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Abstract— A fully polarimetric Time-Frequency Analysis is II. CLASSICAL RADAR IMAGE FORMATION
proposed for Radar Imaging (SAR, ISAR) to analyse the . . - . .
anisotropic and dispersive behavior of deterministic targt illumi- The backscattering coefficient/ (k) for a given object

nated by a radar sensor. This method is based on the hyperimag illuminated by a radar is characterized, for a distaRcgoing

concept which describes the response of scatterers as a ftioon to infinity, as the ratio between the incoming figiil and the
of the observation angle, of the emitted frequency and of the gpitted field & (spherical waves) :

polarimetric decomposition. New polarimetric hyperimages point !

out a non-stationary behavior which can be interpreted by tte . E

physics parameters of the target (geometrical shape, relae ‘H(k) = lim V4rR2 =, Q)
orientation). They allow a best understanding of the scatteng —00 E;

mechanisms. Basic statistics extracted from these repreas@tions o

show that they are tools to detect non-stationnary scatters and The squared modulus off (k) is called the Ragar Cross
are the first step to a new classification. Section (RCS) of the object for the wave vectorand is

expressed in squared meter. Wave vedids related to the
frequencyf and to the directior® of illumination by ‘E‘ =

|. INTRODUCTION 2f/c andd = argk) (see figure 1 for the geometry of SAR
imaging).

Conventional Radar Imaging assumes that all the scattererg-he mF’de' usually US_Ed in radar 'maging 1s the model of
are considered as bright points (isotropic for all the dicexs bright points [1]. The object under analysis can be seen as a
of presentation and white in the frequency band). Receffit Of *?“ght points, i.e. a set of mdep_endent sources which
studies based on the use of time-frequency analysis allovd@(@e,ct n the same way fpr aI.I frequ(.enme.s (white points) and
to describe the angular and frequency behavior of the d$pal d|r_ect|ons of pre§entat|pn (isotropic pomts).%[ﬁ’) be the
distribution of all the image scatterers and shown that sorﬁg]pl't_Ude of the bright point Ioca_ted = (z,y) na set O.f.
scatterers were not isotropic and white. This is the case ff'iesian axes related to the object. Under far field camti

example for modern high resolution SAR sensors with widd€COMPposition into planes waves), the complex backseagte

bandwidth and wide azimut beam width. In this paper, %oefficient for the whole object is then given by the in-phase

fully polarimetric time-frequency analysis method is poepd summation of each reflector contribution :

to extend these analyses with polarimetric radars. Thik-tec .

nigue decomposes processed polarimetric radar images into H(E) = /I(F) e~ 2Tk g7, (2)
frequency/angular/polarization information of the imapat-

terers (called hyperimage). It allows to detect non-steig After a Fourier Transform of (2), one can obtain the spatial
time-frequency polarimetric behaviors in the image and magpartition I(7) of the reflectors for a mean frequency (the
be of great utility for target recognition and classificatio ~ center frequency) and for a mean angle of presentation :
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Fig. 3. Classical bi-dimensional radar imaging of aircraft scalaetbdel

Position U
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on frequency f and on aspect anglé. This repartition

Fig. 1. A reflector, viewed at two different angles of presentatiod at two  depending on the wave vectdr, it will be noted in the
different frequencies in SAR-stripmap mode following by I(F E)
k).

'?;f? The quantity I (7, E) represents the energy distribution of
the backscattering coefficiedf (k) in the hyperplane7, k)
Left leading edge Right leading edg and characterizes an "extended image” relative to the alpati
1 /‘\ / repartition I(7). Such images can be built with classical
\ / Time-Frequency Distributions (TFD) [2], [3] extended to
ﬁ ?:/j two-dimensions and are called hyperimages.
Lef“f?F',g)‘gedge i \\l“\ Right relling ee It is well known that some TFD (Cohen Class and Affine
Leftwing / \ nghlwmg Class) are generally bilinear energy distributions which d
0 ) [.1\ not allow to conserve the phase of the sighals and which
Air inteke clog e generate some interferences between components in the time
L ;:?“m \R . frequency pIa.ne. Eor thesg reasons, they cannot be of. any
1) ‘e’ oo help for polarimetric analysis. These drawbacks are agbide
T by using the Multidimensional Continuous Wavelet Transfor
o) (MCWT) [4], [5], [8], [6], [7]. This allows to define the

hyperimagel (7, ko) as the squared modulus of the wavelet

Fig. 2. Aircraft scaled model used for simulation in anechoic chamb coefficientCH(Fo, ];O) defined by :

—

Cuali Fo) = [ HUD) ¥, (R)dF, @)

7) = / H(k) e* ™% df;. 3)
whereV . - (k:) is a family of wavelet bases generated from
It can be noted that any imaging operation working with thge mother wavelet)(k, ) localized aroundk, ) = (1,0)
above set of data will permit only to localize the projeconand positioned spatially at= 0 according to :
of the bright points on the measurement plane (slant plane).

For the aircraft scaled model under study presented in Vo (k) = kie_z”k'”’qb (kﬁ,g_%)_ %)

figure 2 and analysed in anechoic chamber, figure 3 shows its 0 0

backscattering coefficient/ (k) and the spatial repartition of The quantity/ (7y, ko) is, in fact, the energy distribution of

its reflectors. The spatial image shows the location of thgeta. the reflected signaH (k) in the hyperplanéy, ko)

bright points but does not allow to characterize their festy

and angular behavior. Next section will now present a method o k 12

which allows to characterize these missing informations. Iy (7o, ko % /H e2imk-To ¢ <k_0’ 0 — 00) dk| (6)

Since the wavelet coefficients are complex, the phase of

the hyperimage is always conserved and can be used for

When an object is illuminated by a broad-band signg@olarimetric analysis. The wavelet coefficient can be more
and/or for a large angular extent, it is realistic to consitiat simply interpreted in SAR imaging as a multi-look analysis
the amplitude spatial repartitiaf(#*) of the reflectors dependsin angular domain and as subband decomposition in spectral

II. 2D TIME-FREQUENCY ANALYSIS AND HYPERIMAGE
CONCEPT



domain. Figure 4 shows this kind of analysis. The MCWT of
the backscattering coefficient allows to give, for eachtscet, o 2 12 2 _,
its spectral and angular behavior. The image shows that sor%leN(F) = a1 Lo, (M) s (M) + L (7)
scatterers have different frequency responses (colomtesc

ers) and different responses in angular domain (anisatropi Span

scatterers). For example, the head of the target is assaahila ‘ ‘
to a sphere which is considered, in high frequency, as a not
dispersive and isotropic element : in the figure, the respofis -
the head is uniform and constant in the angle/frequencyeplan
On the contrary, the left and right wings show two different -.&
angle/frequency responses.
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Fig. 4. Extended bi-dimensional radar imaging of aircraft scaleddal
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In the next section, the Polarimetric Coherent Decomposi |
tion methods will be briefly recalled and will be extended to
the hyperimage concept. = .
IV. POLARIMETRIC COHERENTDECOMPOSITION AND ffor—
POLARIMETRIC HYPERIMAGE CONCEPT a
0 Legend
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A. Conventional Polarimetric Coherent Decomposition

200 250

A full polarimetric radar is generally designed to trans- |
mit and receive microwave radiation which is horizontally
polarized (H) or vertically polarized (V). The polarimetri rig. 5. span of the aircraft scaled model analysed between -20 and 20
generalization of the scattering coefficient is called tbats degrees and for [12, 18] GHz
tering matrix. For each location of a scatterer, this maisix ) ) )
composed of 4 complex numbers, representing the complein this paper w_e_only investigate the well known coherent
scattering coefficients for all four polarization combinas, t@rget decomposition (CTD) methods such Krogager [9]
hH, hV, vH and vV (capital letters indicate the transmit wav@"d Cameron [10]. These methods are generally applied on

polarization and small letters the received polarization) ~ full resolution polarimetric images and hence, all physica
mechanisms are totally averaged on the emitted frequency

7P band and on the whole angular domain.
[S] (7:‘) — <IHhH(T) IHhV(F)) (7) g

IHVH (F) Iva (F) . .
. i In the next sections, we show that, applying the CTD
The goal of the target decomposition theory is to decompOsRythods on the polarimetric hyperimages allows to describe

(please note that such a decomposition is generally nouehiqe nojarimetric contributions (Krogager) and the polagiric
the average scattering mechanism as the suMioidependent 5¢,re (Cameron) of the scatterers for each frequency and
elements, in order to associate a simple physical mechanigig angle of presentation. These studies allow to follow the
with each of them : polarimetric evolution of the scatterers versus frequesogt
N angle and show that the polarimetric information is germgral
1] (7) = Z 5], (7) 8) dispersive and anistropic.
k=1 B. Extended Polarimetric Coherent Decomposition

The span is generally defined as the sum of the squared’he scattering matrix used for the CTD methods will now
modulus of each element of the matrix : depend on frequency and on angle of presentation. It will be



defined in the following by : Entropy of the Sphere, Helix, Diplane Contributions

{g} (7" F) = (IHhH(F, IE::) T, (7, E)) ©)
Angle Them/ e

IHVH (F7 k) Iva (F7 E)
The exended span is now defined as the sum of the squar -

modulus of each element of the scattering maEﬁ% (7, k
Legend ‘ ‘
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Fig. 7. Entropy of Krogager contributions
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A. Krogager CTD : Sphere, diplane, helix decomposition

Krogager [9] has proposed to decompose the scattering ma-
trix into a combination of the responses of a sphere, a diplan

L B R . "
egend RGB) and a helix. Figure 6 illustrates the Krogager decompasitio

Il Diplane in the angle/ frequency domain. It shows the representation
B Heix (RGB colors composition) of the polarimetric contribution

(sphere, helix, diplane) of each element for each frequency
- Sphere

and angle of presentation. The center image represents the
. . _ spatial repartition of the scatterers at full resolutidre tevel

Fig. 6. Krogager Decomposition of an aircraft . L.

representing Krogager decomposition. To enhance Krogager
representation, figure 7 characterizes the entropy of tteeth

Krogager contributions. Consider the right leading edge P2
Polarimetric hyperimages have been tested on full polatcharacterized by an inclinaison of 20 degrees in the hotéo

metric data from anechoic chamber betweefl5deg and plane) and the right trailing edge P5 (characterized by el in
25deg degrees (only {20 deg, 20 deg] are represented here)naison of 10 degrees in the horizontal plane) : the responses
for a frequency band of [12, 18] GHz. The target is an aircraff P2 and P5 scatterers match perfectly with the geometry.
scaled model called Cyrano (fig 2). Figure 5 characteriz€$ scatterer analysis (right wing) shows a mix of these two
the span evolution in the angle/frequency plane for eacbntributions which is the consequence of the Heisenberg
scatterers and shows that major of the scatterers are doladrecertitude principle (choice of the angle and frequencgtig

and anisotropic. of the mother wavelet).

V. RESULTS ONEXPERIMENTAL DATA



B. Cameron CTD and Classification Cameron classification gives more information than Krogage
The Cameron decomposition [10] performs a decompositid§cOmPosition. In particular, it shows that the nature @ th
of the scattering matrix based on two properties of radd@iling and leading edges is characterized here by a dipole
targets : symmetry and reciprocity. Contributions of thehe head of the target is cIaSS|f|gd here as trihedral for each

Cameron decomposition are : triedral, diplane, dipolff€duency and angle of presentation.

cylinder, narrow diplane and quater wave device. With this i

basis of decomposition, Cameron proposed a classificatio]" figure 9, for the scatterers P2 P3 and P6, the Huynen
scheme which allows to give the polarimetric nature of t ara.meter\IJ. of the Cameron decomposition (angle around
scatterers (left helix, right helix, asymetrical helixjetiral, the Ime of §|ght) always shows a responsé éé —90deg for
dihedral, narrow dihedral, dipole, cylinder and quater evaJ"® Mgt wing andl” = 90 deg for the left wing) located in
device). It also allows to determine the Huynen [11] paramet"® @ngular plane for the orientation angle lofdeg. It can

¥ which gives the orientation of the scatterers in the verticR® SIMPIy explained by the fact that the aircraft wings are
plane (angle around the line of sight). characterized by an elevation b deg in the vertical plane.
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Fig. 8. Cameron polarimetric classification VI. CONCLUSION

In this paper, we have jointly presented a time-frequency
Figure 8 shows the Cameron classification of thanalysis and polarimetric coherent decomposition analysi

polarimetric nature of the scatterers relative to freqyenavhich can be applied to highlight a polarimetric non-stiadicy
and angle of presentation. The center image represeb&havior of the scatterers versus frequency and angle of
the spatial repartition of the scatterers at full resolutio presentation. It appears that the polarimetric respongkedis
the level representing the Cameron classification. Tipendent on the aspect angle from which the scatterers are



illuminated and on the emitted frequency. Non-statiogarén
be explained by the shape of the scatterers, by their otienta
or by the limitations of the time-frequency analysis. Ex{ihg
these informations allows to better understand the phiys@a
larimetric mechanisms in order to improve targets recagmit
and classification in radar imaging (SAR, ISAR, ..).
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