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Po3rasinyTo mpo6JieMy OWIHIOBAHHA SIKOCTI 300paskeHb MiA 4Yac mepelaBaHHA Ta
00po0JieHHd BineonaHux y iHgopmaniiiHux Ta TelexkoMyHikaniiiHux cucremax. Bupimyerbes
3aB/laHHsI BUMIPIOBaHHsI 0e3 eTaJOHY KOHTPACTY eJleMeHTIiB 300paxeHHs (00 ekTiB Ta ¢oHy)
AJISl CKJIAJIHUX OaraToejieMeHTHHUX 300pakeHb. 3alpONOHOBAHO HOBMIi MeTO/l BMMipIOBaHHSA
KOHTPACTY eJeMEHTIB CKJIAJHHUX 300pa)keHb HA OCHOBi AHANITHYHHX OWIIHOK KOHTPACTY
BiINOBITHUX eJieMeHTIB Ha BXiTHOMY (MepBMHHOMY) Ta iHBEPTOBaHOMY (HeraTHBHOMY)
300paxkeHHAX. 3aNPONMOHOBAHO Yy3arajJbHEHUIl ONMUC KOHTPACTY eJeMEHTIB 300paskeHHs AJs
Pi3HUX BH3HaYeHb f/lep KOHTPACTy, a TAK0XK HOBi BH3HAYeHHS 3BAKEHOI'0 Ta BiTHOCHOIO
KOHTpACTIB ejleMeHTIiB 300paxkeHHs. JlocairskeHo BigoMi Ta 3anmponoHoOBaHi BHU3HAYEHHS
3BAKEHOT0 i BITHOCHOIO KOHTPACTIiB [JIi OUIHIOBAHHA e(eKTHBHOCTI BUMIpPIOBAHHA
(kiJIbKiCHOT OiHKH) KOHTPACTY eJIeMEHTIB 300pasKeHHsI.

KalouoBi cioBa: ominka sAKocTi 300paskeHHs], KOHTPAcT 300pa’keHHsl, KOHTPacT
eJleMEeHTIB 300pa:keHHsl, 3BaKeHUI KOHTPACT, BITHOCHUI1 KOHTPACT, SI/APO KOHTPACTY.

The problem of image quality assessment in the transmission and processing of video
data in infor mation and telecommunication systems is considered. The task of no-reference
measurement of contrast of two image elements (objects and background) for complex (multi-
element) images is solved. A new method of contrast measurement of elements of complex
images on the basis of analytical assessments of contrast of appropriate elements on initial
(primary) and on inverse (negative) images is proposed. A generalized description of image
elements contrast for different definition of contrast kernels is suggested. The new definitions
of a weighted and relative contrast of image elements are proposed. The research of known
and proposed definitions of a weighted and relative contrast to evaluate the efficiency of
measur ing (of quantitative assessment) of contrast of image elementswas carried out.

Key words: image quality assessment, image contrast, contrast of image elements,
weighted contrast, relative contrast, contrast kernel.

Introduction

Currently, the various techniques for image quality assessment are widely used in imaging, image
processing and analysis for various applications. Therefore, the development of new effective no-reference
techniques of quantitative assessment (of measurement) of images quality is currently extremely rdevant
[1, 2]. The objective image quality is characterized by several basic parameters [3, 4]. Contrast is the main
characteristic that determines the objective quality of the image [3, 5]. Contrast of complex images is
determined on the basis of assessments of contrast values for al individual pairs of image e ements
(objects and background) [5—7]. The contrast of two image elements (two objects or an object and a
background) is a dimensionless function that characterizes the difference in the values of their brightness.
The choice of definition of the contrast of image elements is a very important problem and largely
determines the efficiency (accuracy) of the contrast measurement of complex multi-element images [7].
Definitions of the contrast of image e ements (often called the kernels of contrast) shall meet the basic
requirements to the contrast definitions, should ensure reasonably accurate quantitative assessment
(measurement) of contrast of image elements for the real multi-element images with complex structure and
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should also allow evaluate (predict) the perceived values of image contrast at carrying out of subjective
(qualitative) expert assessments [8]. At present, various definitions of the contrast of the image elements
are known. However, the known definitions of the contrast of the image elements have a number of
significant disadvantages, which significantly limit their practical use. The object of study is the process of
measurement of contrast for image quality assessment. The subject of the study is methods of measuring
the contrast of eements (objects and background) of complex image. The purpose of the work is to
increase the accuracy of measurement the contrast of two image eements. The problem of contrast
measuring of image elements (objects and background) on complex imagesis considered in this paper. The
paper deals with the basic requirements to the contrast definition (Section 1). Known definitions of a
weighted and relative contrast of two image elements are considered (Section 2). A new method of
measurement of contrast for two image elements on the basis of analytical assessments of contrast of
appropriate image elements on initial and on inverse images is proposed (Section 3). A generalized
description of contrast of two image elements for different definition of contrast kernels is suggested
(Section 4). The new definitions of a weighted and relative contrast of image elements are proposed
(Section 5). The research of known and proposed definitions of a weighted and relative contrast to evaluate
the efficiency of measuring of contrast of image elements was carried out (Sections 6 and 7).

1. The basic requirements to the contrast definition

It is traditionally supposed that the contrast definition has to meet the following basic requirements
[7, 8]. Contrast of two image elements (object and background) is a dimensionless function and
characterizes the difference of values L; and L, of their brightness [6]. Contrast of image elements must be
an asymmetric function [7]. 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, [8]. It is usually assumed that the change of the absolute
values of contrast is limited by therange [0, 1].
Thus, the contrast definition must satisfy the following conditions [6-8]:
1) condition of asymmetry and of equality to entrance of the arguments L; and L, (axiom of
symmetry) [7]:
| Cl,L2)| =|C(la L); )
CLyLp) =- ClLo.Ly) - )
The sign of contrast indicates which of the values predominates, L; or L.
2) of uniqueness and certainty of the conditions under which the equality to zero is achieved (axioms
of identity and of equality) [7, 8]:
C(Ly,Ly) =0 only when Ly = Ly; (3
The value of contrast must be equal to zero for (only when) equal values of L; and L, [6].
3) of achieving extreme values of the contrast only when one of the values of brightness takes the
maximum value L.y, and the other takes the minimum permissible value Ly, [7, 8]:

Cmax = Max | C(Ly,L,) | only when
L11L2| [LminfLmax]
(leLmax)U(LZZLmin) or (leLmin)U(L2=Lmax)- (4)

The maximum value of contrast module must correspond to maximum difference of the values L, or
L,. Itisusualy assumed that the change of absolute values of contrast is limited by the range [0,1]:

| (L, Lo) [T [0,2]. )
Without loss of generality, it is most often assumed that [7]:
C('—mawl—min):l and C(Lmiml—max):'l- (6)
4) of invarianceto linear transformations of the brightness scale [10]:
C(Ly, L) =sign(k)>C(Lf,L5); (7)
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L(=k>L+b; (8)

Ly, Ly, Lf,LsT [0,1], k2 0, (9)
where L’ — brightness of the converted image; k — coefficient of linear stretching; b — size of the linear shift
of the brightness scale.

From (7) for k=-1and b = 1 we obtain the requirement of invariance under inversion:
C(L5)=- Clly, Ly); (10)
L=1-1L; (11)
Lin =1- Lmaxs Lmax =1- Limins Lmin =1 Lmaxs Lome =17 Lo - (12)

Expressions (2) — (10) define the basic requirements for contrast definition of image elements.

2. Definitions of a weighted and relative contr ast

The definitions for the local contrast of pairs of image elements used in various applications are
known [5-7], [11-13]. A definition of the weighted contrast for two elements of a complex image for
adaptation level L, was proposed in [6]:

Cweil(LL Lp)= ('—1 XLy - L%)/(Ll XL + L%)7 (13)

where L, — adaptation level, generally Lo = L = mean (L).
Currently the following definition of weighted contrast has the most widespread use [11-12]:

Cue, (Lo L2) = (Ly - Lp)(Ly + Lp). (14)
In [8] the definitions of arelative contrast were considered:
Crei, (L1, L2) = Ly - Lp)/ max (Ly, Lp). (15)
In [13] therelative contrast is defined as:
Cral, (L1, L2) = (L1 - Lp)/ (1- min (Ly, Lp) ). (16)
In [9] the generalized description of a weighted and relative contrast has been proposed:
Cra, (L1, L) = (L - L)/ (max(Ly, L) +asmin(Ly, Ly)). a7

The main disadvantages of contrast definitions (14)—(17) are the uncertainty and the multiplicity of
the conditions under which the extreme values of weighted contrast (4) are achieved [7].

To address these shortcomings we propose new method of contrast measurement of image elements
on the basis of assessments of contrast for appropriate elements on the primary and inverted image.

3. The generalized description of contrast of image elements

For contrast definition of elements of complex images using the chosen (the specified) definition
C(Ly,L) of contrast kernd we propose the generalized contrast description on the basis of analytical
definitions of contrast for the initial (primary) and for inverted (negative) images:

Clly,Lp) =a>C(Ly, Lp) +bxC(Ly, Ly), (18)
where C~:(L1,L2) — generalized description for additive average contrast of two image elements; a, f —
parameters (weighted coefficients);

C(Ly L) =C(ly, L) (L, L)' (19)
where €(Ly,L,) —generalized description for multiplicative average contrast, w, 7 — parameters;
6('.1,'.2):'C(El,E2)=C(E2,E1), El =1- Ll’ E2 =1- L2, (20)

where C (Ll, L2) —analytical definition of contrast of two image elements for inverse (negative) image.

For the pre-normalized primary image L and the pre-normalized inverted image L" inand ogy to
(18-20) we abtain:

C' (L, Ly)=a>C Ly, Lp) +b>C 7 (Ly, L), (21)
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where C'(Ly,L,) — generalized description for additive average contrast for pre-normalized primary
image,;
C (L o) =C (L, )" (L, L)' (22)
where C*(Ll, Lz) — generalized description for multiplicative contrast for pre-normalized primary image;
c’ (LliLZ):C(inLE)i L; = (Ll - I—min)/(l—max - I—min)1 L*Z = (LZ - Limin )/(Lmax - I—min)1 (23)
where C*(Ll, Lz) —analytical definition of contrast for pre-normalized primary image;
El* =1- Ll* =(|—max - I—1)/(|—max - I—min)1 Ez* =1- L; =(|—max - I—2)/(|—max - I—min)1 (29)
where C~ (Ly,L,) —analytical definition of contrast for pre-normalized inverted image.

The expressions (18)—(20) and (21)—(25) define a generalized description of contrast of two image
elements with the use chosen (specified) definition of contrast kernel.

4. Generalized description for weighted contr ast

Currently the weighted contrast is most often defined as (14). On the basis of expressions (18)—(25)
we propose the new description of weighted contrast of two image e ements with the use kernel (14):

Cuei (L, L2) = (L - L)/l + Lp) = Cue, (L1, Lo); (26)
Cuei (LaoL2)= (L - Lp)(2- Ly - Ly); (27)
Cuei (L L2) = (L - L) {22 +(0- @)Ly + L)) {Ly + Lp) X2+ Ly - Lp) s (28)
Cuei (Lo o) = sign(Ly - Loy - Lo ALy + L) o2 Ly - L)t (29)
In case of need of the additional pre-normalization of primary image:
Cuei (L1, L2) = (L - L) /Ly + Lo - 2 s ) (30)
Cuei (L1, L2) = (L - L) /(24 e - Ly~ Lp); (31)
C Ly Ly)= (L - L2)>(2>(a> Linax - b>Linin) + (b- )('—1”—2)); (32)

(Ll"' LZ 2>‘me))‘(Z"Lmax - I—1 LZ)
Cue (Lo L) =sign(Ly - Lo)ALy - L™ XLy + Ly - 20 ) U q2hima - L= L) ' (39)
The additive description (28), (32) of the weighted contrast for a==1/2 is defined as:

Cuei (L1, o) = (Ly - L)Ly +Lo) P{2- Ly - L) (34)
C (L11 LZ) (Ll LZ)X(Lmax min)x(l—l + LZ - 2><|—min ) ! ><(2 ><I-max - I—1 - LZ)_ 1- (35)

The multiplicative description (29), (33) of the weighted contrast for w=7=1/2 is defined as:
Cuei (L:Lo) = (L - L)ALy +Lo) M2 o2- 1y - L) M2, (36)
Covei (L Lo) = (L - L)ALy + Ly - 2 ) 2 {25 e - Ly - Lp) Y2 (37)

The expressions (34)—37) define the new proposed descriptions of the weighted contrast of image
elements on the basis of the use the definitions of contrast kernels (26), (27), (30), (31).

5. Generalized description for relative contrast

Currently the relative contrast is most often defined as (15) and (16). On the basis of the expressions
(18)—(25) we propose the new description of relative contrast with the use of kernel (15):
Cra (L1, L) = (Ly - Lp)/max(Ly, L) (38)
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Cra (L1, Lp)= (L - Lo)/(L- min(Ly,Ly)). (39)

It should be noted that the definitions of (38), (39) and (15), (16) are equivalent.
(L - Lp)>(a+bomax(Ly, Lp)- asmin(ly, Ly)).
max(Ly, Lp){1- min(Ly, Ly)) ’

Cra (L1, Lp) =sign(Ly - Lo) ALy - I—2|W+t

In case of need of the additional pre-normalization of primary image for relative contrast we obtain:

Cra (L1, Lp)=

(40)

smax(Ly, Ly) W S{1- min(Ly, Ly))t. (41)

Crat (g, Lo) = (L - Lp)/(max(Ly, Ly)- Linin); (42)
Crat (L1, L2) = (Lg - Lo)/(Linax - min(Ly,Ly)); (43)
&y (L) = (La- Lp)>(@>[Liex - min(ly, Lp)]+b>[max(Ly, Ly)- Lmin]); (44)

[maX(LL Lp)- I-min]>‘[|-malx - min(Ly, LZ)]

Cra (L1, Lp) =sign(Ly - Lp) 4Ly - Lol {max(Ly, Lp) - Liin)™ ™ ¥Lmax - min(Ly, L)) ', (45)
The additive description (40), (44) of the rdative contrast for a==1/2 is defined as:
1 (I - Lp)o(t+ max(Ly, Lp)- min(Ly, Lp)) .

Gl LM minl L)) -
Gyt tg)= 2 A7 M e ], L) il L)) @

[maX(LL LZ)' I—min]"[l—max - min(Ll, LZ)]
The multiplicative description (41), (45) of therdative contrast for w=7=1/2 is defined as:
Cra (L, Lp)= (L - Lp)max(Ly, L) Y2 {1- min(Ly, L)) /% (48)

Crei (L1, Lo) = (g - Lo)X{max(Ly, Lp)- Linin) ™ X{Linax - min(Ly, Ly)) /2. (49)
The expressions (46)—49) define the proposed descriptions of the rdative contrast of image
elements on the basis of the use the definitions of contrast kernels (15), (16), (42), (43).
Comparative analysis of the known and the proposed definitions of weighted and relative contrast
were carried out in Sections 6 and 7.

6. Experimental research

Experimental researches were carried out through the comparative analysis of known and proposed
definitions of a weighted and relative contrast for compliance with the basic requirements (1)—(7), (10) to
the contrast. 3D graphs of surfaces of the known and proposed definitions of a weighted and relative
contrast for primary test image Lena [14] are shown in Fig. 1.

Appearance of the primary image Lena is shown in Fig. 1, a. The graphs of the known definitions
(14)—(16) of a weighted and relative contrast for pre-normalized images with a brightness range [0,1]
(Lmin =0, Lyax =1) areshownin Fig. 1, b, c, d.

The graphs of the proposed definitions (26), (27), (38), (39) and generalized descriptions (34), (36),
(46), (48) of the weighted and rdlative contrast for primary image Lena (Lnin=0,098, Lx=0,961) are shown
inFig. 1, e f,m nandg, h, 0, p).

The graphs of the proposed definitions (30), (31), (42), (43) and generalized descriptions (35), (37),
(47), (49) of the weighted and relative contrast for additional pre-normalization image Lena (Lyin=0,
Lmax=1) areshowninFig. 1,1i,j,q,r andk, I, s, t).

The researches of known and proposed definitions and generalized descriptions of a weighted and
relative contrast were carried out for compliance with the basic requirements (1)—(7), (10) for contrast
definition. Analysis of results of the experimental researches is carried out in section 7.
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7. Analysis of results of the experimental research
Analysis of the results of the experimental research shows that known definitions of weighted
contrast (14) (Fig. 1, b) and of relative contrast (15) — (16) (Fig. 1, ¢, d) and their generalized description
(17) satisfy the requirements (1)—(3) for contrast definitions (the axioms of symmetry, of identity and of
equality).The values changes of contrast (13)—(16) and of their description (17) are limited by the range
[-1, 1]:

Cwei1 (L11 |—2)T |_(|—$nin - L%)/(Lgnin + L%)1 (Lgnax - L%)/(Lgnax + L%)J; (50)
Cweiz (|—11|—2)i [(Lmin B I—max)/(l—min *+ Lmax )1 (Lmax B I—min)/(l—max + Lmin)]; (51)
Crell(l—lil—z)i [(Lmin - I—max)/ L max » (Lmax - I—min)/ Lmax]; (52)

Crelz(|—11|—2)i [(Lmin' Lmax)/(l' I—min)1 (Lmax I—min)/(l' Lmin)]; (53)
Crel3(|—11|—2)i [(Liin - Lmax)/(Lmax * @ Lin ) (Lmax = Lmin)/(Lmax + 2 Linin)]. (54)

However, the extreme values 1 and -1 of contrast (6) can only be achieved for the normalized image
(if Lyin =0ULpex =1) and the requirement (6) in the general case (if Lyt OULpgy 1) is not
satisfied. The values contrast for known definitions (15) — (17) are changed substantially under linear
transformations of the image brightness and not satisfy the requirements (7), (10).

But the main disadvantages of known definitions (13) — (17) of contrast are the uncertainty and the
multiplicity of the conditions under which the extreme values of contrast (4) are achieved
(Fig. 1, b, ¢, d):

Cuei, (L.Lp)=- Lif Ly =0" LT (0 UL, =0" LT (02]; (55)

Cuei, (L1, L2) =Lif Ly =0" 41 (03] and Cyei, (Ly,Lp)=- 1if Ly =0" Lp1 (01];  (56)
Cra, (L1.Lp) =1if L, =0" L11 (03] and Crg (L1, Lp)=-1if Ly =0" L1 (0];  (57)
Cra, (L1.Lp)=1if Ly =1" Lo [L0) and Crg (Lg,Lp)=-Lif Ly =1" 41 [01); (58)
Cra, (L1, Lp)=1if L, =0" 11 (0] and Crg, (L1, L) =- 1if Ly =0" LT (04]. (59)

To address these shortcomings were suggested new contrast definition (34) — (37) (Fig. 1, g, h, k, I)
and (46)—(49) (Fig. 1, o) p, s, t) of weighted and relative contrast on the basis of proposed generalized
description (18) — (25) using proposed contrast kernels (26), (27), (30), (31), (38), (39), (42), (43) (Fig. 1,
efi,j,mn,qr).

The proposed definition (26), (27), (30), (31), (38), (39), (42), (43) for contrast kernels of weighted
and relative contrast for reference and inverse image satisfy the requirements (1)—(3), (5), (7), (10) and not
satisfy the requirements (4) and (6) (for (26), (27), (38), (39)).

The proposed definitions of weighted contrast (34), (36) (Fig. 1, g, h) and of relative contrast (46),
(48) (Fig. 1, o, p) allow address these shortcomings and satisfy the basic requirements (1)—(5), (7), (10) to
the contrast definitions and not satisfy the requirement (6). The proposed definitions of weighted contrast
(35), (37) (Fig. 1, k, 1) and of relative contrast (47), (49) (Fig. 1, s, t) on the pre-normalized images satisfy
all to the basic requirements (1)—(7), (10) to the contrast definition.

The proposed definitions of weighted contrast (34)—(37) and of relative contrast (46)—49) can be
recommended for no-reference assessment of image quality in processing and transmission of video data in
telecommunication systems.

Conclusions

The problem of contrast measuring of image elements on complex images was considered.
The new method of contrast measurement on the basis of analytical assessments of contrast of
appropriate elements on initial and on inverse images was proposed. The generalized description of
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contrast of image elements for different definition of contrast kernels was suggested. The new definitions
of weighted and relative contrast of image el ements were proposed. The proposed descriptions of weighted
and relative contrast of image eements on the pre-normalized images satisfy all to the known basic
requirements to the contrast definition.

The proposed new definitions of weighted and relative contrast of image elements satisfy the basic
requirements to the contrast definition and ensure reasonably accurate quantitative assessment
(measurement) of contrast of image elements for the real complex images and also allow evaluate (predict)
the perceived values of image contrast at carrying out of subjective (qualitative) expert assessments.

The proposed definitions of contrast can be recommended for image quality assessment in
processing and transmission of video data in telecommunication systems of various destinations.
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