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Radar History

Radio Detection And Ranging

Hertz

Christian Hulsmeyer

Albert H.Taylor and Leo CYoung

Monostatic,Bistatic and Multistatic Radars



Nature of radar

Radar operates by radiating energy

Duplexer
Echo signal
Doppler effect

1 Nautical mile=1.852 km

R(km) = 0.15Tg(us)

or

R(nmi) = 0.081 Ty yis)




Maximum Unambiguous Range \' i A

* Echoes that arrive after the transmission of
the next pulse are called second-time-
around(or multiple-time-around) echoes.

* The range beyond which targets appear as
second-time-around echoes is called the

Maximum { yus range

Runnmb = 27-1’



Radar Wave Forms

Transmitted Power:: 1 Mega watt
Pulse Width :: 1 Micro second
Pulse Repetition Period :: 1 Millisecond

Average Power can be calculated as
Transmitted Power * Pulse Width *Pulse Repetition Frequency

Energy :: Transmitted Power * Pulse Width



Radar Range Equation M

* |f the power of the radar transmitter is denoted by Pt , and iféﬁ'ﬁtroplc
antenna is used (one which radiates uniformly in all directions), the power
density(watts per unit area) at a distance R from the radar is equal to the

transmitter power divided by the surface area 41 R2 of an imaginary sphere
of radiusR,

P

Power density [rom isotropic antenna = T IIF

¢ Tha nnwar dancitv at tha tarcat fronm an antann 3 With a transmitting gain G is

Power density from directive ante =T
¥ ive antenna AR
 The measure of the amount of incident power intercepted by the target and
reradiated back in the direction of the radar is denoted as the radar cross
section o, and is defined by the relation

PG a

Power dénsity of echo signal at radar = 1R AR}



Radar Range Equation /s

If the effective area of the receiving antenna is denoted Ae, the power Pr,
received bv the radar is

PG @ 4 = P.GA,o

~ 4nR*4aR* ¢ (4m)*R*®

P,

The maximum radar range Rmax is the distance beyond which the target
cannot be detected. It occurs when the received echo signal power P, just
equals the minimum detectable signal Smin,

FRASX {4_1_: }ESmiu
Antenna theory gives the relationship between the tran smitting eﬂn aggl
n L
the receiving effective area of an antenna as = — 3=
R P.G22%a | ¥/
Two other forms of the rada mex T | (@x)’Saie
Ronex = Bedae |

47t).2$m;: 9



Radar Block Diagram |
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Radar Frequencies |

Specific radiolocation

Band Nominal (radar) bands based on
designation frequency range ITU assignments for region 2
HF 3-30 MHz
VHF 30-300 MHz 138-144 MHz
216-225
UHF 300-1000 MHz 420-450 MHz
890-942
L 1000-2000 MHz 1215-1400 MHz
S 2000-4000 MHz 2300-2500 MHz
2700-3700
(&7 4000-8000 MHz 5250-5925 MHz
X 8000-12,000 MHz 8500-10,680 MHz
K, 12.0-18 GHz 13.4-14.0 GHz
15.7-17.7
K 18-27 GHz 24.05-24.25 GHz
K, 27-40 GHz 33.4-36.0 GHz
mm 40-300 GHz

11



Radar Applications

Air Traffic Control (ATC)
Aircraft Navigation
Ship Safety

Remote Sensing
Space

Law Enforcement

Military

12



RADAR EQUATIONS |

» Prediction of Range Performance
» Minimum Detectable Signal

» Receiver Noise and SNR

» Integration of Radar pulses

» Radar Cross Section of targets

» Transmitted Power

» Pulse Repetition Frequencies

» System Losses

13



Prediction of Range Performance

* The simple form of the radar equation expressed the maximum radar
range Rmax, in terms of radar and target parameters

_ | P.GA.o |¥*
max (47[)2 smln

R

where P, = transmitted power, watts
G = antenna gain
A, = antenna efllective aperture, m?
o = radar cross section, m?
Smin = minimum detectable signal, watts

e All the parameters are to some extent under the control of the radar
designer, except for the target cross section o.

14



Minimum Detectable Signal

|
* The weakest signal the receiver can detect is called the
minimum detectable signal.

* A matched filter for a radar transmitting a rectangular-
shaped pulse is usually characterized by a bandwidth B
approximately the reciprocal of the pulse width T,

orBt=1

* Detection is based on establishing a threshold level at
the output of the receiver.

* |f the receiver output exceeds the threshold, a signalis
assumed to be present. This is called threshold
detection.

15



Minimum Detectable Signal

* Probability of Miss.
* Probability of False Alarm.

Threshold level

Rms volue

of noise
_/V/Xaipw-

Voltage

16



Receiver Noise and SNR

Available thermal-noise power = kTB,

* Since noise is the chief factor limiting receiver
sensitivity, it is necessary to obtain some
means of describing it quantitatively

* Noise is unwanted electromagnetic energy
which interferes with the ability of the
receiver to detect the wanted signal.

* The available thermal-noise power generated
by a receiver of bandwidth Bn, (in hertz) at a
temperature T (degrees Kelvin) is

17



Receiver Noise and SNR

* where k = Boltzmann's constant = 1.38 x 10-23 J/deg.
 Bandwidth and is given by

IREGI

B =
i | H(fo)|?
g N, noise out of practical receiver
" kTyB,G, nmoise out of ideal receiver at std temp T,
_ SN
F*=5./N,

* |If the minimum detectable signal Smin, is that value of Si corresponding to the
minimum ratio of output (IF) signal-to-noise ratio (So /No)min necessary for

detection.
18



Receiver Noise and SNR

G - S
min JOBH "(No)

. DA
(47[)2“ 70 Bn r n(So/ N o)mln

§ g
Rmu Xod




IF Video

(8":] detector [By]

The noise entering the IF filter (the terms filter and amplifier are used
interchan 1 — p=2 ability-density

function g po)i== S 2npo R e

The probability that the envelope of the noise voltage will

lie b ¥, R Rl
Probability (V, <R < V) = f — cxp( : ) dR
v, Yo Wy

The probability that the noise voltage envelope will exceed the voltage

thrA-I.AI,J \ /T A 2
- - w R

Probability (Vr < R < ) = f — cxp( :Z,

0

) ar
“Vy YO

VZ
=exp(—_r)=Ph
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velope of noise veltoge

-~

Fms norse

~—

ﬁ
-
L
-

=
2
}

* The average time interval between crossings of the threshold

. . N .
by noise alone is de o Tl L S T irm time Tfa,

N-w N k=1
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<tk>av Aot 1
= {T>.. Tw.B

Consider sine-wave signals of amplitude A to be present along with noise
at the input to the IFfilter. The frequency of the signal is the same as the IF
midband frequency fIF. The output or theenvelope detector has a

probability-densi - R R? 4+ A2
P{R)=——exp | = —57—
0 2.

where lo (Z) is the modified Bessel function of zero order and argument Z

22



Integration of Radar

o O On
{\0—7 Sl

where 1; = anlenna beamwidth, deg
I, = pulse repetition frequency, Hz
(), = antenna scanning rate, deg/s
(,, = anlenna scan rate, rpm

(SIN)
Edn) = Lisin,

where n = number of pulses integrated

(S/N); = value of signal-to-noise ratio of a single pulse required to produce given probability
of detection (for n= 1)

(S/N), = value of signal-to-noise ratio per pulse requiréd to produce same probability of

detection when n pulses are integrated

23



Radar Cross Section s

power telleced toward sourcefunt soid angle
E — , = [m 4
incident power density/dn o |

where R = distance between radar and target
E, = reflected field strength at radar
E; = strength of incident field at target
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P,.GA anE‘(n)
(4n)""'1'”o' (B 7)(S/N), [,

Riws =

R = E, GA,GRE((R)
™ (4n)’k T, F,(B,1)(S/N),
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Collapsing loss

Lim + n)

Li{m, n)= Ln) E:

Operator loss
Field Degradation

Propogation Effects

28
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Doppler Effect

Separate antennas for transmission and
reception help segregate the weak echo from the strong leakage signal

Doppler angular frequency wd given by

A4n dR 4y,

A drt A
Where,
fd = Doppler frequency shift
vr = relative (or radial) velocity of target with to radar.
The Doppler frequency shiftis fd =2*vr /A =2*vr *
fo / c where,
fo = transmitted frequency
c = velocity of propagation = 3 x 108m/s. If fd is in
hertz vr in knots, and A in meters, fd =1.03 *vr /A

30



Doppler Effect

*The relative velocity may be written vr = v cos 8, where v is the target
speed and ¥ is the

* Angle made by the target trajectory and the line joining radar and target.
When 06 = 0. The Doppler frequency is maximum.

 The Doppleris zero when the trajectory is perpendicular to theradar line
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CW Radar Block Diagram

emplifier

a0

o CW
; JAVAVAVAVAVAVAY N T 4
dctya o &\ tronsmitter
/ £
fox 1 . i
otz T ANIEA
Detector '&‘ Beot-frequency
{mixer) 8
(a)
L
<
o
o
H
o
Frequency
(5)

[ndicator

32



Isolation Between Transmitter and

Recelver
Isolation betweenthe transmitted and the

received signals is achieved via separation in
frequency as a result of the doppler effect.

There are two practical effects which limit the
amount of transmitter leakage power which can
be tolerated at the receiver.

(1) The maximum amount of power the receiver
input circuitry can withstand before it is physically
damaged or its sensitivity reduced

(2) The amount of transmitter noise due to hum,
microphonics etc.

33



Isolation Between Transmitter and
Receilver

The amount of isolation which can be readily achieved
between the arms of practical hybrid junctions such as

the magic-T is of the order of 20 to 30 dB.

Separate polarizations
VSWR
Separate antennas

Dynamic cancellation of leakage

34
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Receiver Bandwidth Requirements

Filter No. | Det.
»{ Filter No.2 |-—{ Det
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ldentification of
Doppler Directionin

Transmitting
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ldentification of Doppler
Direction in CW Radar

* The outputs from the two channels are
EA(+)=K2EOcos(wdt+ o)
EB(+)=K2EOcos(wdt+@+m/2)

*If the targets are receding (negative doppler), the

outputs from the two channels are

EA(-)=K2EOcos(wdt-¢)

EB(-)=K2EOcos(wdt-¢p-m/2)

* The direction of motor rotation is an indication of
the direction of the target motion.

38



Applications of CW Radar

Police speed monitor
Collision avoidance.

Control of traffic lights

CW radar can be used as a speedometer to replace the

conventional tachometer in Railways

Warning of approaching trains.
Speed of large ships.

Velocity of missiles

39



CW Radar Tracking llluminator
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FM-CW RADAR

FMCW Radar

Range and Doppler Measurement
Approaching and Receding Targets
FMCW Altimeter

Measurement Errors

Unwanted Signals

Sinusoidal Modulation

Multiple Frequency CW Radar
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Range and Doppler Measurement
* |f the rate of change of the carrier frequency is fO, the

beat frequency is
fr=f0T=2Rf0/c

* |f the frequency is modulated at a rate fm over a range
Af, the beat frequency is

fr=2*2Rfm/c=4RfmAf/c

*Measurement of the beat frequency determines the
range R.

R=cfr/4fmAf

43
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Range and Doppler Measurement
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Approaching and
Receding Targets

* FM cycle will be the difference between the beat
frequency due to the range fr, and the doppler
frequency shift fd

* fb(up) =fr - fd

* fb(down) = fr + fd

*The range frequency fr, may be extracted by measuring
the average beat frequency that is,

o fr=1/2[fb(up) +fb(down)].
e fd=1/2[fb(up)-fb(down)].

e fr>fd Target Approaching
 fr<fd TargetReceding

46
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Measurement Errors

The average number of cycles N of the beat frequency
fb in one period of the modulation cycle fm is fb /fm,
where the bar over, denotes time average.

Which measures the number of cycles or half cycles of
the beat during the modulation period.

The total cycle count is a discrete- number since the
counter is unable to measure fractions of a cycle.

The discreteness of the frequency measurement gives
rise to an error called the fixed error, or step erroror
guantization error

48



Measurement Errors

e R=cN/4Af

* Where, R = range (altitude). m

c = velocity of propagation. m/s Af = frequency
excursion. Hz

* Since the output of the frequency counter N is an
integer, the range will be an integral multiple of
c/ 4 A fand will give rise to a quantization error
equal to

SR=c/4Af
SR (m)=75/Af(MHz)

49



Unwanted Signals
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Unwanted Signals

*The Unwanted signals include 1.Transmitting Antenna
impedance mismatch 2.Receiver poor mixer match.
3.Coupling between transmitter and receiver antennas
4 The interference due to power being reflected back to

the transmitter

5. The double-bounce signal.

51



Sinusoidal Modulation

e |f the CW carrier is frequency-modulated by a
sine wave, the difference frequency obtained
by heterodyning the returned signal with a
portion of the transmitter signal may be
expanded in a trigonometric series whose
terms are the harmonics of the modulating

frequency sin (27;/‘01 + ?; sin 27tf,,,t)

e Assume the form,onfecth e transmitted signal
t@ fo = carrier frequency

fm = modulation frequency
Af = frequency excursion

52



Sinusoidal Modulation

* The difference frequency signal may be

tp = Jo(D) cos (2nfyt — ¢o) + 2J (D) sin (2nfyt — ¢o) cos (2nft — Pp)
—2J,(D) cos (2nfyt — ¢o) cos 2(2nfmt ~ P,)
— 2J4(D) sin (2afyt — ¢o) cos 32nfnt — ¢,)
+ 2J4(D) cos (2nfyt — ¢o) cos 4(2nf,t — ¢,) + 2Js(D) -+~

where JO, J1, J2, etc = Bessel functions of first kind and order O, 1, 2, etc.,
respectively

D = (Af/fm ) sin 2t fm RO /c

RO = distance to target at time t = O (distance that would have been measured
if target

were stationary)

c = velocity of propagation

fd = doppler frequency shift

vr = relative velocity of target with respect to radar

¢0 = phase shift approxirnately equal to angular distance 2mt fO RO /c 53
dm = phase shift approxirnately equal to 2it fm RO /c



Sinusoidal Modulation
(3rd Harmonic) Extraction
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Multiple Frequency CW Radar

* The voltage waveforms of the two components of
the transmitted signal vir and v2r, may be
written as

vir=sin (2riflt + 1)
v2r =sin (2riif2 t + @2)
where ¢1 and ¢2 are arbitrary (constant) phase

angles.

* The echo signal is shifted in frequency by the
dopp S:nnlorgmﬂ_ .'FFgr*I' Tha fAarm Af +h A A~nnlachifiaA

3 tir = sin |2n(f, + fa) — 2S1Ro 4

I

4rcf; Ro
i

+ P2

= 55

g = SIIY Eﬂf{jrz i,-ﬁ:‘z}t —



Multiple Frequency CW Radjé

* Where, Ro = range to target at a particular time t = t0
(range that would be measured if target were not
moving)

* fd1=doppler frequency shift associated with frequency

f1
* fd2 =doppler frequency shift associated with frequency

f2
* Since the two RF frequencies f1, and f2 are
approximately the same the doppler frequency shifts

fd1 and fd2 are approximately equal to one another.
Therefore

* fd1=fd2=fd

56



Multiple Frequency CW Radj;

I
* The receiver separates the two components of

the echo signal and heterodynes each
received signal component with the
corresponding transmitted waveform and

4
extra , . — sin (:th.fdt = "F_fl_ﬁe)
com |

Usp = SIN ( + 2nf,t
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Multiple Frequency CW Radgr

* The phase difference between these two
components is

Ad = 4“(f; -, )Ro 4 AfR,

¢ C

c A
47 Af

RO=



Multiple Frequency CW

. There is a limit to the value of Af, since Ad cannot be
greater than 2mnt radians if the range is to remain

unambiguous

Runamb = c / 2Af

e Af must be lessthan ¢/2 Runamb

When Af is replaced with Pulse Repetition Rate gives

Maximum Unambiguous Range of a Pulse Radar.
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UNIT I

Moving Target Indicator Radar (MTI)

Clutter is the term used for radar targets which are not of interest to the
user.

Clutter is usually caused by static objects near the radar but sometimes far
away as well:

60




Moving Target Indicator Radar (MTI)

Sometimes clutter can be caused by sidelobes in the antenna pattern or a
poorly adjusted antenna

In any case it is
desirable to
eliminate as muchh
clutter as possible



Moving Target Indicator Radar (MTI)

This is done by using the fact that the desired target is usually

moving relative to the radar and thus causes a Doppler shift in the
return signal.

The Doppler shift can also be used to determine the relative speed
of the target.

WB_L us:ti:i}:hr
Leyp. iﬂafarancu zignal

‘F-’t.;, B—D— Recelver |—— Indicotor
d

¥ 3




Moving Target Indicator Radar (MTI)

The simple CW example can be modified to incorporate pulse
modulation

Pulsa
modulator

!

Cw
Power - <
omplifier | ast :gm

Refarence signal
¥

%9—»—%:1\!“ »—14 Indicator
"Ft,;, 7 '

(&)

‘_f;;__
-&EEIH'

Note that the same oscillator is used transmission and demodulation

of the return

Thus the return is processed coherently

i.e. the phase of the signal is preserved



Moving Target Indicator Radar (MTI)

The transmitted signal is Vyor = Aysin2ms,t
and the received signal is . nf R,
g V eono = Aysin| 2% £ - —|
these are mixed and the n
difference is extracted . Arf R,
V gy = Agsin| 27yt - —2)

n
This has two components,

one is a sine wave at
Doppler frequency, the
other is a phase shift which
depends on the range to
the tar"get, Ry



Moving Target Indicator Radar (MTI)

41thRDJ

c

V g = A4sin[2nfdr—

Note that for stationary targets f;= 0 so Vgiis constant

Depending on the Doppler frequency one two situations will occur
n
n

-
— e iy T

{a)

Wl—
—/\/ VA AV, \N—

fd>1/'[

(&)

f<1/t T




Moving Target Indicator Radar (MTI)

Note that for a pulse width of 1us, the dividing line is a Doppler shift of 1
MHz.

If the carrier frequency is 1 GHz, this implies a relative speed of
30,000 m/s

Thus all terrestrial radars operate in a sampled mode and thus are

subject to the rules of sampled signals :
n

e.g. Nyquist’s criterion

We shall also see that we can use Discrete Sample Processing (DSP) to
handle some of the problems n

n



Moving Target Indicator Radar (MTI)

Looking a successive oscilloscope displays of radar receiver output we
see:

At the ranges of the two targets, the return ampliude is varying as

the radar samples the (relatively) slow Doppler s%
{a)
The bottom trace shows what would be seen in rW

moving targets indicated by the amplitude chanwv\
(e}
@ W

(F) v\/%_/\_@_\/\



Moving Target Indicator Radar (MTI)

We usually want to process the information automatically. To do this we
take advantage of the fact that the amplitudes of successive pulse
returns are different:

- Full
Recerver Dila}r Line Subtract Wave
T=1/PRE Rectifier

OR

~
7-1




Moving Target Indicator Radar (MTI)

MTI Radar Block Diagrams

MOPA (master oscillator, power amplifier)

Power amplifiers: Klystron
TWT (Travelling wave tube) Solid State
(Parallel)

Puise
mod ultatar

3

h+k Power

nmplifier

Stato

i

To
detoy-line
canceler

=l
R

Coho

fe

Reference signal



Moving Target Indicator Radar (MTI)

One of the problems with MTI in pulsed radars is that magnetrons are ON/OFF
devices.

i.e. When the magnetron is pulsed it starts up with a random phase and is thus its

ouput is not coherent with the pulse before it. Also it can not provide a reference
oscillator to mix with the received signals. n

n

Therefore some means must be provided to maintain the coherence (at least
during a single pulse period) n

n



Moving Target Indicator Radar (MTI)

A
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Moving Target Indicator Radar (MTI)

The notes have a section on various types of delay line cancellers.
This is a bit out of date because almost all radars today

use digitized data and implementing the required delays is relatively
trivial but it also opens up much more complex processing possibilities

nn



Moving Target Indicator Radar (MTI)

The Filtering Characteristics of a Delay Line Canceller

The output of a single delay canceller is:

V1=V,

= 2k sl

W f T

o onr -0

This will be zero whenever nif4T is 0 or a multiple of

The speeds at which this occurs are called the blind"

speeds of the radar

where nis
0,1,2,3,...



Moving Target Indicator Radar (MTI)

If the first blind speed is to be greater than the highest expected radial speed the
A, must be large

large A means larger antennas for a given beamwidth

large f, means that the unambiguous range will be quitensmall

So there has to be a compromise in the design of an MTI radar



Moving Target Indicator Radar (MTI)

The choice of operating with blind speeds or ambiguous ranges depends on the
application

Two ways to mitigate the problem at the expense of increased complexity are:

a. operating with multiple prfs "

b. operating with multiple carrier frequencies n



Moving Target Indicator Radar (MTI)

Double Cancellation:

Single cancellers do not have a very sharp cutoff at the nulls which limits their
rejection of clutter

(clutter does not have a zero width spectrum)

Adding more cancellers sharpens the nulls



Moving Target Indicator Radar (MTI)

Double Cancellation:

There are two implementations:

= Deloy line 7=% _ Deloy line 7=T7 .
i - : j,_—l-b“‘r ? : 1|:>__,.0u1puf
ple S | +1 +1

@)

Tnput H Qutput
o Detay dine =Yz, —= Delay line 7=", L:H>_,_F
1 -2

{5)
Figwre 49 {a) Double-delay-line canceler; (b) three-pulse canceler.

These have the same frequency response: which is the square of the
single canceller response

¥

¥

:
¥

¥

M =4sin? (7Zde)



Moving Target Indicator Radar (MTI)

Double Cancellation:

Single
canoeiiotion

iurrer roildover

1.0p

[ *]
E o.B
w0e
z i ! Dowbie
04k ! conceitetion—"N\ j
E i f \ 3 ff
& 0.2

Q e v

0 £ =\r 2z,

Frequency



Moving Target Indicator Radar (MTI)

Transversal Filters

hput H Output
N Detay dine 7=Vg, —= »—{Delay line 7= 1"’# L:H>—>—p
1 =2

These are basically a tapped delay line with the taps summed at the output

¥

¥

n

Deiay | 1 Deloy Reloy
mput 7\ T 7o P— -

Summer

Cutput



Moving Target Indicator Radar (MTI)

Transversal Filters

To obtain a frequency response of sin"mtfyT,
the taps must be binomially weighted i.e.

n

n

1=1,2.3...n+l

n

i—1 7!

W= GO TR DD

n



Moving Target Indicator Radar (MTI)

Filter Performance Measures
MTI Improvement Factor, I¢ (S /C)out

© (S0,

Note that this is averaged over all Doppler frequencies

n

seal | //77]]]) e

Filter H
—n

1/2T 0

1/2T

81



Moving Target Indicator Radar (MTI)

Filter Performance Measures
Clutter Attenuation ,C/A
The ratio of the clutter power at the input of the canceler
to the clutter power at the output of the cancelerp
n

It is normalized, (or adjusted) to the signal attenuation of the canceler.

i.e. the inherent signal attenuation of the cancelernis ignored



Moving Target Indicator Radar (MTI)

Transversal Filters with Binomial Weighting with alternating sign
Advantages:

Close to optimum for maximizing the Clutter improvement factor

n
Also close to maximizing the Clutter Attenuation |,

Cin/Cout I B (S /C)
C —
(S / C)in

n



Moving Target Indicator Radar (MTI)

Transversal Filters with Binomial Weighting with alternating sign
Disadvantage:

As n increases the sinnfilter cuts off more and more of the spectrum around
DC and multiples of PRF

n
This leads to wider blind speed zones and hence loss, of legitimate targets.

n

N

%rz j’ ;igztﬂ n pulse cancaler
20 2
35 3
48l 4




Moving Target Indicator Radar (MTI)

The ideal MTI filter should reject clutter at DC and th PRFs but give a flat pass
band at all other frequencies.

The ability to shape the frequency response depends to a large degree on the
number of pulses used. The more pulses, the more flexibility in the filter design.

Unfortunately the number of pulses is limited by the schan rate and the
berdcenmnadh

n

Note that not all pulses are useful:

n
The first n-1 pulses in an n pulse canceler are not useful

n



Moving Target Indicator Radar (MTI)

Some other transversal filter responses are shown:

2D 1 1 T T L] 1 1 T 1

-
&

-
x
[

Ampltude ratponsa —|HIF)
[ &)
o

2
&

(1) 3 pulse canceler
(2) 5 pulse “optimum” filter which maximizes I¢

(3) 15 pulse Chebyshev filter



Moving Target Indicator Radar (MTI)

Feed forward (finite impulse response or FIR) filters have only poles (one per
delay)

More flexibility in filter design can be obtained if we use recursive or feedback
filters (also known as infinite impulse response or IR filters)

These have a zero as well as a pole per delay and thus have twice as many
variables to play with

pRa

ﬂ Dalay -'l—— Delay Deloy I]:lu_'ll
[ )




Moving Target Indicator Radar (MTI)

lIR filters can be designed using standard continuous-time filter techniques and
then transformed into the discrete form using z transforms

Thus almost any kind of frequency response can be obtained with these filters.

They work very well in the steady state case but unfortunately their transient
response is not very good. A large pulse input can cause the filter to “ring” and
thus miss desired targets.

Since most radars use short pulses, the filters are almost always in a transient state



Moving Target Indicator Radar (MTI)

Multiple PRFs

An alternative is to use multiple PRFs because the blind speeds (and hence the
shape of the filter response) depends on the PRF and, combining two or more
PRFs offers an opportunity to shape the overall response.



Moving Target Indicator Radar (MTI)

Multiple PRFs: Example

Two PRFs E
(1]
Ratio 4/5 iy

]
@ R 2/ 3/ a/r
Frequancy
lal

First blind speed is at
5/T,0r 4/T, sm
41

1)
0 Y &y Vg vy, 57,
Frequency
(&)

Y N R L

Frequancy



Moving Target Indicator Radar (MTI)

Multiple PRFs: Example

Four PRFs
Ratio 25/30/27/31

First blind speed is at about
28.25/Tyy

where Ty

is the average period of the
four PRFs




Moving Target Indicator Radar (MTI)

Multiple PRFs: Example

Calculation of First Blind Speed

if the relationship between the Pulse Periods is

and vgis the first blind speed of a PRF with average period

Tave :_}\I[Tﬁ T+ Ty ]

The first blind speed is V]_ — VB El‘H'IZI;II—...nN ]




Moving Target Indicator Radar (MTI)

Multiple PRFs can also be used with transversal filters

Example
5 pulse canceler with 4 staggered PRFs

YA

|
j

—0r I I
a 1.0 20 30 3.0
Targe: wcclly riotivg 1o firsl Gl velacity of Haad pef



These days almost all radar signal processing is done using DSP,

Moving Target Indicator Radar (MTI)

Digital (or Discrete) Signal Processing (DSP)

The down-converted signal is sampled by an A/D converter as follows:

I or in-phose, channel

| Phase [} [ S0mate A/D pigial || sub- [
detector hold CONyErTar - store fractor
7 T
_______ —— A
Caho
From: Wognitude DA To
— E—
IF + 7% s 02]1-"2 corwertar display
e
! i ~
| Phase ] | Samete 80 ||| Digeal Sub-
aatector IE{;". d tanverter "]  store tractor

2 ar quadroure, shannel

Note:

The quadrature channel
removes blind phases



Moving Target Indicator Radar (MTI)

» Advantages of DSP
o greater stability
e greater repeatability
e greater precision
e greater reliability
e easy to implement multiple PRFs
e greater flexibility in designing filters

egives the ability to change the system parameters dynamically



Moving Target Indicator Radar (MTI)

Digital (or Discrete) Signal Processing (DSP)

Note that the requirements for the A/D are not very difficult to meet with today’s
technology.

Sampling Rate

Assuming a resolution (R.) of 150m, the received signal has to be sampled at intervals
of ¢/2R;es = 1s or a sampling rate of 1 MHz

Memory Requirement

Assuming an antenna rotation period of 12 s (5rpm) the storage required would be
only 12 Mbytes/scan.



Moving Target Indicator Radar (MTI)

Digital (or Discrete) Signal Processing (DSP)

Quantization Noise

The A/D introduces noise because it quantizes the signal

The Improvement Factor can be limited by the quantization noise

the limit being:

o zZOIog[(ZN 1) 0.75] J

This is approximately 6 dB per bit
A 10 bit A/D thus gives a limit of 60 dB

In practice one or more extra bits to achieve the desired
performance



Moving Target Indicator Radar (MTI)

Digital (or Discrete) Signal Processing (DSP)

Dynamic Range

This is the maximum signal to noise ratio that can be handled by the A/D without
saturation

dynamic _range=22N-3/k?

N= number of bits
k=rms noise level divided by the quantization interval the larger k the lower the
dynamic range

but k<1 results in reduction of sensitivity

Note: A 10 bit A/D gives a dynamic range of 45.2dB



Moving Target Indicator Radar (MTI)

Blind Phases

If the prf is double the Doppler
frequency then every othyer pair of
samples cane be the same amplitude
and will thus be filtered out of the
signal.

By using both inphase and quadrature
signals, blind phases can be eliminated

Arnpsiicie

/(-\1 (X

\?\ / Ff::\ (e}




Moving Target Indicator Radar (MTI)

Blind Phases

If the prf is double the Doppler
frequency then every other pair of
samples can be the same amplitude
and will thus be filtered out of the
signal. (loss of 2.8dB and 13.7dB for Py
of 0.5 and 0.9 respectively)

By using both inphase and quadrature
signals, blind phases can be eliminated

Arnpsiicie

/(-\1 (X

B AR .




Moving Target Indicator Radar (MTI)

Digital Filter Banks and FFT

Example: Transversal Filter with 8 delay elements:

) ®» O » O

SUMMER

If the weights are set to:

Wy = e—il27 (i-1)k /N ]

i=1,2,3...N and k is an index from O to N-1



Moving Target Indicator Radar (MTI)

The impulse response of this filter is:

hy (1) = Z_l (i — )T p-i2nG-DK/n

And from the Fourier transform its frequency response is

H, (f) =24 _Nlej27r(i—1)[fT—k/N]
=

The magnitude of the responseis

smfﬂN(fT k/N
R = G
~k/N ]




Moving Target Indicator Radar (MTI)

smfﬂN (fT—k/N
1 RO =" G

N A

k=0

0 1/T

A A




Moving Target Indicator Radar (MTI)

The response for all eight filters is:

Armplifude responss




Moving Target Indicator Radar (MTI)

The actual response for this filters is:

IH(f)

Frequency

Which is sin (Nx)/sin(x)

The sidelobes of this filter are quite large (13dB below peak) and so it is not
an ideal implementation

105



Moving Target Indicator Radar (MTI)

Other options are:

Uniform weighting and Chebyshev weights

3

8 8

improvemen! Ingior = dB
R

B

&m Eli.il : iI —'—-r-+""
e

Chultber spaciral witdhArador prf

Clutter Improvement with Uniform weighting

(Filter Bank Only)



Moving Target Indicator Radar (MTI)

Filter Banks can also be preceded by cancelers

In the following cases a 3 pulse canceler

W}
Iy I | B
i | H
L . F 1
éw \M‘\L\ ol | |
sEs; -1
o T |
o 11 i\\ i
- '
: : : \x ML :‘
— ' ! 1 ) H"'-.___ 2.8
i ]
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Moving Target Indicator Radar (MTI)

Filter Banks can also be preceded by cancelers

In the following cases a 3 pulse canceler is used ahead of an 8
pulse Doppler Filter Bank

= vt
: ! LTI .
L] ] H 120 “h.,___‘:q"\__‘
S | L H...:_':".H
o } o et s
] | ""‘\.\ e [ | -| ] %
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L L] | T -\\ '\.\I 1 «© - . a
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Moving Target Indicator Radar (MTI)
MTD (Moving Target Detector)

Example: ASR (Airport Surveillance

Radar

Weighting

and

mognitude

ot 3—pu'se { 8--pulse Joppler
carceler ‘ filter bank
Zero velocity Maanituds
"I titter - s

Clutter map

Thras-olding

—» Mil repart

reécursive

filter
,

Memar y
(elutter map)

109



Moving Target Indicator Radar
(MTI) MTD (Moving Target

Detector)
Example: ASR (Alrport Surveillance Radar)

After the filter bank the doppler filter outputs are weighted to reduce the effects
of the sidelobes in the filter

H()I

Frequency

The outputs of the filters are modified by subtracting 25% of the outputs of the
filters on either side.



Moving Target Indicator Radar (MTI)
MTD (Moving Target Detector)

Example: ASR (Airport Surveillance
Radar)

Fitter normter 5 & +? a 1 2 3 4 5

/& 7,8 4 2 3 4 5
;'I +
,,z’ I

prf—2 ,x"f. i S |

- ----___-'-..
£ True

Aircroft aliases Hain dirorgft — w
velocity

0
Rodial velocity




Moving Target Indicator Radar (MTI)
Limitations of MTI Performance

Definitions:

_(8/C)au
¢ (SIC);,

e MTI Improvement Factor (I )

e Defined earlier

e Subclutter Visibility(SCV)

eThe ratio by which a signal may be weaker than

the coincident clutter and stll be dSCV = (C
he specifi I; n vaAIradiaI SC (C/S)”\'

e The Signal to Clutter ratio

after filtering that provides the'\/ —
specified Pyand Py, oc =(S/C)our



Moving Target Indicator Radar (MTI)
Limitations of MTI Performance

Definitions:
e Clutter Attenuation CA= (CIN /COUT)

e Defined earlier

n

e Cancellation Ratio n

*The ratio by which a signal may be weaker than
the coincident clutter and stll be"detected with
N ghe speuﬂed Pd and Pfa All radiarl velocities

(€Y ofs)

B ~ (SCV) (Vo
S



Moving Target Indicator Radar
(MTI) Limitations of MTI
Equipment Instabilities: Performance

Changes in signal from pulse to pulse will result in
apparent clutter Doppler shift

These changes can have many sources

n

epulse to pulse change in
ATy F: Saechange in frequency

e pulse to pulse change in phase,

etiming jitter
e Changes in pulse width

e Changes in oscillator frequency between Tx and Rx



Moving Target Indicator Radar
(MTI) Limitations of MTI
Equipment Instabilities: Performance

Changes in signal from pulse to pulse will result in
apparent clutter Doppler shift

These changes can have many sources

n

epulse to pulse change in
ATy F: Saechange in frequency

e pulse to pulse change in phase,

etiming jitter
e Changes in pulse width

e Changes in oscillator frequency between Tx and Rx



Moving Target Indicator Radar
(MTI) Limitations of MTI

Equipment Instabilities: Performance

Example: Phase variation g, = Acosot

and are succesive pulses
81 82 P g, = Acos(mf+Ad)

for a stationary target

n

The output of the two pulse filter is
g8 —g-lt) = d}laml q1|~-u111| m.t-l— ¢| A_*ujhml mr-l— ¢

.—'

Resulting in @ minimum Improvement

Factor of o 2

D 2
(AAP) (Ad)




Moving Target Indicator Radar
(MTI) Limitations of MTI
Performance
F~.-i-—-~-~+ nstabilities:

Note that if we need I-=40dB,

The pulse to pulse phase variation
has to be less than 0.01 rad
(0.692)n

n



Moving Target Indicator Radar
(MTI) Limitations of MTI

Equipment Instabilities: Performance
Some examples of the effects of instability

Transnmtter frequency
Stalo or coho frequency
Transmutter phasge shift
Coho locking

Pulse timing

Pulze width

Pulze amplitude

nAfr) ¢ where

At = mterpulze frequency change
B = bandwidth

T = pulge width

T = transmigsion tume

A = mterpulze phaze change

At = timing jitter

AT = pulge width jitter

AA = mterpulse amplitude change



Moving Target Indicator Radar

(MTI) Limitations of MTI
|nternal Fluctuation of Clutter: Performance

Many sources of clutter are capable of motion of one sort or another (translation,
oscillation)

Examples:

Trees: leaves/branches oscillate with
magnitude/frequency depending on the wind 0 speed

Vegetation: similar to trees (possibly less than trees)n

Sea: translational motion with variation in phase and
magnitude
Rain: translational motion with oscillation du@ to

turbulence (thunderstorms) 0

Chaff: similar to rain with higher magnitude



Moving Target Indicator Radar
(MTI) Limitations of MTI

|nternal Fluctuation of Clutter: Performance
1.0
This fluctuation results in a spreading of the
clutter spectrum:
The broader the spreading, the less effective is o1
the MTI.
Example:
P 0,
_ ~ 01
Rain clouds s
Sea Echo, high 0
fal
wind
Wooded Hills, Q.02
20 mph wind
Sparse Hills, 0.0 1 ; =
Calm wind W a 10 15 20 25

Frequency, Hz



Moving Target Indicator Radar

(MTI) Limitations of MTI
|nternal Fluctuation of Clutter: Performance

The spectrum of clutter can be expressed mathematically as a function of one of three
variables:

1. a, a parameter given by Figure 4.29 for various clutter types
2. oc the RMS clutter frequency spread in Hz

3. o, the RMS clutter velocity spread in m/s n

the clutter power spectrum is represented by W(f)



Moving Target Indicator Radar
(MTI) Limitations of MTI
Internal Fluctuation of Clutter: Performance

The power spectra expressed in the three parameters are:

1. () = lgN” = |go| exp [—rvf L] J
o/
n
pa W(f) = Wyexp ' j
267
( n
n

3. Wif) = Wexp ) ﬁ; }




Moving Target Indicator Radar

(MTI) Limitations of MTI
Clutter Attenuation Performance

The definition of Clutter Attenuation is:

[ Wi(f)df

(__ T‘- _1 — D n

J' (A HH|df
0

The frequency response of a single delay line filter is

2sin( 7ty T)

-



Moving Target Indicator Radar

(MTI) Limitations of MTI
Clutter Attenuation Performance

The definition of Clutter Attenuation is:

[ Wi(f)df

(__ T‘- _1 — D n

J' (A HH|df
0

The frequency response of a single delay line filter is
2sin(7f4T)
and the spectrum of the clutter in terms of frequency is

exp(—f?/20%)

-



Moving Target Indicator Radar

(MTI) Limitations of MTI
Clutter Attenuation Performance

Then

o)

J‘ WoHrexpl—f /2o, 1df
C4 = 0

o0

3 4 8 |
f IV gexp[—f /20, [4sin(nfT)" df,
0

Simplifying n

H__H.
=
>




Moving Target Indicator Radar
(MTI) Limitations of MTI

Clutter Attenuation Performance
Note that
. = gf and 3 c?
© A 807
n
Thus 2.2 n
oy = Dt |
lon o, n
14
and Al
;
_ af, m
4 = - In terms of the paraSmeter a
2ty 0

O —m <



Moving Target Indicator Radar
(MTI) Limitations of MTI
Improvement Factor ~ Performance

Since the average gain of a two pulse canceler is 2.

2
ff:? _ff:?}“‘ Uy
;

2 72 2
inrta,  8®mO, ﬂfﬁn

L. =

A

And for the three pulse canceleritis 6

4 4.4 24
R S SN
€ 4 4 4 4 4 4
8t oo, 1287 o, 2 fn
In general
N - AT
- f 7 2N ]
oo = — | £ |
..'.P"'l"l(_T

NI e /
ﬁr 2no,



Moving Target Indicator Radar
(MTI) Limitations of MTI
Performance

Antenna Scanning Modulation

Since the antenna spends only a short time on the target, the spectrum of any target is
spread even if the target is perfectly stationary:

The two way voltage antenna pattern is

_2.7766°
6(8) - Gﬂexpl 27766 }

nn 63
Dividing numerator and de - o . " -an rate
—2.776| — |
T B y ' 85‘
_LS a - (_T O e}L];} P ) :
3




Moving Target Indicator Radar (MTI) Limitations

of MTI Performance
Antenna Scanning Modulation

Since

i = ¢ and E}_B — ¢ (time on target)
* N D
0 O
. n
1 —_ - - _2_‘_‘6!’-‘ n
S, = &e}x}{ 5 }
4
Taking the Fourier Transform &




Moving Target Indicator Radar (MTI)
Limitations of MTI Performance

Antenna Scanning Modulation

Since this is a Gaussian function the exponent must be of the form

f2

207
n
Thus 222 - 178
-nf 1, s and o= LTS (voltage
pa——— > T spectrum)
./ 6 5 (_]T-f
- f n

of
or G, = —=n (power
' -

\[ spectrum)

or G =




Moving Target Indicator Radar (MTI)
Limitations of MTI Performance

Antenna Scanning Modulation

Substituting into the equations for I¢,

HE 4
B “p
iT —_— pr—
l= 1388 {2 3.853



Tracking with Scanning Radars (Track While

scan)
Automatic Detection and Tracking (ADT)

Pure tracking radars use pencil beam antennas to determine the azimuth, elevation and
range of a single target

Digital processing allows a surveillance radar to track many targets and also permits
prediction of the target positions in the future which assisnts in collision avoidance.

Functions performed by ADT are: :

n

n
e Detection e Track smoothing

* Track initiation e Track termination

e Track Association

 Track update



Tracking with Scanning Radars (Track While

scan)
Automatic Detection and Tracking (ADT)

Target Detection (Range)

As described before, the range is divided into range cells or “bins” whose dimensions
are close to the resolution of the radar.

Each cell has a threshold and if a predetermined number of pulses exceed the
threshold a target is declared present

Target Detection (Azimuth) n

Resolution better than antenna beamwidth is obtained by seeking the central pulse
in the n pulses and using the azimuth associated withthat pulse.

Thus theoretically the resolution is

360-6-w



Tracking with Scanning Radars (Track While

scan)
Automatic Detection and Tracking (ADT)

Track Initiation

Radar needs enough information to establish direction and speed of all targets
present.

If only one target present, only two scans are required.

Usually require many scans to build up all of the trackﬁ present

e.g. targets for two scans and two targets




Tracking with Scanning Radars (Track While

scan)
Automatic Detection and Tracking (ADT)

Track Association

Radar attempts to associate each detection with an existing track

-establishes a search region (gate) for each establishend track,

- if detection falls inside gate, it is assumed to be assonciated with that track

X
[ ) XXX
Xx



Tracking with Scanning Radars (Track While scan)

Automatic Detection and Tracking (ADT)

Track Association

Tradeoffs

S

Gate size is made variable depending on

e Accuracy of track

Close tracks - smallrgﬁte

Small gate: can
lose target if it
manoeuvres

n

n

 Expected acceleration of the target



Tracking with Scanning Radars (Track
While scan)

Automatic Detection and Tracking (ADT)

Track Smoothing

Predictions are based on track history

v }iured n
n

X o= Xpn +O(Xn — Xpn)

o- Tracker

n

V,;l :Vn—l T T (Xn _Xpn)
S

Predicted position:

Xoner = Xt Vil
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TRACKING RADAR



1. Introduction

* Tracking radar systems are used to measure

the targets range, azimuth angle, elevation
angle, and velocity

e Predict the future values

* Target tracking is important to military and

civilian purposes as missile guidance and
airport traffic control

139



Target tracking

Targets are divided to two types:

1 Single target
2 Multiple targets

14D



Single target

1 Angle tracking

A- Sequential lobing B- Conical scan
C- Amplitude compression monopulse
D- Phase compression monopulse

2 Range tracking

141



Relation between beamwidth and
accuracy

Antennas with wide beamwidth are less
accuracy than antennas with narrow beam

Beamwidth vs Acocuracy

Ship & Ship B

142



Pencil beam

In tracking processes radar used narrower
beams

3. Pencil Beam i

143



Line of Sight (LOS) axis

The LOS is called the radar tracking axis too

BEAM
POSITION

\ BEAM
,r' POSITION
1

DiIspPLAY H

144



Error signal

e Describes how much the target has deviated
from the beam main axis

* Radar trying to produce a zero error signal

e Azimuth and elevation error



1. Sequential lobing

* Sequential lobing is often referred to as lobe
switching or sequential switching

e Accuracy depends on the pencil beam width

* |tis verysimple to implement

146



SCR- 268

n-;\.mg-tm)
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Concept of operation:

" Measuring the difference between the echo
signals voltage levels

148



1- When the target being on the LOS

The difference between the echo signals voltage in
(A) and (B) equal zero, that’s mean zero error
signal

beam A beam B
return return

149



2. When the target being off the LOS

Signal in position(A) will attenuate more than
signal in position(B) , that’s mean a nonzero

error signal

beam A

return beam B
return

150



Mat lab Code

input (ab)

amplitude of

echo signals

yes
No if (A>=B)

ﬁnlgel= 180 and Angel= 0 and move

move Antenna to Antenna to position

position B A




2. Conical scan

-It’s an extension of sequential lobbing

-The feed of antenna is rotating around
the antenna axis

rotating
feed

152



- The envelope detector is used to extract
the return signal amplitude

- AGC is used to reduce the echo signal amplitude ifit
is strong and raises it when it is weaker

™ Az & El - ,
ervo Al Servo motor
| SEIVO AP drive

elevation transmitter duplexer
errofr
detector |
mixer & |
envelope I o |
detector I[F Amp. |
b aGe Y
azimuth B scan motor &
BITOT “ scan reference

detector



Elevation and azimuth error

largel ~—,

(racking
XIS
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1- When the target being on the LOS

E(f
‘()
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2. When the target being off the LOS

Elr
‘()

uuuuuuuuu

fime
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3. Amplitude compression monopulse

This type is more accurate than sequential
and conical scanning

* Feed generated four beams simultaneously
with single pulse

 The four beams are inphase but have different
amplitudes.

157



Four beams shape

Four feeds mainly horns are used to produce the
monopulse antenna pattern

158



Simplified amplitude comparison
monopulse radar block diagram

\

mixer

}

duplexer

hybrid

beam
forming
networks

mixer

LO

r transmitter |

oz ]

(o range

amplitude | measurement

detector

azimuth
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phase
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When the target being on the LOS

radar compares the amplitudes and phases of all
echo signals of target
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When the target being off the LOS
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Microwave comparator circuitry

(A+CO)-(B+D) é
A= o) A! (A+B)-(D+C)

Aﬂ 7 (A+D)-(B+C)

elevation error

azimuth error

< /f.ﬂa+[)‘r+ B+C
y E : )+ } sum channel




Mat lab code

Input squint- angle,
echosinals$1.82

Calculatin& elavation error
Summation of the §1,52

Calculating of error signal

if error signal>0

Yes

Move radar down

Move radar up




Two echo signals at squint

angle (phi=0.4 rad)
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Sum of the two signals S1,52

sum pattern

Angle - radians



Difference pattern

Difference between S1,52

Angle - radians



voltage gain

Elevation Error signal

Angle - radians



4- Phased compression monopulse

* |t's the same as the last type but the amplitude
here is equal for the four beams with different
phases

*Phase comparison monopulse tracking radars
use a minimum of a two-element array antenna
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Single coordinate phase
monopulse antenna
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- Target range is measured by estimating the

R =L
2

where ¢
7 -

Range tracking

round-trip delay

o 1D 8 T
3 X 1() o TIBT S

round — (rip time. sec
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Split Gate System

* |t consist of two gates:
1-Early gate 2- Late gate

* The early gate produces positive voltage
output but the late gate produces negative
voltage output.

* Subtracting & integration
* Qutput is: zero, negative or positive



Split range gate
- [ts predict the target

movement

radar echo

carly gate

late gate

carly gate response

P

late gate response
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Multiple Targets

Here the system is more difficult since:
* Tracking

* Scanning

* reporting



Track while scanning (TWS)

*This type of radar is used for multiple targets

*|t scans for new targets while its tracking old
targets

* When TWS scan a new target it initiates a new
track file
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Any Two Radar Make

Target detection
Generation of tracking “Gates”

Target track initiation and track file generation
(if a new target)

Correlation

Track gate prediction, smoothing and
positioning

Display and future target calculations



Target Detection

This task is accomplished by two method :

* Circuit in receiver
* signal-processing equipment



Generation Gate

e Gate : small volume of space consist of many
of cells

* Function : monitoring of each scan of the
target information

*Gating has responsibility for knowing if
new/exist target



Gate Types

* Acquisition gate
* Tracking gate

* Turning gate



Acquisition Gate

* This gate is large to facilitate target motion
Cross one scan period
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Tracking Gate

* This gate is generated when the target is
within the acquisition gate on the next scan

* |tis very small gate

* |t is moving to the new expected target
position



Tracking Gate

ot
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Turning gate

* Itis generated if the observation within the
tracking gate doesn’t appear

* |t has larger size than tracking gate

* Tracking gate included by it



Turning gate

tracking gate

KN
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Target track correlation and association

* All observations site on the boundary of
tracking gate must be correlate with that track

* Each observation is compared with all track
files

* Perhaps, observation is correlated with one
track files ,several tracks or no tracks



Tracking Ambiguity Results

e |f the observation correlates with more one
track files, tracking ambiguity is appear.

* Two reasons cause this result:
1 several targets site in the same gate
2 several gates overlap on a single target



How To Solve Ambiguity?

*|f the system designed so that an operator
initiate the tracks, then solution by delete

track

* But for the automatic systems, the solving
by maintain software rules



Target track initiation and track
file generation

The track file is initiated when acquisition gate is
generated

Track file store position and gate data

Each track file occupies position in the digital
computer's high-speed memory

Cont. refreshed data



Track gate prediction, smoothingand

positioning
-Error Repositioning Smoothing

-The system lagged the target

-The system leading the target

-smoothing is completed by comparing
predicted parameters with observed parameters



TWS System Operation

Scanning radar

detects a target
-3
Generate an
acquisition
gate
Ready for the
next radar scan |
information <

Reposition
gate centered on
future position

Track

ardmeters match those Does track Yes Resolve
from previous ambiguity ambiguity —
exist >
lN o NO

Genera

tea

new

track

fila g

store

data

Generate Track Compute Acquisition
Gate & indicator in target tracking B R
file - parameters )
Target
track previously in track
< or acquisition
Update
Recompute tracking
track gate < parameters
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Conclusion

* We discussed the concepts of the different ways
to determine the angle of a target and its range

 We show the different between single and
multiple targets tracking

* We try to apply that on Matlab .
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UNIT-V

Matched-Filter Receiver:

A network whose frequency-response function maximizes the output peak-signal- to-

mean-noise (power) ratio is called a matched filter. This criterion, or its equivalent, is used
for the design of almost all radar receivers

H(f) = G.S*(f) exp (—j2nft,)

o<

where S(f) = [ s(z) exp (—j2nft) dt = voltage spectrum (Fourier transform) of input

S —an

signal
S*(f) = complex conjugate of S(f)
t, = fixed value of time at which signal is observed to be maximum
G, = constant equal to maximum filter gain (generally taken to be unity)

|H(f)] exp [—jdn(f)] = [S(S)] exp {i[¢:(f) — 27/t,]}
or [H(S)] = [S(f)]
and Pl f) = —S) + 271,

192



Derivation of the matched-filtercharacteristic:

H(f) = G.S*(f) exp (—j2nft;)

SO J F
N

Rf=_

s{¢)

(&)
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Correlation function and cross correlation receiver

Received signal  y;(¢)
Mixer B Aot o
2t > it iy
(multiplier) (intelgreorlor) e
SIO(ed Deloy |
replica | g(z)| | s(e-7))
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©o o o o 0 ©o o o
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o

Py = etticiency of {ilter with respect 1o matched filter

EFFICIENCY OF NON-MATCHED FILTERS

1 #- i e Bl

— Rectongular -

= o
shoped possbund

~Singie - tuned {RLC)
resonagnt passbond

el 8 o fed ot B G ¥

1.0 2.0 3.0 40
Halt-power bandwidth times pulsewidih, 871
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Loss in SNR compared

Input signal Filter Optimum Br | with matched filter, dB
J,r

Rectangular pulse | Rectangular 1.37 0.85
Rectangular pulse | Gaussian 0.72 049
Gaussian pulse Rectangular 0.72 0.49
Gaussian pulse Gaussian 0.44 0 (matched)
Rectangular pulse | One-stage,

single-tuned circuit 0.4 0.88
Rectangular pulse | 2 cascaded single-tuned

stages ., ... ¢ 0.613 0.56
Rectangular pulse | § cascaded smgle-tuned

stages ) 0.672 0.5

e

1506



Matched filter withnonwhitenoise:

 G.S*(f) exp (—j2nft,)
o= (N

v L oie (SUF) }” 5
HU) = N G"(N.-(f)) PR

This indicates that the NWN matched filter can be considered as the
cascade of two filters. The first filter, with frequency-response function

I/Ni (f), acts to make the noise spectrum uniform, or white. It is
sometimes called the whitening filter. The second is the matched filter when
the input is white noise and a signal whose spectrum is S(f )/Ni(f).



Radar Receiver

Pulse radars transmit a burst of energy
ANV ® and listen for echoes between
transmissions.

=

Leakage from the transmitter

Not occur at the
Very strong echoes from close-range clutter

receiving time

The received signal is usually /8" Receiver Noise

heavily corrupted by: N e it daanadl .
eEnvironmental noise Input Out_put

eInterference Receiver
eNoise from the radar i |
oise from the rada External Noise -'l%

Loy
system itself

r WF FEE .

InputS/N OIS~
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Receiver Components

Antenna: Some radar antennas include low-noise amplifiers prior

to forming the receive beams

Duplexer

Permits a single antenna to be shared between transmitter and

receiver.
RF Filters

The receiver filters the signal to separate desired echoes from

interference

Low Noise Amplifiers

Amplify the weak echo with minimum added noise

Mixer
Down conversion

Oscillator
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Protection components

Protect the receiver from high power transmitter

i Filter
Receiver Front End Mixer | NA

IF G

The radar front end consists of:

Bandpass filter or bandpass amplifier
LNA

Downconverter

The mixer itself and the preceding circuits are generally relatively
broadband.

Tuning of the receiver, between the limits set by the preselector or
mixer bandwidth, is accomplished by changing the LO frequency
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Superheterodyne principle is commonly used in radar receiver

Mixer

More than one conversion step may be
necessary to reach the final IF

IF, <G <= RF

IF range ( 0.1 and 100 MHz) without
encountering serious image- or spurious-
frequency problems in the mixing process.

At IF: F

Amplification less costly
More stable than at microwave frequency
Simple filter operation

IF;

These advantages have been sufficiently powerful that competitive forms of
receivers have virtually disappeared; only the superheterodyne receiver will be
discussed in any detail.
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Receiver Function

The function of a radar receiver is to amplify the echoes of the radar
transmission and to filter them in a manner that will provide the maximum
discrimination between desired echoes and undesired interference.

The interference comprises:

eEnergy received from galactic sources

eEnergy received from neighboring radars

eEnergy received from neighboring communication systems

eEnergy received from possibly jammers

eNoise generated in the radar receiver

eThe portion of the radar's own radiated energy that is scattered by
undesired targets (such as rain, snow, birds, and atmospheric
perturbations)



In airborne radars are used for altimeters or mapping:
e Ground is the desired target

e Other aircraft are undesired targets

More commonly, radars are intended for detection of
e Aircraft
e Ships
e Surface vehicles



Noise and Dynamic Range Considerations

Receiver . . Noise
Desired echo + Noise

[odemodulator |
/
(So/No)min Desired

Internal Noise echo

Receivers generate internal noise which masks weak echoes being received from the
radar transmissions. This noise is one of the fundamental limitations on the radar
range

dThe receiver is often the most critical component

The purpose of a receiver is reliably recovering the desired echoes froma
wide spectrum of transmitting sources, interference and noise

O Noiseis added into an RF or IF
passband and degradessystem sensitivity

dReceiver should not be overloaded by strongsignals



Noise Effects

Noise ultimately determines the threshold for the minimum echo
level that can be reliably detected by a receiver.

The receiving system does not register the difference between
signal power and noise power. The external source, an antenna,
will deliver both signal power and noise power to receiver. The
system will add noise of its own to the input signal, then amplify
the total package by the power gain

Noise behaves just like any other signal a system processes
Filters: will filter noise

Attenuators: will attenuate noise



Thermal Noise

The most basic type of noise being caused by thermal
vibration of bound charges. Also known as Johnson or Nyquist

noise.
%R = Vv, =/4KTBR <§
T

Available noise power P.=KTB
Where, K = Boltzmann’s constant (1.38x10-23J/K)

T  Absolute temperature in degrees Kelvin
B IFBand width in Hz

At room temperature 290 K:
For 1 Hz band width, P,=-174dBm

For 1 MHz Bandwidth P,=-114dBm

R




Shot Noise:

Source: random motion of charge carriers in electron tubes
or solid state devices.

Noise in this case will be properly analyzed on
based on noise figure or equivalent noise
temperature

Generation-recombination noise:

Recombination noise is the random generation and
recombination of holes and electrons inside the
active devices due to thermal effects. When a hole
and electron combine, they create a small current
spike.



Antenna Noise

In a receiving system, antenna positioned to collect eIectrQ@agnetic waves. %;'
el

Some of these waves will be the signals we are interested g
noise at the same frequency of the received signal. So filterg coutdret;

to remove such noise.

\\ ‘s Moon !

. . . B}:‘;‘k’ . II

Antenna noise comes from the environment int hIC‘ the
The noise power at the output of the antenna is eq\u\al to K
temperature. The physical temperature of the antenn\a

value of T..

The noise temperature of the antenna cal

to sources of external noise

some will be

lonosphere

foyf

Koes
N

Antenna noise temperature pickup

1
I, =—{ F(6.0) T3(8.90)dQ2

Llﬁfj'

w
i



At 22 GHz Resonance of

The  background e molecular wWater T1%©  At60GHz

. t '[ - vPom!ed at Milky Way Resonance
noise temperature -\ it
. —35 of
increases as  the e P nie Abso,puon molecular
antenna is pointed 1,000 |- N L v oxygen
toward the horizon ¢ 5 A\ s 010' =
because of the ¢ :\\ \ b 90. —j2s %
greater thickness of § | . 5
the atmosphere. & SR g

. . > [= \ \ E
Pointing the 2 C \ Bl =2
antenna toward the - -\\ \‘ s
ground further 10 - PR - 2GH %) 10
Increas the effective B . e
loss, and hence the B e T
noise temperature. 1 g el TR el il

0.1 1 10 100

Frequency (GH2)
Earth station antenna noise temperature.

Ammiconn om0 e o o

Assumptions
m Antenna has no earth-looking sidelobes or a backtobe (zero ground noise)

m Antenna is lossless  m his antenna elevation angle (degrees)

m Sun not considered m Cool. temperate-zone troposphere
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Equivalent Noise Temperature and Noise Figure

Noise Figure (F)

Two-port

SitN; mmm) | Network ) So + No

F = (S/N)i/(S/N),

N; = Noise power from a matched load at T,=290 K; N;
= KT, B.

F is usually expressed in dB

F(dB)=10 log F.



Equivalent Noise Temperature (T,)

If an arbitrary noise source Is white, so that its power
spectral density is not a function of frequency, it can be
modeled as equivalent thermal noise source and
characterized by T..

: 77N
white —— [ ——
noise % R = ( RI R
source [N e :
\_,/

T.= N,/KB,
B is generally the bandwidth of the component or system



T=0

If Tois the actual temperature at the input port, usually 290 K

T.may be greater or less than 290 K

No
G )
[
oisy
amplifier
No = |\Io-int ¥
FGKTB = GKT,B KT.B
G
T.= To(F-1) F=1+

Output Noise due to the
internal noise of the
receiver

I\Io-int: GKTeB
G —>

E R
oiseless
amplifier

T-= No-int

No, GKB
_le
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Noise Figure of Cascaded Components

Fl |:2 FN-l |:N
—_— —_— —— —— C o
Gl GZ GN-l C;'N
F,—1 Fs—1 F.—1
Fr=F, + + + e +
G, G, G, G1G...Gn

Te= To(F - 1)
T,=T,+ T, sy P, =KTBG,

where, G is the overall gain of the system = G;XG,XG;......XG,
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Branch-type duplexers

i
4—-%—-—»
s e
Transmitter T ,,,,, =25 1 ¢ -

I Receiver I
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Balanced duplexer

Antenng Oummy lood

Dua! 1R
_ _tubes

o
- — S /
D 25

-
| )37~

/ A /, R i
. e ==1E - eceiver
Transmitter < Ot o 20l protectior

— e P — — g — i
-

" Short-slot hybrid junctions)
(al

Antenng Dummy ioad
Duol TR

——d
\ . )

Short-slot hybrid junctions

Y

\ . Receiver
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V
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Circulator and receiver protector

Tronsmitier -
Circulotor

Anlenno

v

—rn

TR tube
(rodicoclive -
primed)

— s

Di)de

limiier

e

e —

Passive TR-himiler

= Receiver
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PHASED ARRAYANTENNA

Radiation pattern for Phased array Antenna

E, = sin ot + sin (wt + ) + sin (ot + 2¢) + - + sin [t + (N = 1){]

where w is the angular frequency of the signal. The sum can be written

sin (Ny/2)

E, = sin {(or + (N s l) e (!1//’)

[ncoming signal

b/o / ® ,//

%*j [ 1Lk

£a
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sin [Nr(d/A) sin 0]

| Eo(0)] = sin [n(d/4) sin 0]

|Eo|* _ sin® [Na(d/4) sin 6]
N NZsin? [n(d/4) sin 0]

Gall) =

beam steering phased arrayantennas

sin? [Nn(d/l)(sm 0 — sin 0,)]
N? sin? [n(d/Z)(sin 0 - sin 0,)]

G(0) =
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Applications of phased array antennas

* Linear array with frequency scan

* Linear array with phase scan:

* Phase-frequency planar array:

* Phase-phase planar array



ADVANTAGESAND LIMITATIONS OF PHASED ARRAYANTENNAS.

Limitations:

eThe major limitation that has limited the widespread use of the conventional
phased

array in radar is its high cost, which is due in large part to its complexity.

When graceful degradation has gone too far a separate maintenance is needed.
eWhen a planar array is electronically scanned, the change of mutual coupling
that accompanies a change in beam position makes the maintenance of low side
lobes

more difficult.

e Although the array has the potential for radiating large power, it is seldom that
an

array is required to radiate more power than can be radiated by other antenna
types

or to utilize a total power which cannot possibly be generated by current high-
power microwave tube technology that feeds a single transmission line.



