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ABSTRACT Considering this amplitude variation, the spatial reparti-

Usually, in radar imaging, we suppose that the reflectors tion of reflectord (r) must depend on the wave vectoand
respond the same way regardless of the angle from which must now be noteﬂ(?’,R).
they are viewed and have the same properties within the
emitted frequency bandwidth. Nevertheless, new capacities The quantityl (?,R) is, in fact, the energy distribution of
in SAR imaging (large bandwidth, large angular excursions) e backscattering coefficieh{(_k') in the hyperplan(?,l_(')

make this assumption obsolete. The original application of 54 \ill be seen, next, as "extended images” relative to the
the multidimensional continuous wavelet transform method spatial repartitior (F).

in SAR imaging allows to highlight the frequency and an-
gular behavior of these reflectors. This paper discusses the
utility of the wavelet transform in SAR imaging for extract-
ing from real targets some essential features allowing to dis-
tinguish objects that belong to different classes.
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1. GENERAL DESCRIPTION OF THE PROBLEM

The radar imaging process [1, 2] consists in analyzing the

—

backscattering coefficiett (k) collected by a moving radar
(see figure 1) and to form the spatial repartitigr) of the
bright scatterers which reflect a part of the emitted radar sig-
nal [3, 4, 5]. The square modulusld(R) is called the Radar
Cross Section (RCS) of the object for the wave vektand

is expressed in square meter. The wave vektisrrelated

to the emitted frequency and to the directior® of radar
illumination by relations :

Target-Antenna distance

range x

2 L
c \\. ’/,,\\\ ,/,,'
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cross-range y

k

wherec is the speed of light, and the extra-facRaccounts

for the round trip delay (in time) of the signal. _ ) ) _
Figure 1: A reflector, viewed at two different azimuthal

If the object is illuminated using a broad-band signal angles of illumination in SAR-stripmap mode.

and/or for and a large angular extent, it is realistic to con-

sider that the amplitude of the reflectors show a dependence

on frequency and on aspect angle. Such amplitude variation

of scatterers has to be highlighted in order to see if this

variation is potentially interpretable in terms of target

characteristics.
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2. CONSTRUCTION OF THE EXTENDED IMAGES
BY WAVELET TRANSFORM

Time-frequency analysis and the physical group theory al-
low to construct extended radar images. These images are
called hyperimages [6, 7, 8, 9, 10, 11]:

2

A BUILDING AND A LONG METALLIC PIPE

too) = | [ HE W, ¢ (R 0k @

—

wherekIJ?ORO(k) is a family of wavelets generated from the )=
mother waveletp(k, 8) according to :

Wk (k) =

W@ = e (lo-n). @

ko ko

This mother wavelep(k, 6) is supposed to be localized (3)SAR| f includ- (b) Aerial phot h of th

_ " . A image of a scene includ- erial photography of the
around(k,6) = (1,0) and pOSIt!Oned _spatlally at= 0. For . ing a metallic pipe and a buid- scene (provided by the French
example, one can use a two-dimensional separable gaussian ing. This image has been built National Geographic Institute).
function: by RMA algorithm with data The framed portion represents
0 12 collected by the airborne radarthe area of interest which is com-
.e*(@) RAMSESat the ONERA [13]. posed of the pipe and the build-

ing.

ok 8) = e

where the two free parameters, and gg control
the spread in frequency and in angular domain and play
on interrelated resolutions in spatial domain= (x,y),
frequency and angle. f

Interpretation of the distribution 1(F,k)

Let us rewritel (F,k) = I(x,y; f,8). On one hand, for
each frequencyf, and each aspect angtg, |1(x,y; fo, 6)
represents a spatial repartition of reflectors which respond ’
at this frequency and this angle. On the other hand, for each f
reflector located af, = (Xo,Yo), We can extract its energetic
featurel (Xo, Yo; f, 8) as a function of frequencfand aspect 0
angle@. This is this aspect that we decided to point out in
order to see if this quantity can be interpretable in terms of
object characteristics.

Cross-Range :

calledi4D [12] has been developed and allows to carry out 1A

To analyze this 4D structure, a visual display interface ¢ ‘ J f ‘ '
L [
an interactive and dynamic analysis. 9

3. EXPERIMENTAL RESULTS OF SAR IMAGING (c) SAR imaging using wavelets : image of the building
USING WAVELETS and the pipe (at the emitted frequency f, = 14.3 GHz

and angle illumination 6, = 0.78°) and energetic char-
The first study concerns a scene composed of a building and acteristics in the frequency-aspect angle spadd,6) of
a long metallic pipe as shown in figure 2(a) and figure 2(b).  some reflectors belonging to different structures (metal-
SAR imaging using wavelet analysis is illustrated in the lic pipe, ridge and roof of the building).
figure 2(c) : the energy distribution in the spade6) of

reflectors belonging to the pipe and to the building (ridge . o ) .
and roof) are highlighted. Figure 2:Highlighting the energetic characteristics of the

image points by using wavelets in SAR imaging.
We've observed that a non-negligible number of reflec-
tors belonging to the same object (either the pipe, or the
ridge, or the roof of the building) have a similar response
in frequency and aspect angle. Inversely, the response dif-
fers significatively from one structure to the other.
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This physical phenomenon can be explained, in part
by the fact that these structures are characterized by their
own geometry, material and aspect in space. Besides, a
theoretical model of the energetic response of scatterers,
relying on the Geometry Theory of Diffraction is proposed
in the litterature [14],[15].

Then, this new kind of information can be use to
separate and classify the different objects of a scene in order
to make the SAR image more interpretable.

The idea that we've proposed is to compare the ener-
getic responses of reflectors using the correlation function
mentioned in the following algorithm : more the energetic
responses of two reflectors are similar, stronger is the
correlation of these ones.

Algorithm for object separation

Step 1 Select a poin{x,Yo) on the image which could
belong to an object.

Step 2 Determine its distribution of enerd$y, y, (f, 0)
by using the wavelet analysis. Next, this distribu-

tion will represent the reference distribution.

Step 3 Calculate the following 2D-correlation function,
introducing the reference distribution and
the distributiong Ry, x; (f,0); (i,i) € [L,N] x [L,Ny] }

of the other points of the image :

fori:=1to Ny
forj:==1to Ny
- JRo(f.0) Rj(f,0) df do
GCo(iy]) = :
(i,1) VE VE.
end
end

where (N, Ny) are the numbers of points of the image re-
spectively in range and cross-range & the energy as-
sociated to the respon&gf, 6):

E — /|R(f,9)|2dfd9.

The figure 3 is the first illustration that combines the
wavelet analysis and the previous algorithm for object
separation. This illustration is composed of three graphics :

e On the first graphic (in the top left corner of the
figure 3), we select the point of the image whose the
energetic response will be taken as reference in the
calculation of the 2D correlation function. This point
is located on the intersection of the two red dotted line
and it is supposed to belong to the object we want to
separate from the rest of the image

On the second graphic (in the bottom of the figure 3), we
show the energetic distribution (calculating by wavelet
analysis) of the point selected on the first graphic .

e Then, on the third one (in the top right corner of the
figure 3), we point out the 2D-correlation function on
the image spacg,y).

On the figure 3, a point belonging to the pipe has been
selected. So the energetic distribution of this point has
been took as reference in the calculation of the correlation
function.

Previously, we said we've observed that many reflectors
belonging to the pipe have a energetic distribution similar to
the reference distribution pointed out on the second graphic
of the figure 3. This observation is confirmed by the fact
that the correlation is strong (more th88 %) for most of
the points on the pipe. Concerning the rest of the image,
the majority of points have a distribution different from the
reference distribution : the level of correlation with the ref-
erence distribution is then low. The general result is that the
pipe is distinguished from the building.

Image I(x,y)

Correlation in the image space
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Figure 3: Separation of the pipe from the building us-
ing the wavelet analysis combined with the correlation
method.

The second study concerns a pair of tanks with a
footbridge on top of it as shows the figure 4. Between the
two tanks, the footbridge extends as far as stairs on the left.
The framed cell represents the area that we deal with.

First, we compute the 2D-correlation function with a
reference energetic distribution corresponding to a point
in the top left corner of the the tank above as shows the
figure 5: the points in this part of the tank have a reparti-
tion of energy in the frequency-aspect angle spgic®)
similar to the reference one. Moreover, some points in
the same left part of the second tank below have also a
distribution of energy very correlated with the reference one.
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Correlation in the image space

Secondly, we've selected a point on the stairs to the left image 1(xy)
of the tanks as we can see on the figure 6: the most of the .
reflectors that compose the stairs respond the same way with
respect to the reference repartition of energy. Moreover,
some points on the footbridge and on his extension on the
left, have a high level of correlation with the reference
distribution.

Range x (m)
Range x (m)

4 10
Besides, we can notice that the reference distribution, s T et cossRese v
we see on the graphic in the bottom of the figure 6, means g Reterence pistnoution
that the selected point responds the same way within the
emitted frequency band but is viewed just within a very

restricted aspect angle sector by the radar antenna.
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To sum up this second study, we can say by comparing
the two cases that the tank above can be distinguished from
the stairs to the left of it. 1" angles ey

Figure 6:A point belonging to the stairs to the left of the
tanks is chosen as reference.

Here, we select respectively a point on the top edge of
the central building (see figure 8) and one point on a lateral
building (see figure 9).

Clearly, by computing again the correlation function,
the edge of the central building have physical characteristics
that make it distinguishable from the all lateral buildings.
Besides, these buildings have identical energetic features:
they belongs to the same class of objects.

Figure 4: Aerial photography of the area of interest in-
cluding a pair of tanks and a footbridge on top with ex-
tension as far as stairs on the left.

Image I(x,y) Correlation in the image space
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Figure 5: A point belonging to the tank above is chosen
as reference.

The final study concerns a depot center formed by a
central building and small lateral buildings (see figure 7).
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4. CONCLUSIONS

The multidimensional wavelet transform analysis for the
SAR imaging can highlight some physical characteristics of
the reflectors that the classical SAR imaging can not do.

Image 1(x,y) Correlation in the image space

The goal was, here, to see if the energetic characteristics
can be interpretable in terms of object features.

The wavelet analysis combined with the study of
correlation of the energetic repartition of the reflectors show
that the separation of objets is possible.
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e the others demands two conditions: (1) a majority of the
' 10 Reference Distribution reflectors belonging to this object must have a similar

i repartition of energy, defining thenergetic feature of

I this object (2) the other objects must not have a similar
L0 energetic distribution to the object’s one.

Frequencies (Hz)

dyn2 =67 143
W 5 Nethertheless, it can be interesting to group objects with
similar energetic features within classes. It can be the case of
T bl objects with the same geometry, the same material or aspect.
Figure 8:A point on the top edge of the central building To conclude, the wavelet analysis in SAR imaging with
is chosen as reference. the correlation study offers a real potential for a better

interpretation of the SAR images. This process can be very
useful for identification and recognition of targets.

Besides, the wavelet transform method proved its use-
fulness, with a different approach, in polarimetry, and in-
terferometry fields respectively by improving target identi-
fication, and providing better results on the quality of the
reconstructed target height by coherence optimization [16],
[17].

REFERENCES

[1] W.G. Carrara R.S. Goodman and R.M. Majewski,
Spotlight Synthetic Aperture RadaArtech House,
Boston, London.

[2] D.L. Mensa,High Resolution Radar Imagindirtech
House (1981), USA.

[3] M. Soumekh,Fourier Array Imaging PTR Prentice
; Hall (1994), Englewood Cliffs.
® VNCrgss-Roang; yl(nm)15 dyn =104

‘ , Cross-Range y (m) [4] M. Soumekh,Synthetic Aperture Radar Signal Pro-
YOITIMNOZSAN o ence Disrbution cessingJohn Wiley & Sons, Inc.

[5] P.T. Gough D.W. Hawkins, Unified Framework for
Modern Synthetic Aperture Imaging Algorithmist.

J. of Imaging Systems and Technolp§y1997), 343-
358.

[6] J.Bertrand P. Bertrand and J.P. Ovarlez, Frequency Di-
rectivity Scanning in Laboratory Radar Imagirgt. J.
9 pndes @) 1 of Imaging Systems and Technolp§y1994), 39-51.
[7] J.P. Ovarlez L. Vignaud J.C. Castelli M. Tria and
Figure 9:A point on a lateral building is chosen as refer- M. Benidir, Analysis of SAR Images by Multidi-
ence. mensional Wavelet TransfornEE-Radar, Sonar and
Navigation- Special Issue On Time-Frequency Analy-
sis for Synthetic Aperture Radar and Feature Extrac-
tion, 150(4) (august 2003), 234-241.

Image I(x,y) Correlation in the image space

4 250
240 -0
230
220
210 <
200

190

Range x (m)

180
170

160

~ 14
N

(

dyn2=67
T —

Frequencies (H:

Radar 2004 - International Conference on Radar Systems



[8] J.P. Ovarlez L. Vignaud J.C. Castelli M. Tria and
M. Benidir, Analysis of SAR Images by Multidimen-
sional Wavelet Transformg" IASTED International
Conference On Signal & Image Processirfgugust
13-15, 2003), Honolulu.

[9] M. Tria, J.P. Ovarlez, L. Vignaud, J.C. Castelli and
M. Benidir, SAR Imaging using Multidimensional
Continuous Wavelet Transforrg be published in Eu-
sipco’04, Xl European Signal Processing Conference
(Sept. 2004), Vienna, Austria.

[10] J. Bertrand P. Bertrand and J.P. Ovarlez, Dimension-
alized Wavelet Transform with Application to Radar
Imaging, Proc. IEEE-ICASSRMay 1991), Toronto,
Canada.

[11] J. Bertrand and P. Bertrand, The Concept of Hyperim-
age in Wide-Band Radar ImagingEE Trans. Geosc.
Remote Sensing4(1996), 1144-1150.

[12] J.C. Castelli and G. Bobillot, 14D : A New Approach
to RCS Imaging AnalysisProc. AMTA(Nov. 1997)
Boston, USA.

[13] J.M. Boutry, ONERA Airborne SAR Facilities2nd
International Airborne Remote Sensing Conference
(June 1996), San Francisco, USA.

[14] L.C. Potter D.M. Chiang R. Carrire and M.J. Gerry,
A Geometrical Theory of Diffraction (GTD)-Based
Parametric Model for Radar ScatteringEE Trans.
On Antennas and PropagatipA3 (Oct. 1995), 1058-
1067.

[15] L.C. Potter and R.L. Moses, Attributed Scattering Cen-
ters for SAR ATREEE Trans. On Image Processing
6 (Jan. 1997), 79-91.

[16] C. Titin-Schnaider, Discriminating Polarimetric Pa-
rameters for Radar Images Analyd®pc. IGARSS'99
(June 28-July 02, 1999), Hamburh.

[17] M. Tria and E. Colin, SAR imaging using multidi-
mensional continuous wavelet transform and applica-
tions to polarimetry and interferometrubmitted to
Radar2004, International Conference on Radar Sys-
tems(Oct. 2004), Toulouse-France.

Radar 2004 - International Conference on Radar Systems



