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ABSTRACT 

Expressions are given comparing the "peak-average" to 

"average-peak" radar cross section for random distributed 

scatterers such as re-entry wakes or chaff. In order to 

relate the peak-average (which ia a conventional measure) 

to the average-peak (which is more-simply determined), the 

form and extent of the scatterer must be known. Ratios of 

these quantities are computed for three different forms of 

"average pulse shape": uniform, triangular, and exponen- 

tial. 
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"FEAK-AV.'ÜRAGE" AND "AVERAGE-PEAK" RADAR 

CROSS SECTIONS OF WAKES (OR CHAFF) 

One frequently encounters the expression "peak cross 

section" in reference ro radar echoes from random, distri- 

buted reflectors such as re-entry wakes or chaff.  This is 

customarily taken to mean the peak of the average of a 

group of received pulse shapes; that is, the echo powers 

corresponding to a particular range-delay are averaged 

over a number of successive pulses, the process is repeated 

for different range-delays, and the peak value of the re- 

sulting "average" pulse shape is specified. 

A less direct, but much simpler procedure consists of 

just noting the peak of each successive radar return, wher- 

ever in range this peak may occur, and then averaging these 

peak received powers over a number of returns. The "average- 

peak" radar cross section (RCS) is obtained by this method. 

This procedure might be employed to circumvent, for example, 

laborious reading of A-scope films of wake echoes. 

It is clear that the measured average-peak RCS,  cr  . 
rnaX 

will always exceed the peak-average RCS,  (5)max^ 
by an 

amount which depends on the length and the exact form of the 

extended pulse return.  In particular, we define the ratio 

K,  of the expected-peak RCS to the peak-expected RCS: 

TM-6/331 -1- 
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This ratio K will tell us by how much, for a sufficiently 

large number of echoes, the average-peak RCS will exceed 
I 

the peak-average. 

Figure 1(a) illustrates individual successive received 

pulses from a randomly distributed scatterer, with the echo 

powers represented in terms of RCS vs range, i.e.,  a vs R. 

The peaks for each return are indicated by a  .  Figure ifb) 
max 

shows the average pulse shape as estimated from a large num- 

ber of independent, statistically similar returns; the peak 

of this characteristic is indicated by TEfa)! x ' ■' max 

In order to find E(a ._),  as estimated from a large 

number of statistically similar returns, we must first find 

the probability density of a  . 

It is convenient, at this point, to represent each re- 

turn by n independent range sample values, as shown. This 

can always be done, without loss of generality, by properly 

choosing n. Now, to say that, for a given pulse,  a, 

is less than some value,  a,  is to say that the samples 

a(l), a(2)...a(n)  for that pulse are all less than a. 

Therefore, the cumulative distribution function for a   is 
' max 

Fa ^ (a) = Pr jc^ < a| - Pr |CJ(1) < a, a(2) < a,... 

nuix 
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FIG. 1       RADAR ECHOES FROM RANDOM DISTRIBUTED SCATTERER 
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since the indiv dual range samples were taken to be statis- 

tically independent. The expected-peak RCJ can then be found: 

E>max) cr-f   (a).da (3) 
o max 

where the density function is f   (a) = F'   (a). 
max max 

If it is assumed that each range samp]  represents echo 

contributions from many similar independent scattering 

sources (i.e., a large number of "turbs" or chaff elements 

within a range resolution "cell"), the RCS tends to have an 

exponential probability density.  (The echo signal amplitude 

has a Rayleigh distribution).  Under this assumption, which 

should be valid for many cases of interest. 

(a) = 
max 

n 
II 
i=l 

1 - J  '  a ^ 0 (4) 

where £(0.)  is the expected RCS for the . th 1  sample. 

The exact number of independent range samples, n,  used 

to represent the return from the distributed target depends 

on the spatial extent of the scatterer and also upon the 

transmitted radar spectrum (i.e., the autocorrelation func- 

tion of the echo power). When the characteristic correla- 

tion length along the scatterer (turb size) is sufficiently 

less than'the radar range resolution, the number of inde- 

pendent range samples is of the order of 
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n Range Extent of Scatterer 
Range Resolution 

(5) 

where L > AR. 

Figure 2 illustrates three forms of average pulsa shapes 

for which .r. has been computed.  For the "uniform" pulse 

shape (Fig. 2a) 

and 

F 

E^) = tE(a)jmax = constant 

M ~ U - *'°AEM]™ ]" 
max ) 

(6) 

from which K is calculated (using Eqs. 1 and 3) and plotted 

as a function of n in Fig. 3. 

For the "triangular" echo shape (Fig. 2b), 

E(ai) = (n-i+D . [E(a)] 
max 

and 

F0  (a) = 
max 

n /    " (n-i+1) * 
II Jl - e 

i=l^ 

TE^H max (7) 

for which the resulting K values are also shown in Fig. 3. 

As a third example, for the "exponential" pulse shape 

(Fig. 2c) where L = n.AR is the range extent at which the 
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FIG. 2       VARIOUS  AVERAGE  ECHO  PULSE  SHAPES 
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pulse decays to 1/e of its peak value 

E(ai) = [E(a)] 

i - 1 
n 

max (8) 

and 

Fa  (a) 
max 

n, 
i=l 

- a 

1 - e 
[^(^l/f^^imax 

(9) 

for which K is also plotted in Fig. 3. 

The suggestions of Dr. Lee Abramson are acknowledged 

and appreciated. 
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FIG. 3       RATIO OF EXPECTED-PEAK  TO PEAK-EXPECTED RCS  OF 
RANDOM  DISTRIBUTED SCATTERER 

TM-6/331 -8- 



Siviirilv Clas«ificntion 

DOCUMENT CONTROL DATA -R&D 
f'5f< iirily classlttruti'in al IltU*,  hotly of iihstmct Hitil ittilfxhi,* Himotullon nm.sf ^i• vntrrvd w/irn Hu' ttvrrtill n'pittt TN rU'ssllleti) 

1     OMIGlNAIIN<,   ACllV(Tvrf       /i.Jr.i//» Oti/hor) 

Electronics Research Laboratories 
Columbia University 

2«. Fit. l'OHT   StCUMI Ty   C L A !.5I r I C * TION 

Unclassified 
2h.  '■.r.ouf 

j K r r o R i r i T L F 

"Peak-Average" and "Average-Peak" Radar Cross Sections cf Wakes 
(or Chaff) 

4   DiscHiPllvr. HOTts (Type nl reporl and Inchmlvi- tluteit) 

Technical Report 
»    AUTHOR(5( (Urst ttomr. middlm initial,  taal nttmv) 

I Weissman 

0     RtPOHl    OATT 

October 27,   196? 
70.   TOTAL   NO    OF  PAGF5 

10 
76.   NO.   OF   RtFS 

SA.   CONTRAC  I   "R  GWANT   NO 9«.   ORIGINATORS   REPORT  NUMRFRfSI 

AF 49  (638) - 147 ^ 
b.   PROJFC  ;   uc 

ARPA Order 279 Amend 5 
c. 

Project 73OO-2837 

TM-6/331 

9K  OTHER REPORT NO(S» (Any othvr ittimtwr* that mny hn naxifini'tl 
this report) 

1C     niSTRlHU TION   ST» TFMI-NT 

It     SUPPL ! MKN r ARV   NOT t^ 1J     5PnNSO ^'NTi  Ml LI  I AN Y    A C 1 I V I T > 

I 1     A MS T R A C T 

ExpressionJ are given comparing the "peak-average" to "average-peak" 
radar cross section for random distributed scatterers such as re-entry 
wakes or chaff. In order to relate the peak-average ( which is a con- 
ventional measure) to the average-peak (which is more-simply deter- 
mined), the form and extent of the scatterer must be known. Ratios 
of these quantities are computed for three different forms of "aver- 
age pulse shape":  uniform, triangular, and exponential. 

DD.FNr.,1473 
Scinnlv C'IHSSIH« iition 


