality air-surveillance radars that operate in the presence of clutter.

It took almost twenty years for the full capabilities offered by MTI signal-processing theory to

be converted into practical and economical radar equipment. The chief factor that made this

possible was the introduction of reliable. small, and inexpensive digital processing hardware.
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Simple CW radar

Pulse radar using doppler

information
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a small portion of the CW oscillator power that generates the transmitted pulses is diverted to the 

receiver to take the place of the local oscillator. However, this CW signal does more than function 

as a replacement for the local oscillator. 

It acts as the coherent reference needed to detect the doppler frequency shift. By coherent it is 

meant that the phase of the transmitted signal is preserved in the reference signal. The reference 

signal is the distinguishing feature of coherent MTI radar.

If the CW oscillator voltage is represented as A
1
sin 2𝜋𝑓

1
t , Where A

1
is the amplitude and f

1
the 

carrier frequency. 

The reference signal is Vref =A
2

sin 2𝜋𝑓
1
t 

and the doppler-shifted echo-signal voltage is 

The mixer output signal is

𝑉𝑒𝑐ℎ𝑜 = 𝐴3𝑠𝑖𝑛 2𝜋 𝑓1 ± 𝑓𝑑 𝑡 −
4𝜋𝑓1𝑅𝑜

𝑐

𝑉𝑑𝑖𝑓𝑓 = 𝐴4𝑠𝑖𝑛 2𝜋𝑓𝑑𝑡 −
4𝜋𝑓1𝑅𝑜

𝑐
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RF echo pulse train

video pulse train for 

doppler frequency

f
d

> Τ1 𝜏

video pulse train for 

doppler frequency

f
d

< Τ1 𝜏

The case illustrated in Fig.c is more typical of aircraft-detection radar, while the waveform of Fig. b might be 
more applicable to a radar whose primary function is the detcction of extraterrestrial targets such as ballistic 
missiles or satellites.
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Summery 

Principle of MTI and Pulse doppler radars is 

explained
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Learning  Outcomes

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

LO2: understand the operation of delay-line 

canceler, power amplifier transmitter and power 

oscillator transmitter.
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(a-e) Successive sweeps of 

an MTI radar A-scope display 

(echo amplitude as a function 

of time)

(f)Superposition of many 

sweeps. Arrows 

Indicate position of moving 

targets
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MTI receiver with delay-line canceler.
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Any one of a number of transmitting-tube types 

might be used as the power amplifier. These include 

the triode, tetrode, klystron, traveling-wave tube, 

and the crossed-field amplifier.

Block diagram of MTI radar with power-amplifier 

transmitter.
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Block diagram of MTI radar 

with power-oscillator 

transmitter.
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DELAY-LINE CANCELERS

The capability of this device depends on the quality of the medium used in the delay line

For typical ground-based air-surveillance radars pulse repetition interval might be several 

milliseconds.

The early acoustic delay lines developed during World War 11 used liquid delay lines filled 

with either water or mercury.

Acoustic liquid delay lines were replaced in the mid-1950s by the solid fused-quartz delay 

line that used multiple internal reflections to obtain a compact device.

These analog acoustic delay lines were, in turn supplanted in the early 1970s by storage 

devices based on digital computer technology.
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Summery 

the operation of delay-line canceler, power 

amplifier transmitter and power oscillator 

transmitter are discussed
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Module 3
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Learning  Outcomes

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

LO3: Filter characteristics of the delay-line canceler
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Filter characteristics of the delay-line canceler:

𝑽𝟐 = k sin (2𝜋𝑓𝑑 𝑡 − 𝑇 − ∅𝑜)

𝑽𝟏 = k sin (2𝜋𝑓𝑑𝑡 − ∅𝑜)
The signal from the previous transmission, which is delayed by a time T = 

pulse repetition interval, is

The output from the subtractor is

𝑉= 𝑉1-𝑉2 =2k sin 𝜋𝑓𝑑𝑇 𝑐𝑜𝑠(2𝜋𝑓𝑑 𝑡 −
𝑇

2
− ∅𝑜)

Frequency response of the single delay-line 

canceler; T = delay time = Τ1 𝑓𝑝

Blind speeds: 𝑓𝑑 =
𝑛

𝑇
= 𝑛𝑓𝑝

𝑓𝑑 =
2𝑣𝑟
𝜆

=
2𝑣𝑟𝑓𝑜
𝑐

𝑣𝑛 =
𝑛𝜆

2𝑇
=
𝑛𝜆𝑓𝑝
2

𝑛 = 1,2,3, …
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Low radar frequencies have the disadvantage that antenna beamwidths, for a given-size 

antenna, are wider than at the higher frequencies and would not be satisfactory in 

applications where angular accuracy or angular resolution is important.

If the first blind speed were 600 knots, the maximum unambiguous range would be 130 

nautical miles at a frequency of 300 MHz (UHF), 13 nautical miles at 3000 MHz (S band), 

and 4 nautical miles at 10,000 MHz (X band).
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Plot of MTI radar first blind speed as 

a function of maximum 

unambiguous range
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Summery 

the operation of Filter characteristics of the delay-

line canceler is studied
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Module 4
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Learning  Outcomes

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

LO4: understand principle of Double Cancellation, 

Nth Cancellation
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• Double cancellation.

(a) Double-delay-iine canceler

(b) three-pulse canceler.

It is also sometimes known as a feed forward filter, a non-recursive 

filter, a finite memory filter or a tapped delay-line filter
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Relative frequency response of the 

single-delay-line canceler (solid 

curve)Double delay- line canceler 

(dashed curve). Shaded area represents 

clutter spectrum.
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The blind speeds of two independent radars operating at the same frequency 

will be different if their pulse repetition frequencies are different.

Instead of using two separate radars, the same result can be obtained with one 

radar which time-shares its pulse repetition frequency between two or more 

different values (multiple prf’s).

When the switching is pulse to pulse, it is known as a staggered prf.
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Transversal filters

A cascade configuration of three 

delay line's, each connected as a 

single canceler, is called

a triple canceler, but when connected 

as a transversal filter it is called a 

four-pulse canceler.

transversal filter with alternating binomial weights is closely 

related to the filter which maximizes the average of the 

ratio I, = (S/C)out/(S/C)in where (S/C),,, is the signal-to 

clutter ratio at the output of the filter, and S/C)in is the 

signal-to-clutter ratio at the input
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Amplitude responses for 

three MTI delay-line 

cancelers.

1. Classical three-pulse 

canceler,

2. five-pulse delay-line 

canceler with "optimum" 

weights, and 

3. I5-pulse Chebyshev 

design
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Summery 

the principle of Double Cancellation, Nth 

Cancellation are discussed
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Module 5
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Learning  Outcomes

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

LO5: staggered prf, range gated doppler filter
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The closer the ratio TI : T2 approaches 

unity, the greater will be the value of the 

first blind speed. However, the first null 

in the vicinity of f
d

= l/Tl becomes 

deeper
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In this example the periods are 

in the ratio 25 : 30 : 27 : 31 

and the first blind speed is 

28.25 times that of a constant 

prf waveform with the same 

average period.

If the periods of the

staggered waveforms have the 

relationship n
l
/T

I
= n

2
/T

2
=... 

= n
N
/T

N
, where n

l
,n

2
, ..., n

N

are integers, and if V
B

is equal 

to the first blind speed of a non 

staggered waveform with a  

constant period equal to the 

average period T
av

= (T
I
+ T

2
+ 

. . . T
N
)/N then the first blind

speed is
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It is also possible to apply 

weighting to the received 

pulses of a staggered prf

waveform.

An example is shown in Fig. 

The dashed curve is the 

response of a five-pulse 

canceler with fixed prf and 

with weightings of

7

8
, 1, −3

3

4
, 1,

7

8
The solid curve is for a 

staggered prf with the same 

weightings, but with 4 inter-

pulse periods of - 15 percent, -5 

percent, + 5 percent,

and + 15 percent of the fixed 

period
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RANGE-GATED DOPPLER FILTERS

Block diagram of MTI radar using range gates and filters.
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Summery 

the operation of staggered prf& range gated 

doppler filter are discussed
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Module 6
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Learning  Outcomes

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

LO6: understand limitations to MTI radar 

performance
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Frequency-response 

characteristic of an 

MTI using range gates 

and filters.
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Limitations to MTI performance

MTI improvement factor:

The signal-to-clutter ratio at the output of the MTI system divided 

by the signal-to-c1utter ratio at the input, averaged uniformly over 

all target radial velocities of interest

Sub-clutter visibility:

The ratio by which the target echo power may be weaker than the 

coincident clutter echo power and still be detected with specified 

detection and false alarm probabilities.

Clutter visibility factor:

The signal-to-clutter ratio, after cancellation or doppler filtering, 

that provides stated probabilities of detection and false alarm
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Clutter attenuation :

The ratio of clutter power at the canceler input to the clutter residue at the 

output, normalized to the attenuation of a single pulse passing through the 

unprocessed channel of the canceler

Cancellation ratio:

The ratio of canceler voltage amplification for the fixed-target echoes 

received with a fixed antenna, to the gain for a single pulse passing through 

the unprocessed channel of the canceler
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Equipment instabilities.

Pulse-to-pulse changes in the amplitude, frequency, or phase of the

transmitter signal, changes in the stalo or coho oscillators in the 

receiver, jitter in the timing of the pulse transmission, variations in the 

time delay through the delay lines, and changes in the pulse width can 

cause the apparent frequency spectrum from perfectly stationary clutter 

to broaden and thereby lower the improvement factor of an MTI radar
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Internal fluctuation of clutter.

Echoes from trees, vegetation, sea, rain, and chaff fluctuate with 

time, and these fluctuations can limit the performance of MTI radar
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PULSE DOPPLER RADAR

The pulse doppler radar is more likely to use range-gated doppler filter-

banks than delay-line cancelers.

When the prf must be so high that the number of range ambiguities is 

too large to be easily resolved, the performance of the pulse-doppler 

radar approaches that of the CW doppler radar.
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Summery 

the operation of MTI radar is explained and how it 

differs from pulse doppler radar is explained. 

limitations to MTI radar performance are discussed

15 May 2023Radar Systems                  MSR Sekhar, Associate  Professor, ECE 49


