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Radar Principles - extended

LECTURE C-stat  SLIDE

DETERMINISTIC TARGETS

Sphere, plane, corner reflector, antenna

STATISTICAL TARGETS

Multiple scatterers, fluctuating targets, distributions, Swerling models
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Victor 
Chernyak:

1929 - 2020
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From M.A. Richards, Georgia Tech
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The voltage of the envelope detected field is 
 y 

The power, which reflects the RCS is given by

,  in field units
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From M.A. Richards, Georgia Tech
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F-15
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HRRP – High Resolution Range Profile

 Range resolution 2Rl C BW 

lR
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Assumptions (not realistic but simplify the model):
Isotropical reflectors of identical ,  no shadowing, no multiple reflections

http://www.amazon.com/gp/reader/1580531725/ref=sib_dp_pt/002-6112105-0313651#reader-link


Nadav Levanon, Tel-Aviv University

9

Radar Principles - extended

LECTURE C-stat  SLIDE

  10

  20

  30

30

210

60

240

90

270

120

300

150

330

180 0

25



Nadav Levanon, Tel-Aviv University

10

Radar Principles - extended

LECTURE C-stat  SLIDE

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

200

400

600

800

1000

1200

RCS

O
c
c
u
re

n
c
e

















 



0,0

0,exp
1

)(








p



Nadav Levanon, Tel-Aviv University

11

Radar Principles - extended

LECTURE C-stat  SLIDE

Exponential PDF (power) or Rayleigh PDF (voltage)
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Why Rayleigh ?

Signal reflected from M scatterers of similar size

The range differences between the scatterers >>   k >> 2

The modulo 2 nature of phase 

 k uniformly distributed between 0 and 2 
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The Rayleigh PDF was not 

developed by John William 

Strutt (Lord Rayleigh III) but 

was named in his honor. 
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For M>>1, the central limit theory implies that X and Y are Gaussian
distributed with zero mean and variance equal to M times the variance 
of cos(k)
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      eduncorrelatand YXYXXY    EE0E 

X and Y uncorrelated and Gaussian  independent

To simplify the analysis assume

ak = a

E(X)E(Y)

Next slide
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      eduncorrelatand YXYXXY    EE0E 

X and Y uncorrelated and Gaussian  independent

   E cos 0kX  

Gaussian

 E 0XY 
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With the assumption that ak=a, we got 
Rayleigh PDF of A. What happens when 
this assumption does not hold?
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With the 
assumption above, 
we also got Rayleigh 

PDF of A (or r). 

To plot the PDF of the simulation result, we used MALAB’s ksdensity function

simulation

theory
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COHERENT and NON-COHERENT RADAR

For a radar system that transmits a pulse train, to be called coherent, requires:

• The transmitted pulses must be coherent.

• The receiver needs to perform synchronous detection. 

• The target must maintain coherence for the duration of the pulse train.
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RCS angular dependence of 5 
identical balls, each  is 0.1m2

If such a target is 
moving, hence 
changing aspect angle 
toward the radar, can it 
be a coherent target ?
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The target must maintain coherence for the duration of the pulse train.



m/s300yv
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Narrow bandpass signal
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The transmitted pulses must be coherent.



Nadav Levanon, Tel-Aviv University

23

Radar Principles - extended

LECTURE C-stat  SLIDE

 tfr2sin2

 tfr2cos2

Low pass filter

Low pass filter

I

Q

The receiver needs to perform synchronous detection.
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Coherent radar allows Doppler processing.
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Civil 
marine 
radar

AMPLITUDE AND PHASE OF  MAGNETRON PULSES

http://www.periodieksysteem.com/images/magnetron%5B1%5D.jpg
http://www.thales-electron-devices.de/images/about/new/magnetron.jpg
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Pulse # 6

Pulse # 7
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• Magnetron is a low-cost source of high-power microwave pulses

• Magnetron pulses are not coherent

• Magnetron-based radar cannot produce Doppler information
and cannot separate moving targets from stationary clutter

(unless the phase of each individual transmitted pulse is measured and stored)
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Why do we need both I and Q ?
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Checking the coherency of the reflection from the same 5 identical balls, 
each with a  of 0.1m2, 

when observed from an approaching aircraft

The change in phase and amplitude, of the reflection, 
after removing the common Doppler effect
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We neglect:

• Atmospheric turbulence

• Target rotation, acceleration 
(maneuvering)

Radar Scene
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Within the pulse-train the amplitude and phase do not change from pulse-to-pulse (except for a 

ramp phase change due to Doppler) implying coherence. 
The common amplitude is drawn from a Rayleigh PDF. The common phase is drawn from a uniform PDF.

00.7  012.0 rad 
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From pulse-train to pulse-train (scan-to-scan) the amplitude and phase change and are 
practically independent. 
The amplitudes are drawn from a Rayleigh PDF. The phases are drawn from a uniform PDF.
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From M.A. Richards, Georgia Tech
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From M.A. Richards, Georgia Tech
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RCS  is related to the received power. The amplitude A is related to         . But if we use a square-law detector that 

yields A2 we are back to the PDF of  .

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From M.A. Richards, Georgia Tech

0.6 2 4.m 
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From M.A. Richards, Georgia Tech
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Mark Richards: Fundamentals of 

radar signal processing.
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From M.A. Richards, Georgia Tech
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From M.A. Richards, Georgia Tech
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From M.A. Richards, Georgia Tech
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From M.A. Richards, Georgia Tech
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From M.A. Richards, Georgia Tech
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From M.A. Richards, Georgia Tech
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From pulse-train to pulse-train (scan-to-scan) the amplitude and phase change and are 
practically independent. 
The amplitudes are drawn from a Rayleigh PDF. The phases are drawn from a uniform PDF.



Nadav Levanon, Tel-Aviv University

51

Radar Principles - extended

LECTURE C-stat  SLIDE

From M.A. Richards, Georgia Tech

Within 
a  scan
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From M.A. Richards, Georgia Tech
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From M.A. Richards, Georgia Tech

/3  
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Peter Swerling
1929 - 2000

From M.A. Richards, Georgia Tech

P. Swerling “Probability of detection for fluctuating targets”, RAND RM-1217, March 17, 1954.

Reprinted IRE Trans. Information Theory, vol. 6, no. 5, 1960, pp. 269-308.

P. Swerling “Radar probability of detection for some additional fluctuating target cases”, IEEE Trans. 

Aerospace and Electronic Systems, vol. 33, no. 2, 1997, pp. 698-709.
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Personal note: Peter 

Swerling was a 

research assistant to 

Jess Ira Marcum at 

the Rand Corp. in the 

50’s. I had the 

privilege to meet him 

at a dinner at the 

home of Solomon 

Golomb in Pasadena, 

CA. That evening I 

learned that the 

assignment to extend 

Marcum’s work to 

fluctuating targets 

took Swerling a whole 

year to complete, The 

following related 

MATLAB example 

can be completed in 

few hours.
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Swerlingבדיקת המודלים של  

  0.25m
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