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Classical genetic algorithm is used in a computational experiment, which is described
in this article, to measure an area of the aircraft Boeing 737-300. Satellite images containing
objects of interest are selected as initial data. The computational experiment consists
of two steps. The first step presents the generalized formulas of values. These formulas
are needed to select initial images, using the theory of modified descriptive algebra of
images. After that, the initial data is formed according to the calculated values, i.e. the
satellite image is chosen in the needed scale and the shooting angle. At the second step,
a model of technical vision system (computer vision system) in the modified descriptive
images algebra and a fitness function for the genetic algorithm are developed. Then varying
parameters of the model are chosen and their optimization is carried out in MATLAB.
The article demonstrates development of the model due to its complexity by additional
imaging techniques. Experimentally it was found that the evolution of the model improves
optimization results.

Keywords: measurement of an aircraft area; objective function; genetic algorithm;
modified descriptive images algebra; combinatorial evaluation of a space; space of image

states.

Introduction

Problems of remote identification of objects having technogenic origin, as well as
detection and measuring of their characteristics and attributes, are still relevant [1,
2|.The paper proposes an approach to the development and optimization of methods
for processing and analyzing of images of the optical range, which are previous to the
detection step. In this approach, description of the image processing and analysis is
based on the mathematical apparatus of digital image processing and analysis, as well
as the methodology of modified descriptive image algebra (MDIA) [3]. Optimization of
the developed method is carried out by classical genetic algorithms (GA) [4]. A fitness
function (which is an analog of a target function) represents an image analysis method,
including the developed method of their processing. The initial data are presented by
satellite images in the optical range or fragments of maps from the famous Internet map
services (Google Maps, Yandex Maps, "Ufa"Airport (access: https://yandex.ru/maps/-
/CVhW4KZR)) (Fig. 1).

1. Evaluation of Computational Experiment Parameters

Fig. 1 (right) shows an aircraft with dedicated expert boundaries, which completely
define an area of the object of interest to recognize it.

The technique of computational experiment is described in [5, 6]. The aircraft
image in Fig. 2 is characterized by a height of n = 99 pixels, a width of m = 99
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Fig. 1. Aircraft image (left) and its boundaries (right)

pixels and a resolution dpcm = 96 pixel per inch of length (Boeing 737-300. (access:
https:/ /ru.wikipedia.org/wiki/Boeing 737)). Consequently, the height is n = 1,03125
cm, the width is m = 1,03125 cm, the resolution is dpcm = 37,795 pixel per cm of length
[3, 5, 6]. Compute [3, 5, 6] the number of pixels § for accuracy e by the formula

5 [dpim} | (1)

The area of the passenger Boeing 737-300 aircraft for the top view is approximately
S ~ 328,702 m?. Let a measurement of the real area of an aircraft be produced with a

precision € = 50 m?, that is 15% from the total area S. At a desired altitude of satellite

) e S 328,702
1m 1 T €:_:
age shnoov, pixel covers s 2071

~ 0,159 m? of the area. Next, one can

2070-15—‘ B [31050

100 100
311 pixels, using a simple proportion between the values, see |3, 5, 6]. We define p pixels
[3, 5, 6], which are significant in the planned reliable measurement by the formula

calculate the number of pixels in 15% of the error 0 = [ —‘ =310,5 =~

n m
Spia =P =Y_> zij Iy =zl . 2 € Spin- (2)

i=1 j=1

Pixels of the aircraft (Fig. 1, right) area, which are bounded by a red border, are
counted. The boundary is defined by an expert and p = 2070 pixels. Only images having
exactly | = (1759;2381) significant pixels are allowed for reliable measurement of the
area. Then, substitute the values § = 311 and p = 2070 in (3) and calculate [3, 5, 6] the

X —
coordinates of vector kp;,

’ ) s 1759 2381
Kpin = (Ogm IERED) Cg;’r—z ) = (072547 %) 07254) . (3)
Each of coordinates of this vector is the number of images I, = ||zi;|l, 2ij € Sbin
—

in groups for p significant pixels. According to (4), the sum of vector kpy;, coordinates is
an evaluation of a funnel section Ky, in MDIA [3, 5, 6]:

2381
— l _ 1993
Ky = Y Chysy = 0,3423393567 - 10", (4)
1=1759
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Let |zl = OF“7"(|lyill,0) be an operation to convert grayscale images
Loy = Yisll s vij € Sgray ~ to  binary images [, = |lzi5ll, 2zij € Spin,  where
0, = < 0 . . .
Zij = ’ Zf Yig and 6 is a conversion threshold [3]. The real value § = 64 is
17 lf Yij > 0

matched by an expert according to the maximum inscribing of area of an object of interest
in the previously defined border after converting to binary image. For [ = (p — ), (p + 9)
significant pixels in the image I}, = ||2;||, 2i; € Spin for a conversion threshold 6 = 64
of its inverse images it is 6"~ =9 . (256 — §)P~0 __ grm=+9) . (256 — )P units
respectively. Represent them [3, 5, 6] as coordinates of the vector

—
Qg’r‘ay (p 6 U p+o

0o 0 = (9’”"—@—(” (256 — )P0 . grm=Ho) (256 — 0)(1’*‘”) . (5)

Substitute the values n =99, m =99, 6 = 311, p = 2070 and 6 = 64 (as determined by the
expert) into (5) and calculate the coordinates of vector 6,,,, for the considered problem:

—
097"‘11/

(641759 1925495 ] 642381 i 1924873) ]

Thus, the size of a funnel section K, is calculated [3, 5, 6] as a scalar product of vectors

—> X
Eyin, and 04,q, according to

p+9o p+6
Koray = Fom - Ogray = S K607 = 37 L gmmL. (256 — 6)'. (6)
l=p—0 l=p—6

For the considered problem there is a value

2381 2381
Kgray = Y k™07 = ) Chyy - 64" 19274 = 0,2190920805 - 107,

1=1759 1=1759

Since color images are represented in RGB-space [3], then the color layers are independent,
from each other. Therefore, the evaluation of the size of funnel section

Kcolo’r’ = (Kg'r’ay)S (7)

for color MDIA A oior = (Meotor, Feotor) 1 correct |3, 5, 6]. For the considered problem we
obtain an evaluation

2381 3
Keotor = ( Z Clysy - 641 1927254—l> =0,1051671340 - 107247,

1=1759

According to (7), one can calculate [3, 5, 6] the probability that given images are in a
funnel section in MDIA of color images

Keotor . 0,105167134 - 1052409

— ~ . 8
25637m (), 131257799 - 1052409 0.8 (®)

pPr=Pr (Icolor S Ncolor) =
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2. Search for the Optimal Values of the Filter Mask
and Conversion Threshold

Mathematical method of modelling of image processing and analysis to calculate the
aircraft area is represented in MDIA as follows:

Spix - Alg (Icolor; <n, 0 >)
{Lyin = HZZJH o Agray = HyU” s Leotor = |

< Tijy Gij, bij > ||

color—gra rii+qii+bis
lysjll = OF 9 (lwigll %), yyy = | =
R medfilter
751 = OF“Y™ (|lyss |+ (n,m)),
Yij = med{fk:%“fk < fer) A (fr € {Wicngns - Yitnjant) } 9)
ra in J— 5 2 —T 0
il = OF V" (1255 — G5l 14), 25 = o0 P9 S

1, 255 —7y; >0
Spi:c = ZZ’ZZ]} .
i
Two parameters — the aperture of median filter (n,n), and the conversion threshold 6
of grayscale images into binary ones — are varied during image processing (converting) in

(9). The table below shows the program written in MATLAB language, corresponding to
method (9).

Table

MATLAB program with methods of filtration and conversion

Function of area measurement Comments to program

function s=imgenrgh22(p)global im;

iml=rgb2gray(im); converting of a color image
im2=medfilt2(im1,[p(1) p(1)]); use of a median filter
invim2=255-im?2; halftone image inversion
im3=im2bw(invim2,p(2)); converting to binary image
res=sum(sum("im3)); calculation of sum of black dots
s=fit(res); calculation of GA fitness function
end

Fig. 2 shows the surface described by method (9) and the function of area measurement
for n € [2;10] and 6 € [0; 1].

On the basis of Fig. 2 it can be concluded that a function of area measurement (table)
reaches a minimum value 0 at more than one point. For example, a pair (n,60) = (5,0,6)
is such point of extreme. However, an imposition of the processed image (Fig. 3, left) and
the original one (Fig. 3, right) shows that a deviation in the desired pixels exists even with
a minimum value of GA fitness function (objective function).

In plain language, this problem can be formulated as follows. The method of image
processing and analysis (9) retains shape of the object of interest with all its features. Some
significant pixels of the object are lost during conversion. Lost pixels are replaced with
new "pseudo pixels" of the object of interest. It can be explained by use of the operation
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Fig. 2. The graph of GA fitness function for method (9)

Fig. 3. Measurement of aircraft area for a filter mask n = 5 and conversion threshold
6 = 0,6 (left), and an imposition of the image area (left) to the real aircraft image (right)

of averaging of the adjacent pixels brightness by median filter (Fig. 3, right). Due to this
fact the analysis (aircraft area measurement) remains within acceptable accuracy. The
increasing of the complexity of image processing and analysis method (9) by methods of
image restoration and morphological analysis allows to minimize the number of "false"
pixels in the object of interest and refine a model of the object of interest (Fig. 3, left).

Conclusion

The use of genetic algorithms in the modified descriptive image algebra allows to
simplify the computational process of image analysis. The paper describes an example
about calculation of the Boeing 737-300 aircraft area for the top view by this method. The
main result of this research paper is the rejection of image models in the classic view.
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BBIYUNCJIEHUE IIJIOIITA/IN CAMOJIETA
HA CIIYVTHUKOBbBIX CHUMKAX I'EHETUUYECKNM
AJITOPUTMOM

A.P. Ucxaxos, P.®. Maauxos

B craTbhe omucaH BBIUMCIUTEIBHBIN IKCIEPUMEHT, B KOTOPOM JIJisi U3MEPEHUd ILIOIA-
mu camostera Boeing 737-300 ucrnonb3yercsa KiIaCCHYeCKUN T€HETHYEeCKnil ajaroputM. B po-
JIM HAYAJBbHBIX JIAHHBIX BHIOPAHBI CIIy THUKOBBIE CHUMKH, COEpKAIue OObEKThl HHTEPECca.
BeraucimrebHBIN 9KCIIEPUMEHT COCTOUT W3 JIBYX 3TAmoB. Ha mepBoM 3Tame MpUBOAATCS
0b600IeHHbIe (DOPMYJIBI BEJIMYWH, HEOOXOIUMBIE [IJIsi BHIOOPA HAYAJBHBIX W300DaZKeHU, C
HCIOMB30BAHNEM TEOPUN MOANMHUIINPOBAHHBIX TECKPUITUBHBIX aarebp m3obpazkennii. Jla-
Jlee ¢ y9eTOM BBIYHCJIEHHBIX 3HAYEHUI BEJIMYMH TPOUCXOAUT (HDOPMHUPOBAHME HAYATBHBIX
JAHHBIX, T.€. BBIOOD CIYTHUKOBOI'O CHEMKA B HY?KHOM MaciinTabe u yrie cbeMku. Ha Bropoit
craguu pa3pabaThbiBaeTCsl MOJENb CHCTEMbl TEXHUYECKOTO 3PEHUsA (CHCTEMBI KOMIBLIOTEP-
HOrO 3peHHsi) B MOAUMDUIMPOBAHHBIX JECKPUIITUBHBIX aarebpax nzobpaxkenuii u GpyHKIus
MPUTOMHOCTH JJisi TEHETHIECKOro ajaropurMa. /lajee BoIOMPAIOTCS BAPDBUPYEMBIE TTAPAMET-
PBL MoOzesu u mpopogurcs ux onrtumusauua B cpege MATLAB. B crarbe memoHcTpUpy-
eTcs Pa3BUTHE MOJIEIHU 34 CYET €€ YCIOKHEHHUs JOMOJHUTEIbHBIMA MeTomamMu 00paborku
n300parKeHnii. JKCIePUMEHTANIBHO ObLIO YCTAHOBIEHO, UTO IBOJIONUS MOMETU YIIyUIIaeT
pe3yIbTaThl OIITUMI3AIHH.

Karoueswie caosa: usmepenue niowadu CaMOLEME; YEABAA PYHKUUA; 2eHEMUYCCRUL
AA20PUMM; MOOUPUUUPOSEHHAA JECKPUNMUBHAS aA2e0pa U300PpaNHCEHUT; KOMOUHATIODHGA
OUEHKR NPOCTPAHCMEA; NPOCTNPAHCINEO COCMOARUT U306PAAHCEHUA.
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