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ERROR TYPE CONVERSION PATH - PATH» IN THE AUTOMATED
SYSTEMS OF PROCESSING OF BIOMEDICAL IMAGING

The analysis of the histological and cytological images characteristics and automated
biomedical images processing systems is provided. The structure of contour-contour"
transformation error and it evaluation is explored. A computer experiments of contours
transformation error evaluation is done based on cytological images example.
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Introduction

Raster images obtained by any biomedical techniques used for the visual and automated analysis in
medicine and biology call biomedical images (BMI).

Sources of generation BMI is: digital radiography [1], tomography, x-ray computer tomography.
Preliminary processing of such images [2, 3] always includes features eliminate noise, global and local
histogram equalization sharpening. In a number of works reflected methods, algorithms, information
technologies and systems of processing of the BMZ[4, 5, 6, 7, 8, 9, 10].

Light microscopy is one of the methods of research of Cytology and histology.

Histological and cytological images have such features: a small clarity; contain micro-objects,
surrounded by a complex geometrical and optical characteristics of the background; variations in
brightness levels objects are the same as the background that surrounds them; depending on the degree
optical zoom images of some micro-objects are allocated better, and others are lost; containing the field
with a repeating structure; the stability of the color palette for the image samples, which are made from the
famous dyes.

Micro-objects on histological images have slices of tissue certain authorities [11]. Tissue consists of
cells of round form, placed in layers, with a size of several micrometers; the smallest of them - from 0.5 to
1.2 microns. Objects on cytological images have some randomly placed cells.

The set of methods for quantitative estimation of parameters of cellular and tissue structures of the
histological or cytological preparations (or images) called morphometric methods. Thanks to their use,
define the following parameters: diameter, height, thickness, sectional area, the number of micro-objects
on the unit square, their form, and others With the morphometry of microobjects on histological
preparations need to consider that the valuation parameters are not the tissue components, and their
intersections cuts.

For the quantitative description of microobjects on cytological images using such signs [12]: - size
of the cells, the size of the nucleus of the cell, the optical density of the nucleus of the cell on a scale of
shades of grey, square cytoplasm etc.

For a qualitative description of microobjects on cytological images using such signs [12]: the
boundaries of the cytoplasm (clear, fuzzy), localization vacuoles (on the periphery, near the kernel), the
kernel form (round, oval), contour kernel (equal, uneven), polymorphism nuclei (weak, significant), the
layering of the nuclei of cells, the presence of bare nuclei (the nucleus of cells, which completely lost
cytoplasm), chromatin structure (uniform, uneven, fine-grained, coarse), the presence of intranuclear
inclusions, vacuoles in the kernel, the number of nucleoli (single, multiple), their position (Central,
eccentric).

Obijects on histological images have slices of tissue certain authorities [11]. Tissue consists of cells
rounded placed layers, which sizes range from 0.5 to 3 microns.



For the analysis of BMI use the automated systems of processing of biomedical imaging (ACOBMI)
[13]. The software of modern ACOBMI is composed of the following procedures processing BMZ: pre-
processing of the input image, the computation of the characteristic features of calculation of statistical
characteristics output of information in a visual format, and provides interaction with other software such
as MS Word, MS Excel, MS Access, FoxPro, etc

An important problem with the analysis of the BMZ is the identification and analysis of diagnostic

features, which are used for diagnosis. Informative sign in this process is to outline the function of the
BMZ, which contains information about the status of microobjects and of pathological processes in them.
In the works studied convert paths in apunnom and topological spaces [14, 15]. However, remained
unstudied conversion error paths and their components.
Therefore, an important task is to study the errors of type conversion path - path to the implementation of
the transformations of images with the given error at the analysis of cytological images.

Statement of the problem

Let two images Imy and Im,. Present them in the form /my =C; WOy, Imy, =C, L0, , where Cq,
C, —contours, and O;, O, — internal image area. Contours C;, C, a coherent and closed, i.e.

Cl={01(xi,y,—)\(xi,yj)%(xm,yn):me{i—1,i,i+1},ne{j—Lj,j+1},i, J =1,_I,X1=X|,y1=y|}; oy

Co= o0, ¥))| 05, ¥) = Gk Yo)imefi~Lii+Bne{i -1 j, j+Dhi j=Tkog =4, =Yk ()

According to the theorem, the Jordan [16] for closed areas there is a conversion T , i.e. C, =T(C).
Ask conversion error ey, necessary to make the transition from C; to C,, i.e. Co =T(Cy), where T —
perfect conversion. Because a perfect conversion between circuits unknown C; and C,, you will find the

conversion between circuits C{ and C5. Then C5 ~T"(C{), where T" — real conversion between C; and
C5. Then conversion error is equal to &r =C,-T"(C;). In the metric L, deviation equal to
er =max{X —Xi;yi —yi}, i=LN.

You must find the error in conversion g and its components.

Error type conversion “contour — contour”

Approximate contours C; and C, continuous parametric curves C,; and C, o, where
Cai ={Cj(6,oc),ee[0,T]}, i=12, j=1,_s,where s — the number of piecewise found curves.

Parameter O specifies the position of a point on the curve C(6,a), and o € A specifies a specific

curve in some class.
u
Continuous parametric curve is approximated segments of curves C;(6,a), i.e. Cyq = UCJ- 6,a),
j=1
w
Co2 = UC j(0,0), where u and w — the number of anmnpoxcnmuposannbix segments of the first and
j=1
second circuits in accordance.
For each curve C, enter the value of : n(C.1,C{) — iann(Cal,Ci) <g end
oe

N(Cy2,C3) — inf n(C,»,C5)<e,, where g and ¢, the accuracy of approximation of the first and
acA

second curves.
Then we obtain the function C; >, = f1(0), Co —> 1, = f5(0).
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Fig.1. Functions of the first and second circuits
Approval. Upper limit of error of conversion between two paths C; and C, smooth
ET = 8C2 +Tr8cl . (3)
Bringing.
By definition, conversion error is equal to e =C, —T"(Cy). Conversion T" [14] you can define as:

by —ap
b —ay

T (x, Y)=( (X—al)+az?<0l2(1(x’)j, (4)

where x’:t;)zl_—az(x—alhaz — abscissa, ¢51(x') — ordinate. Figures 2,3 shows a segment of the first

circuit, which anpoxcumoBanuii function ¢1k1(x) and the segment of the second circuit, which
anpokcuMoBaHui function (p'z(l(x’) .
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Fig. 2. Segment for the first circuit Fig. 3. Segment of the second circuit
. . r
Define error ¢ through error components. It is equal toer =&c, +e.rC+T &c +épréc, -

Because &.r <<é&c, i &pr <<é&c, then the expression for & will have a look et =¢¢, +Trgc1 , What to

prove.
We give an algorithm to determine the error of conversion circuits.

Algorithm to determine the error of type conversion “contour — contour”

1) Hnst nBox 3amaHuX 300paxkeHb Imy i 1My, BUKOPHCTABIIYM AITOPUTM HPOXO/PKEHHS KOHTYPOM
“Backwand contour tracing” [17], orpumyemo KoHTYpH, ToOTO MHOXUHK To4oK C; 1 Cy , siki 6e3 po3puBiB
TOBIIKMHOIO B OJMH IMIKCE/Ib MPEACTABISIOTH 30BHIIIHI IPaHHUIII 300pakeHb.

2) B orpumanux 3B’s3HuX KoHTypax C; i Cy (C; —>nr(0), Cyo —>1p(0)) BuainmuMo XapakTepHi
TOYKH Ha OCHOBI TakuUX KpUTEpiiB: a) 3MIHU 3HaKy KYTOBHX KOE(QIII€HTIB CYCIJHIX eIeMEHTapHUX
BiZ[pi3KiB; 0) MAaKCMMAaJbHOTO 3HAYEHHS KOe(ilieHTY cepellHbOi KPUBU3HM HA MPOMIXKY BHITYKJIOCTI abo
BIHYTOCTI; B) I'pPaHMLi 3MiHU KyTa MK €JIeMEHTapHUMH Bipi3kaMH, TOOTO OTpUMAEMO HE3B’S3HI KOHTYpHU
C{, C,, st iKMX HEe BUKOHYIOTHCSI yMOBH (1) 1 (2).

3) Jlnn smaiinemmx aBox MacuBiB  komtypie  C{, Ch, ne Ci={C{y.Ci1,-»Cin},

C) :{C’ZO,C'Zl,...,C'Zm}, IPOBOAUMO aNpPOKCUMALII0 3 BUKOPUCTAHHSM CIUIAHOBOIO HAOIMKEHH



kpuBumu f, =r(0,a), 0<[0,T], ne T =27 — nepiox odxoxny ¢ynkuii. [Tapamerp 6 3amae momoxeHHST
ToukH r(0,«r) Ha KpHUBIf, a BEKTOp mapamMeTpiB « € A BH3HAYa€ KOHKPETHY KpHBY Yy Kiaci

NOJIHOMIaNBHUX (PYHKIIIH.
n .
HaGmwkenHs Biamykyerbes y Burisiai P(6) = Zaie' , 1<3, T0O6TO 0OMEKYEMOCS MTOTIHOMAaMH HE
i=0
6inbire TpeThoro crenens. s Beix Touok € €[0,T] moBuHHA BUKOHYBATHCS YMOBA |r(9) - P(0)| <eg.
JI1st KOXXHOTO KOHTYpa I, Iy HEOOXiIHO 3HANTH KiJIbKICTh CEIMEHTIB NpH 3amaHii MoXuoOui

anpoKcuMariii

| n .
=10, %6} 10; €[0,27]}, ne ajj, 5 R, n<3.
j=1l =1

m n
r5 = J1(0.> 0} 10; [0.27]}, e ajj, 0j <R, n<3.
=1l =L

JUii KOXHOTO KOHTypa I, Iy moxuOka ampokenManii pisna: |{(6)—P(0)|<g ta
|r2’ (0)—- P(0)| < &y 1 BIAMOBIZIHO OTPUMYETHLCS Pi3HA KUIBKICTh cCerMeHTIiB | 1 m .

Jlns mpoBeZIeHHsI TIEPETBOPEHHS KOHTYpiB HeoOXimHO mo6 | =m. KinbKicTh CerMEeHTIB Ha KOHTYpI
3pOCTae, B IKOTO MOXUOKa anpoKcuMarlii OipIa.

4) 'Y BUNAIKy, KOJH & + &p = &7 HE0OXITHO 3MEHIINTH MOXUOKU alpOKCUMALI] KOHTYPIB.

ko & >¢&y 30UIBIIYEMO KIJIbKICTh aNpPOKCUMYIOUMX KPHBHUX KOHTypa C; 1 Komu & <é&p
aHayoriyHi aii nposoaumo st C; .

5) 3niliCHIOEMO NEPEeTBOPEHHS cerMeHTiB KOHTypy Ci y BianoBimHi cermeHtH KoHTypy C, Ha
OCHOBI (hopmyJu (4).

6) an Error of transformation find, using the expression (3).

Experimental studies

To test the proposed algorithms software was developed in Borland Delphi 7.0. As the test sample
was selected more than 100 images of cytological micro-objects with different shapes. To conduct the
process of transformations of the two micro-objects, you must perform certain operations of pre-
processing. At the first stage have input image segmentation algorithm based on previous layouts. At the
second stage, using the algorithm of passing loop “Backwand contour tracing” [17], we obtain the contours
of the selected micro-objects. An example of the input image after pre-processing and dedicated micro-
objects is shown in figure 4.
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Fig. 4. Selected micro-objects



To conduct approximation is an array of characteristic points on the basis of which a path function
approximation curves of the first, second and third orders taking into account the maximum permissible
error of approximation. If the error is a separate approximating exceeds the allowable cut, this part of the
path is split into two equal parts and re-attempt the approximation. If the accuracy of approximation of the
segments less expert specified value, then equate the number of approximating segments for two micro-
objects. At the last stage, on the basis of the obtained approximating segments, find the coefficients of
conversion of type «contour — contour”.

Figure 5 reflected example of approximation of functions of two loops of micro-objects, as well as

an example of comparison of the results of the conversion.
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Fig. 5. Approximation of paths and error type conversion path - path

Figure 5 shows that the maximum error of conversion will be when the error of approximating
respective segments are the highest.

The table shows the results of experimental studies of the sample images, conversion errors which
were the largest.

Table
Error type conversion “contour — contour”
Experiment | Max. error 1st curve (pixel) | Max. error 2st curve (pixel) | Max. conversion error, (pixel)
1 11 30 27
2 9 10 9
3 3 9 8
4 14 20 18
5 19 15 15
6 13 15 15
7 21 30 27
8 12 10 11
9 8 9 8
Conclusions

For the developed method type conversion path - path estimation of the error of conversion circuits.



Conversion error type «path - path is the sum of the error of approximation of the second circuit and the
accuracy of approximation of the first circuit multiplier and conversion function contours. Developed the
algorithm for estimating the error of conversion circuits and performed computer experiment for the
example of cytological images, which showed that the error type conversion path - path proportional to the
errors of approximation of functions contours of images.
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