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Abstract

The colorectal tumors are the third or fourth most common cancers in the world, and colonoscopy or virtual colonoscopy are the
methods for diagnosing this illness. Most of the colorectal polyps are not malign and do not have the potential to develop into an
adenoma, thus taking samples of these polyps and biopsy of these tissue samples are unrequired inconvenience for the patients and
unnecessary cost for the medical institutions. Usually a specialist of gastroenterology can distinguish the potentially malign polyps
from the benign ones by visual diagnosis, as the topologies are different.

The Rényi entropies based structural analysis is a method for characterizing the topologies of any kind of distribution. It is mostly
used in solid state physics. With some examples we show, that the structural entropy can be capable of distinguishing polyps, thus
determining the localization type of the polyp can help to draw the attention of the gastroenterologist to a possibly malign polyp, or
later be a characterizing quantity in genetic or neural network-based algorithms.

1. INTRODUCTION

During colonoscopy a CCD or fiber optic camera,
which is placed to the end of a flexible tube, takes
live images about the wall of the large bowel. Be-
sides optical visual diagnosis it is also possible to
take tissue samples for biopsy and remove malign

polyps.

Unfortunately, the images got from colonoscopy are
not of very good quality, as the inflated bowel
moves continuously, the light-source reflects from
the wet surfaces and the lining of the bowel and the
polyps are shades of pink colour. Narrow band
imaging (NBI) can increase the contrast between
veins and the other tissues, and spraying of blue
paint - chromoendoscopy - can enhance the topo-
logical unevenness [1], as it can be seen in Figure
1.

Colorectal polyps have more types, and only biopsy
can decide the true lass of the polyp, but usually
morphological characteristics give a very good ini-
tial guess [2]. Besides Colonoscopy capsular colo-
noscopy is also used [3], during these takes, the
live video pictures are usually necessary in order to
get distance and size information, from single pic-
tures these informations can not be taken, thus any
image processing applied during this diagnostic
method should be live or last not longer than a cou-
ple of seconds.

Figure 1. White-light, narrow-band imaging and chromoendo-
scopy pictures of a patient’s colon. Picture taken at the Petz
Aladéar Hospital Gyér.
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2. STRUCTURAL ENTROPY AND
LOCALIZATION

The structural entropy-filling factor based localisa-
tion measure was developed by Pipek and Varga
[4] for characterizing quantum mechanical electron
density distributions [5-7].

The most straightforward method for introducing
structural entropy is the following. The nth Rényi
entropies
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of a distribution { /i | i = 1, ..., N } are the generaliza-
tions of the Shannon entropy

S==§ihlnlr (2)

The distribution should fulfil the properties of a
probability distribution

l, >0 fori=1..,N, (3)
ili =1, (4)

thus if images are studied, the quantities /; is the -
according to Eq. (4) — normalized pixel intensity
corresponding to the fth pixel.

The differences of various level Rényi entropies
characterize the structure of the distribution. The
quantity

Sstr = Sl - Sz (5)

is the structural entropy, it consists of two parts, the
S Shannon entropy gives the general disorder in
the studied image, whereas the second Rényi en-
tropy gives the entropy of a system that has a two-
valued distribution and the same square-norm as
the original system. This results that the structural
entropy of two-coloured systems is zero. The differ-
ence of the second and zeroth Rényi entropy
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is also needed for proper characterisation of the
structure: images with e.g. an overall Gaussian or
exponentially decreasing characteristic are situated
on a given line at the Ssi{S2—So) plot. Each type of
decreasing has different lines. The variable q is
known in solid states physics as the filling factor.
These Ss{Ing) maps are used also for characteris-
ing scanning microscope images and separating
superstructures in these pictures [8, 9].

Note, that this type of localization study does not
take into account the position of the pixels, just their
intensity values, so an image with one large (e.g.
Gaussian) structure can have the same dot on the
Ss{lng) map as an image with several smaller
structures.

3. SAMPLES

The images were taken at the local hospital from
two patients. Both patients were on a control ex-
amination after removal of pre-malign or malign
polyps. The polyps were photographed in the colon
with various zoom options, by white-light and NBI,
with and without paint liquid, as it can be seen in
Fig. 1.

From the images the polyps were cut out and a
solid black colour was used to mask out the back-
ground bowel tissue, the bubbles and the light re-
flections. No other image processing method was
carried out, except for the normalizing according to

(4).
4. RESULTS

The sample images are shown in Fig. 2. Both the
masked and the unmasked images were studied, in
all the three colour channels. Note, that the bowel
tissue is visible only on a very small part of the im-
age, and it is approximately of uniform colour.
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Figure 2. Endoscopy pictures of two patient’s colonal polyps. The picture numbers are in the upper row s1i15 (white light image),
$1i22, s1i24 and s1i28 (dyed white-light images), in the lower row $2i12, s2i17, s2i19 (dyed white-light images), $2i23, s2i24 and
$2i25 (NBI images). Pictures taken at the Petz Aladar Hospital Gy®r.

4.1. Localization type of the images

The structural entropy vs. filling factor images can
be seen in Fig. 3.

In case of the white-light image s1i15, the red
channel gives practically no information about the
localization type of the image probably because of
the very low variation of the intensity, thus very
small localization factor. The blue and green chan-
nels are more informative. In case of the dyed im-
ages the two types of polyps can be distinguished,
the first has a more slope localisation - it fits to a
lower line on the Ss{S2—-So) map - than the second,

especially in the blue and green images, both in the
background masked and the non masked cases.
The NBI positions the image to a more favourable
part of the Ss{S2-So) map, where the tendencies
are more distinguishable, so it seems to be the
ideal candidate for basis of structural entropy calcu-
lations.

All the calculations were carried out in Matlab envi-
ronment ant the calculation time is for the 20 im-
ages was less than 3 seconds on a 2.27 GHz proc-
essor with a code including the plotting.
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Figure 3.Structural entropy Sst vs. the filling factor So—S2 maps of the images from Fig. 2. The results for one set of images
(s1 and s2) are plotted into the same row, the three colour channels r, g, and b are in the first, second and third column subplots.
The blue markers indicate the original images, the black markers the masked ones.

5. CONCLUSION

Localization types of the studied colonal polyp im-
ages are slower than Gaussian. The different colour
channels of the images give different information,
thus it is worth to keep all the three channels for

calculations. Usually the NBI images are the best
candidates for further processing, especially in the
blue and red colour channels. Preprocessing of the
images significantly alter the localization type of the
image, and increases the calculation time.



CEMA’13 conference, Sofia

As the calculation time is significantly less than the
time needed for taking a still image from the live
colonoscopic feed, and it has a possibility to distin-
guish polyp types, the method seems to be a good
candidate for helping the medical staff.
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