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STATISTICAL IMAGE ANALYSIS FOR INFORMATION SYSTEM
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PsizanueB A.O., Xopomys I'.M., Psizanues O.I.

The surface Kirchhoff integral is numerically calculated by
the fourth-order Newton — Cotes method with high accuracy.
The intensity is normalized. Implemented quantization of the
signal with a unit step for different distances of observation is
carried out. The cross section of the central topological object
intensity and its characteristics are shown. Variation curves
and cumulates are constructed for intensity distributions at
different observation distances. The basic statistical parame-
ters of distributions are determined, such as, the mode, the
mean, the median and the standard deviation.

Keywords: optical image, statistical analysis, information op-
tical system

Introduction. Information technology [1-3] is the
broad subject concerned with all aspects of managing
and processing information. It includes different levels
— from the physical hardware to the operating systems,
applications, databases, storage, servers etc. Database is
set of independent materials, presented in an objective
form and systematized in such a way that these materi-
als can be found and processed using a computer. In the
research laboratory usually a big volume of data is ana-
lyzed. The functions of automated measuring infor-
mation optical system (AMIOS) include: data collection
and analysis, storage and retrieval of information, pro-
tection and transmission of information on laser radia-
tion characteristics. An optical image contains topologi-
cal objects such as: maxima, minima and zeroes of in-
tensity. Based on them we can define the systematiza-
tion method for database creating. Computer science is
focused entirely on efficiently programming computers
using mathematical algorithms.

Calculation of data and its statistical analysis.
The problem of passing laser beam through a set of op-
tical elements can be solved by the Kirchhoff integral:
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where 4 (x,y) - initial amplitude in the plane of the
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diffraction element XY, ® (x,y) - the initial phase in

the plane of the diffraction element, f(x—x,y—y,) -

the function of describing the diffraction phenomenon,
which is observed at a distance z from the screen on the
plane x Y, .The Kirchhoff integral is calculated numer-

ically by Newton-Cotes formula of the closed type with
high accuracy.

For the scalar light field an optical image has in-

formation parameters: beam intensity and phase; identi-
fying parameters: wavelength of laser radiation, beam
waste radius, initial distribution of phase and beam in-
tensity; as well as the structural parameter - the image
observation distance z from the exit window of the la-
ser.
Let's consider the intensity distribution for a quasi-
plane wave (QPW) passing through a double-phase-
ramp (DPR) converter at the distance of observation
z=40cm (Fig. 1a). We normalize the received data for
intensity, so that the maximum value is 255, which cor-
responds to the maximum value for experimental imag-
es obtained with a CCD camera. The next step is quan-
tization of the data with a unit interval. The central
segment (Fig. 1b) is taken from the initial image
(Fig.1a) for more detailed analysis. The cross-section of
this segment, which includes maxima and minima of the
intensity is shown in Fig. lc. The systematization meth-
od for database creating is based on coordinates of topo-
logical objects and their parameters, such as core ellipti-
city and angle of inclination. Sharp jumps on the curve
(Fig. 1c) are stipulated by the image marking, placed for
further determination of topological object parameters.

After this images are ready for implementation of
statistical analysis methods. First of all, carry out a data
grouping using the variation series [4-7], which shows
how the numerical values of the intensity from 0 to 255
are related to their repetition. Variation curves (Fig. 1d)
obtained at different distances are analogous to each
other. The central part of variation curves is similar to
the normal distribution with a positive excess. It has a
high narrow peak, indicating the accumulation of fre-
quencies in the middle, the typicality and reliability of
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the average value. The mean value I is calculated by the
formula:

N
210

I = ,
N

)

where I; — the observed intensity in the i-th group
N — the number of quantized intensities.
The standard deviation o represents the degree of scatter
of data around the mean value and is defined by the

o= [EUiD
ra

In result, we get the following statistical values for the
image at z=40cm: the arithmetic mean is 139, the mode
is 141 and the standard deviation is about 48 are
changed slowly with a distance.

Another one method of data representation is a
cumulative curve. The cumulative curves for the intensi-
ty patterns are shown in Fig. le at different distances z.
We want to emphasize that curve for smaller distance
has a more expressive form, due to the fact that a light
field decreases with the growing of observation dis-
tance. The point of lines intersection is determined the
median, which is about 141.
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Fig. 1. Distribution of intensity in the diffracted field at the
distance z=40cm (a), segment of intensity distribution for
analysis (b), cross-section of distribution of intensity by line
x = 0 (c), variance curves of the points number (d), cumulates
(e) depending on the intensity for different distances

Conclusions. The statistical method is highly pre-
cise and effective for data analysis. The data obtained
by the theoretical investigation of the diffracted field is
performed by the surface Kirchhoff integral, which is
numerically calculated, using the fourth-order Newton —
Cotes method. The intensity is normalized and quan-
tized with a unit step for different distances of observa-
tion. The cross section of the central topological object
intensity and its characteristics are shown. Variation

-+ z=200cm

curves and cumulates are constructed for intensity dis-
tributions. The basic statistical parameters of distribu-
tions are determined, such as, the mode and the median
from the graph, the mean and the standard deviation by
calculations.

In the future, it is planned to investigate the struc-
ture of data and to check how consistent the obtained
statistical descriptions of theoretical data are with exper-
imental descriptions according to the Pearson and Kol-
mogorov consent criteria.
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Paszannes A.O., Xopomyn I''M., Psazanmes O.L
CraTucTHYHUI aHAJi3 300pakeHb 1Js iHpopMmauiiiHoi cu-
cTeMH

Tosepxuesuit inmeepan Kipxeopa wucenvho pospaxogy-
emucs 3a oonomozoro memoody Hotomona-Komca uemeepmozo
nopAoKy 3 eucokoio mounicmio. Hopmanizyemocs inmencug-
Hicmb. Peaniz08ano K6aHmyeanHs CUeHamy 3 OOUHUYHUM KPO-
KOM On pisnux eiocmaneii cnocmepesicenns. Iloxkazani nepe-
MUHU [HMEHCUBHOCMI YEeHMPAIbHO20 MONON02IYHO20 00'ekma
i 020 xapaxmepucmuku. Bapiayiini kpuei i Kymynsmu no6y-
006aHi 01 po3NoOiNi6 IHMEHCUBHOCMI HA PI3HUX BIOCMAHAX
cnocmepeoicents. Busnauaiomvca ocnoemi cmamucmuyni na-
pamempu po3noodinie, maxi K Mo0d, cepeoHe 3Ha4eHHs, MeOi-
aua i cmanoapmue 8iOXUNIEHHSL.

Kniouosi cnosa: onmuune 306padicenus, cmamucmud-
HUl ananis, ingpopmayitina onmuyHa cucmema

Psazannes A.A., Xopomyn A.H., Pasannes A.HU.
CraTucTuyeckuii aHaau3 u3o0paxkeHuil 1as1 nHdopmamnu-
OHHO¥ cHUCTEMBI

Tosepxnocmueiii unmeepan Kupxeopa uucnenno pacc-
yumulgaemcs ¢ nomowvio memooa Hviomona-Komca uemse-
pmo2o nopaoka ¢ 8vlcokoil mouHocmvio. Hopmanuzyemcs
unmencugHocmy. Peanuzoseano xeanmosanue cuenana ¢ eou-
HUYHBIM WA2oM 0I5l PA3HLIX paccmosHutl Habnodenus. [loka-
3anbl ceuenus UHMEHCUBHOCIU YEeHMPAIbHO20 MONoao2uyec-
K020 0bvekma u e2o xapakmepucmuxu. Bapuayuounvie kpu-
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8ble U KYMYJAMbl NOCMPOEHbL OISl PACAPEOeseHUll UHMEHCUG-
HOCMU HA PA3HBIX PACCMOAHUAX Habat00eHus. Onpedenaomcs
OCHOGHble Ccmamucmuieckue napamempnsl pacnpeoeneHuil,
maxue Kak mMood, cpeoHee 3HaAyeHue, MeOuaua u Cmamoapm-
HOe OMKIOHEHUe.

Knrouesvie cnosa: onmuueckoe uzobpasicenue, cmamu-
cmu4ecKull aHanu3, UHQOPMAYUOHHAS ONMUYECKAsL CUCeEMA
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