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Background. 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 with the level of computing costs, which are acceptable to
implement the processing in real time, is one of the most urgent tasks of image preprocessing.

Objective. Development of new histogram-based method for no-reference measurement of generalized contrast of complex
(multi-element) images based on the average contrast of image elements (objects and background) for different definitions of
contrast kernel.

Methods. 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 as of the experimental research results for a series of
complex real and test images allowed revealing 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. No-reference contrast metrics for the histogram-based measuring of generalized contrast of complex images based on
the average contrast of image elements for different definitions of contrast kernel is proposed.

Conclusions. Proposed no-reference metrics based on the average contrast of image elements for proposed contrast kernels
allow providing accurate quantitative assessment (measurement) 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.
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1. Introduction

Currently, the development of effective techniques
of image quality assessment (IQA) is one of the most
urgent and important tasks of image preprocessing and
analysis [1].

The ubiquity use of different types of mobile
gadgets equipped with video sensors (photo and video
cameras), the widespread using of unmanned vehicles
of remote video controlled and automated robotic
systems of various types, of destination and of basing
(UAVs, copters, robotic cars, etc.), the wide applying of
the space-based and airborne systems of remote
sensing, surveillance and intelligence, the everywhere
application of intelligent video systems for surveillance
and monitoring, the rapid development and fast
implementation of network technologies of collection,
storage, transmission, processing and analysis of video
data requires a operative assessment (in real time) of

images quality for very large video streams (for the
formed images) in automatic mode [2].

Quality of image is generally assessed using the
appropriate metrics of image quality [3].

The main task of research in image quality metrics is
to develop quantitative measures to enable to assess
(predict) the perceived image quality [4].

Various metrics of image quality assessment are
widely used for dynamic monitoring and adjusting
image quality, for optimization of algorithms and
parameter settings of image processing systems, etc [5].

At present the task of automatically measuring of
image quality in real time is extremely relevant for the
vast majority of practical applications [6].

Various approaches for image quality assessment are
known [4]. Classification of image quality assessments
in currently is most often based on two basic criteria.

Most often IQA techniques are categorized into
subjective (qualitative) and objective (quantitative)
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methods [2].

Subjective (qualitative) assessments are based on
expert evaluations that are performed in human beings
(i.e. the image quality is evaluated by humans).
Subjective assessments based on expert estimates are
one of the most reliable ways of assessing the quality of
images [7]. In practice, however, the subjective expert
assessments are very expensive, too uncomfortable,
time-consuming and therefore hardly used for the
evaluation of image quality in an automatic mode, as
well not usable in applications of real time [2].

Also, the subjective assessments are a very difficult
for small changes in the image [5].

Objective IQA methods are carried out by
measurement of objective quantitative characteristics of
the image [8]. Currently objective IQA techniques are
widely used for many tasks in various applications of
image processing and analysis in automatic mode or
real time.

Another approach to the classification of methods of
image quality assessment is based on a criterion of
presence (or the absence) of reference image.

Objective image quality metrics can be classified
according to the availability of an initial distortion-free
image which is to be compared to the distorted image.

Objective IQA methods (metrics) are classified as
Full-Reference (FR), Reduced-Reference (RR) and No-
Reference (NR or Blind) methods depending on the
availability of initial no-distorted image [2].

The initial (original) image and distorted
(transformed) images are given (are considered) in FR
IQA methods (metrics) [8]. The task is to provide the
quality assessment of distorted (transformed) image. It
is assumed here that initial distortion-free image has a
"perfect”" (absolute) quality. Full-reference IQA metrics
(methods) are based on the measurement of the distance
between the reference and distorted images. Full-
reference image quality metrics are excellent for quality
assessment in the coding-decoding, compression,
transmission and reproduction, restore, fusion images,
noise reduction and distortion compensation, and so on.
However, full-reference IQA methods are generally not
applicable for image enhancement since there perfect
quality of enhanced image is not known a-priori.

In reduced reference IQA methods, the distorted
image is given, and also the reference image is not
available (or not fully available), however, partial
information of the reference image is known [8].
Particular qualities based on its statistical, structural and
texture properties of the reference image are employed
for RR quality assessment of the distorted images.

The distorted image only is given in no-reference (or
blind) IQA methods and the quality of the image is

assessed without using of reference image [9].

IQA problem may seem difficult without knowledge
of the reference image and the type of distortion. No-
reference IQA is considered to be one of the most
difficult problems in image analysis [1].

Currently, the development of effective methods of
no-reference measuring of image quality in automatic
mode that 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 preprocessing [2].

In most of the existing NR IQA metrics it is
assumed that the distortions which affect the image are
known beforehand. Choice of IQA method (metric) of
image quality assessment is usually carried out basing
on the choice of the image processing method.

The objective quality of image is characterized by
several basic parameters [10].

When considering the metrics of image quality
should be noted that the generalized contrast is one of
the principal components of image quality assessments.

Generalized contrast of image is the most important
quantitative characteristic which determines the
objective quality of the image, as well as the efficiency
and the accuracy of its subsequent analysis and
interpretation [11].

Currently task of no-reference measuring of
generalized contrast for complex image is one of the
most pressing problems in image quality assessment.

The task of no-reference measuring of generalized
contrast for complex images based on global histogram
is considered.

The paper deals with the problem of measurement of
generalized contrast for complex images (Section 2).
Known methods of quantitative assessments of a
generalized contrast of complex images based on global
histogram have been considered (Section 2).

In this paper, we propose a method for no-reference
measuring of generalized contrast of complex images
based on its histogram for different definitions of
contrast kernel (Section 2).

The research of known and proposed definitions of a
generalized contrast for different contrast kernels to
evaluate the efficiency of formation of objective
quantitative assessment of image contrast was carried
out (Section 3). Experimental researches of the
efficiency of the proposed and the several well-known
no-reference methods of quantitative assessment of
generalized contrast were carried out for a series of
complex for real and test complex images (Section 3).

2. Generalized contrast of complex images

Currently quantitative measure of generalized
contrast for complex (multi-element) images is not
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clearly defined. The generalized contrast of complex
images is generally defined basing on the quantitative
assessments of local contrast for individual pairs of
image elements (objects and background). Local
contrast of the image elements characterizes a
quantitative difference between two elements of the
image.

A. Image element contrast and its definition

It is traditionally supposed that the contrast
definition has to meet the following basic requirements
[12]. Contrast of two image elements (object and
background) is a dimensionless function and
characterizes the difference of values L; and L, of their
brightness. Contrast of image elements must be an
asymmetric function. The sign of contrast indicates
which of the values predominates, L; or L, The
maximum value of contrast module must correspond to
maximum difference of the values L; or L, and must be
equal to zero for equal values of L; and L, .

It is usually assumed that the change of the absolute
values of contrast is limited by the range [0, 1] [13].

Bouger (1760) [14] showed that the difference
threshold w of lightness is proportional to initial value
Ly of brightness

_g_[‘l_l‘o
L L

A well-known metric is Weber contrast [15], which
is a direct consequence of Weber’s law (1834), where
the viewer is assumed to be adapted to the background

L, —L
=£=bg—=1_i 2)
L L L

v (1

CWb

bg bg bg

where AL is the increment or decrement in the target
luminance from the uniform background luminance, L,
Ly, - the luminance of the object (target) and the
background.

Definition of Weber is typically used for the
measuring of the contrast of a single uniform object on
a uniform background.

Similarly, King-Smith & Kulikowski (1975) [16]
have defined the local contrast from the uniform
background as

Cck :£ _ ka _ng 3)
L L

bg bg

where Ly, Ly, - values of the peak luminance and the
average luminance.

Burkhardt & Gottesman (1984) [17] have proposed
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the following definition of the local contrast for the
uniform background
AL L,-L,

CBG — — Pk g 4
L —Lo “4)

where L, —adaptation level:

L., if AL>0
=1 Y (5)
L, if AL<O
Whittle (1986) [18] has proposed the contrast
definition as the ratio of the value of luminance
increment to minimum luminance L,,;,

CWh = AL /Lmin (6)

Sanders and McCormick (1993) [19] have proposed
the contrast definition as the ratio of the value of
luminance increment to maximum luminance Lmax

CM=AL/L_, (7)

Definitions (1) - (7) are the measures of the contrast
for the simple images of a single uniform target (object)
on a uniform background and are ineffective for the
measuring of local contrast of elements (objects and
background) of complex images with a large number of
objects. Significant disadvantage of definitions (1) - (6)
is an unlimited range of possible contrast values [20].

Nesteruk & Porfirieva (1970) [21] have proposed the
law of visual light sensation

2y _ 2y
-

G, = iz +Li_v ®)

where G, - reduced (normalized) signal of sensation,
L;, L; - luminance values of image elements.

Nesteruk & Porfirieva proposed a definition of the
weighted contrast for two elements of a complex image
for adaptation level L,

Cc.+C.
CM(LL)=Cpp ==L (9)
T 1+C, - C
i J
where
L -L, _Lj_LO

CiO

= ,C. =
L+L, " L+,

Most often the value L, of adaptation level is
assumed to equal of the average brightness value of

current image, L, = L = mean(L).
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In this case, the expression (9) can be represented as
follows

L-L-L°
ch(L,L,)=""2— 10
( )LL2+I7 (19)

where L - the average value of the elements

brightness of the current image.

The most extensive practical use currently has the
following definition of weighted contrast for elements
of complex images [6]

L-L,
L +L,

c(L,L,)= (11)

In [22] the definitions of a relative contrast of
elements of complex images have been considered

L—-L

C (L, L,)=——— 12

(Z,.L,) (L., L) (12)
L-L

(L, L,)=—"1—2 13

(1’ 2) l—min(Ll,Lz) (13)

The main disadvantage of contrast definition (10)-
(13) is the uncertainty and the multiplicity of the
conditions under which the extreme values of weighted
contrast are achieved [20].

In [20] Vorobel (1999) has offered the linear
definition of the absolute contrast of image elements
which provides performance of the basic (discussed
earlier) requirements to the definition of contrast:

L-L
c’(L,.L,)= m

where LMAX - maximum possible brightness,
LMAX = 1.

In [12] Vorobel&Beregulyak (2007) have proposed
a generalized definition for absolute contrast (where
n>0):

(14)

C* (L, L,)=sign (L - 1)

n . 1/n
LI_LZ‘ ‘ (15)

In [23] it has been shown that 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

c’ (Li,Lj):%

max min

(16)

where L, Lpee - minimum and maximum
brightness values of elements of the current image.

The definitions (10)-(16) of the contrast of image
elements are called the contrast kernels and are used for
measuring the generalized contrast of complex images.

B. Definition of generalized contrast of complex image

The vast majority of real images have complex the
structural nature. Generalized contrast of complex
images is generally determined based on quantitative
assessments of contrast for the individual pairs of image
elements (objects and background) [3].

In [24] Haralick (1973) has proposed the contrast
definition for texture image

CHar = Z(Ln _Lm )2 h(Ln’Lm)
(rn.m)

(17)

where h(Ln,Lm) - normalized spatial dependence
matrix for n and m image elements.

In [25] Haralick (1979) has offered generalized
definition of contrast for texture image (where k>0)

Clriar = ‘ h(Ln’Lm)

(18)

(12,m)

In [21] Nesteruk & Porfirieva (1970) proposed to the
definition of the generalized contrast for anisotropic
images on the base of the weighted contrast C" (8):

gen = I

where p(L) -
brightness.

ran LZ L)dL (19)

density distribution of image

To address the shortcomings specific to definitions
(2) and (3) of weighted contrast, Vorobel (1999) has
proposed the definition of generalized contrast on the
base of the absolute contrast C” (14) [20]:

1
o, -f[Gt) 1
| LMAx 2

In [12] Vorobel and Beregulyak (2007) have
proposed the generalized definition of the contrast for
complex image

{2 -z)

C=Ly) 1L 2o
LMAX 2Hp() (20)

LMAX|

1
CP == +1-
8 2 ..!.

il 5]

—l}p(L)dL 21)
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In the case when all image elements are considered
equivalent, a generalized contrast of complex image is
most often defined as the average value of absolute
contrasts of all pairs of image elements:

1
- f [ [c.L,)| plL,L,)dLdL, 22)
00

where C(L;, L;) — local contrast of pairs image
elements, p(L;, L,) - density distribution of brightness
for pairs of image elements.

Expression (22) requires the solution of the problem
of determining the boundaries of image elements
(objects and background), which in itself is a challenge
[6].

Suppose that the current image consists of a finite
number of equivalent elements (objects and
background) which do not influence on each other
(which are independent from each other).

For the case where image elements are independent
events relatively to each other (22)

1
=Jf e
0
In this case the average generalized contrast (23) of

complex images for contrast kernels (10), (17), (11) and
(14)-(16) can be defined as follows:

1
N _
vg

00

(Ll ) p(Lz ) dL,dL, (23)

o'—,—

LLL

L+ | " (1) p(L,) dLdL, (24)

p(Lz ) dL,dL, (25)

y 11 I L

Cuv; zll L:-i—Lz 'p(Ll)'p(Lz)dleLz (26)
CelL L

= [l o) o) arar, e

C{Z L _L;”” p(Ll)'P(Lz)dleLz (28)

p(Ll ) p(Lz ) dLdL, (29)

max

The known (19)-(21) and the proposed (24)-(29)
definitions are the contrast metrics for the quantitative

assessment (for the measuring) of the generalized
contrast of complex images.

Comparative analysis of the known and the proposed
definitions of generalized contrast were carried out in
Section 3.

3. Experimental research
A. The methodic of the research

Experimental researches were carried out by
comparative analysis of the values of quantitative
assessments of generalized image contrast for the three
groups of images (A1-A9, B1-B9 and D-N).

Formation of sequences of test images for the first
two groups (A1-A9) and (B1-B9) has been conducted
by linear transformations of the following type

L'=k'-L+b', (30)

in which the brightness range [me, Lmax] of
reference images A and B was converted into a range
1

min > “~max

] of i-th test image, where the values of

coefficients k; and b, of the transformation for i-th test
image are the following:

L L
kl — max min 31
Lmax - Lmin ( )
L L —L. .[
bl — min max min max (32)
Lmax - Lmin
where L . ,L . - minimum and maximum values
of brightness of the base image, L, L - minimum

and maximum brightness values of i-th test image.

Table 1 shows the minimum and maximum
brightness values for the test images of first two groups
formed by linear transformation of the form (30)-(31)
of the reference image A and B.

Table 1. Extreme brightness values of the test images

i1 2131451671819
[ 10.00/0.30|0.60]0.00]0.20/0.40{0.00|0.20{0.00

‘min

7. 10.40/0.70{1.00{0.60/0.80{1.00{0.80{1.00{1.00

max

Appearance of the reference image A for formation
of test images A1-A9 of the first group is shown in
Fig.1.
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Appearance of the reference image B [26] for
formation of test images B1-B9 is shown in Fig.3.

b)
Fig.1. Reference test image a) and its histogram b). b)
Appearance of the test images A1-A9 of the first Fig.3. Reference test image B a) and its histogram b).

Appearance of the test images B1-B9 of the second

group are shown in Fig.2. T e
group are shown in Fig.4.

Al [0.00-0.40] A2 [0.30-0.70] A3 [0,60-1 001

A4 10,00-0,60] A5 10.20-0, 80] A6 [0 40-1 00]

A7 [0.00-0.80] AS [0.20-1.00] A9 [0.00-1.00]

B2 [0.30-0.70]

B1 [0,00-0,40]

B7 [0.00-0.80] B8 [0,20-1,00] B9 [0.00-1.00]

Fig.2. Test images A1-A9 of the first group.
Fig.4. Test images B1-B9 of the second group.
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The third group of the test images consists of
standard test images (D-N) with complex structural
nature [26]. Appearance of the test images D-N of the

third group are shown in Fig.5.

Measurements for generalized contrast of (19)-(21)
and for the averaged contrast of (24)-(29) to provide the
quantitative assessment of generalized contrast for test

Fig.5. Test images of the third group.
B. The measurement results

images were held.

Results of calculating the generalized contrast for

test images are shown in Table 2, Table 3 and Table 4.

Table 2. Result of calculating for test images A1-A9

Al

A2

A3

A4

AS

A6

A7

A8

A9

0.00

0.30

0.60

0.00

0.20

0.40

0.00

0.20

0.00

0.40

0.70

1.00

0.60

0.80

1.00

0.80

1.00

1.00

e [0.566

0.267

0.167

0.566

0.391

0.284

0.566

0.429

0.566

0.267

0.269

0.267

0.400

0.400

0.400

0.533

0.533

0.667

5 10.286

0.355

0.388

0.429

0.486

0.521

0.572

0.633

0.683

0.599

0.182

0.109

0.599

0.291

0.197

0.599

0.331

0.599

0.044

0.045

0.044

0.100

0.100

0.100

0.178

0.178

0.278

0.504

0.170

0.105

0.504

0.264

0.183

0.504

0.297

0.504

0.167

0.167

0.167

0.250

0.250

0.250

0.333

0.333

0.417

C VB

avg

0.185

0.231

0.253

0.278

0.316

0.340

0.370

0.412

0.463

Y
Cavg

0.417

0.418

0.417

0.417

0.417

0.417

0.417

0.417

0.417

Table 3. Result of calculating for test images B1-B9

Bl | B2 | B3 | B4 | B5 | B6 | B7 | B8

B9

0.00[0.30{0.60 | 0.00]0.20 [ 0.40 | 0.00 | 0.20

0.00

0.40{0.70|1.00]0.60 | 0.80 | 1.00 | 0.80 | 1.00

1.00

0.42210.17410.10710.42210.266|0.187(0.42210.296

0.422

0.164]0.164(0.164|0.246(0.246|0.246 (0.328|0.328

0.410

0.187]0.233(0.257/0.281(0.319(0.344(0.375(0.416

0.468

0.441/0.133(0.070/0.441(0.215]0.144(0.441(0.246

0.441

+10.019]0.019(0.019{0.043 0.04310.043 0.07610.076

0.118

v [0.367(0.116(0.079|0.368(0.185(0.125(0.368|0.210

0.368

0.105]0.105(0.105/0.15810.15810.15810.211/0.211

0.263

0.126]0.158(0.175]0.189(0.217/0.234(0.25210.281

0.315

0.26310.26310.26310.26310.263|0.263{0.263|0.263

0.263

Table 4. Result of calculating for test images D-N

D | E F G| H|]K|M]|E

N

0.068(0.250(0.278]0.316|0.325|0.363|0.510]0.408

0.802

0.089]0.243(0.281]0.312(0.304(0.323|0.314|0.336

0.504

0.141]0.322(0.350(0.387(0.370]0.394(0.356|0.387

0.496

0.062|0.186(0.257|0.249(0.253]0.278|0.362|0.329

0.811

0.015(0.040(0.067/0.070(0.075/0.070(0.070{0.097

0.168

e [0.057]0.176(0.232]0.238|0.246(0.262(0.323|0.311

0.698

0.067]0.159(0.196|0.215]0.215]0.215]0.198|0.235

0.307

0.111}0.224/0.258]0.286|0.283|0.279(0.241|0.292

0.327

C...10.069(0.176|0.196|0.249|0.244/0.267|0.216/0.235

0.307

Graphs of the wvalues of generalized contrast
(Table 2) for the test images A1-A9 (Fig.2) are shown
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in Fig.6.
T T T T T
——— CgenNP | | | | | -
0o C V | | | | | P
T Ygen | | | | LSy
--0-- C_ VB | | | | x4 7
9 | | | | e ;7
] CogN |~ 2 "7~
L | C, Har m ! ! #‘l s
i avg ,-',(\:, | | ’,". A \‘;‘ | /'I
W —— C_ Wt Y | [Pl B
A B AR i
- #
0.5 “——+Ca‘9 - —;\———‘;.«‘—'—‘——71,( SN - - - AL
\ — CangB i : W ’)}' : 4 ERN : / 1
L\ / 5 i
L |=——cC,Y PR\ e ] VNS P
awyg - B v
[} { Vo I PR
N . . Lo\ oL i \

04 \ M- i - — PSS A W W S Sy | % A A4
W ol Lo ol s
) e ! B TN 1i v
Wl | z AN [ W
(A4 | ; | [N . )
I [ I !
il 4 | \ SOl |
s \:\ A S
032 -\ 41— - - -~ 5 il R LS B e e S
[4 i\ s . v! | |
] N, H
I T R - - i i i
1t 11 ]
1N n 3 ! I |
. 1] | | ‘.\ 1 | |
1 Nl | | ) | |
02 - {-——-SfH/ 1T -
g YV | | | RGN r
q N | | | T |
| ’s\ | | | | | |
LN l l l l l
L e ot ety M S it e
I I I I I I I
| [ | | | | |
............. pressannnay ‘ ‘ ‘ ‘ ‘
| | | | | | |
0 1 1 1 1 1 1 1
Al A2 A3 A4 AS A6 A7 A8 A9
[0.0-0.4] [03-0.7] [0.6-1.0] [0.0-0.6] [0.2-0.8] [0.4-1.0] [0.0-0.8] [0.2-1.0] [0.0-1.0]

Fig.6. Quantitative assessments for test images A1-A9
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Graphs of the values of generalized contrast
(Table 3) for the test images B1-B9 (Fig.4) are shown
in Fig.7.

0.5

0.45

0.4/%

0.35

0.3

0.25

021,

0.15

0.1

0.05

0
Bl
[0.0-0.4]

B2
[0.3-0.7]

B3 B4
[0.6-1.0]  [0.0-0.6]

BS5
[02-0.8]

B6 B7 B8 B9
[0.4-1.0] [0.0-0.8] [0.2-1.0] [0.0-1.0]

Fig.7. Quantitative assessments for test images B1-B9

Graphs of the values of generalized contrast
(Table 4) for standard test images D-N (Fig.5) are
shown in Fig.8.
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Fig.8. Quantitative assessments for test images D-N

C. Analysis of the measurements

Analysis of the results for the test images shows that
the assessments (19), (24), (26) based on the kernels
(10), (11) of weighted contrast are substantially
dependent on the average brightness level of the image
and on the additive transformations of brightness of the
form L'= L + b, but are invariant to the multiplicative
transformations of the form L' =k - L.

The assessment (25) based on contrast kernel of
Haralick (17) is invariant to additive transformations,
but is changed substantially under multiplicative
transformations of the image brightness.

The definitions (20), (27) based on linear kernel of
Vorobel (14) are invariant to the additive
transformations, and are proportional to the
multiplicative transformations of image brightness.

Analysis of the results for the test images shows that
the assessments (21), (28) based on non-linear kernels
of Vorobel&Beregulyak (15) and of relative contrast
(12), (13) are changed substantially under linear
transformations of the image brightness.

Analysis of the results for the test images shows that
the assessments (19), (20), (21) for the generalized
contrast are proportional to the assessments (26), (27),
(28) of average generalized contrast of complex images
based on local contrast definitions (10), (14), (15), and
shows that the assessments (19), (20), (21) give the
contrast values that, perhaps, are somewhat overstated.

Definition (29) based on linear kernel of contrast
(16) is invariant to linear transformations of image
brightness scale.

The assessments of average contrast (27) and (29)
for contrast kernel of Vorobel (14) and of linear
contrast kernel (16) coincide when analyzing
normalized images (when L,,;,=0, L,,.,= LMAX=1).

Analysis of measurement results of generalized
contrast for the test images shows that assessments (27),
(29) of average contrast based on contrast kernel of
Vorobel (14) and of linear kernel (16) are the closest
and are most suitable for quantitative assessment of
generalized contrast of complex images.

The results of experimental research show that
proposed no-reference contrast metrics based on
definitions (27), (29) of average contrast of image for
the contrast kernels (14), (16) allow providing
reasonably accurate quantitative assessment
(measurement) of generalized contrast of the real
complex images and enable to reasonably evaluate
(predict) the perceived image quality at carrying out of
subjective (qualitative) expert assessments.
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4. Conclusions

In this paper, the problem of no-reference measuring
the generalized contrast of complex images was
discussed.

Known methods of quantitative assessments of a
generalized contrast for complex images based on
global histogram have been considered.

The method of quantitative assessment of
generalized contrast of complex image based on
measuring of the average contrast of image for the
various definitions of local contrast of image elements
(of contrast kernels) has been proposed.

Comparative analysis of the efficiency of image
contrast measurement based on global histogram for the
several known and the proposed methods was carried
out for a series of complex real and test images.

Analysis of the results of experimental research for
real and test images show that no-reference contrast
metrics based on a global histogram allow providing
accurate measurements (quantitative assessments) of
generalized contrast of complex images.

The results of carried out experimental research
shows that the known considered assessments of the
generalized contrast are proportional to the values of
proposed assessments of the average contrast for
different known definitions of contrast kernels.

One of the most important problems when
measuring of the generalized contrast of complex
images is the choice of definition of local contrast for
the two elements of image (of definition of contrast
kernel).

Analysis of measurement results for the complex
real and test images shows that assessments of average
generalized contrast for contrast kernel of Vorobel and
for contrast kernel which is invariant to the linear
transformations are most suitable for a quantitative
assessment of the generalized contrast of complex
images.

The results of experimental research show that
proposed no-reference contrast metrics of the average
contrast of image for proposed contrast kernels allow
providing reasonably accurate quantitative assessment
(measurement) of generalized contrast of the real
complex images and enable to reasonably evaluate
(predict) the perceived image quality at carrying out of
subjective (qualitative) expert assessments.
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Pomanuwun I0.M., Enmanosa O.C.

Metoa BuMipioBanHs 6e3 eTajOHy y3araJbHeHOr0 KOHTPACTy CKJIAJHUX 300pakeHb HAa OCHOBI ricrorpamu
IIpoGaemaTnka. B Hamr yac BUMipIOBaHHs SIKOCTI 300pakeHb y aBTOMATHYHOMY pEXHMIi 1 peanpHOMy Macmrtabi 4acy e
HAJ3BUYAIHO aKTyaJbHUM 3aBJAHHAM UL EPEBaXKHOI OUIBLIOCTI MPAKTUYHUX 3aCTOCYBaHb 00poOKH 300paxens. KinbkicHa
OI[IHKA SKOCTI 300pakeHHS 0e3 eTaJoHy € OJHUM 13 HAWOUIBII aKTyaJbHHX 1 CKJIaJHHX 3aBJaHb OOpOOKM Ta aHAIi3y
300pakeHb.

V3araJbHeH!I KOHTPACT € HAHOUIBII BaKITMBOIO KITBKICHOIO XapaKTEPHCTUKOK0, KA BU3HAYAE 00'€KTHBHY SKICTh 300paKeHHS
B minomy. B Ham dWac ogHMM 3 HaHOUIBII aKTyaJbHUX 3aBJaHb IIONEPeIHBOI 00pOOKHM 300paxkeHb € Po3poOKa HOBHX
e(eKTUBHUX METOAIB BUMIPIOBAHHS y3araJbHEHOTO KOHTPACTY CKJIAJHUX 300pakeHb y aBTOMAaTHYHOMY PEXUMi 3 piBHEM
00UHCITIOBAIILHUX BUTPAT, IPUAHATHUM U1l 00POOKHU 300paykeHb y PeXKHUMI PeabHOTO Yacy.

Merta gociaimkeHb. Po3poOka MeToIy BUMipIOBaHHS y3aralbHEHOTO KOHTPACTY CKIATHUX (DaraToeneMeHTHUX ) 300paeHb 3a
X ricTOrpamMoI0 Ha OCHOBI yCepeTHEHOTO KOHTPACTY €lIeMEHTIB 300paskeHHs (00'eKTiB 1 pOHY) 3 BUKOPUCTAHHSM (JJ1sT) pI3HUX
BU3HAYCHB s/Ipa KOHTPACTY.

Mertoauka peasnizamii. AHaui3 BiJOMHX IIJIXO/IIB JI0 BUMIPIOBAHHS JIOKAILHOIO KOHTPACTY €JIEMEHTIB 300paXKeHHs, BIJOMUX
METO/IiB KUIbKICHOI OIIHKHM Y3arajJbHEHOTO KOHTPACTY CKJIQJHHUX 300paKeHb, a TAKOX pE3YJbTATIB EKCIEPHUMEHTAIBHUX
JOCHI/DKEHb JUIsL Py CKIAJHMX pPEabHUX 1 TECTOBUX 300pa)KeHb J03BOJMB BHSBUTH BJIACTHBI iM 3aKOHOMIPHOCTI
(BIAMOBIHICTH OCHOBHMM BHMOTaM JI0 BH3HAUCHHS KOHTpPACTy, XapakTep 1 IWHAMIKy 3MiH KOHTPACTy NpH JIHIMHUX
NIePETBOPEHHSX IIKAIH SCKPABOCTI 300paKEHHS ), SIKi TIPOSBILIIOTECS B 3AJISKHOCTI BiJl BHKOPUCTAHHS PI3HUX BU3HAYCHbB SJIEP
KOHTpACTy 1 METPHK y3araJbHEHOr0 KOHTPACTy 300paKeHb.

PesyabTaTn pociigsenb. 3anpornoHOBAaHO METPHKY UL BUMIPIOBaHHS 0€3 €TaJoHY y3aralbHEHOTO KOHTPACTy CKJIAIHHX
300paXkeHb 10 iX TICTOrpami Ha OCHOBI YCEpPEIHEHOTO KOHTPACTY €JEMEHTIB 300payKeHHs! JUIsl PI3HHX BH3HAYEHb spa
KOHTpACTY.

BucHOBKH. 3amporoHOBaHA METPHKA KOHTPACTY Ha OCHOBI YCEPEIHEHOTO KOHTPACTY €JIEMEHTIB 300paXKeHHsS s
3aIPOTIOHOBAHNX BU3HAYEHD SIEP KOHTPACTY J03BOJISIE 3a0€3MEUNTH TOYHY KUIBKICHY OIIHKY (BHUMIpIOBAaHHS) y3araJlbHEHOTO
KOHTPACTy CKJIQ[HUX PEAJbHHUX 300pakeHb, a TAKOXK JO3BOJISIE JOCUTH TOYHO ONIHUTH (IPOTHO3YBATH) CHPHUHATTS SIKOCTI
300pakeHb MPH MPOBECHHI 1X CY0'€KTHBHHX (SKICHUX) €KCIIEPTHUX OLIIHOK.

Koarouosi ciioBa: sikicTb 300paskeHHs; METPHKA KOHTPACTY; BUMIPIOBaHHS 0€3 €TalloHy; CKJIaJHe 300paskKeHHs; y3araabHeHUN
KOHTpACT; SIAPO KOHTPACTY; TicTorpama.

Pomanuwun FO.M., Enmanosa E.C.

Meton n3mepenusi 0e3 3TaI0Ha 00001IEHHOT0 KOHTPACTA CJI0KHBIX H300paKeHN I HA 0CHOBE THCTOIPAMMBI
IIpobsaemaTuka. B HacTosee BpeMsi H3MEpEeHHE KauecTBa H300paKeHNH B aBTOMATHYECKOM PEKHME M PEalbHOM Macuitade
BPEMEHH SBJIAETCA UYpPEe3BbIYAHHO aKTyalbHOM 3ajaya Ui IOJABJIAIOIEro OOJIBLIIMHCTBA HPAKTUYECKUX HPUIIOKEHUH
00paboTku u3o0paxenuil. KoianuecTBeHHas OleHKa KadecTBa M300paxkeHus Oe3 3TanoHa sABISIETCS OXHOW u3 Hambonee
aKTyaJbHBIX U CIOXHBIX 3aJad 00paboTku M aHanu3a u3o0paxeHuil. OOOOIIEHHBIH KOHTpacT sBisfeTcs Haubojee BaKHON
KOJICCTBCHHOH XapaKTEPHCTHKOH, KOTOpast OIpeesieT 0OBEKTHBHOE KaueCTBO H300paXkeHNs B [eoM. B HacTosmiee Bpems
OZHOW W3 Hamboyee aKTyaJbHBIX 3a1a4 MPEIBAPUTENBHON 00pabOTKM W300pakeHHH sBiIsfeTcs pa3paboTKa HOBBIX
3] (HEeKTUBHBIX METO/IOB U3MEPEHHs 0000IEHHOTO KOHTPACTA CIOKHBIX H300paKeHUH B aBTOMATHUECKOM PEKHME C YPOBHEM
BBIYMCIHTENBHBIX 3aTPaT, IPUEMIICMBIM TS 00pabOTKN N300paKEHUH B PSKUME PEATEHOTO BPEMCHH.
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Heap uccienoBanuii. Pazpadorka MeTona n3MepeHUst 0000IIEHHOTO KOHTPACTA CIIOKHBIX (MHOTO3JIEMEHTHBIX ) H300paKeHHi
M0 WX THCTOTpaMME Ha OCHOBE YCPEIAHCHHOTO KOHTPACTa AJIEMEHTOB M300paxeHHs (00BEKTOB M (DOHA) C MCIIOIH30BAHUECM
(n7s1) pa3nMUYHBIX ONPE/ICIICHUH siJipa KOHTpAacTa.

MeToanka peanm3anMH. AHAJIW3 W3BECTHBIX MOIXOMOB K M3MEPEHHIO JOKAIHHOTO KOHTPAcTa JIEMEHTOB H300pa’keHUS,
U3BECTHBIX METOJIOB KOJHMYECTBEHHOW OIIEHKHM OOOOIIEHHOr0 KOHTPAcTa CIIOXKHBIX HM300pAKEHUH, a TaKkKe pe3ysbTaToB
9KCHEPUMEHTAIIBHBIX NCCIIENOBAHUM JUIS Psijia CIOXKHBIX PealbHbIX M TECTOBBIX N300PaKEHUH MO3BOJINII BBISIBUTH IPUCYIIHE
3aKOHOMEPHOCTH (COOTBETCTBHE OCHOBHBIM TPEOOBAaHHMSAM K OIPEICIICHHIO KOHTPACTa, XapakTep W AWHAMHUKY H3MEHCHUH
KOHTpACTa TPH JIMHEHHBIX NPeoOpa3oBaHMSAX MIKAIBI SPKOCTH M300pa)KEHMs), KOTOPBIC IMPOSBISIOTCS B 3aBUCUMOCTH OT
HCTIONB30BAHMUS PA3TMYHBIX ONIPEACIICHAH Aaep KOHTpacTa U METPHK 0000IIEHHOT0 KOHTPACTA N300paKeHHIH.

PesyabraThl ucciaenoBanmii. IlpeinokeHa MeTpuka Juisi U3MEpeHMH 0e3 3TalloHa OOOOIICHHOTO KOHTPACTa CIIOXKHBIX
n300paXeHHH MO WX THUCTOTpaMME HA OCHOBE YCPETHEHHOTO KOHTPACTa DIEMEHTOB M300paXEHHs IS Pa3NIUYHBIX
oTIpeeIeHIH s/[pa KOHTpacTa.

BoiBoabl. IIpeniokeHHass MeTpUKa KOHTpacTa Ha OCHOBE CPEAHEro 3HA4YEHMSI KOHTPACTA DIIEMEHTOB H300pa)KeHHs JUIS
TIPE/IOKCHHBIX ONpENIeNICHNH siep KOHTpacTa ITO3BOJIIET OOECTICYHTh TOYHYIO KOJHYECTBEHHYIO OICHKY (M3MEpeHue)
0000IEHHOr0 KOHTPACTa CIIOKHBIX PealbHbIX H300paXKeHHI W MO3BOJISIET OLEHUTD (IPEACKa3aTh) C JOCTATOYHOIH TOYHOCTBIO
BOCIPHUHAMAEMOE KaueCTBO H300paKEHUH IPH MPOBEACHUHN CyOBEKTUBHBIX (Ka4eCTBEHHBIX ) KCIEPTHBIX OICHOK.

KirioueBble cjI0Ba: Ka4yecTBO H300paKCHUS; METPHKAa KOHTPACTa; M3MEPECHUs 0Oe3 HSTaJoHa; CIOKHOEC H300pakeHHe,;
0000IICHHBIN KOHTPACT; SAPO KOHTPACTA; TUCTOTPaMMa.





