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The article presents the results of a study of the problem on structural synthesis
of a computer vision and its parametric identification. We present the main classes of
procedural transformations of images and describe a method for constructing a model of
a vision system for measuring a deterministic feature using procedural and parametric
transformations of modified descriptive image algebras. The function of measuring a
deterministic quantitative characteristic of an object of observation is defined as a
superposition of a procedural and parametric descriptive algebraic image transformation
scheme. The parametric identification problem is formulated in the form of a nonlinear
optimization problem. We give examples of the use of the described method in measuring
the area of objects of various nature. Recommendations are formulated for the statistical
processing of the values of the measured characteristic in order to clarify its value.
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Introduction

A modern computer vision (CV) is a software and hardware complex for processing,
analyzing (measuring) and recognizing images. Various technical and applied problems are
solved at the hardware and software levels. In order to increase the speed of operation,
some of the problems of the software level can be implemented at the hardware level.
Such problems include, for example, the problems of filtering, segmentation of primitives,
restoration and improvement of images, etc. [1, 2|.

The work [3] presents the results of the work performed on the study of the current
state and dynamics of changes in the ice topography of the islands of the Russian Arctic
carried out in 2013-2014 within the research of the Moscow State University of Geodesy
and Cartography (MIIGAIK) scientific school in the Arctic. As the main source of spatial
data to obtain up-to-date areal information, we use radar images obtained by Sentinel-1A
spacecraft, while in order to assess vertical changes, we use altimetry measures data from
Cryosat-2 and ICEsat-1 spacecraft. The ERS-2 radar data have a spatial resolution of 30
m at VV polarization. Sentinel-1A radar data have a spatial resolution of 50 m at HH
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and HV polarizations. For the multispectral optical data of the Landsat-5 satellite, a red
channel with a spatial resolution of 30 m is chosen. The authors conclude that the applied
approach to calculating areas corresponds to the scales of 1:100000 and 1:20000 of the
used topographic maps.

The mathematical apparatus proposed in this paper allows to develop models for
processing and analyzing images of the program level of the CV [4-6]. The article
describes source data models; types of procedural transformations over images; forms of
descriptive algebraic schemes for image transformation; structural synthesis of the CV
model for measuring features that have a deterministic nature; statement of the problem
of parametric identification of the CV model.

1. Structural Synthesis of CV Model

Suppose that the original color images captured by a surveillance camera are written
in the form [4-6]

Leoior = |< 7ij, Gijy big >\ (735, 9455 bij) € {0,...,255}% (1)

where [..,, is the finite-dimensional matrix of order n x m consisting of tuples of the form
< T4j, 9ij» bij >; the elements 745, g;;, bi; € {0, ...,255} represent the brightness of the pixel
(i;4) in RGB space; i = 1,n is the number of rows of the matrix I.,,; 7 = 1,m is the
number of columns of the matrix I..,,.

It is necessary to develop a function for measuring the deterministic feature p of the
object of observation on the image I.,.. in the form of a superposition of descriptive
algebraic image transformation schemes (T-DAITS and P-DAITS) [4-6]

p= RP (RT (Icolora <0417 A, ... 704n>) ) <ﬁla 527 e 7ﬁm>) 9 (2)
where I.,,- is the initial color image represented as a matrix; [y, =
Ry (Leotor, (011, v, ..., a)) = OF (O?’l( O8 (Leotor, 1) , Q1) ,&n) is the sequence
of n procedural transformations with the variational parameters (o, qo,...,q,);
S = Rp (Iyin, (41, P2,-..,0m)) is the set of m parametric transformations with the
variational parameters (51, o, ..., Bm)-

T-DAITS represents a sequence of procedural transformations (T-transformations),
each of which transforms one image into another image. Procedural transformations can
be one of the following classes [4-6]:

L. Teotor = Ok (Leplor, @vi) converts the color image I.p,r to the color image I oo

2. Igray = = O& (Leotor, ;) converts the color image I, to the grayscale image Igray;

(1
3. Iyay = O (Iyay, ;) converts the grayscale image I,,.q, to the grayscale image I;,q,;
4. Iyin = O% (Igray, ;) converts the grayscale image Iy.q, to the binary image Iy,;
5. Iyin = Ok (Iyin, ;) converts the binary image Ij;, to the binary image Iy;,.
By definition, T-DAITS [4-6] can be written in the recursive form
Ry (Leotor, (01, o, . .. ) = OF (R (Leptor, (Qt1y -+ oy Q1)) , Q) (3)

2023, vol. 10, no. 1 57




A. R. Iskhakov, V. R. Akbashev

where O (Iyin, o) is the last procedural transformation from the list of acceptable image
transformation methods with the variational parameter a,.

P-DAITS [4-6] represents a set of parametric transformations (P-transformations), on
the basis of which the algorithm for measuring the deterministic quantitative feature p of
the object of observation is constructed. By definition, P-DAITS is written as

pP= RP (Ibinu <617 /327 cee 76m>) - igl O; (Ibinu 6@) 5 (4)

where O% (Iyin, 3;) are P-transformations representing the methods for measuring the
desired feature p on the binary image I;, with the variational parameters (;, and p is the
measured feature, o is the operation of serial or parallel execution of P-transformations.

2. Parametric Identification of CV Model

Parametric identification of a mathematical model involves calculation of all admissible
sets of values of variational parameters for the CV measurement function. The problem
of parametric identification is formulated as a problem of nonlinear optimization, the
objective function of which contains the CV measurement function [4-6].

F(aag) = |p* - RP (RT (]colora <a17 g, ..., an>) ) <617527 EERE) 6m>)‘ — min
{ aMt <o <o i=1n (5)
Bt < By < B, j=1,m

where F(a, ) is the objective function with the variational parameters @ =
(ar,ag,...,a,) and B = (By, B2, ..., Bm); ™™ < a; < o> § = 1,n are restrictions

7 —

on the variational parameters a; of T-DAITS transformations;

Brin < 8 < AP, j=Tom
are restrictions on the variational parameters 3; of P-DAITS transformations.

To solve a nonlinear programming problem, it is necessary to first estimate the
value p* of the desired feature p of the object of observation for one of the objects of
observation in the image. The set of admissible sets of values of the variational parameters
{at, a3, ..., a)} and {(B7, 85, ..., B)} of the objective function F (@, 3) allow to measure
the desired feature p of the object of observation with a given accuracy € > 0, which means
that condition (6) [4-6] holds.

‘p* - RP (RT (]COlOT7 <Oé){7 Oé;: R3] OZ7>”<L>) ) </6T7B;7 LR 6:n>)‘ <E€. (6)

Let us assume that the image is captured under unknown external factors that change
insignificantly over a short period of time. Therefore, using the same sets of values of the
variational parameters, it is possible to measure the desired feature p of the object of
observation with the same specified accuracy € > 0 for the rest of the observed objects in
the given image. Let us consider two examples of the development of mathematical models
of CV for measuring the areas of aircrafts and lakes and setting parametric identification
problems for them |7, §.
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In the work [7], a CV model is developed to measure the total area of a Boeing 737-300
aircraft. The area measurement function has the form (7).

S = Rp (Br (Leotor, < n, 0 >) ,-)

{ Leotor = (7345 Gijs big) I 7445 Gig» bij € {0, ..., 255}
Loy = il x5 € {0, ..., 255};

I;ray = HijH y Yijg S {0, ,255}7

Lyin = 2511 s 215 € {0, 1};

[;ray = O%Olorﬁgﬂly([comr’ '); Lij = ’7Tij+9§j+bij—‘ ) (7)
Ig2ray = Og“ledi(m(jglrayv (nv TL)),

[bz'n _ O%Tay%bin(255 _J2

0,255 — y;: < 0,
aray 0); 2 :{ ’
S=2>z},

i

1,255 — yi; > 0;

where Leotors Lgyays Loray» Ibin are the types of images used in the mathematical model; 1, =

O;Olor_)gmy(lwlor, -) is the procedural transformation of converting the color image oo

to the grayscale image I},,, without a variational parameter; I2,,, = Op<®n (1} . (n,n))

is the median filtering of the grayscale image I,,, into the grayscale image 17, with
the variational aperture (n,n) according to (8); Iy, = OX™ 7" (255 — 12,4, 0) is the
procedural transformation of converting the grayscale image [ g2my to the binary image [y,

with the conversion threshold 0; P-DAITS S = Rp (Iyin, -) calculates the aircraft area as
the sum of pixels that are equal to 1 and represent all black pixels. In this mathematical
model, the median filter is written as algorithm (8)

[2 — Ogﬂnedian (Il (n’ n))

gray gray’

{ Ig}ray = sz]H ) IQQTay = HyZJH v Ligy Yig S {07 7255}7
nmod?2 = 1;
v=Sort(xy); k=i—n,i+n, l=j—n,j+mn; (8)

v Svy < S vpzg S U2,
2
Yij = Up, P = ’7%—‘ }7

where the expression nmod2 = 1 is a check of the aperture n for oddness; v = Sort(xy;)
is a sorting of the vector ¥ in non-decreasing order; y;; = v, is a rule under which a new
TL2

value of the pixel y;; is the coordinate of the vector v with the index p = {7—‘

The problem of parametric identification in the form (9) is solved using genetic
algorithms |7].
F(ny 0) = ‘S — Rp (RT (Icolora <n7 0>) ) )| — min,
3<n<09, 9)
{ 0<6<1,

where n is the aperture for the median filter OF%" (. (n,n)); 6 is the threshold for the
conversion transformation O ~""(.,9); S" is the total area (for top view) of one of the
aircrafts on the runway.

In the work [8], the problem of measuring a lake on satellite images is solved. In
this problem, CV model (10) differs from model (7) in the procedural transformation of
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converting O™ (.,9) and in the parametric transformation Rp (-, *).

S = RP (RT (Icolora <n, (9, q >) , *)

{ Leotor = (735, 9ijs bis) |, 7345 Gij» bij € {0, ..., 255}
I;my = HxZ]H y Tij € {07 “'7255};

Igray = ||szH y Yij € {07 7255}7

Toin = ||zi|l, 25 € {0,1};

[ ii+i+bij
I;Tay _ O%O or—)gray(ICOlOT’ *)’ T = ’71“] 931 J—‘ : (10)
I;ray = Ogledzan(jéray? (n7 n))7
- __ gray—bing r2 R 07 Yij < 0’
Tvin = OF Ugray:0), 215 = { L, i = 0;

m, Sk: - O]ngabeln(Ibina q)7 qc {47 8}7
S = {Sklk =T, m;[Sexp — S| <56 €[0,1]} },

where [ ;my = O;Olor%gmy(lcolw,*) is the procedural transformation of converting the
color image I.y,,. to the grayscale image [ glmy without variational parameters; I;ray =
O™ (I} ., (n,n)) is the procedural transformation of median filtering of the grayscale
image I, into the grayscale image Igmy with the variational aperture (n,n) performed
in accordance with (8); Iy, = O%my%bm(lgmy,e) is the procedural transformation of

converting the grayscale image 1, g2my to the binary image I;;, with the variational conversion
threshold 0; m, S, = ObVlabeln([,. . "q) is the parametric transformation of segmentation of
the binary image I;, based on variational g-connection, which returns the areas Sj for
individual observation objects and their total number m in the image; S is the estimate
of the accuracy ¢ of calculating the areas Sj of individual observation objects.

It is allowed to form a sequence of N images of the object of observation with
subsequent measurement of the desired feature p of the object of observation for a fixed
set of values of the variational parameters @ = (af,a3,...,a%) and B = (B}, 53, ..., B5).
As a result of the experiment, the sample population p = {pﬂ t=1,N } of N images is
formed. To estimate the desired feature p* of the object of observation, it is necessary to

solve the following statistical problems |9, 10]:

1) test the hypothesis of the selected law of distribution of the general population for
the feature p based on the sample population;

2) estimate the confidence intervals for the parameters of the selected distribution law.

Conclusion

This method of structural synthesis of the software (algorithmic) part of VS
undoubtedly has a high potential. Among its main advantages, we note: the presence
of a single algorithm for the synthesis of VS models that allows to automate software
development; mathematical statement of the problem of parametric identification of VS
models that allows using existing mathematical optimization methods and algorithms for
finding a set of its solutions; the recommendations formulated in the article allow statistical
processing of the values of the variational parameters of the models to refine the values of
the desired characteristics of the object of observation with a given accuracy.

The disadvantages of the described method of structural synthesis and parametric
identification of the VS measurement function model are as follows: sensitivity of the
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method to the completeness and representativeness of sample data; source images must
be of orthographic projection category; observed objects should have external contours in
the form of closed polygons.
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CTPYKTYPHBIV CUHTE3 CUCTEMBI TEXHUIYECKOI'O
3PEHUY U EE ITIAPAMETPUYECKASA NWIEHTUOUNKAIINA
CO CTATUCTUYECKOI1 OITEHKOI BAPUAIIMMOHHBIX
IIAPAMETPOB

A. P. Ucxaxos, B. P. Axbawes

B crarbe mpezcTaBieHbr pe3ysIbTaThI UCCIIEI0BAHUS IIPOOJIEMBI CTPYKTYPHOIO CHHTE3A,
CHUCTEMBI TEXHUYECKOTO 3DEHUsi U ee IapaMeTrpudeckoil mientudukamu. [Ipusemens: oc-
HOBHBIE KJIACCHI IIPOIIEJYPHBIX TpeobpazoBanuil m3obpaykennii. OmucaH MeTOJT TIOCTPOEHUS
MOJEJIM CUCTEeMBl TEXHHYECKOTO 3PEHHUs JJIsd U3MePEeHHUs JeTepPMHUHUPOBAHHOTO IIPU3HAKA
C WCIIOJIb30BAHMEM IIPOIEIYPHBIX M IIapaMeTPUIECKUX MPeodpa3oBaHuil Mo Iu(MUINPOBAH-
HBIX JIECKPHUIITABHBIX ajaredp n3obpakennit. yHKINS U3MEPEHUS T€TEPMIHIPOBAHHON KO-
JITYECTBEHHOU XapPAKTEPUCTUKN 00beKkTa HaOJIONEHNs OIpeesieHa B BHJE CyIEPIIO3UIIN
MIPOIEIYPHONl U MapaMeTPUIECKON JTeCKPUITUBHON aJarebpamdeckoil cxeMbl mpeobpa3oBa-
HUsl u300pakeHuii. 3ajada nmapaMerpudecKkoil uaeHTudUKAINA chHOPMYyIUPOBAHA B BUJE
3a71a9u HeJmHeHHoN onTuMmuzaruu. [IpuBegeHbl TpuMephbl UCIOIHL30BAHUS OIMUCHIBAEMOTO
MeTOJa [P U3MEPEHUH IO OO0 bEKTOB pa3andHoii npupoasl. CHopMyImpoBaHbl PEKO-
MEH/IAINH 10 CTATUCTUIECKON 00paboTKe 3HAYECHIIT N3MEPSIEMOil XaPAKTEPUCTUKY C [EJIHIO
YTOYHEHUs €ro 3Ha4YeHUd.

Karoueswie caosa: npeobpasosarue u3o6pascenutl, udmepenue npusnaros, Modeisb cu-
CMEMbL METHUYECKO20 3PEHUA, CMPYKMYPHHLT CumMes Mo0est, Napamempuieckas uoet-

mUﬁU’KJCLU,U.}’L Moa(iﬂ,u, HEAUHETUHAA onmuMU3aUUA.
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