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FMCW Radar:

CW Radar with Frequency Modulation

Lecture 22-23

DR Sanjeev Kumar Mishra
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Introduction

CW Radar limitations
« Cannot measure distance
« Most developers realized that modulating

frequency will allow distance to be calculated.

the
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FMCW Radar is a low cost technigue,

applications.

Applications include,

 altimetry for aircraft landing,

« Speed guns,

« laboratory test instruments,

often used in shorter range

« education, runway debris monitoring,

 avalanche detection,

« volcano eruption onset and many more*

The technology is simple to fabricate but requires care to obtain high

accuracy.

The technique has the same conceptual basis as pulse compression

and high resolution”
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FErequency Modulated Continuous Wave (FMCW)

Chirp pulse compression ...

FMCW-Radar with classic sawtooth or triangle shaped frequency shift
(Chirp-radar);

FSK-FMCW (frequency shift keying FMCW);,

SFMCW (Stepped FMCW) for interferometric measurements;

EMICW _(Interrupted FMCW) for better isolation between transmitter

and receiver PMCW (phase modulated CW) with pseudorandom

codes.
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A radar transmitting a continuous carrier modulated by a perlodlc

function such as a sinusoid or saw tooth wave to provide range data

(IEEE Std. 686-2008).
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FMCW Radar: Principle Stationary Target

frequency

, two - way propagation delay T = 2
c

% =

ik
transmitted
signal echo
Af

Al

time
Beat Frequency =Atf' _ 2r f!
C



—_wn - -

ﬂ

A
v

range R
freqLJ‘ency

A

frequency excursion,
sweep bandwidth Bgee,

n

time

y 3
A

sweep time 7



— < __SeH)
@ L2 5
) range R .
frequFncy '[d fb
| A >+
Ts Bsweep
i
$req lency excursion, 71 b-e_a_t_f;e-q-u_e_n_c;/-f- R = CTS fb
TFweep bandwidth Byyee, T b 2B, e
o : > time
| | sweep time 7,
ty, = 2R modulus of
C the spectrum
receiverT I{\L‘ f\\ \ ;'f\\. \ r[’\,‘ ;/\,\ ‘."/‘\‘ .“'f\'\‘ ‘/‘"“.‘I‘ I‘/‘\‘ "“ﬂ\\ ,f “/’\II ;” \ ., Fourier ,
output | 'ub/ \ \U.e \J \ \Us J "‘J vV L} \f \v’ v fime transformation LA, Fange
f,  frequency




- w»n = —

Moving single target

radiial velocity v A moving target induces a

f+f, Doppler frequency shift
S
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§ % v . of the target, but also to

. time its relative radial velocity
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that are superimposed as
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so range and radial velocity
can be obtained as
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Triangular type modulation For Stationary Target
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Moving Target [Non-stationary Target]
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Why FMCW for concealed Weapon Detection

94 GHz radar

* reasonable penetration for certain materials (thickness)
« High accuracy

* Resistance for outdoor and indoor use

* Could be used for imaging or non-imaging

 Low emitted power — no health concern

« Can be remotely deployed



Centre frequency 94 GHz
Radar wavelength 3.2 mm
Sweep bandwidth JGHz
Sweep duration 1.60r04ms
Pulse Repetition 625 or 2500 Hz
Frequency
Transmit power 10 mW
Antenna size [ mm x 5 mm
Antenna beamwidth | 32° E- & H-plane
Antenna gain 15 dBi
Resolution AR: 5 cm. Ax:1 cm
SNR at 3 mrange 22.5dB
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Summary and Conclusion

The advantages of FM-CW Radar are:

FM-CW radar is capable of producing range-resolved velocities.

(1) low cost

(2) good sensitivity

(3) high spatial resolution
(4) high reliability

(5) portability

(6) simplicity

(7) safety

FM-CW radar has limited range.







