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Abstract

The Modified Fractal Signature (MFS) method uses the ‘blanket’ technique to provide useful information for
image classification. It has been used in [1] and [2] in order to provide classification results for document anal-
ysis purposes [1] and biomedical image classification [2]. It is based on the calculation of the volume of a
‘blanket’, corresponding to the image to be classified, and then on the calculation of the corresponding fractal
signature (MFS) of the image. We present here some preliminary results concerning the application of MFS
method to the classification of Inverse Synthetic Aperture Radar (ISAR) images. In these results it is clearly
seen that the focusing of the ISAR radar image clearly correlates with the value of MFS signature.

1. INTRODUCTION

MFS method has been introduced by Y. Tang et.
al. for the purpose of document analysis, classifica-
tion and pattern recognition [1]. N. Ampilova et. al.
applied similar methods for biomedical image clas-
sification [2]. This method includes fractal analysis
[3,4] of surfaces and uses a ‘blanket’ technique
[1,2], which is explicitly provided in Section 2, be-
low. The concept in this technique is that different
classes of images yield different values of fractal
signature (MFS) and fractal dimension, upon which
classification of different types of images is possi-
ble. In particular, in this paper we are interested for
the classification of ISAR radar images, and, in
particular, for discrimination of ‘focused’ or ‘unfo-
cused’ ISAR images [5]. In [5], the criterion for im-
age focusing is based on the ‘image entropy’, while
in the present the criterion of fractal signature value
is investigated.

2. MATHEMATICAL FORMULATION
OF THE PROBLEM

The ‘blanket’ (MFS) method [1,2], as implemen-
ted by our research group in this paper, is summa-
rized as following: initially, the whole image is divid-
ed into several non-overlapping sub-images and the

fractal signature is calculated for each sub-image,
as explained below (the overall fractal signature of
the initial image will be calculated ultimately by
summation of the corresponding values of the sub-
images, as it will be explained below). Subsequent-
ly, each sub-image is converted to a gray — level
function g(x,y) [1].

According to [1] and [2], the covering blanket is
defined by its upper surface u(x,y) and its lower

surface by(x,y). Initially, 3=0 and u,(X,y) =
b, (X,y) =g(xy). For 8=1,2,... we have the follow-
ing iterative formulae:

Us(X,Y) :max{us—l(xvY)‘l‘l: Us-1(man)}

max
(m.n)-(x,y)|<t

b,(x,y) =minlb,,(y) -1 min b (mn)! (1)
(ma)-(xy)a

Subsequently, the volume of the ‘blanket’ is cal-
culated
Vol; = Z(u5(x,y)—b5(x,y)) (2)

(x,y)

Furthermore, the fractal signature As is calculat-
ed by

A Vol

= ®

or
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A, = M (4)
(see also Fig. 1)
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Fig. 1. Volumes of the ‘blanket involved in our proposed
algorithm for fractal signature calculation [1]

Finally, concerning the calculation of the corre-
sponding fractal dimension D, the following formula
is used [1]

A, ~B&*P (5)

where B is a constant, from which the fractal dimen-
sion can be calculated from successive fractal sig-
nature values as following

log, A, —log, A,
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3. PRELIMINARY NUMERICAL RESULTS

In this paper our simulations of the proposed al-
gorithm concern ISAR radar images of the authors’
previous research [5], see Fig. 2 below [similarly, in
the near future, our research group will investigate,
in a similar fashion, classification issues of direct
Synthetic Aperture Radar (SAR) images [6]].

As well expected, the image of Fig. 2(a) is char-
acterized from small value of entropy, as opposed
to the image of Fig. 2(b) [5]. In the present study,
the criterion of fractal signature and fractal dimen-
sion will be used instead. Fig. 3, below, shows the
fractal signature As as a function of iteration & for
the cases of the ‘focused’ and the ‘unfocused’ im-
age of Fig. 2.

From the results of Fig. 3 above, through the
use of Eq. (6) above, the following results of Fig. 4
for the corresponding fractal dimension are derived.

From the numerical results of Figs. 3,4 above, it
is apparent that the criteria of ‘fractal signature’ and
‘fractal dimension’ for ISAR image characterization
work in a satisfactory way for the above simulations
(besides to the criterion of entropy values, exam-
ined in [5] and [6]). Furthermore, from the first simu-
lations presented above, we can provide here some
preliminary remarks, as following. First, it appears
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that conclusions about image characterization fol-
low for small values of iteration 6. Furthermore, for
the particular case of Fig. 3, above, note that infor-
mation about image characterization is lost for
number of iteration 8=13. Finally, we easily can
understand that, for large number of iterations (9),
the proposed algorithm of Eq. (1) appears to select
the +1 values of the previous iteration, so that the
value of fractal signature equals, in this limit, the
number of the pixels of the image. This final state-
ment can be very easily proved from Eq. (4), where,
in the current simulations, this situation occurred for
0=148 (focused’ case) and 0=129 (‘unfocused’
case).
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Fig. 2. ISAR images used in the present simulations,

(a) focused’ ISAR image of airplane, (b) corresponding
‘unfocused’ image [5]
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Fig. 3. Fractal signature Ad as a function of iteration  for the
cases of the ‘focused’ and the ‘unfocused’ image of Fig. 2
(red = unfocused, green=focused).



52

248
g
246w
2441 e A
242}
24}
238}
236}

2341+

232

L L L L L L
3 4 5 6 T4 8 9 10

Fig. 4. Fractal dimension D as a function of iteration d for the
cases of the ‘focused’ and the ‘unfocused’ image of Fig. 2
(red = unfocused, green=focused)

4. CONCLUSION - Future Work

In this paper we applied an iterative MFS tech-
nique [1,2] for ISAR radar image characterization. It
appears that for small values of iteration & the pro-
posed algorithm provides interesting characteriza-
tion results. In the near future, our research group
will also examine the behavior of direct SAR imag-
es, as well, further comparisons with the entropy
value criterion, and other fractal image characteri-
zation methods, such as ‘Regny spectrum’ method,
as well [2].
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