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RE€sume’

traite 1le probldme de 1la
restauration d‘un objet degradé par un
systéme passe-bande idéal. Nous examinons
ici le cas dans lequel 17image a €té obtenue
par 1‘utilization d“une particulidre
téchnique de tomographie cohérente basde sur
le traitement du champ rdtrodiffus€.

Cet article

Nous €tudions 1 application & ce probléme
d’une téchnigque de restauration itérative
bas€e sur 1’obligation que 1’7objet soit
positif.

En particulier nous consigerons le cas dans
lequel 1‘objet est formé par un ou deux
points irradiateurs.

1. Introduction

Recently a particular tomographic technique
{11 has been proposed for the reconstruction
of two-dimencsional images of sections of a
body B using coherent radiation (ultrasound
or microwaves). This technique consists in
irradiating the body B to be explored (see
Fig. 1) by a C.W. scource with different
wavelengths Ai and suitably processing the
backscattered field received from different
angular positions 65.

It can be proved that the received field,
for each anguiar position 6. and each
wavelenagth Ai is the Fourier T#ansform af
the =scattering strength density function
gi{x,y) inside B evaluated at a point P of
polar coordinates (2/ Xi,Ch).

Supposing to perform the meacurements for a
suitable number of ; and A, the
straightforward way to reconstruct the image
ie to compute the Inverse Fourier Transform
of the partially Known spectrum of alx,y).

In [1,2) it has been shown that this imaging
technique provides resolution performance
exceeding that predicted by the Rayleigh
criterion; however, as a limit of the
technique, the Point Spread Function of the

s¥stem shows very high sidelobes that
prevent the detection, in the image, of
objects with small magnitude near objects

with large maanitude.’

in £3,4]1 the performances of this technique
were examined in the case that several
complete observations (0 ¢ Cb $ 210 with
different wavelenghts were accomplished; the
performed computer simulations showed that
the resciution of the reconstruction method
increases as the bandwidth and the mid-band
frequency values used in the exploration
increage: in particular in order to achiewve
satisfactory vresolution performance very
large exploration bandwidth is required.
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Summary

This paper concerns with the problem of
restoring a two-dimensional object that has
been distorted by an ideal band-pass imaging
system. The problem is here facused to the
case in which the image i¢ obtained by using
a particular tomographic technique that
consists in irradiating the body to be
explored by a C.W. source and processing the
backecattered field., The effectiveness of
constrained iterative restoration algorithms
using positivity constraint is investigated
with reference to the case in which the
chject is constituted by one and two
pointform scatterers.
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Fig, 1 - Diagram of the
technique examined.

tomographic

From an experimental point of view the use
of larae explering bandwidth is difficultl
and cumbersome as it implies wide band
instrumentation and expensive data
acquisition systems. .

The aim of this paper is to study if, by
means of suitable restoration algorithms, it
is possible to obtain satisfactory results
for the reconstructed image also in the case
where a narrow exploration bandwidth s
used.
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Amona the several proposed restoration
methods, we chose a particular class of
iterative algorithms that, wusing some a
priori information about the object, try to
extend the Kknown spectrum.

Reference was made to the case where. the
explored abject was constituted by a single
pointform scatterer or by two equal
pointform scatterers at distance 2D from
each other inside a homogeneous medium
matched to the exploring radiation.
Performance parameters were defined and
their improvement due to the restoration
algorithm was investigated.

2., The imaging method

With reference to Fig. 1 the backscattered
field received at the anqular position
for a particular wavelenght A is [1)

‘oo o

G(o) :I I g(x,y) e{‘4ﬂj/>\ (-xsInB +ycos8)} dx dy @
-®% W,
where g(x,y¥> = scattering ctrength density

function (object). :

By defining

f, = 2sin8/A fy = -2cos6/x

eq. (2-1) becomes

ot o

Glf,f) =I f g(x,y)_e{z"“fx"*fy)'” dx dy (2-2)

- -co

i.e. the received signal from direction O
may be seen as the two-dimensional Fourier
Transform of the scattering strength dencity
function gl(x,y> evaluated at a point P of
polar coordinates (2/4,& .

In the case of a continuous exploration
using a radiation with frequency wvalues
inside AF = fo—fy, the Glf, ,f,> on an
annular region of inner and outer fadii
Ry=2-f,/c and Rp=2:f5/c is obtained.

In this case the PSF of the considered
imaging system may be written in the form

J,(ZTTR|V_X .’_yl)
Ry (2-3)
VETY

I (2rRV ¥ ¥FyT)
Vit

h(X.)’) = RZ

where Jy is the Bessel function of first
Kind, order one. Expression (2-3) becomes
the Dirac impulse when Ry = 0 and R, =00. A
qualitative shape of a cross sectioh of the
PSF is shown in Fia. 2. In [2) a cet of
parameters were chosen to quantify the
performance of the imaging seystem with
reference to its PSF. These parameters are

P= Ay/Ay = main lobe amplitudes/firsat
sidelobe amplitude

W = main lobe width

Moreover a qlobal "quality factor" P/w was
introduced to quantify the performance of
the PSF, It was proved that for any assigned
fm =(f1+f5)/2 the ratio P4y increases as

OFf = fo-f; increases. ’

In [3,4] the case of two pointform
scatterers at distance 20 was also
considered, in order to investigate the

resolution perfarmance of the imaging
me thod,

1t was proved that the resolution increases
as f, increases and scarcely depends on the
increase of Af.

Fig. 2 - Magnitude vs. r = x2 + y2 of a
section of the PSF.

3. The restoration algorithm used

As  shown in the previous sections the
proposed tomographic technique provides a
set of values of the Fourier Transform of
the explored object in a finite demain of
the Fourier plane given by

Golf,of,) = HIE,E) GUELE VAN F) (3-1)

where H is the frequency response of the
distortion system (band-pass ideal filter),
N is additive noise and G is the Fourier
Transform of the object.

The problem consists in recovering the
"best" approximation of the object from the
Knowtledae of the data ﬁu(fx,fy) ar,
equivalentiy, of the image Gp(x,»).

The solution based on the direct computation
of the inverse operator of H is often not
practicable because of the ili-conditioned
nature of the problem.

Many authors (5,6,7] evidenced the benefits
of using constrained iterative restoration
algorithms that consent to incorporate in
the problem some constraints based upon a
priori information about the properties of
the desired solution such as positivity and
finite extent.

In the optical field, it is often neceszary
to restore diffraction 1imited images
distorted by a low-pass ideal filter [8]. In
that case the above mentioned class of
iterative constraints based alqorithms has
shown qood performance in increasing the
image resolution or, equivalently, in
extending the band of the image beyond the
cutoff frequency of the low-pass filter.
However the performance of the algorithms
when H is a band~pass filter ctill needs
more insight. AS a first approach, in this
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péper reference will be made to nolge free
simulated data (41,

The implemented algorithm is given byi

F IR 1= 7 Golf, ) + L1 = YHILE) JFICTg 6oy 11
(3-2)

where F indicates the Fourier Transform
operator, C ie the operator of the impoced
constraints such that g = C [gl, is a real

number chosen on the basies of convergence.

rate considerations. If the constraint
ocperater C is the support limiting operator
and Y = t the proposed algorithm coincides

with " that first proposed by Gerchberg [51]

for low-pass filtered images and by Mensa
[2) for band-pass filtered images.

4, Simulation results

In order to investigate the performance of
the algorithm (3-2) in restoring images two
experimental cases were invectigated: in the
first one the object was supposed to be a
single pointform scatterer inside a
homogeneous mediumj in the second the object
was csupposed to be constituted by two equal
pointform scatterers at distance 20 +from
each other. In both cases the Fourier
Transforms were sampled using a frequency
interval Af, = Afy = 1/(AsN) with As
spatial sampling step egual to 10™3m and N
number of samples equal to 512; 2D was
chosen equal to 2 cm.

The iterative algorithm (3-2) was
implemented taking inte account the
positivity and finite extent of the object;
with regard to the finite support constraint
it was assumed an overstimated circular
object bound with radius equal to NAS/2;
Y’va]ue was assumed equal to 1.

Llith reference to microwave tomography
several experimental simulations were
accomplicshed for different values of fi and
f- in the range 1-10 GHz.

a. single scatterer case

In Tab. 1| come results are summarized with
reference to the "quality factor" r = e/w.
This ratio was evaluated both for the image
§D(x,y) and the restored image after 130
iterations also(x,y) and called respectively
rg and rysq. Some general observations can
be made:

1. in all the examined cases a significant
improvement is obtained for Fisg wWith
respect to rg;

2. The ucge of restoration method with 150
iterations is equivalent to use an
experimental exploration bandwidth about
four times wider.

3. Looking at the shape of the reconstructed
images before and after the restoration
pracess, it is alwars possible to
appreciate the noticeable reduction of
the spurious sidelokes produced by the
restoration algorithm (see Fig. 3).

b. two scatterers case

Also for this case several experimental
conditions in  the range 1-10 GHz were
simulated. On the basis of the obtained
recults the following considerations can be
drawn -

1. In all cases a noticeable improvement in
resolution and spurious side 1obes

Tab. 1 @ Simutation results obtained for a
single scatterer,

fm . AF ro risp
3.6 0.45 131 493
3.6 0.9 240 1250
3.6 1.8 413 1862
3.6 3.6 1261 2050 -
-5.25 0.45 163 39
5.25 0.9 349 813
525 | 1.8 409 | 1486
525 | 3.6 915 2492

amplitude reduction was achieved (see
fig. 4>;

2. The comparison between the shape of
restored and unrestored images evidenced
again that the use of the restoration
algorithm is equivalent to the use of a
wider experimental exploration bandwidthy
howewver it is to note that to obtain now
the performance associated to an
equivalent band four times wider a number
of iterations larger than that relative
to the single scatterer case is required
(about 400).

5. Conclusions

The problem of restoring two-dimensional
objects distorted by ideal band-pass imaging
systems has been investigated with reference
to a backscattering based microwave
tomographic technique,

The use of constrained iterative algorithms
has been considered and the cases in which
the object is constituted by one or two
pointform scatterers have been analyzed.

The resulits obtained, although relative to
noiseless simulated data, evidence the good
performance of the iterative algorithm when
the positivity and limited extent
constraints are imposed. In particular, the
analysis showed that the use of the
restoration algorithm is eguivalent to
broaden the bandwidth of the imaging system.

This result seems to be wvery interesting
because the experimental implementation of
the considered tomographic technique ie
possiblie without expensive and cumbersome
procedure only in the case of maximum
relative bandwidth values of about 30-40 X,
for which the performance of the imaging
system are normally too poor.

5'SLJ
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Fig. 3 - Sections of reconstructed images

for a single scatterer where fn, = 3.66Hz and
f = 0.9GHZ

a2 : before the restoration

b : after the restoration
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