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NO-REFERENCE QUANTITATIVE ASSESSMENT OF GENERALIZED
CONTRAST FOR COMPLEX IMAGES

Context. Nowadays the task of automatically measuring of image quality in real time is extremely relevant for the vast majority of
practical applications. No-reference quantitative assessment of image quality is one of the most pressing and difficult problems of image
processing. Generalized contrast is the most important quantitative characteristic which determines the objective quality of the image.
Currently, the development of new effective methods of no-reference measuring of generalized contrast for complex image in automatic mode
which have the level of computing costs, which are acceptable to implement the processing in real time, is one of the most urgent tasks of
image pre-processing.

Objective. Development of new histogram-based method for no-reference measurement of generalized contrast of complex images on
the basis of the mean value for all contrast values of all pairs of image elements (objects and background) for various definitions of contrast
kernel.

Method. Analysis of known approaches to measurement of a local contrast of the image elements, of known methods of the quantitative
assessment of generalized contrast of complex images as well of the results of experimental research for a series of complex real and test images
allowed to reveal inherent patterns (accordance to basic requirements to the definition of contrast, the nature and the dynamic of contrast
changes at the linear transformations of the brightness scale), which are manifested depending on the use of the different definitions of the
contrast kernels and the metrics of generalized contrast of images.

Results. New histogram-based method for no-reference measurement of generalized contrast for complex images is proposed. No-
reference contrast metrics for the histogram-based measuring of generalized contrast of complex images on the basis of the average contrast
of image elements for different definitions of contrast kernel is proposed.

Conclusions. Proposed no-reference metrics on the basis of the average contrast of image elements for proposed contrast kernels allow
providing accurate quantitative assessment of generalized contrast of the real complex images and enable to evaluate (predict) with reasonable
accuracy the perceived image quality at carrying out of subjective (qualitative) expert estimates.

Keywords: image processing, image quality assessment, contrast measurement, no reference metric, generalized contrast, complex image,
histogram.

NOMENCLATURE cV

ave

is an averaged contrast for weighted contrast
C(L,,L,) is a contrast for two contiguous image elements;

4 ¢ kernel of Nesteruk;
C,, is an averaged value of contrast of current image;

C" is an averaged contrast for weighted contrast

Coon is a value of the generalized contrast of current image; ave
cN (Ll, L2) is a weighted contrast of Nesteruk for two kernel;
image elements; Cjz/v . is an averaged contrast for absolute contrast kernel
C"“(L,,L,) is a weighted contrast of image elements; ~ ©of Vorobel;
creh ( L, Lz) is a relative contrast of image elements; Cg‘i is an averaged contrast for absolute contrast kernel

of Vorobel and Berehulyak;

Y
cVrh (Ll, Lz) is an absolute contrast of Vorobel for two Cave ) ) )
A(C, p(L)) is a function of averaging of contrast values of
image elements;
2(C,r(0)) is a function of generalized contrasts of image
elements;
L(S) is a function of brightness values of pixels of image
X,
L is an average value of brightness L of image pixels;
L, is a value of the adaptation level for current image;
L, is a value of brightness of i-th element of image X;

creh (Ll, L2) is a relative contrast of image elements;
is an averaged contrast for linear contrast kernel;
image elements;

c’B (Ll,Lz) is an absolute contrast of Vorobel and
Berehulyak for two image elements;

C Y(Ll, Lz) is a linear contrast of image elements;

ng,\;,, (LO) is a generalized contrast for contrast kernel of
Nesteruk for adaptation level L ;

C gee,i (LO) is a generalized contrast for weighted contrast
kernel for adaptation level L;

C gen (LO) is a generalized contrast for contrast kernel of
Vorobel for adaptation level L;
C gfn (LO) is a generalized contrast for contrast kernel of

Vorobel and Berehulyak;
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L . is a minimum brightness values of elements of initial
image X;

L __ is a maximum brightness values of elements of initial
image X;

LMAX is a maximum possible value of brightness L;

p(L) is a density distribution function of values of

brightness L;
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p(L,L) two-dimensional probability density function of
values of brightness L;

r(C) is a density distribution of values of contrast of
image elements;

S'is a closed set of pixels of initial image X;

S, is a nonempty connected i-th subsets of pixels of
initial image X;

X(S,L ) is the initial image.

INTRODUCTION

Currently, the development of new effective techniques
of image quality assessment is one of the most urgent and
important tasks in imaging, pre-processing and analysis of
images [1, 2].

The object of study is the process of contrast
measurement for image quality assessment.

The image quality usually defined on the basis of main
objective characteristics (parameters) of current image [3,
4]. The main characteristic which defines the objective
quality of image is its generalized contrast [3, 5]. At present,
however, quantitative assessment and measurement of
values of generalized contrast for complex images are not
defined uniquely in the literature.

The generalized contrast of complex images is usually
defined basing on the values of quantitative assessments
of contrast for all individual pairs of image elements (objects
and background) [6, 7]. Contrast of two image elements (of
two objects or an object and the background) is a
dimensionless function, which characterizes the difference
between the values of their brightness [7].

The choice of contrast definition of image elements (of
contrast kernel) is very important problem and appreciably
defines the effectiveness (the accuracy) of measurement of
the generalized contrast of complex (multi-element) images
[8]. Definitions of the contrast of image elements shall meet
the basic requirements to the contrast definition [8] and
should ensure reasonably accurate quantitative assessment
(measurement) of contrast of image elements for the real
complex images and should allow evaluate (predict) the
perceived values of image contrast at carrying out of
subjective (qualitative) expert assessments [4].

The various definitions of contrast of image elements
are known [8]. However, the known definitions of contrast
have several very significant disadvantages [8, 9]. The main
disadvantages of the most of the known definitions of
contrast are the uncertainty and the multiplicity of the
conditions under which the extreme values of contrast are
achieved. Also, the essential disadvantage of known
contrast of contrast is great changes (non-invariance) of
their values under linear transformations of the brightness
scale of image.

Currently, the development of new efficient contrast
metrics for the accurate quantitative assessment (of
measurement) of the objective quality of images is an
extremely urgent task in imaging, image processing and
analysis. For elimination of these disadvantages the metric
of generalized contrast of image on the basis of the averaged
contrast for all pairs of image elements (objects and
background) with the using various definitions of contrast
kernels is proposed. This will also improve the accuracy of

measurements of the generalized contrast of multi-element
images with a complex structure. Histogram-based method
for no-reference measuring of generalized contrast of
complex images is also proposed.

The subject of study is the histogram-based methods of
no-reference contrast measurement for complex images.

The purpose of the work is to increase the accuracy of
formation of quantitative assessments (of measurement) of
contrast of multi-element images with complex structure by
development of new metrics of the generalized contrast.

1 PROBLEM STATEMENT

Let‘s suppose that given the initial image X = { X (S ,L)} ,
where L is a function of brightness which is defined on the
closed set S of image pixels, where L:S —[0,1]c R.

Sk } of
the closed set S of pixels of image X on k (k>2) the

We suppose there is a partition S = { 81,87, s

i=1k which

correspond to the image elements (to the objects and the

nonempty connected subsets (regions) S;,

k

us;,=s, Sif1S;=9
i=1

Vizj, i,je[lLk] keNak>2,

L:S; > L e[0l]cR, i=1k
Also the probability density p(L) of brightness L of image
X is known,

background), and S;cS,

Li=L(z|z€eS;),

where p(L —|S|/|S|—|S|/Z|S | L el01], 1<i<k.
Suppose given the deﬁmtlon of the contrast C(-,") of
C:LxL—>[-1,1]cR

which is the asymmetric dimensionless function and satisfies
the main requirements to contrast definition, namely:

cleL;)=-cle;.L), clg.z;)=o0

two contiguous image elements,

only when

Li=L;, |C(Ll Lj)| :max| C(L,,,Lm)| only when
(.m)

| 2Ly | = maxit, =L |

The purpose of the work is the measurement of generalized
contrast of multi-element images with complex structure. The
generalized contrast C.o is defined as average value of
contrasts C(-,") at the boundaries of the objects and
background, where 7(-) is density distribution of contrast C(-,")

Cgon = II Loty )| el ) )acle, 1)

()~ [o1].

However, the edges detection and the assessment of
distribution 7(*) of contrast values C(:,) on the boundaries
of objects and background are very challenging.

For a given definition of C(:,") and the known values

(L)}

contrast C
gen

where g: (

iy the problem of measuring the generalized

can be presented as the problem of measurement
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of the mean of the all values of contrast for all pairs of

elements on current image, C gen = f (C, p(L))_ In turn, the
problem of measurement of the mean of the all values of
contrast for all pairs of image elements is to find such

function /' :( C, {p(L)} )= [0,1 ] R, which satisfy to all
main requirements to the definition of contrast and is invariant

under the linear transformations of the brightness scale of
the image.

2 REVIEW OF THE LITERATURE

The unambiguous and generally accepted definition of
the generalized contrast for complex images is currently
unknown. The contrast measurement for complex images is
usually carried out by analyzing of contrast values of image
elements. Contrast of image elements is usually defined as
the difference of brightness values on the boundary of the
two image elements (of two objects or object and
background). Currently, the various definitions of the
contrast of pairs of image elements for various applications
are known [8]. In [6] Nesteruk (1970) proposed a definition
of the weighted contrast for two elements of a complex image
for adaptation level L

CN(LI,LZ):(L1~L2—L(2))/(L1~L2+L(2)). (1)
The value L of the level of adaptation is most often equal

to the average brightness of the current image [6], L, = L.
The most wide practical application is characteristic for the
definition of a weighted contrast of image elements [10, 11]:

CY Ly, Ly)= (L — Ly)(Ly + Ly )- @

Another known definition of contrast is relative contrast,
which is defined as [8]:

™ (Ly,Ly)= (L = L)/ max (Ly, Ly) » 3)

C"2 (L, Ly)=(L - Ly)/ (1-min (L1, Ly) ). (4)

The main disadvantages of contrast definitions (1)—(4)
are the uncertainty and the multiplicity of the conditions
under which the extreme values of weighted contrast are
achieved [8]. In [8] Vorobel (1999) has offered the linear
definition of the absolute contrast of image elements which
provides performance of the basic (discussed earlier)
requirements to contrast:

" (Ly,Ly)= (L — L)/ LMAX . ®)

In [9] Vorobel and Berehulyak (2007) have proposed a
generalized definition for absolute contrast (where n > 0):

1/n
Cc"B(Ly,Ly)=sign (L’f —LZ)-

Li-I;

(©)

The linear definition of contrast, which satisfies the
conditions of asymmetry and equivalence of impact of the
arguments, of unambiguity and certainty of the conditions
under which the equality to zero and the extreme values of
contrast are achieved, and which is invariant to the linear
transformations of the brightness scale, has the form:

Y (L1.Ly) = (L1 = Ly )(Linax — Linin)- ™
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The definitions (1)—(7) of the contrast of image elements
are called the contrast kernels [8] and are the basis for the
construction of metrics of contrast for complex images.

The assessment of generalized contrast for complex
(multi-element) images is usually carried out by measuring
of contrast values of image elements (of objects and
background) [6]. The various approaches to the
measurement of the generalized contrast of complex image
are known [6, 8]. Currently, as a measure of generalized
contrast of complex image most often used the averaged
value of the contrast of image elements in relation to the
preset value of adaptation level.

For example, in [6] Nesteruk (1970) proposed the
definition of the generalized contrast for anisotropic images
on the base of the weighted contrast CV (1):

Clee)- [| - B) 2+ ) ez
0

Currently, for the contrast measurement of image elements
the definition of weighted contrast is most widely used,
which has the form [8]:

1

Cgeif(Lo):,” (L—Lo)/(L‘L0)|'p(L)dL. ©)

However, contrast definitions (1)—(4) have significant
disadvantages. Their main disadvantages are the
uncertainty and the multiplicity of conditions of equality
the extreme values.

To address the shortcomings specific to definitions (1)
and (2) of weighted contrast, Vorobel (1999) has proposed
the definition of generalized contrast on the base of the
contrast C" (5) [8]:

1
fl2-(z-Lo) + LMAX -
0

v B 1
Cgen (LO ) - Y IMAX

~[2-(L-Ly)- LMAX| | p(LYdL . (10)

In [9] Vorobel and Berehulyak (2007) have proposed the
generalized definition of the contrast for complex image:

E E

The known definitions (8)—(11) are no-reference metrics
for measurement of image contrast. The choice of concrete
value of adaptation level L for current image is a very difficult
problem to the practical implementation of this approach to
measurement of contrast and largely determines the accuracy
of measuring of image contrast with the using (8)—(11).

3 MATERIALS AND METHODS

In this paper the no-reference method of assessment of
generalized contrast of complex image by finding the mean
of all values of generalized contrast for all possible values
L, of the level of adaptation for the current image is proposed.

As an assessment of the generalized contrast we propose
the using of the average value from all possible values of

1 LMAX

Cgiﬁ(l()) = 5 J
0

+1- (L” —l(”))

-z

—1‘ ‘ pr)ar. (11)
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generalized contrast which correspond to all possible values
of the level of adaptation for the current image:

Lmax

age J.CO(L) p( ) dL; . (12)
L

‘min

In this case we propose to define the generalized contrast
of complex image at a given value of a level of adaptation as:

Co(Lo)=hC(LjaLo)"P<LJ»L0)/P(L0)"LJ,

LO € [Lmin > Lmax ]7 (13)
1

0)= JP(L_/’Lo)dLj. (14)
0

The proposed method of no-reference assessment of
generalized contrast of complex image is defined in
accordance with (12) and (13). The expressions (12), (13)
define the metric for the contrast measurement of multi-
element images with using various known definitions of
contrast kernels.

It should be noted that the two-dimensional distribution
p(L, L,) of brightness values on the current image is
overwhelmingly not known.

In the case where the objects on image are the equally
important and independent and have no influence on each
other (are independent events of relative to each other), we
have:

plL;.Lo)=plL; ) p(Lo). (15)

In this case for (13), (12) using (15) we obtain:

ColLo) j|C(Lj,L0)| plL;)dL;. (16)
L 1
Cave = J. ”C(Lj’LO)"p(Lj)'p(LO)dLjdLO- (17

L,

‘min

The proposed method (12), (13), (16) provides the
opportunity of creating the contrast metrics with using the
various known definitions (1)—(7) of contrast of image
elements (of contrast kernels). Accordingly, the histogram-
based metrics of contrast on the basis of the definitions
(12), (16) using known definitions (1), (2), (5)—(7) of contrast
kernels can be defined as follows:

m(L L

) (L L+l )\ L) plL; )dLdL ;. (18)

crel = ”| -1,z + )| plLy) ple; aLiar ;. 19)
L-L;
ave '[‘[|LMAX| 1) p(Lj)dLidLjs (20)

VB
Cave

(L) plL;)dLde;, e

- p(L;)- P(Lj )dLidLj . (22

J I

The known (8)—(11) and the proposed (18)—(22)
definitions are no-reference contrast metric for quantitative
assessment of generalized contrast of complex images. A
comparison of the proposed and known histogram-based
methods of contrast assessment for complex images was
carried out in Sections 4, 5 and 6.

4 EXPERIMENTS

Known (8)—(11) and proposed (18)—(22) metrics of
contrast were programmed in the interactive environment
of programming MATLAB to carry out a subsequent
comparative analysis of their effectiveness. A comparison of
the known (8)—(11) and proposed (18)—(22) methods were
carried out on the basis of measurement of generalized contrast
for the two groups of test images. The first group consists of
fifteen test images, which are the results of linear stretching
of a well-known initial image (Fig. 1) for the ranges [0,00—
0,401, [0,15-0,55],[0,30 0,70], [0,45 0,85], [0,60-1,00], [0,00—
0,60], [0,10-0,70], [0,20-0,80], [0,30-0,90], [0,40-1,00], [0,00—
0,85],[0,05-0,90], [0,10-0,95],[0,15-1,00], [0,00-1,00] (Fig. 2).
The second group of the test images consists of fifteen
reference images with complex structural nature (Fig. 3).

The results of measurements of generalized contrast for
the two groups of test images (Fig. 2 and Fig. 3) with the use
of known (8)—(11) and proposed (18)—(22) metrics are shown
in Section 5.

L

max min

ih-l--llII--Il...'...l.llhlltnh_,J

Figure 1 — Initial test image and its histogram
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Figure 2 — The appearance of test images of the first group with the dynamic range:
a —[0,00-0,40]; b—[0,15-0,45]; ¢ —[0,30-0,70]; d —[0,45-0,85]; e — [0,60—1,00];
f—[0,00-0,60]; g-[0,10-0,70]; h —[0,20-0,80]; i—[0,30-0,90]; j— [0,40—1,00];
k - [0,00-0,85]; 1-[0,05-0,90]; m — [0,10-0,95]; n —[0,15-1,00]; o — [0,00-1,00]

/-*"--

Figure 3 —Test images of the second group
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5 RESULTS

Researches of the effectiveness of the proposed (8)-
(11) and known (18)—(22) no-reference metrics of contrast
were carried out by measuring (by quantitative assessment
of the value) of the generalized contrast for two groups of
test images with complex structure.

The results of the measurement for the first and the
second groups of test images are shown in Table 1 and
Table 2. Graphs of the values (Tab. 1) of generalized contrast
for test images of the first group (Fig. 2) are shown in Fig. 4.
Graphs of the values (Tab. 2) of generalized contrast for test
images of the second group (Fig. 3) are shown in Fig. 5.

6 DISCUSSION

The results of the measurements show that the
definitions (8), (9) and (18), (19) of the weighted contrast
using contrast kernels (1), (2) are invariant to linear stretching
of brightness range, but their values are significantly
changed at additive transformations of brightness values
on image (of mean value of brightness on image) (Fig. 4).
The assessments (10), (20) on the basis of absolute kernel

of Vorobel (5) of absolute contrast are invariant to additive
transformations and are proportional to multiplicative
transformations of image brightness scale (Fig. 4). The
assessments (11), (21) on the basis of non-linear absolute
kernel of Vorobel and Berehulyak (6) are changed
substantially under linear transformations of the image
brightness (Fig. 4). The contrast assessment (22) on the
basis of linear kernel (7) is invariant to linear transformations
of image brightness scale (Fig. 4). The assessments of
averaged contrast (20) and (22) for absolute kernel of Vorobel
(5) and of linear kernel (7) coincide when analyzing pre-
normalized images (Fig. 4). The values of known assessments
of the generalized contrast (10), (11) on the basis of contrast
kernel of Vorobel (5) and contrast kernel of Vorobel and
Berehulyak (6) are proportional the proposed assessments
(20), (21) of averaged contrast, however known definitions
(10), (11) of the generalized contrast give the significantly
overstated values of contrast assessments (Fig. 4 and Fig.
5). The assessments (20) and (22) used absolute kernel of
Vorobel (5) and linear kernel (7) are the closest and are most
suitable for quantitative assessment of contrast of images
with complex structure (Fig. 5).

Table 1 — Results of calculating for the first group of test images

2.a 2.b 2.c 2d 2.e 2.f 2.g 2.h 2.1 2j 2.k 2.1 2.m 2.n 2.0
Linin 0.00 0.15 0.30 0.45 0.60 0.00 0.10 0.20 0.30 0.40 0.00 0.05 0.10 0.15 0.00
Linax 0.40 0.45 0.70 0.85 1.00 0.60 0.70 0.80 0.90 1.00 0.85 0.90 0.95 1.00 1.00
Cé\;n 0.802 | 0392 | 0.247 | 0.182 | 0.144 | 0.802 | 0.567 | 0.417 | 0.327 | 0.270 | 0.802 | 0.721 | 0.631 | 0.558 | 0.802
C§§£ 0.647 | 0.207 | 0.126 | 0.092 | 0.073 | 0.646 | 0.321 | 0.222 | 0.170 | 0.139 | 0.646 | 0.471 | 0.374 | 0.315 | 0.646
C;/en 0.207 | 0.207 | 0.206 | 0.206 | 0.207 | 0.310 | 0.309 | 0.310 | 0.310 | 0.310 | 0.436 | 0.436 | 0.435 | 0.437 | 0.504
CgeBn 0.205 | 0.252 | 0.276 | 0.295 | 0.310 | 0.307 | 0.347 | 0.373 | 0.392 | 0.408 | 0.431 | 0.456 | 0.474 | 0.489 | 0.496
C(%e 0.813 | 0.251 | 0.158 | 0.117 | 0.093 | 0.810 | 0.379 | 0.267 | 0.209 | 0.173 | 0.810 | 0.562 | 0.442 | 0.372 | 0.813
cre 0.688 | 0.224 | 0.142 | 0.105 | 0.084 | 0.697 | 0.325 | 0.237 | 0.186 | 0.155 | 0.696 | 0.450 | 0.370 | 0.322 | 0.688
C;/W 0.123 | 0.123 | 0.122 | 0.122 | 0.123 | 0.184 | 0.183 | 0.184 | 0.183 | 0.184 | 0.261 | 0.260 | 0.260 | 0.261 | 0.307
C(,Vf; 0.131 | 0.159 | 0.172 | 0.184 | 0.193 | 0.196 | 0.219 | 0.235 | 0.246 | 0.256 | 0.278 | 0.293 | 0.303 | 0.314 | 0.327
thve 0.307 | 0.307 | 0.305 | 0.306 | 0.307 | 0.307 | 0.306 | 0.307 | 0.306 | 0.307 | 0.306 | 0.306 | 0.307 | 0.307 | 0.307
Table 2 — Results of calculating for the second group of test images
3.a 3b 3.c 3d 3e 3.f 3.g 3h 3i 3 3k 3.1 3.m 3n 3.0
Cé\fen 0.122 | 0348 | 0.250 | 0.297 | 0.780 | 0.232 | 0.532 | 0.325 | 0.408 | 0.820 | 0.857 | 0.412 | 0.422 | 0.363 | 0.463
Cgv:’i' 0.065 | 0.184 | 0.132 | 0.159 | 0.563 | 0.128 | 0.306 | 0.178 | 0.236 | 0.552 | 0.745 | 0.231 | 0.281 | 0.259 | 0.270
C;/m 0.208 | 0.196 | 0.243 | 0.262 | 0.303 | 0.289 | 0.328 | 0.304 | 0.336 | 0.375 | 0.455 | 0.393 | 0.410 | 0.441 | 0.640
Cgfn 0.301 | 0.242 | 0.322 | 0.333 | 0.304 | 0.378 | 0.367 | 0.370 | 0.387 | 0.380 | 0.439 | 0.454 | 0.468 | 0.508 | 0.746
che 0.102 | 0.238 | 0.186 | 0.220 | 0.678 | 0.194 | 0.386 | 0.253 | 0.329 | 0.623 | 0.920 | 0.318 | 0.441 | 0.432 | 0.366
C:;veel 0.092 | 0.229 | 0.176 | 0.213 | 0.537 | 0.184 | 0.345 | 0.246 | 0.311 | 0.434 | 0.618 | 0.292 | 0.368 | 0.358 | 0.321
Cgve 0.142 | 0.126 | 0.159 | 0.175 | 0.198 | 0.201 | 0.209 | 0.215 | 0.235 | 0.228 | 0.265 | 0.264 | 0.263 | 0.281 | 0.370
CL/\Z 0.218 | 0.168 | 0.224 | 0.237 | 0.214 | 0.280 | 0.251 | 0.283 | 0.292 | 0.247 | 0.277 | 0.331 | 0.315 | 0.333 | 0.446
Cgve 0.142 | 0.170 | 0.176 | 0.195 | 0.198 | 0.237 | 0.213 | 0.244 | 0.235 | 0.228 | 0.266 | 0.276 | 0.263 | 0.281 | 0.370
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The values of the generalized contrast C for test images

2a 2b 2c 2d 2e 2.f 2.9 2.h 2. 2 2k 21 2.m 2.n 2.0
The names of test images of the first group
Figure 4 — Values of generalized contrast for test images of the first group
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The values of the generalized contrast C for test images

3a 3b 3.c 3d 3.e 3f 3.9 3.h 3. 3] 3.k 3.1 3.m 3.n 3.0

The names of test images of the second group

. | | i

Figure 5 — Values of generalized contrast for test images of the second group
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CONCLUSIONS

The problem of no-reference measuring of a generalized
contrast of complex images is considered. The urgent
problem of increasing the accuracy and reliability of no-
reference measurements of contrast for multi-element images
with complex structure is solved to improve the accuracy of
the image quality assessment in automatic mode.

The histogram-based method of no-reference contrast
measurement of multi-element image with complex structure
by finding the mean of all values of generalized contrast for
all possible values of the level of adaptation for the current
image is firstly proposed. The no-reference contrast metrics
on the basis of the averaged value of contrast for all pairs of
image elements (objects and background) using various
definitions of contrast of image elements (contrast kernels)
is firstly proposed. This allows to increase the accuracy of
measuring of generalized contrast for multi-element images
with complex structure and, as a consequence, to improve
exactness and reliability of image quality assessment for
complex images. This also allows to provide the operative
measurement of contrast and the assessment of image
quality in the automatic mode with the level of computing
costs which is acceptable to processing and image analysis
in real time. The practical significance of obtained results is
that software implementation of the proposed contrast
metrics is developed, as well as experiments to study their
properties at various definitions of contrast kernels are
carried out.

The experimental results allow to recommend the
proposed method of no-reference measurement of contrast
to use in practice for image quality assessment in automatic
mode as well as to ensure the effective choice of the
definitions of contrast of image elements (of contrast
kernels) and conditions of their use for various practical
applications.
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! Acniipant, HanionansHuii yHiBepcuteT «JIbBiBChKa ToJiTEXHIKaY, JIbBIB, YKpaiHa

2JI-p TeXH. HayK, 3aBidyBay KadeapH eIEeKTPOHHUX 3ac00iB iH(POPMAIlifHO-KOMII IOTEpHUX TEXHOJOriH, HamionansHuil yHiBEpcHTET
«JIpBiBCHKa TOMITEXHIKAY, JIBBIB, YKpaiHa, mpodecop kadenpu, Bapminbcko-Masypcbkuii yaiBepcuter B OnbmtuHi, OnpmtuH, [lonsma

KIVIBKICHA OLIHKA BE3 ETAJIOHY IJIs1 Y3ATAJIBHEHOI'O KOHTPACTY CKJAJHUX 30BPA’KEHb

AKTyanabHicTh. B Ham yac BuMmiproBaHHS (KUTbKICHA OIIHKA) SKOCTi 300pakeHb Y aBTOMATHIHOMY PEXHMI € Ha/I3BHUAHO aKTyaJbHOIO
po0IeMOI0 ISl OUIBIIOCTI MPAKTHYHUX 3aCTOCYBaHb. BUMIpIOBaHHS SKOCTI 300pakeHHs 0e3 eTaJoHy € OIHUM i3 HaWOUIbII aKTyaJbHUX 1
CKJIaTHUX 3aBJaHb OOpOOKH Ta aHANI3y 300paxkeHb. KoHTpacT € HailOLIbII BaXKIIMBOIO KUTBKICHOIO XapaKTEPUCTUKOIO, SIKa BU3HAYA€ 00’ €KTUBHY
SIKICTh 300pakeHHsI B IiJIOMy. B Ham gyac po3poOka HOBHX e(pEeKTUBHIX METO/IB (METPHUK) IJIsi BUMIPIOBAHHS y3aralbHEHOTO KOHTPACTy 300pa-
JKEHb y aBTOMAaTHIHOMY PEXHMI € OIHIEI0 € HaHOUTbII aKTyaJbHUX 33a]1a4 00pOOKH 1 aHAIi3y 300pakeHb.

Meta. Po3po0Oka MeToy BUMIPIOBaHHS y3araJlbHEHOrO KOHTPACTy OaraToeJIeMEeHTHUX 300pa)eHb 31 CKIaIHOI0 CTPYKTYpPOIO 3a iX ricTor-
paMoIo Ha OCHOBi YCEpEeHEHOTO KOHTPACTY €IeMEHTIB 300pakeHHs (00 €KTIB 1 (OHY) 3 BUKOPUCTAHHSIM PI3HUX BH3HAYECHD S/Ipa KOHTPACTY.

MeToa. AHaii3 BiTOMUX MIIXOAIB IO BUMIPIOBAHHS JIOKQJTGHOTO KOHTPACTY €JIEMEHTIB 300pa)KeHHsI, BITOMHX METOIIB KUTbKICHOI OIIHKA
y3arajpHEHOr0 KOHTPACTY CKIIaJJHUX 300pakeHb, a TAKOXK PE3yJIbTaTiB SKCIIEPUMEHTAIBHUX JTOCIIIKEHb JUIS Py CKIaIHUX PealbHUX 1 TeCTO-
BHX 300pa)XeHb JO3BOJIMB BUSBUTH BJIACTHBI IM 3aKOHOMIPHOCTI (BIAIIOBiIHICTP OCHOBHUM BHUMOTaM J0 BH3HA4YEHHs KOHTPACTY, XapakTep i
JIWHAMIKY 3MiH KOHTPACTY IPH JIHIHHUX TEPETBOPEHHSX IKAIH SCKPABOCTI 300pa)keHHsT), SIKi TPOSIBIISIOTHCS B 3aJIEKHOCTI Bill BAKOPUCTAHHS
PI3HUX BH3HAYEHb sI€p KOHTPACTY I METPUK y3araJbHEHOTO KOHTPACTY 300paKeHb.

Pe3yabraT. 3anpornoHOBaHO HOBHI METOJ BHMIPIOBAHHS y3arallbHEHOrO KOHTpAcTy 0e3 eTajoHy IUIs CKIaIHUX 300pa’keHb Ha OCHOBI
ricrorpamu. 3alpoNoOHOBAHO METPHUKY BHUMIPIOBAaHHS y3arallbHEHOrO KOHTPACTY IS CKJIAJHHUX 300pa)keHb Ha OCHOBI yCEepEIHEHOT0 KOHTPACTY
IS BCIX OKPEMHX T1ap €JIEMEHTIB 300pakeHHs (00 €KTiB 1 (OHY) IS pi3HUX BU3HAYEHB sIIpa KOHTPACTY.

BucHOBKH. 3anpornoHOBaHa HOBA METPHKA KOHTPACTY Ha OCHOBI CEPEHBOTO IS BCIX 3HAUYCHb KOHTPACTY BCIX €IEMEHTIB 300paskeHHs
JI03BOJISIE 320€3MEUYUTH TOYHY KUTBKICHY OIIIHKY y3araJbHEHOTrO KOHTPACTY CKIaJHUX pealbHUX 300pakeHb 1 OMIHUTH (IPOTHO3YBATH) SKICTH
CIPUAHATTS 300pa)keHHsI IPU MPOBEAEHHI Cy0’ €KTUBHUX (SKICHUX) €KCIIEPTHUX OIIHOK.
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KurouoBi ciioBa: 06poOka 300paskeHb, OLIHKA SKOCTI 300pa’keHHs, BUMIPIOBAHHS KOHTPACTY, METpHKa 0e3 eTajloHy, y3aralibHEHH
KOHTPACT, CKJIaJHe 300paskeHHs, ricTorpama.
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'Acniupant, HaumoHabHbIi yHHBEpCHTeT «JIbBOBCKAs HOJIUTEXHHKAY, JIbBOB, YKpaunHa

2J1-p TEXH. HayK, 3aBeyIOLIHil KadeaPbI AMEKTPOHHBIX CPECTB HH(OPMALIMOHHO-KOMIIBIOTEPHBIX TeXHOJIOrHiT, HalnoHanbHbIH yHUBEpCH-
ter «JIbBOBCKast OJIMTEXHNUKA, JIbBOB, YKpanHa, “rpodeccop kadenpsl, Yausepcurer Bapmun u Masyp B Ounbiursine, Onbiutsis, [Tonbira

KOJIMYECTBEHHAS OLIEHKA BE3 3TAJIOHA /ISt OBOBIEHHOTO KOHTPACTA CJIOXKHBIX U30BPAXKEHUI

AKTyabHOCTB. B Hacrosimee BpeMst H3MepeHue (KOJIMYECTBEHHAs OLIEHKA) KaueCTBa U300paKEHUH B aBTOMATHYECKOM PEXUME SIBIISETCS
4Ype3BbIYaiiHO aKTyalbHOI 3a1aueit 11 OONBIIMHCTBA IPAKTHYECKUX NMpUIIokeHHH. M3MepeHne kauecTBa n300paxkeHust 0€3 ITaJloHa SIBIISeTCS
OZIHOH 13 Hanbollee aKTyalIbHBIX U CJIOKHBIX 3a1a4 00paOOTKH U aHamM3a H300paskeHuit. KoHTpacT siBiseTcs Handoee BaXHOH KOIMYeCTBEHHON
XapaKTepHCTUKOH, KOTOpasi onpezelsier 00beKTHBHOE KauecTBO H300paXKeHus B LieJIoM. B Hacrosiiee BpeMs 01HOH 13 Haubonee akTyalbHbIX
3aj1au aHaJIN3a N300pakeHHi ABIseTCs pa3pabdoTKa HOBBIX (P (EKTHBHBIX METONOB (METPUK) JULsl U3MepeHHs 0000IEHHOr0 KOHTpacTa H300pa-
MKEHUH B aBTOMATHYECKOM PEKHME.

Heas. Pazpaborka Merona u3MepeHHs: 0000IIEHHOTO KOHTPACTa MHOTOAJIEMEHTHBIX M300paKeHUH CO CIOKHOH CTPYKTYpOH 110 MX THCTOr-
pamMMe Ha OCHOBE U3MEPEHUsI CPEIHETO 3HAUEHMsI KOHTPACTA BCEX ANEMEHTOB M300pakeHMs! Ul pa3IMUHbIX ONpPEeIeHHH Apa KOHTPACTa.

MeToa. AHAIM3 U3BECTHBIX IOJXO0I0B K H3MEPEHHIO KOHTPACTA IEMEHTOB U300pPaXKEHUsI U M3BECTHBIX METOIOB KOJIMYECTBEHHOH OLIEHKU
0000IEHHOTO KOHTPACTa CIOKHBIX N300paXKEHUH, a TaKKe Pe3yIbTaToB SKCIEPUMEHTAIbHBIX HCCIENOBAHUM NI PAla CI0XKHBIX PealbHbIX U
TECTOBBIX H300paXKEHMI IO3BOJIMII BBISBUTH CYLIECTBYIOIHE 3aKOHOMEPHOCTU (COOTBETCTBUE TPEOOBAHUSM K OIPEJIETICHUIO KOHTPACTa, Xapak-
Tep M3MEHEHUH KOHTPAcTa IpH JUHEHHBIX MpeoOpa3oBaHHUAX MIKAJbl SPKOCTH), KOTOPBIE HMPOSBIIIIOTCS B 3aBUCUMOCTH OT HCHOJIb30BAHUS
Pa3IMYHBIX ONPENENEHUH siep KOHTPAcTa U METPUK 00O0OIIEHHOr0 KOHTPacTa H300paskeHHi.

Pe3yabTarel. [Ipeiioxken HOBBIH MeTOX W3MEpeHHUs 000OIIEHHOro KOHTpacTa 0e3 3TaloHa AN CIOXKHBIX H300pakeHuil. IIpennoxena
METpHKa M3MEpeHHs] 000OLIEHHOIO KOHTPACTa CIOXKHBIX M300pa’KeHMI 110 UX TMCTOrpaMMe Ha OCHOBE YCPEIHEHHOTrO KOHTpacTa Ul BCeX
OTJIEIBHBIX I1ap NEMEHTOB U300paXKEHUs A1 PA3IMUHbIX ONPEIENCHHH A1pa KOHTPAcTa.

BriBoabl. IIpennoxkeHHass HOBasi METPUKAa KOHTPACTA I103BOJISAET OOECHIEUUTh TOUHYIO KOJIHYECTBEHHYIO OLIEHKY 0000IIEHHOIO KOHTpacTa
CIIOXKHBIX pealIbHbIX N300pakeHHIi U OLIEHUTh BOCIIPUHUMAEMOE Ka4eCTBO U300paXKeHU ! IIpH IIPOBEIEHHU CyOBEKTHBHBIX SKCIIEPTHBIX OLICHOK.

KuoueBble cioBa: 00paboTka H300pakeHHH, OLlEHKA KauecTBa N300paXkeHHsl, U3MEPEHUe KOHTpacTa, MeTpuKa 0e3 3TanoHa, 0000IeH-
HBIl KOHTpACT, CIIOKHOE U300pakeHue, THCTOrpaMma.
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