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Abstract
The method of identifing radar target in frequency

domain in terms of fuzzy neartude is presented, The pro=-
cess of backscatter data fitting is described firstly,
and then the matching method based on fuzzy neartude is
given, The experiments are done by the use of scattering
data provided by Dre De. L. Moffatt., The results obtained
show that the identifier in this paper has good perfor-
mance of target identificationse. '
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1« Introduction

This paper is based on the impulse response concept
advanced by Kennaugh and Cosgriff in 1958 and formalized
by Kennaugh and Moffatt in 1965 and also the fuzzy near-

tude concept which will be defined later, It has been
demonstrated that discrete spectral scattering data spa=-
nning the Rayleigh and low resonance ranges of the sca-
tter define the gross physical properties(size,shape,and
composition) of the target, and that the transient res-
ponse waveform defined by Rayleigh and low resonance
range data can be approximated by finite exponential sum
. Thus rantional function approximations were postulated
for the scattering transfer function in the Rayleigh and
low resonance ranges of the scatter. This suggested that
characterization of the scatter by a few complex natural
resonant frequencies modeled as simple poles in the tra-
nsfer functione.

Once the poles are known, they may be used to classify
or identify an object from its complex resonances. The
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problem in any case is to determine how we might use pole
sets to classify and identify objects, since its pole set
underlies all of an object's electromagnetic behavior,
Because the poles appear in both the time-~ and frequency-
domain response of an object,it might be anticipated cla-
ssification and identification could be performed in eith-
er domain. That is indeed the case., One approach for do=-
ing this using transient data has been developed by Mains
and Moffatt in 1975,

In this paper we are interested in using spectral or
frequency-domain information, Firstly, the fitting pro-
cess of scatering data is described. Then an algorithm
for measuring the match degree between the backscatter
data and fitting data is derived using fuzzy neartude.
Finallyj,experiments are made in assessing the performance
of the identifications.

2« Frequency-Domain Data Fitting And Fuzzy
Decision
Suppose a linear polarized plane wave, with x=-directed
electric field :

Bi=2B,exp(Jj (wt=kz)) (1)
is incident upon an object at the origin, Here,w is radia
-n frequency,k=w/c is thé wave number and z is the direcw
tion of propagation. The x=~polarized backscattered field,
ﬁs,at a large distance r along the negative z axis is gi=
ven as

Be=Rexp(j(wt=kf))G(JWw)Eo/20r, (2)

This defines G(Jw),the object's frequency response for
backscattering at a specified aspect angle. With this
definition,the power cross-section of the scatter,denoted
as Og,is given by the equation

(Ts24tr2 IES' 2/|E°|2= IGCJ.W>I2O (3)

On another hand, we have:

|6(3w)| 2=6(3w) G 5w)=G(5)G (-8 s ju=B(-w2)A (~w2)-1,
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where A(.)and B(,) are polynomials. So,letting x=-s2,we
have

0a= |6(w)| 2=B() /A () =NERbaxt /(14 L aaxd)e ()

Here,{b~N:g are called zero coeifficents,and{ai}§=1 pole
coeifficentse

Suppose that scattering data{0i}121 at L (even number)
frequencies are observed and the pole coeifficentsﬁaij§=1
(i=1,24e0e9m) of m interested targets are obtained, let:

(/l"'agf]aijxg )q=03'_1 (1=1 ,2’ ooo’L,i=1 ,2’ eos ’m),
we obtain:

(&) %bijx13= 03{1 (1:1'3,...’I,-’I’jizll’z’...,m).
For given i, the overdetermined equation system (&) can
be solved by the use of least-square methods., Assuming

. . AT .
the least-square solution is (biO’biﬂ""’biNAE> (i=1,
2yeeeyM)ythe fitting data are calculated as follows:

011=§§§bijx§/(1+§%ﬁaijxi). (i=142y0009Myl=2y4y00al)

It is necessary to measure the similarity between fitt-
ing data and scattering data for performing target iden-
tification. We first define m fuzzy subsets R.of Ein(Oé,
%""‘Tﬂl 0370512244404, T} (i=1,2, .. ,m).The elements of
Bi are scattering data from the ith target "possibly".
Once the membership functions u i(.) of Bi(i=1,2,...,m)
which describe the matching degree of{Oii}and{Ui} have

been obtained, we make a decision as follows:

where Hjmeans the scatter is the ith intersted target.

3+ Fuzzy Matching Algorithm-

It follows from eqge.(5) that the matching algorithm is a
key part of target identifications. The study here is
based on the fuzzy neartude concepte. 7

Definition 1: Let Ey be a universe,?%kL) the family of
all fuzzy subsets of Epe The neartudr on :’TP(EL) is a map
from ‘f(EL)X"f(EL) t0(0,1) :
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P+ FEIXHE)— (0,1,
which is satisfied with (i)¥A,BeRE;), (4,B) takes maxi-
mum value when A=B and minimum when A=Q and B=13; (ii)V¥4,
BEREL ), f(4,B)=F(B,A)5 (iii)¥A,B,C€RBL),1f ASBSC or A2B
g, then P(4,B)>f(4,2).

Tt can be seen from definition 1 that the neartude P(.
,e) is actually a binary fuzzy relation in °_'TP(EL) satis=—
fied with (i),(ii),(iii).It reflects the matching degree
between fuzzy subsets of EL’

‘VA,B&?(EL),let _é°§=sup(uA(x)AuB(x)) and ﬁ@g:inf(uA(x)V
XeBET, ~ = XeBy =~
L
u,(x)),we have:

Lemma 1:¥ A€H(E;), AcA=sup A°B, A®A=inf A®B.
R BeE)  BEF(ED)
Temma 2: If BeA then AoB=A; if BEA then A®B=A, where A

=sup uA(x) and A=inf uA(x).
x€E, =~ T Xe€R <~
From lemma 1 and 2 we have:

Theorem 1: Let E; be a universe, Pa map from "TP(EL)Xﬁ
EL) to [091] ’ VA,BG?(EL)a '
PlayB)=(ABIV(1-(48B)). (6)
Then, /Dis a neartude on ?Q(EL).
Apparently, if EL has only one element,then
P8y B)=(uy GOAug (x)V (wy GHAug (). (2
The first thing is to normalize the scattering data
and fitting data: ' ) .
0t 5= (0 5= FE /@I -gF™) , g3=(03- /(P - P
wheri Q’;.I_'in=m§,n0'ij, &ax=mgx(]3 and s0 on(i=Tyeesy My j=2y%,e
eeyli)e

’E.‘rom eqe(7) we.define:/O:.Lj=(g—:!LjAu-5)V(6—}__jAga.)‘i=’l,2,...,
MyJ=2,4yeeeyl)eFinally 2the match may be written by

Neizaépi,aj, i=,] ,2,ooo,mo (8)
The membership functions of R; are:
uBi({asj})=Nei/1%,lNei, 12132, 000 e (9)

4, Experiments And Conclusions
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In assessing the performance of identifier presented in
this paper, experiments are made for three diferent kind
of targets. They are medium sphere (d=1,59m,6,=2,208), pro
-late spheriod(major axis=1.59,minor axis=0.795m)and cube
(edge length=0.682m),Ten times are assumed in the process
of identifications for each target.Fig.1,Fig.2 and Fig.>3
show the fitting data of prolate spheriod when three di-
fferent pole coeifficents are applied.The experiments re-
sults are tabulated in table? which shows the performance
of the identifier is good.This procedure allows an identi
-fication to be made without the necessity of finding the
poles from scattering data.Because of using fuzzy neartu-
de as a measure of matching degrees between fitting data
and scattering data,the matching process of the identifi-
er is similar to brain's one.Thus the activity of the
identifier is increased largelye.
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Table 1 Results of identification



