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MRI Photos for Image-Identification Purposes

Marios Poulos, and George Bokos

Abstract—This paper makes an attempt to solve the problem of
searching and retrieving of similar MRI photos via Internet services
using morphological features which are sourced via the original
image. This study is aiming to be considered as an additional tool of
searching and retrieve methods. Until now the main way of the
searching mechanism is based on the syntactic way using keywords.
The technique it proposes aims to serve the new requirements of
libraries. One of these is the development of computational tools for
the control and preservation of the intellectual property of digital
objects, and especially of digital images. For this purpose, this paper
proposes the use of a serial number extracted by using a previously
tested semantic properties method. This method, with its center being
the multi-layers of a set of arithmetic points, assures the following
two properties: the uniqueness of the final extracted number and the
semantic dependence of this number on the image used as the
method’s input. The major advantage of this method is that it can
control the authentication of a published image or its partial
modification to a reliable degree. Also, it acquires the better of the
known Hash functions that the digital signature schemes use and
produces alphanumeric strings for cases of authentication checking,
and the degree of similarity between an unknown image and an
original image.

Keywords—Computational Geometry, MRI photos, Image
processing, pattern Recognition.

1. INTRODUCTION

HIS paper makes an attempt to solve the problem of

searching and retrieving of similar MRI photos via
Internet services using morphological features which are
sourced via the original image. Until now the main way of the
searching mechanism is based on the syntactic way using
keywords. This mechanism creates many problems in the
researchers or the doctors because many medical cases of
photos while have the same diagnosis however, the
morphological depiction of them are not similar necessary.
Taking this into account an additional searching tool in this
study is proposed in which this problem could be satisfied. In
the implementation of this aim an attempt is being made to
propose a mechanism for computing the degree of similarity
between images when other mechanisms such as the hash
function of the digital signature schemes fail to do so. This
mechanism is based on algorithm which has been applied for
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identification purposes in general photos. Thus, in this way a
suitable transformation of this algorithm was attempted in
order to this to be applied in the medical photos. Thus, the
propose method is based on a scenario of management for the
control of authentication or for the detection of a degree of
violation of medical photos which could be used as an
additional searching tool for a doctor or a researcher in order
to retrieve medical images using the morphological image
features. For this implementation, a number of MRI medical
photos of different thematic subjects were used and these were
compared with three different thematic MRI photos in order to
the ability of the proposed algorithm to be investigated.

II. METHODOLOGY

This method is divided into four stages: the Pre-processing
stage-1, the Pre-processing stage-2, the Processing stage, and
the Meta-processing stage. Pre-processing stage-1 [1]. The
input image is made suitable for further processing by image
enhancement techniques using Matlab 6.5, and is transformed
into a matrix of pixels. Specifically, in this stage any image
which is available from any of the known image formats (tiff,
bmp, jpg, etc), is transformed into a matrix (a two-
dimensional array) of pixels. Consider, for example, the
matrix of pixel values of the aforementioned array. The
brightness of each point is proportional to the value of its
pixel. This gives the synthesized image of a bright square on a
dark background. This value is often derived from the output
of an A/D converter [2]. The matrix of pixels, i.e. the image,
will be described as N x L m-bit pixels, where m controls the
number of brightness values. Using m bits gives a range of 2m
values, ranging from 0 to 2m—. 1. Thus, the digital image
may be denoted as the following compact matrix form:

f(0,0) f(0,1)
f(1,0) f(L1)

f(0,L—1)
fa,L-1
f(xy)= (’; )

f(N-1,0) f(N-LI) f(N-LL-1) )

The coordinate vector of the above matrix is:

P=[f(xY)] @

Thus, a vector P of 1 x N x L dimension is constructed, which
is then used in the next stage.
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Pre-processing stage-2. This matrix is submitted on Fast
Fourier Transform. The data which comes from this step is
submitted to specific segmentation (data sets) using
computational geometric algorithms implemented via Matlab.
Thus, onion layers (convex polygons) are created from these
data sets (see Fig. 1).

Fig. 1 Instances of Onion layers of a real image

We considered that the number of the elements of the

vector P is K or K=NxL then the spectral density can now be

calculated from the coefficients of vector P
{Px,k=0,1,...,K-1} via the Fourier Transform:
2 ]
K1 == TKf k
Rf=73 Ske f=0.1.....K-1
k=0 3).

Finally, the magnitude or spectrum of the Fourier transform is
calculated. Then, the vector SO (equation 4) constitutes the
initial point set.

soz‘Rf‘ %)

Processing stage of CGA (Computational Geometry
Algorithm)

Proposition

We considered that the set of brightness values for each
image contains a convex subset which has a specific position
in relation to the original set. This position may be determined
by using a combination of computational geometric
algorithms, known as the Onion Peeling Algorithm, with the
overall complexity of O(d*n log n) times.

Implementation
We consider the set of brightness values of an image to be

the vector S (eq.4). The algorithm starts with a finite set of

points S = So in the plane, and the following iterative process

is considered. Let S, be the set S;—0H (S;):S minus
all the points on the boundary of the hull of S. Similarly,
define S;,, =S;—0H (S;). The process continues until
the set is >3. The hulls H, =0H (§,)

layers of the set, and the process of peeling away the layers is
called onion peeling, for obvious reasons [3]. Any point on

are called the

Hi is said to have onion depth, or just depth i. Thus, the
points on the hull of the original set have a depth of 0.

Extraction of the points of the convex polygon with semantic
properties
The latest research has proven statistically that the smallest
convex layer carries specific information, because this
position gives a geometrical interpretation of the average of
the image’s brightness. In other words, the smallest convex
polygon (layer) depicts a particular geometrical area in which
this average ranges.
This feature may be characterized as unique [5, 6] to each
image because the following two conditions are met:
« The selected area layer does not intersect with
another layer.
« The particular depth of the smallest layer is
variable in each case.
Thus, two variables are extracted from the proposed image-

processing method: the area of the smallest onion layerSX

and the depth of this layer, which is a subset of the original
image set S values, where: x is the number of amplitudes of
the smallest layer. Taking into account the specific features of
the aforementioned variables, it is easy to ascertain that these
may be used for accurate image identification.

III. IDENTIFICATION PROCEDURE

The known algorithm, Hausdorff Distance [7], was
adopted for the procedure of comparing the convex polygons’
points. The creation of this algorithm was done exclusively for
the computation of such problems as the computation of the
mean Euclidean distance of two convex polygons in Euclidean
Space. In the present work the convex pairs of values (x, y)
represent both the smallest onion layer that came from the
original image and the smallest onion layer that came from a
second image. From the computation of the distance between
these two sets of points it emerges if, and to what degree, the
second image is identical to the original one.

Specifically, the illustration of this algorithm is analyzed
below:

Given two sets of points A={al,a2,...,am} and
B={bl,b2,...,bn} the Hausdorff Distance is defined as
H(A,B)=max(h(A,B), h(B,A)), where:
| and|a-b]

the points a(x1, yl) and b(x2, y2), such as the Euclidian
distance.
In this case, if h(A,B)=0 and the number of pixels and all

h(A,B) = nalgz(rgleiBnHaf b

is any metric between

the points of the smallest polygon (Fig. 2) of the two images
that are compared are the same, then the two images are
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identical. Otherwise, the degree of similarity between the two
images is decided by the value of Hausdorff distance. A
typical indicator of high similarity is decided empirically to be
any value equal to or less than 0.1, h(A,B)<0.1 and in all

other cases, in which the Hausdorff distance is bigger than
0.1, the images are considered different.

IV. EMPIRICAL OBSERVATIONS

In this research, we selected 14 MRI different or similar
medical images which were obtained from the Pictures of
National Library of Medicine [8]. Specifically, three of these
consisted of the basis of the comparison. The thematic areas of
these were: lung Nodule, brain-transversal and brain-sagittal.
The others eleven thematic MRI images were:

abdomen_mri
brain_mri_inversion_recovery
feet_mri

head mri

lung Nodule with squamous cancer
mri_orbita

mri_orbita 2
mri_orbita t2 fatsat
pelvis_mri

thighs mri

thorax_mri

Specifically, there were three starting images. Sample 1.jpg,
which is a Lung Nodule mri image, Sample 2.jpg, which is a
Brain-transversal, and Sample 3.jpg, which is a 1Brain-sagital.
For each of these three images, the researcher compare with
11 similar or different mri images. Finally, there were 14
images and their serial numbers.

Then, 11 x 3 = 33 pairs of images were created in order for
the Hausdorff distance to be computed (see Fig. 2). From the
results of these computations, which are presented in the table
1, it is clear that the Hausdorff distance is insignificant or zero
for the images that came by modification from the original
ones, and is about one or greater when the two images are
different.

Having in mind the conditions of identification and
similarity which were presented in the previous section, it
emerges that the images that are absolutely identical are the
ones that were compared with themselves and the ones that
resulted from changing the file format. In each of these cases
the Hausdorff distance is equal to zero. In the cases in which
the comparison is about two images with minimal changes, the
Hausdorff distance is much smaller than 0.1. Finally, in the
cases in which the compared images are entirely different,
then the Hausdorff distance is significantly larger than 0.1.

lung Nodule

| brain-transversal brain-sagittal

Image —Identification-
edure
Hausdorff Distance (HD)
abdomen_mrni -
1.8475e+004 1.67600+004 1 ABZ2e+004
brain_mri =
mversion
recovery
1843209004 1662504004 1465104004
feet_mri
1. 70614004 1534504004 134094004
head mn
00168 00101 418814003
lung Nodule
with
SquAmous
cancer
L S— 4214004003
mri_orbita
1848504004 . 1.57Tav004
mri_orbita 2
13747 0+004 1509484004
| 00634
mri_orbita
t2_fatsat
1841304004 03M 186774004
pelvis_mri
1950204004 2969204004 163394004
thighs_mn
| 1903144004 1731504004 1537804004
thorax_mri
1.7500e+004 161048 2004 1424744004

Fig. 2 The identification procedure between (14) images

V. CONCLUDING REMARKS

This study’s major objective was to try to construct a serial
number which, under certain circumstances, could be inserted
into the information-management strategies of information
organizations and big, co-operative medical libraries as a
mechanism for the identification and control of the intellectual
property of electronically published material. The existing
techniques, and especially the digital signature schemes, could
fulfill only the first, the identification, part of the objective.
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This work presents the adjustment of a computational
geometric algorithm for the semantic representation of the
information of an image’s pixel in a well-formed serial
number. The idea for this construction came from the test of
the onion-peeling algorithm in other areas of image-
processing, such as the identification of humans by
fingerprints. The aim of this application is to construct a serial
number that could identify a copyright-protected published
image even if its file format has changed from one type to
another. Furthermore, it aims to provide a satisfactory amount
of correlation similarity with other images created from the
original by a small pixel alteration, and to detect and
automatically reject images that are not related to the original.

For a realistic implementation of the proposed serial
number, the researcher created a small database with three
images transformed from jpeg format to tiff and bmp. Also,
the researcher changed some pixels of the original image by
the addition of small objects covering a tiny area. The changes
were done to address a hypothetical scenario of image
violation. In total, 14 images were created

This study adopted the Hausdorft distance, which has been
applied in solving problems involving the identification of
convexes in Euclidean space, for its preliminary identification
decisions. The present work‘s experimental results show that
in cases of absolute identification the Hausdorff distance was
zero. The images of slight alteration of pixels, which would be
suspected of violating a copyright, yielded Hausdorff
distances of less than 0.1. Entirely different images produced
Hausdorff distances much greater than 0.1.

Furthermore, this method may be characterized as accurate
method which produces a very good degree of complexity
regarding to other method. Furthermore, may be characterized
as novel and helpfully because the using algorithms and the
sophistication schema in which based on this technique
come in agreement with recent studies [9, 10].

Finally, as futures plan this method could be used as
retrieved tool for the searching medical mri images for similar
characteristics.
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