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each channel and then in the polarization do Yy [} y designed
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NON-LINEAR ADAPTIVE POLARIZATION FILTERING :
filters,

A METHOD FOR REJECTING DISTRIBUTED GROUND CLUTTER
' v To enhance rad
adar target detection capability in the presence of grou Ad 1
nd clutter,

We:can resort to polarizati i i
on filtering: thi i

fotvres ey : sthis requires that the diffe izati

‘ b . reat polar -
oo pen i nt r'nrmg signals be optimally exploited; It is knownith xznu"'n
Vh“e:pn“‘nu I'uu.cm ' from scan to scan aro typical ofaircraft tar i 'n‘ o
- _l ° g limited polarization changes during th v
, o.polarization behaviour of ground c et e rorely

‘M. Gherardelli®, D: Giull*. M. Fossi®, L. Facheris®

ABSTRACT .
- polarized antenna (5], .

In this paper a novel non-linear polarization fifter is described. which is
derived from the non-linear Polarization Vector Translation (PVT).fiiter. Suchr'a

N [T IV E

i g e : filtering  profitab

' 8ot detection .in the Preseace of ground clutte l: l‘,h -
r: the, high

: Such a i ad ’
behaviour makes adaptive polarization

filter in conceived for uvdnptiv‘e cancellation of ground clutter. Its operation is
Lo T — . .
based on scan-to-scan stationarity and asymmetric short-term changement of

m e s

ground clutter polarization, ~ ~
rejected,

This paper ‘ ) o -
: presents a.device amon { T
g g those int. :
- from the non-linear PYT proposed by atroduced above, which js derived

INTRODUCTION
When an electromagnetic wave is radiated by e fixed polarization radar’

transmitter, its polarization can be considered constant in time and the wave is
said completely polarized.

Due to interaction with ground, targets and different obstacles, the polarization -
of the backscattered wave can vary thus becoming partially polarized. A measure |
of the polarization randomness is given by the polarization degree(l], which isthe .
ratio belwe&n the power usociuled to the completsly polarized component and the B

total power of the wave,
The utilization of the information contained within the polarization states o

backscattered signals relative to the polarization state of the trensmitted signal, 2y’
well as the utilization of information contained within the’ polarization states o
interfering signa.is. is & subject of Interest in redar research. Indeed recent;
studies have demonstrated that useful improvements in the ability to detect targets;
in the clear and in the presence of hostile eavironment can be obtained b

e ¢ iatroducing the aovel f me polarization ameters
Befor trodu th :ltermg lechmquc 3o
polarizat param r

must be defined for be er understan 1ng the dev. ® oper
t be def better und tand the devic ation

applying signal processing in'the polarization domain [21.13).(4]. ..
This requirement is satisfied yhen the radar receiver can operate upon vecto : § Ab“ks“m“d by each resolution cell. at
signals: this needs two otbo}gngug pﬂl-a—!i-lqd receiving channels, vhich allow fo'r‘ ’ :
ollecting the whole power of the received wave and sensing its polarization asjj

2t 1z
The polarization state of a radar signal sample can be represented; onto the
well. The vector signals can be first pr ! : ‘

polarization chart. This is the pr ojection of the Poincars sphere onto
0.4
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polarisations lie on the external circumference (=0): the horizontal and vertical
polarizations have ¢=0sadd=x. respectively, and the circular polarizations lie' on}
the centre (r=+ x/4). Since polarizatioa chart is ambiguous with respect to the
polarisation sense, differenlg;;:ol\s ans‘\;n.lly used for representing left-hand

ERR NS g stavd

and right-hand polarizations. i o e

It is also useful to define the ellipticity Tatio parameter as retg(t), with re{0.2 x|

The device presented in this paper is able to reduce the power contribution of
clutter by adapting entenns polarization on recoption. It combines the .two
roceiving signals by means of suitable complex weights, thus obtaining a Virtual
Polarization Adaptation on reception. For estimating the weights, this device
resorts to the following estimates: the average polarisation of the set of samples
received during oach scan, the preferred direction of changement of ground
cluttor polarisation state during dweli-time, and polarization spread eround sucha
mean direction. This parameters can be used to describe the typical behaviour of

,;rounci clutter as observed during measurements (8.

Io the case of distributed ground clutter the polarisation state of samples lines

up along some preferrod directions over the polarisation chart; in the case of

point clutter phenomens, 2 quite clustered distribution of the polarisation state of

the samples is instead observed during dwell-time. In both cases that polarization’

behaviour appears to be highly stationary from one scan to another. . S dt

The considered filter can modify (through & non-linear transl‘ormluon)'bt;tﬁ
the ellipticity ratio and the orientation angle of polarisation ellipse, i.e. the
polarisation stats, of each input sample. When resorting to the modification of the

orientation angle alone, goo/d,s‘gppsnssion of point clutter phenomene is obtained:

while when both the above paramct:r_s' are independently changed, exundec!"
ground phenomena can optimally be attenuated. Ia the latter case the polarization
state of input signals is modified asymmetrically with respect'to the average
polarization: the disturbance samples are thus placed optimally with respect to the

suppression area of any type of non—adaptive polarization filter; such asa singl
aotch filter, used as final stage of the proposed device. o
In Fig. 1 constant attenuation con tour lines are shown for the theoretic filte
just described: it can suppress a clutter sample sequence as that suggested-i
. figure (triangle signs around the preferred direction ¢ ).

Fig.2 shows the block diagram of the proposed filter. The input data sequence i

transferred both to a buffer section and to a PVT transformation block. The buffe

section collects the data set during one scan and gives the inpul to an estimat

section which provides the filtering blocks with the needed values, for adaptationy!

during the next scan: these paramefers are the average polarisation, the leadin’

,through a polarization basis transformation: after such
H a

chosen as: ‘
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(averago) oriontation.anglo f of the

f .
Up. the stendard deviations proforred direction along which samplos line

sf and s¢ which describe -
polarization of.thsnmplcs -rnu.nd th; w“ . '."h° »dl’p"’lm .

polarisation anglo , ¢ ; orage value of the orientation

and the ollipticity polarisation angle T respectiveély, - -

Thus tho estima! ion ¢k’ provide ¢ linca v ¢ averago
lock ides 1
h t t b th ncar PVT [9 th t

(9] wi he a [4

linecar PVT block, ro transfered 13‘”!0:50“._;

. o linear ormation oporato o es the polarisation o L] l\p‘lU
Th PVT transformati n oporator modifies th polarisati fthe | t
ala samples za| ¢ actual scan by translation of the related representative points
data 1 tth tual th lated tat n t
over the polarisation chart, Specifically the average polarisation of datp samplos
s a ©d, 30 as lo transform o C. <
i doptod as to transform it into the feft handed circular polarisation after

transformation all

samples appear locatod sround the center pointo ¢ polarisation chart,
n intof th 3
.

(EDNL - MiL (i,

where the matrix MnL is the non-llnon.r PVT o

i t
linear-PVT output samples. The MNL operator dc poreior which processes the

d pends on (Ei) ;
escribed. After having defined the complex polarization mfacto Tand i nelew
rs: :

Riyrea Hteomwl
o [T+ (rpdrL) . e S
i?A [1- ¢ )
[ler)
" siwhere: . L

()7L is the ellipticity ratio of the poluriznuon. sm;c of the i-th
ﬂntple. atthe output of lincar-PVT; -
,.F istho lrnnsi_lion control parametor [6} ( if (r;
) 1

JTL¢ r the !

of . g ocation

sal?ple. polarization state convorgesto the loft handed N . [
polarization, and if (ri)yL> r it diverges) ; nded circular .

the non-lincar PVT operator, dl!ferontly from the ¢ nventional one (6], is
. . .

My .1 IRDTLZ TG o
G + IRpTZ Lo 1]

where

G AGIrTL(40TL o, m_r- ] '{(RST‘J M

The non-
:o‘n ‘Iinear PVT oporator thon qu?ﬂc: the polarisation of oach input

oo
i
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and
¢)1

f the transformation control ‘parameter: l6]

M -'— [ 1+ cos4(di-
where m is still the gradiento

- e note that
1 r .
In this case, dxﬂezently from the convent. onnl non linea PVT, w t

dsalsoon ¢j and ¢.
formation operator depen
Lhe . h the processing of experimental

filter were tested throug '
. p"f‘"mm” - m, modified: for receiving dunl ¥

f-an ATC radar syste
- acquired AR ch refer to ‘simulated opetutxon of tha

] o

polamzed sxgnals The results, whi o
olarization filter, have been reported in e prevxous pap “u"
’ nstrate that the proposed non- -linear polunznnon
to-ground clutter ratio. Morecover 1arge slgnnl “to-
processing of &

Such results demo

effective in improving signal-

re-
ground clutter ratio improvements are obtained when MTI p

inputsignals is jointly applied on the receiving chnnnels
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+MEASURED SMALL- AND BROADBAND SCATTERING MATRIX DATA
==ne——ar oR ST ARY SRUALUDAND SCATTERING MATRIX DATA,
-THEIR MODELING AND PROCESSING

Dr.-Ing. G. Wanielik* e L

1. Introduction
The signal procesalng part of polarlmetrlc radars .works oh multlvarlate,.vector
_sequences s(i), | +N=1, or.partitlons of such scattering matrix.vectors

S(i)-(slx(i) s:l(i) sla(i) S“(i)) .("(i) ’l(i),-..,s (i)), m-l,_ud v-(l)

where m=4 3.2 it the polnrlmetrlc radar Is bistatle, monostatic (S,,=S,.) or
.,only polarimetric on _recelve.. Another distinction has to be made,depending on
.the meaning of the Index l..In.the case of a smallband pulse;radar-the index
I represents SM-measurements at different time Instances t,. In:thecontext
of broadband - polarimetric however, the. lndexcll;-reprqsgms,»a
._SM-measurement taken at different carrier frequencles - f{, .The description
~and modeling of both types of SM-sequences and their relations. to . the
‘_Pp{;xjmetrlc:'slgnal processing are the subject of this paper..

radars, -

e BT F Y

2. Description’ and Modeling of Measured Smallband SM-Data =~ =~ °"
In this first part I discuss descriptions and models of measurement ‘data
obtained from a smallband polarimetric pulse radar. Usually polarimetric pulse
radars transmit a sequence of pulsed wave pairs (the first horizontally, the
sacond vertically polarized) at the same carrler frequency and receive an
object-specific transformed SM-sequence s(1).
measurement sequences  s(i), {=0,...,.N-1,

i

One way to describe such
is to use the autocorrelation: matrices
+ with lag k, kho which are deflned by R,, In equation (2) .and which can be

estimated by R Rqee 88 shown In equatlon (3)

wik) = (s li+k) - s*f(m £, (2)

A3y
In this formula the character '*' represents the complex conjugate, '™ the
[transpose operation and <-> the time average..

..ll(k) =

R

N=k=1 .
T DR O R A CY _ .

A speclal autocorrelation
matrix of equation (2) is frequently used In radar polarlmetr\' “This Is the

¥ coherency - matrix Jm=R44(0) for which the correlation matrix R ..(0) :with time
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