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DETECTION

Radar cell coordinates:

• Range (delay)

• Velocity (Doppler) 
From coherent processing of several pulses

• Direction (azimuth, elevation)

From antenna pointing direction

Once the processing that defines a cell is completed, we need 
to decide if the signal received in that cell represents “noise” 
(including background and interference) or target + noise.

We may look at neighboring cells at the same CPI or at the 
same cell at different CPIs, or both, to help in that decision
(CFAR, integration, track before detect)

CPI - coherent processing interval
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Delay-Doppler response of a 

processor matched to a coherent 

train of 32 Barker-13 pulses, when 

the noise-free return is Doppler-

shifted by   3 32 3rT CPI  

The response when the same 

Doppler-shifted return is received 

at low SNR 

The avoid false-alarms the 

detection threshold needs to 

consider the sidelobes peaks

The avoid false-alarms the 

detection threshold needs to 

consider both the sidelobe peaks

and the noise-induced peaks
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Range resolution: 3.75 m
Unambiguous range: 4 km

Velocity resolution: 0.3 m/s ( 1 km/hr)

Unambiguous velocity:   320 m/s

Coherent Processing Interval: 0.06 s
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Simple detection example – envelope* detection of a single pulse 

BPF
Envelope
detector

AWGN (N0/2)

s(t)

* envelope detection  non-coherent detection  no Doppler information
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DETECTION (discussion outline)

SINGLE PULSE M  PULSES

FLUCTUATING NON-FLUCTUATING

SQUARE-LAW
DETECTOR

LINEAR DETECTOR

NON-FLUCTUATING

NON-CORRELATED PARTIALLY CORRELATED FULLY CORRELATED

SWERLING 2 SWERLING 4 SWERLING 1 SWERLING 3

CFAR

SINGLE SCAN DECISION BINARY INTEGRATION (several scans)

NON-COHERENT INTEGRATION
ANALOG or BINARY

COHERENT 
INTEGRATIONFLUCTUATING
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From M.A. Richards, Georgia Tech
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“From a point of view of survival … 
the cost of treating a stick as a 
snake is less, in the long run, than 
the cost of treating a snake as a 
stick.”

Joseph Ledoux, The Emotional Brain, 1996, 

Simon & Schuster, p. 163.

PFA and PM remind us that sometimes we will make 
the wrong decision! 

How bad that is depends on what happens when we:

-declare a false target

-fail to detect a real target
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Desired values of PFA

False alarm rate (FAR) - Rate of appearance of FA on the display

False alarm time (tFA) - Average time between false alarms

FAR
tFA

1


tFA = 1 hour,   will be unnoticed

tFA = 1 sec,   will be unacceptable

Velocity

Range1 2

K

K - number of cells on display

tint- Integration time - the time 

devoted to the signal before checking 
threshold and making a decision (in all 
the cells simultaneously)

KP

t
t

FA

FA
int
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Lucky 8 - a casino example

1                     2                      3                    4                      5

Parameters:

The roulette wheel is turned every 3 minutes (tint=3min) .

The wheel has 38 slots (PFA=1/38).

There are 5 tables (K=5)

Calculation:
On the average, number 8 will win once every 38 rounds, which takes 
38x3min=114min. Since there are 5 roulette tables, the bell will ring, on 
the average, once every 114/5 23min.

min23
5

114

5

383

5

3

38
1

int 



KP

t
t

FA

FA

A casino has 5 roulette tables. If in any one of them the wheel stops 
on 8, a bell rings, activity stops, and all the gamblers at that table get 
a glass of Champaign. How often (on the average) will the bell ring?
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Velocity

Range
1 2

K

Radar example

PRF=1000 pulses/sec Tr =0.001sec

M =10 pulses are integrated before threshold decision

 tint=M Tr =0.01 sec

K= 200 range columns x 16 Doppler rows = 3200

The desired average time between false alarms, tFA = 30 sec

7int 10
320030

01.0 



Kt

t
P

FA

FA
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Calculating PFA and PD for a 

single-pulse return from a non-fluctuating target
in the presence of AWGN
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Rayleigh distribution

No signal, noise only , A=0 

Single pulse
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It is sometimes useful to normalize r :
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This is a mathematical tool because in practice we don’t know 
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Single pulse
non-fluctuatingPFA ,  PD as function of the threshold level VT
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From M.A. Richards, Georgia Tech
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From M.A. Richards, Georgia Tech
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Albersheim’s Equation
• Empirical, easily computable approximation to the 

Swerling 0/5 case
– nonfluctuating target in white noise

– linear detector

– noncoherent integration

• Error in the estimate of SNR1 is claimed to be less 
than 0.2 dB (0.4 dB if used for square law) for
– 10-7  PFA  10-3

– 0.1  PD  0.9

– 1  N  8096
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Albersheim, W. J. “A closed form approximation to Robertson’s detection characteristics”, Proc. IEEE, July 1981, p.839
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From M.A. Richards, Georgia Tech

A Better Approximation

• A newer approximation to required SNR that 
applies to:
– square law detector

– nonfluctuating target and all 4 Swerling models

– additional chi-square target models (e.g. Weinstock)

• Accuracy claimed to be better than 1 dB for
– 0.1  PD  0.99

– 10-9  PFA  10-3

– 1  N  100

– better than 0.5 dB except near PD extremes for 
Swerling 1

• D. A. Shnidman, “Determination of Required SNR Values,” IEEE Trans. Aerospace & 
Electronic Systems, vol. 38(3), pp. 1059-1064, July 2002.

• D. A. Shnidman, “Update on Radar Detection Probabilities and Their Calculation,”
IEEE Trans. Aerospace & Electronic Systems, vol. 44(1), Jan. 2008, pp. 380 – 383. 
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From M.A. Richards, Georgia Tech
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Simple and exact detection analysis is available for the case of:

Non-coherent integration of M pulses reflected from a Swerling 2 

fluctuating target, using square-law detector. 

M can also be =1. In that case the result applies to both SW 1 and SW 2.

Pioneering papers in detection:

J.I. Marcum “A statistical theory of target detection by pulsed radar”, RAND Research Memo, 

RM-754, December 1, 1947.  + “Mathematical appendix” RAND RM-753, July 1, 1948.  

Reprinted IRE Trans. Information Theory, vol. 6, no. 5, 1960, pp 59-267.

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. AES, vol. 33, no. 2, 1997, pp. 698-709.

================
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Jess Ira Marcum

time
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http://www.blacjackformonline.com/content

/JessMarcumEarlyDaysofCardCounting.htm


