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INTRODUCTION

Hermitian Coherency matrix is largely employed for many Pol-SAR application :
Speckle Filtering

Detection Studies

Classification

Inversion Studies

Interferometry

Multi look effect have been recently investigated.

Signal formats considered for coherency matrix estimation are heterogeneous:
Time format (multilook averaging processing)

Spatial format (Boxcar filtering)

Hybrid format (multilook + Spatial filter)

Goal: Coherency matrix estimation obtained from different
four data formats are identical
Validation is performed by real data analysis, in ISAR scenario
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DEFINITION OF THE TARGET COHERENCY MATRIX

 The target 4x4 coherency matrix T has been defined by S. R. Cloude
extending the Wiener definition of wave 2x2 coherency matrix :
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« Polarimetric signals, can be considered random processes, and
T elements can be estimated by introducing a time averaging operator
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ASSUMPTIONS
A) Transmitted Signal: Stepped Frequency Waveforms

Time-Frequency behavior of the trasmitted signal
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B) Uniform Azimuth sampling and radial motion compensated signals
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EXPERIMENTAL REFERENCE DATA

Pol-ISAR UWB System in Controlled Environment:
4 Combination of elementary targets over Polystyrene
Turntable in Anechoic Chamber (CEPAMIR Adelaide)

z
Turntable Rotation

Central Frequency f0 =10 GHz Ot e
Frequency Step Af =50 MHz
Tx frequencies for Sweep N =80
Tx Sweeps for Pol. K=20
Azimuth Angle +- 5° &g =S (Z,pema|/|[)=16° (FIXED) y
Azimut Step oa = 0.5°
R TxI:x Pcl’l.t' A 3 75H’V 04, =8I0 (g / [Flo0s (g5, ))=—5°+0.5°k, ke[1, 20]
ange Resolution r =3.75cm 1
Cross Range Resolution Acr=9cm “ Y T;rgetAXiSD"ecm" =
X ANTENNA > Y ANTENNA > Z ANTENNA x=
Elevation Angle 160 //,y ‘A‘COS(SEL)C?S((XAZ)
y =|4|cos (e, )sin(a ;)
z=|AJsin(e,, )

4= =+ b+
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POLARIMETRIC DATA FORMATS

Color Coded Raw Samples (f,1)

Format-I : frequency/time *

;

STR(fank)z gll gll
STR(fllz-l) STR(fI’TZ) g Vo STR(flvTK) Elo :>‘10
Sw(fonm) Sw(faz) - . Sw(fazd) E é

Io 2

_STR(lerl) STR(fN’TZ) ad STR(fN’TK)_
1<n<N;1<k<K;T=H,V;R=H,V 5 0 15 20 .80 -40 0 40 80
$ Slow time  [s/PRF] iCrossrange Xr [cm]

Color Coded Range Profiles (r,1) Color Coded ISAR Images (r,Xr)
0
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Format-Il : range/time
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STR(rZ’z-l) STR(rZ Tz) STR(rZ’TK)

_ _ 5 10 15 20 80 40 0 40 80
Slow time 1 [S/PRF] Crossrange Xr [cm]

_STR(rN’TO) STR(rN’Tl) STR(rN’TK )_
1<i<N;l1<k<K;T=H,V;R=H.,V Blue=S,,, +S,y

Red=S,, —S,
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Format-1V : frequency / crossrange

Color Coded Crossrange Profiles (f,Xr)
12
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1<i<N;1< j<K;T=H,V;R=H,V

Format-I1l : range / crossrange
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SIS C TN (X )

STR (rZ'Xrl) STR(rZ’XrZ)
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She ( DRKrs)

_STR(rN’Xrl) STR(FN,XI’Z) S (rN,XrK )_
1<i<N;1<j<K;T=H,V;R=H,V
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COHERENCY MATRIX ESTIMATION ALGORITHMS

1. Projection of polarimetric channels on Pauli scattering vector K

2. Outer Product of scattering vectors (every pixel is represented by a Rank-1 T matrix)
3. 2D average operation

ALGO-I : { frequency / time)
1 N K

T =(T) =22 T(f,7i)
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| 2 X 2 Zr00nE) || )= S (e )= S (5
EQUIVALENCE BETWEENRA . , & . ¢ . & .
| " o S 1) = S ()= 55m (1)
ALGO -1 for a single column: 2n()e(n) Zn()r(s) Xn( )
:IP_RSH Ch ~ I:P_LN:_EIZLE
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=§' N . N . N N ] I =
ALGO - I for a single column LA R 2 = prratn)]
y g 1 SN(L)B(L) IN(LIRL) N5 S Jr(4)]
— k= el il 1 1
T, < >:ﬁ;T( -):W;T =§Eitﬁ,ﬂ]=%§,1{fr )-T,
H . Color Coded Range Profiles [r,t ]
The two above sentences are equivalent by applying the v00

Bessel —Parseval Theorem to the matrices elements.
By averaging K columns of estimates of ALGO-| and 225

E
ALGO-II, identical coherency matrix are obtained. E
s K 2o )< L 1 &1 Q %
= K kZ:Tu :EEW;T( ):EEWET(%,TM‘): R
1 K N
—ZZT fb,Tk 5 10 15 20
KN & Slow time ¢ [s/PRF]
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The two above sentences are equivalent by applying the
Bessel —Parseval Theorem to the matrices elements.

By averaging N rows of estimates of ALGO-Il and ALGO-III,
identical coherency matrix are obtained.

T =T = S S () - Y 2T X, ) gy 2T (1 X, ) =T

j=1 i=1 j=1
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Frequency f [GHz]
P
o

©

Frequency f [GHZ]
© )

EQUIVALENCE BETWEEN THE FOUR
DATA FORMATS 5 10 15 20 -80 -40 0 40 80

¢ Slow time < [S/PRF] Crossrange Xr [cm]

Color Coded Range Profiles (r,z) Color Coded ISAR Images (r,Xr)
00 300

3

i

— b
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L L
o 150 o 150
) 2 2
Time-Sampling & 8
1 N 75 75
<T> 7 _Z T(tn )
N
n=1 5 10 15 20 -80 -40 0 40 80
Slow time < [s/PRF] Crossrange Xr [cm]

II Stepped Frequency Waveform

1 N i 1 N K » . e 1 K K
<T>ZNZT( f”) < K_Average | 11 :—ZZT( fn’Tk) < " MoTion N S parsevAL TlV :—ZZT( fn,er)
1 NK "2 NK j=
g PARSEVAL ﬂ: PARSEVAL :U: PARSEVAL
1 N ™ l N K i, ", 1 N K
<T>:NZT(E) < K_Average T, :WZZT(E’TK) S vorion A S parseva | T :—ZZT(E’XrI)
i1 i1 k=1 NK = j=1
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EXPERIMENTAL VALIDATION OF THE THEORY

Color Coded Raw Samples (f,7) Color Coded Crossrange Profiles (f,Xr)
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150
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CON C LU SIO N S : | Color Coded Raw Samples () Color Coded Crossrange Profiles (1,Xr)
Equivalence Between different domains of
integration of the signals has been proved in the
special case.
A relationship between temporal, spectral and
spatial estimate has been traced
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APPLICATION OF THE THEORY:

We have been extending the results of our classification scheme based on ICTD [1]:

[1] Paladini, Martorella, Berizzi, “Incoherent ISAR decomposition for target classification”,
Proc. Eurad 2008 Amsterdam.

1)Training is made by windowed ISAR noisy images
2) Testing is made with the Pol-ISAR, Pol -HRR, and frequency/time data on AWGN

Probability of Correct Identification SNR train -2:3:22 dB ISAR MODE

ITTITTIIT IO T DI AT » Applying A=23 by B=10 pixel window

\ (f_*.;mm ﬂ m\* | H mm Mm m ISAR provides greater performances.

o Y SRR R > Other data formats work correctly but with
lower performances in noisy scenario.

» In AWGN ISAR Gain = (NK)/(AB)

» N/A=80/23 =5.41 dB

»>K/B=20/10 =3 dB

T1
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 Appendices: A review of Bessel-Parseval Theorem.

Let, x(r.),y(r,), be two complex function of real discrete variable
the complex cross-correlation of the two signals can be evaluated on the range domain:

z(r) =Y. x(r)y(r)

i=1
The second term can be numericcaIIy transformed by means of DFT:

Y(f Y DFT( . ) Zy sz ~1)(n 1)/N1erN

The transformation is rever3|ble by the IDFT:

y(r) = IDFT (Y (f,))= ZY eRea il HS

by substitution we obtaln.

2(1) =i><(ri)[%iv(fn)*eJ‘Zﬁ(il)(ﬂl)/N | }

by inverting the two series operators:

Z(I’I):iY(fn)* {%ix(n)ejh(il)(nl)m jlz

i=1

N

ZY(f)X Zx )Y (f,)

n=.

therefore
2(1)= S XYY = XX (G (L)
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