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Abstract. The task of integrated intellectual diagnostic system design is considered. This system is used for
the diagnosis of tumour. The apparatuses of computer tomography and supersonic researches are used as
the components of integrated intellectual diagnostic system. The results of computer tomography and su-
personic researches diagnostics are used as inputs of artificial neuron net.
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Introduction

Ukraine is the second largest cancer diseases
country in Europe. Every day in Ukraine get sick
about 450 people and 250 people die from this dis-
ease.

According to the data of the Cancer Institute in
2009 961,183 person were officially registered in
oncology centers. It is just officially registered, and
how many people die from cancer without the proper
diagnosis for one or another reason.

In last ten years the number of cancer patients
increased by 25 % and every year this disease is
steadily increasing by 2.5 — 3 %, and in addition
cancer gets younger. It turns out that for life every
fourth person gets cancer.

Early diagnosis of cancer is impossible without
screening. Ideology of screening is based on the fact
that the usual clinical research does not provide the
detection of cancer at early stages. Therefore it is clear
and reasonable to use such tools and diagnostic means
which would be found tumour so early as it possible.

Currently, diagnosis of cancer on radiographs and
photographs ultrasound research (USR) is the best
known method. However, due to the fact that images
can be large working area, about 10 — 30 % of the
visible cancer tumorscan be unnoticed or be incor-
rectly identified as a result of the influence of human
or technical factors.

There are two common methods of digital fluo-
rography. The first method, as well as normal chest
X-ray, uses photographs image on the fluorescent
screen, but instead of X-ray film used charge-coupled
device (CCD). The second technique uses a stratified
cross-scan of the chest fan-shaped X-ray beam to the
detection of transmitted radiation linear detector
(similar to a conventional scanner for paper docu-
ments, where the linear detector moves along a sheet
of paper). The second method allows you to use much
smaller doses of radiation. Some lack the second
method — more time imaging.

Tomography is the process of X-ray imaging,
which is the most important method for the detection
of pathologies. According to most researchers per-
centage reliability tomography in the diagnosis of
cancer is 70 to 90 %.

X-ray computed tomography is a tomographic
method study of human internal organs using X-rays.
%Ultrasound (US) is a non-invasive study of the
human body by means of ultrasonic waves.

Of particular interest is the use in the diagnosis of
the Doppler effect. The essence of the effect is to
change the frequency of the sound due to the relative
motion of the source and receiver sound. When the
sound is reflected from a moving object, the fre-
quency of the reflected signal varies (there is a fre-
quency shift.

General structure of cancer diagnosis system

Generalized structure of the system is shown in
Fig. 1. It includes two subsystems: subsystem of
computed tomography image analysis and image
analysis subsystem of supersonic image analysis.
Both subsystems have the image processing stage and
as a result give the processed image indicating areas
of concern (pathology), if there any. Further there is a
complexing of results and eventually it is preliminary
diagnosed. As ultrasound image processing subsys-
tem was used ready solution that was developed for
the detection of thyroid pathology.

Threshold method for determining the suspi-
cious areas to reflect the classes tissue density

This method [1], [2] is based on separating the
histogram into several sections. This process occurs
as follows.

Find the main peak in the histogram. It meets the
following requirements

255
H, =H(,)=maxH(I),
I1=0

where the maximum point on the histogram.
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Fig. 1. The generalized structure of the diagnostic system

Find the points /; and /4,
255
h, = n}%x(l), it H)>0;
255
h, = r}}?x(l), if H()=0.

Then the area bounded histogram segment [/, 4]
is defined as the main information interval.

If the interval [A,, 255] there are nonzero values,
then we call it external information interval.

If there is a local minimum on [/,, 255] interval,

... |HU)<HI +1);
v=min, if
1 H(I)<H{-1),
the main information interval is divided into two
intervals . In this case, the threshold which separates
the first and second information intervals is v. If the
gap [/, h,] does not contain minimum point, then the

threshold v = Ah,. The distribution of these parameters
in the histogram shown in Fig. 2.
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Fig. 2. The histogram of the brightness distribution of the
tomographic image

This method [3]-[5] is based on the fact that the
image is split into 3 classes: 0 is the image no pa-
thologies; class 1 is image contains pathology and
local threshold is v; class 2 is image contains pa-
thology and local threshold is 4,.

Area under the curve corresponding to the first
interval, a,

area under the curve corresponding to the external
information interval, a3

Minax
ay= Y H(),

I=hy+1

where 4 is the highest gray level value
represented by the image.
The ratio of the histogram at the minimum value

to the maximum point, vipr

H(v)
vipr = - .
max of H(x)in[h, h, |

In case, if the interval [/, /,] does not contain the
local minimum, then, vipr is assigned the value zero.

Contrast medium values of the first and second
information intervals, con,,

m, —m,
con,, = ,
Tomy, +m,
where
1 13
m=—>1-H(I), my=— > 1-H().
a 1=n Ay r=y+1

The ratio of the first dispersion and second in-
formation intervals o,

G,
Cio=—>
G,

where

5, =Jiiﬂ<l>-<l—ml)2;

1 I=h

(12 I=v+1

cz=\/ih2H(1)-(1—mz>2.
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Based on empirical observations, the range of
brightness distribution of pixels belonging to the
pathologies normally greater than that of normal
tissues. Parameter G,, gives information about the

relative bursts.
Subsystem of objects formalization on the image

As a mechanism for the formalization of objects
on the image was selected mechanism of contour
analysis. As a result of contour analysis, each object
on the image can be represented as autocorrelation
function plus the average value of the object color.
This allows to relate object on the image to a certain
class and then apply the corresponding numerical
marker of this class to the neural network.

But the mechanism of contour analysis has its
disadvantages in the form of an incorrect definition of
contours at visible “breaks” of the object, and also
there is a need to spend a few preparatory work with
the image before applying the algorithm of contour
analysis. Namely, edge detection on the image.

To eliminate the “gaps” before allocating boun-
daries is used noise reduction on the image and sub-
sequent segmentation.

To reduce the noise and allocate of the boundary
parts on the image Kuwahara’s filter is used.

For image segmentation is used a modified func-
tional of Mammforda Shah.

To isolate the boundaries is used Sobel operator.

As classifier is used classifier by precedents.

As a result the subsystem of objects formalization
is looks as follows.

Software Structure

Primary goal of most image processing algorithms
is to increase the signal/moise ratio. For adequate
implementation of this task, you must determine what
on mammographic images is a signal and what is a
noise.

The main purpose of diagnostics is to find pa-
thologies in their minimum size. Thus, for example,
for mammographic images signals are images of
pathologies. Background of mammograms, fat and
glandular breast tissue adjacent muscle tissue, blood
and milky vessels — in this case considered as inter-
ference. So the task of primary processing is max-
imally separate noise from possible pathologies.

To implement the software was chosen pro-
gramming language Python Ilibrary for image
processing — OpenCV.

Block diagram of the interaction of the system
units is presented in Fig. 3. Reading of image and
histogram construction is performed by built-in li-
brary OpenCV. The library contains algorithms for
processing, cleaning and reconstruction of images,

recognition of images, video capture, object tracking,
camera calibration, etc. The implementation of the
algorithm of threshold processing and classification
by the Gavriledis algorithm performed manually with
the help of Python scripts.

Reduction of noise in the image

Segmentation (binarization) Images

Edge detection on the image

Autocorrelation computation function

Classification of contours

Fig. 3. Generalized diagram of the structure of the system
of formalization of objects

Conclusions

It is determined the structure of integrated intelec-
tual diagnostic system. This system realizes two ap-
proaches to diagnose: with help of computer tomo-
graphy and supersonic researches. It helps to improve
the reliability of the diagnosis in many cases, for ex-
ample during diagnosing cancer of mammary gland.
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O. I. Yymauenko. InTerpopana inTenekTyalbHa JiarHOCTHYHA CHCTEMA

PosrisHyTO 33729y MOOYIOBH IHTETPOBAHOI 1HTEIEKTYaIbHOI JiarHOCTUYHOI CUCTEMH, sIKa BUKOPUCTOBYETHCS IS Ii-
arHOCTHKU PaKOBUX ITyXJIMH. Y SIKOCTI TEXHIYHHMX 3aCO0IB TaKOI CUCTEMH BHKOPHUCTOBYIOTHCS arapaTH KOMI IOTEpPHOI
ToMorpadii Ta yIbTpa3ByKOBHX JIOCII/PKEHb. Pe3ynbTaTi KOMIT I0TepHOI ToMorpadii Ta yabTpa3ByKOBOI NiarHOCTHKH
BHUKOPHCTOBYIOTBCS Y SIKOCTI BXOJ[IB IITYYHOI HEHPOHHOT MEPEeXi.

Karwu4oBi ciioBa: iHTerpoBaHa iHTeNeKTyalbHa iarHOCTUYHA CUCTEMa; LITy4HA HEHpPOHHA Mepexa; BY3bKOIOJIOCHUH
MOJIEM; PO3TOJILIT OAalTIB; MPOrpaMHUI MPOIYKT 0OPOOKHM Ta Bizyasi3alii JaHHX.
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