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Abstract

The method of detecting radar signal in correlated clutters by
the use of fuzzy subset theory is presented. The mathematical
model of fuzzy detections is established first, and then the
neartude oriterion is proposed which is suitable for the above
model, Based on the criterion and the ooncept of importance weig-
hing, the fuzzy filter algcrithm is derived. Two fuzzy detectors,
FD~I and FD-IT, are oconstructed. Monte-carlo simulations are made
to evaluate the performances of these two fuszzy detectors.

Key words —— fuzzy detection, fuzzy detector, neartude orite-
rion, importance weighing, fuzzy filler algorithm, clutter pattern,
signal pattern.

1« Introduction

The problem of detecting radar signal in oorrelated clutter
has been an important and significant subject in the field of
modern radar signal processing. So far, There have existed lots
of effect methods for restraining clutter, Some of which have
been successfully used in some of radar systems. Just as pointed
out in most of literatures, It has not been ocomp letely solved to
detect radar signals in clutters since the enviroments of radar
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targets are so complicated that we cannt precisely describe it
with the aid of traditional mathamatios, and this description is
indispensable for designing a detector.

Thus, it is very important to propose a method for restraining
clutters which ean avoid describing enviroments of radar targets
preoisely in some degree, has good detection performance, and can
be realized easily in practices.

As a normal mathematiocal theory, fuzzy mathematics has greatly
developed and almost permeated various fields of sciences and
technologies. There are many examples of applications of fuszy
mathematios to the electronic systems such as commanication,
radar and 2o on. It follows from the existed results that the
applications of fuzzy subset theories to radar signal processing
have broad prospects.

M.B.E. Fntmi and P.P. Wangl2] published an article titled
"Fugzy detector and fuzzy estimator in communiocation" in 1981 in
which seven fuzzy detetors are proposed. Assuming that the inter-
ference is additive white Gaussian noise, and the signal-to-noise
ratio is equal to -20 dB, they made the Monte-carle simulation
for these seven fuzzy detectors The results obtained show that
fuzzy detection is feasible.

The detection of radar signals in eorrelated clutters are
studied by using fuzzy subset theory in this paper. The model,
criterion, algorithm, and structure of fuzzy detection are
proposed, and Monte-carlo simulations are made on the NOBUS-Z
microcomputer. It is proved that the fuzzy detectors presented
in this paper have good detection prerformance. In the case of
strong-correlated clutters, the detection prerformance of FD-II
is much better than that of correlative detector (SD).

2. Mathematical Model of Fuzzy Detections

Let C = [Cy C2... Cy]Tve clutter vector; r = [ry rs ... rN]T
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observation vector, R observation space, Ry = (z, uly(_z_')/g(-'-n),
and Ry = (r, uzg(_x_')/ge-ll). Where Ry is a fuzzy subset of R whose
elements contain signal "very poseibly" and EP very impossibly".
It is the key to fuzzy detection to calculate the grades of
membership of r in Ry and By ( “Ep(z)’ and uBJ(g)). If uﬁg(g)
and ggj(g) hqve been obtained, we can make a declsion as follows:

B [ugy(r) = ugy(z) V ug,(z)
or ~

up (2) = uy (r) V up, (r)
Ho [ uge(2) = ug,(2) ¥ ug (x
and up (r up,.(r).
Ro(z) # ug, ()

The mathe matical model of fuzzy detection is shown in Fig.
2.1, It is principally made up of two parts:

(1) Puzzy filter slgorithm for caloulating up,(r) and
ug, (2)3

(ii) operator "yn,

It is clear that this model is similar to that of brain's

recognition and decision. In fact,
!
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Fig. 2.1 The mathematical model of fuzzy detection

It is according to the characteristics of brain's recognition
and decision that the model is found here. It is well known that
a radar observer always asks himself about the problems: Does the
observed signal r & R take after the signal yeflected by target
or clutter? In order to answer the problems, the radar observer
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mast decide the grades of uRo(_x:) and up, (z).
~e A,

3. Fuzgy Filter Algorithm

It follows from Fig. 2.1 that the fuzzy filter algorithm is
a key part of the model of fuzzy detection. The disousion here
is based on the neartude criterion and the concept of importance
weighing.

Definition 1. Let V be a universe, 36[y)the family of all
fuzzy subsets of V. The neartude on #(y)is a map from f(v)xf{y)

to [0,1],
P. Fw)x$w)—s(o, 1] ,

which is satisfied with (1) ¥/ A, Bé—"ﬁy) P(4,B) takes max-
imum value when A = B and minimum when A=0and B=1; (ii)

4,B€ %), f’(g,l;) - P (B.4)5 (i11) ¥4, B, geFfv) . 1e
AS-‘- BegorpizB2g, then L (4,8) >L(4,0)-

It can be seen from definition that the neartude [('*)
actually is a binary fuzzy relation in f (V) vhich is satisfied
with (1), (ii) and (iii). It reflects the near relation between
fuzzy subsets of V.

v A, ,Eé-a'elv), let Ao B A sup ( uA(u) A uB(u)) and
APBA :mf ( uA(u) v uB(u)), where AOB i8 known as inner—
product, A @ B outer—product.

Lemma 1, Y A E.—°‘7P (v), we have:

SAGmSAEs t0somr 102

Lemma 2. If B= 4, then AoB = A.; If BS A, then A@B = 4

where 4 = sup ( uA(u)), A= &g{}( ug(u)).

From lemma 1 and lemma 2 we have:
Theorem 1. Let v be a finte set, F a map from?tv.)xf(y)to

(0,17, V'Aa B e’f“’)’
P(}_’ B) = [A’?J VE1=( A®B)],
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Then, F is a neartade on °f(V)
Corollary 1. If { = {u;} , then,

P (8,B) = (up(uy) A u3(u1)) V( ug(ug) A up(uy)).
Let llr(r) = [ uf ub ... uN] represent membership

vector of r, M'%( 8) =[ o ul... uwy]T membership vector of signal
pattern, and H'g(g) = [ u? 18 «.o uff]T membership vector of clutter
pattern. From corollary 1 we obtain the neartade vectors as follows:

( 5S) S s 3 ro
R [ F%:F
Pf My M3 ' :
Pic.s)f| . |= o ° j
S O . i
8 : m
2R "r‘J *i-L /4; MJ(““N) ¥ fa /
— SO[/“‘I /U-: - My /“N]
rFlcr /u', /Ltz 3 Y/U" 3
c € .6 }L‘
3 wi () .
Pcr.o2l’ |= R 0 |
~FNJ \ M: /(IfJJ /q’rvj
A (o R — \T (ean) 2
__Rco\/ul/u]....../u;#ﬂ.

Rg and R, are knows as fuzzy filter matrix.
Definition 2. Ki2( uj v u§) - ( uj A uj) is called importance
of "signal-olutter pattern pair" at ith information point. K =
[Ky Ko ... KgJT is called importance vector of information source.
Weighting the neartude vectors by K, we have:

._FK ) [PK1 * FKN] >

—
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Plze) = LPg, Py, -+ P2 %,

where P;i = K;'P] and PE =Ki'PT (=1, 2 ou. N).

Now we can caloulate the grades of membership of r in EP
and R1 a8 fallows:

ug () = 1/01 + (2P / 1,;°Ki>1

and N
wy(®) = V01 + (PSP

The steps of the fuzzy fllter algoritim are:
a) Calculating memberships vector of r — Mr(r),
b) Establishing fuzzy filter matrix — Rg and Ros
c) Caloulating importance vector of information Source — K3
d) Calculating neartude vectors —- f’(r,s) and P(r,c),
e) Calculating weighted neartued vectors — f’K(r,s) and
Px(ze)s
f) Caloulating qu(s) and u§1(g).

4. Two Fuzzy Detectors

In the light of model, criterion, and algorithm derived
above. Two fuzzy detectors, FD-I and FD-II, are designed, here
we choose the form of redar transmission signals as irregular
"Coincidence ne more than one" pulse sequenoce. Hence, the
signal patternm is

Mg(s) = [o1 83 «-. T,
where s; = Oor 1, (i =1, 2, ..oy N), N is the ordinal num—
ber of code "1" which is final in this sequence.
FD-I is used for detecting a steady target in the weak-
correlated clutter. The clutter pattern is Mo(c) = [00 ... 0]T,

and u = (ry - x5, Roin)s K.l = 8; (i=1,2,...N,
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A= 0).
FD-II is used for detecting a swerling-II target in strong-
correlated clutter. The clutter pattern is
Mo(e) = [1 1 ... 1 7%,

((1-a)/z  Iri+dy (ry2= (r, /(8-1))a),

u -
i
0 , otheraise.
(131, 2, oooN, A$1)o
N N
where r = ?f? {rs)j, r nin = ?3? | ri}.

5. Simulation and Concluding Remarks

The monte-carto simalation is made on Nobus~Z microcomputer
to evalaste the performance of FD-I and FD-II. We choose Rayleigh
distribution and weibull distribution as ¢lutte models. The results
of simulation are shown in Fig.1 to Fig. 4. We also compare the
prerformance of FD-II to that of correlative detector under the
sqme oconditions, as shown in Fig. 5 and Fig. 6.

It follows from studies in this paper that:
a) It is teasible to detect radar signal in extremly complicated
enviroments of clutters by using fuszzy subset theory since we
neednot desoribe the statistiec natures of clutters precisely to
design fuzzy detector;
b) The fuszy detection incorporates the characteristics of brain's
recognition and decision and is nimbler than statistical detector;
¢) The performance of fuzzy detector is better than that of correl-
ative deteotor (SD) in strong-correlated chutters;
d) FD-I and FD-II have good detection performance in correlated
clutter. We are oonvinced that the other fuzzy detectors can be
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derived which have better detection performance than FD-I and
FD-II.
We thank Prof. Zhuo Zhu-tong for his help and inspiration.
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