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A mathematical model of the relative contrast of demodulated optical density based
on the Yule-Nielsen equation has been developed, which makes it possible to quantify
the response of the light-toned image perception system for typical relative areas of
raster elements and their optical density, which increase the information content of the
reproduction, allowing the operator (technologist) of a computer publishing system to
make correct decisions regarding further processing of images when preparing them for
printing. On the basis of the object-oriented programming paradigm in MATLAB:Simulink
package, the following was developed: a structural diagram of the relative contrast
simulator model, with the help of which typical characteristics of raster conversion,
optical density and relative contrast graphs were calculated and constructed.

Using a power transformation with the exponents r = 1.5, 2.0, 2.5, typical relative
areas are formed, which are curved curves in which an increase in the exponent
“compresses” the characteristic. It was found that the maximum value of the optical
density. As well, it was found that the maximum value of the optical density D, = 2,5 units
and does not depend on the power law and corresponds to the relative areas. The optical
density graphs at the beginning of the range have a low steepness, and in the middle
tones their steepness gradually increases, which improves the image contrast.

The low initial steepness of the optical density causes jumps in the relative contrast,
which quickly tends to the maximum value of K, = 0.63, 0.77, 0.85 units, after which it
gradually and smoothly tends to the final zero values. The initial and final zero values
of the relative contrast are due to the peculiarities of the Yule-Nielsen equation and its
inaccuracy, as indicated by various sources.

The results of the work and simulation modeling may be used by operators (techno-
logists) of specialized computer systems when preparing images for printing.

Keywords: model, relative contrast, demodulation, rasterization, optical density,
simulator, characteristics, quantitative estimates.

Problem statement. Existing methods of prepress image preparation are based on
digital image processing, the analysis and synthesis of which consists of three main sta-
ges: data input to a computer, digital processing, and information output. In most cases,
some images are lost due to unsatisfactory conditions of image acquisition, imperfections
of individual parts and devices, various kinds of interference, distortion and noise [1, 2,
3,4,6].



TEXHIYHI HAYKIW / TECHNICAL SCIENCES 285

Specialized computer publishing systems and graphic editors do not have programs
for building gradation characteristics, optical density and contrast graphs, so the operator
has little information about the source image. In most cases, the designer (technologist)
corrects the image in the absence of the original and evaluates it against a black monitor
background, while the printed image is reproduced with black ink on white paper, so
the quality of the image depends on their knowledge, creative imagination, skill and
production experience. Consequently, the designer and technologist do not have enough
information about the quality of image preparation for printing, so determining and ana-
lyzing the contrast of demodulation and optical density of images is a relevant task.

Analysis of recent research and publications. The traditional content of halftone
originals is quite diverse. The originals may have different contrasts, different values of
minimum and maximum optical densities, and their ranges can be shifted to the left or
right at intervals of certain densities [2, 4, 6].

If these initial data are established, the second stage involves determining the
characteristics of tone reproduction, optical density, and rasterization characteristics [1,
3, 4, 6, 7]. Classical methods for analyzing and synthesizing the tone reproduction of
printed images are based on the construction of the dependence of the optical density on
the relative area of raster elements, which is formed depending on the tone in the form
of a gradation characteristic.

There are analytical expressions for determining the relative area based on the
boundary values of the original tone and basic printing parameters, which correspond to
the Yule-Nielsen formula [1, 7]:

S=F(D,D,.n), (1

where D, - the optical density of the ink layer of the impression plate; D, - the optical
density of the paper; n — a coefficient that accounts for the influence of line screen and
paper on demodulation.

It is known that expression (1) is inaccurate, but the available sources do not pro-
vide quantitative data on accuracy. In addition, the synthesis procedure depends on the
adopted organization of the tone reproduction and takes into account the input and output
gradation characteristics and the interconnection of the reproduction tone characteristics
[4, 5,6, 8].

The ratio of brightness in the image as a whole and in its individual parts is de-
termined by contrast. In general, contrast is expressed by the ratio of reflectance. The
overall contrast of an image is estimated [2, 5, 6, 8]:

K — Iomax . (2)
pmin
Instead, the local contrast is in the vicinity of a given point:
K:lox = L (3)
x+Ax,y+Ay

To determine the contrast according to expressions (2) and (3), it is necessary to
have reflection coefficients and appropriate devices for their measurement, which signi-
ficantly limits their definition and application.
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To quantify the imprint, the print contrast is used, which is determined by the
Schirmer coefficient [5, 6]:

K =(D,-D,)/D,-100%, (4)
where D - the optical density of the plate and i D — the integrated optical density of the
raster area of the control scale.

The contrast ratio is determined by the zonal optical densities of the 100% and 80%
reflectance plate of the scale element. Its value depends on the type of paper and for
chalky glossy paper £ =0.50, for chalky paper — 0.43, and for nonchalky paper —0.25 [5].

Therefore, modeling the contrast of light image optical density demodulation, which
makes it possible to calculate and build characteristics of raster transformation, optical
density and relative contrast graphs, is a relevant task.

Aim of the Research: the goal of the publication is to develop a mathematical mo-
del of relative contrast of demodulated raster images and develop a block diagram of the
simulator, to present and analyze the results of simulation modeling of raster conversion
characteristics, optical density and relative contrast graphics.

The main part of the research. In general terms, image contrast is a function that
analytically reflects the human response to visual perception of images, so determining
contrast is important for image conversion and quality improvement. Different mathe-
matical expressions are used to estimate contrast, which are applied to the selection and
processing of information for different aspects of image processing, depending on the
purpose of processing using different transformation models. There are dozens of diffe-
rent expressions for estimating image contrast that may be selected for a given task [2].

Specific traditional methods of analyzing and synthesizing image tone reproduction
based on the relative area of raster elements and the optical density corresponding to it
are used in printing, in the moment when images are preparing for printing. To determine
the contrast estimate of the optical density demodulation, the relative contrast was used,
which is analogous to the signal modulation coefficient [2, 5]. A two-element contrast
description base, grounded on the optical linear scale and typical raster optical densities
of images, is assumed. Subsequently, under the specified conditions, a quantitative as-
sessment of the relative contrast of optical density demodulation is proposed:

C=(D,-D,)/(D,+D,),
f0<D <D

max ?

)

where D — the optical density of the linear scale, which varies linearly within the range
[0...D, 1, D, —the typical raster optical density of the image.

The raster optical density corresponds to the area of raster elements, for the formation
of which a power function was used:

S=8,, if0<S§,<1, (6)
where S — the relative area, which varies linearly within the range [0...1], » — the trans-
formation rate.

For example, let us create three typical options for the relative area of raster elements
for light colors.
S, =8 8, =8"8,=8"; if0<S, <1, (7)
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Based on the Yule-Nielsen formula, let us determine the raster density for three
variants of the relative area of raster elements (7) [1]:
Dlp DP

D, =-nLg|S,-10 " +(1-5,)-10 " |, (8)

where D.= D, D,, D,— the optical density of the plate ink layer, D, - the optical density
of the print paper, and n — a coefficient that takes into account the effect of paper and line
quality on demodulation.

On the basis of the above and expressions (5) to (8), we are able to calculate the
characteristics of contrast, optical density, and raster transformation. To facilitate the
resolution of this problem, object-oriented programming was employed within the
MATLAB:Simulink environment. Based on the preceding information and expressions
(5) to (8), a block diagram of the relative contrast simulator model was developed, the
schematic of which is presented in Fig. 1.

The Ramp operating unit generates the relative area S, which varies linearly within
[0...1] and is fed in parallel to the inputs of the blocks of the first column of mathematical
functions F_, accordingly in the dialog boxes there are programs for calculation of
expressions (7) of typical variants of relative areas of raster elements.
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Fig. 1. Block diagram of the relative contrast simulator model

The calculated areas of the raster elements S are fed to the input of the multiplexer
MUX and visualized by the Scope blocks. The calculated areas are fed in parallel to
the inputs of the operating blocks of mathematical functions /7 of the second column,
accordingly in the dialog boxes of which a program with expression (8) is written to
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calculate the densities D, which are fed to the input of the second multiplexer and
visualized by the Scopel and Display blocks. For comparison, the optical density D  of
the linear scale S, is additionally determined in the block F'_ .

The relative contrast is determined in the Atomic Subsystem blocks, the block
diagram of which is shown in Fig. 2. The relative contrast is determined by expression
(5). The inputs of the Atomic Subsystem block Inl and In2 are fed with the calculated
values of the optical densities D, and D, and are fed to the inputs of the Add blocks, and
their outputs are connected to the inputs of the Divide operating block, at the output of
which the relative contrast K, is obtained. The calculated contrasts are fed to the inputs
of the next multiplexer and visualized by the Scope2 block.
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Fig. 2. Block diagram for determining relative contrast

The simulator is configured for the specified power factors » = 1.5, 2.0, 2.5. We set
the optical density of the paper D,=0,02 units, the plate D, =25, and the coefficient n =

3. The results of simulation modeling of the scribing characteristic are shown in Fig. 3.
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Fig. 3. Rasterization characteristics for typical relative area options
For comparison, the figure shows the characteristic of a linear raster scale S . Ras-

terization characteristics are concave curves with initial values of zero and final values
of one. Increasing the power factor shifts the characteristic downward. The first upper
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characteristic S, corresponds to the exponent r = 1.5, and the lower one S, corresponds to
the exponent » = 2.5. Note that the shape of the rasterization curve is the main carrier of
image information, including its contrast.

The results of modeling in the form of the dependence of the optical density of a
raster image on the relative area of a raster element for typical variants of the power
transformation are shown in Fig. 4.
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Fig. 4. Graphs of optical density of a raster image for typical variants of the power transformation

The characteristics of raster optical density are concave curves. At the beginning
of the range, the characteristics of light colors have a rather small slope, especially the
third and second curves, which correspond to exponents » = 2,5 and » = 2,0. After that,
the characteristics gradually increase, and the final values are 2.5 units. Comparing the
characteristics of the optical density with the characteristics of the raster transformation
(Fig. 3), we conclude that the optical density to some extent corresponds to the charac-
teristics of the rasterization. The upper curve D corresponds to the linear raster scale S|
and darkens the image the most. In contrast, the lower curve D ; corresponds to the value
of the exponent » = 2,5, which results in the maximum image brightness.

The results of the simulation of the relative contrast of optical density demodulation
are shown in Fig. 5. The initial values of all contrasts are negative and equal to K, = -1.
The contrast sign indicates which of the optical densities prevails, D, or D . At the begin-
ning of the range, there is a contrast jump and a change of sign. The contrasts attain their
maximum values in the range of 0.1 <S < 0.2, which are K 0.63, 0.77, 0.85, and two
boundary properties of the contrast are preserved, namely K (D, D) =1and K (D, D ) =
0,if D .= D,and equals an extremum value. After the extremum, the contrast is described
by convex curves that tend to a zero final value.
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Fig. 5. Graphs of relative contrast of optical density

In summary, the proposed contrast of light image optical density demodulation has
the properties of a contrast metric [2] and provides a reliable quantitative assessment
of the visual system’s response to light-colored images, so it can be used in preparing
images for printing in computer publishing systems.

Conclusions. A mathematical model of relative contrast based on optical density has
been developed, enabling the quantitative assessment of the perception response to light-
tone images for typical optical density variants. This enhances the informational content
of the reproduction and allows the operator (technologist) of a computer publishing
system to make informed decisions regarding the further processing of images during
their preparation for printing. A structural diagram of the relative contrast simulator mo-
del has been developed in the MATLAB:Simulink environment, which facilitates the
calculation and construction of raster transformation characteristics, optical density, and
relative contrast graphs.

The results of the simulation modeling of raster transformation characteristics and
optical density are presented. It was found that at the beginning of the range, the optical
density curves have a low slope, with the optical density values at §,= 0,2 being D =
0,123; 0,065; 0,039, after which the slope of the characteristics gradually increases, and
their final values reach 2.5 optical density units.

It was established that the initial values of all contrasts are negative and equal to
K, = -1, where the sign of the contrast indicates the predominant optical density. At
the beginning of the range, a contrast jump occurs, resulting in a sign change, with the
maximum values in the range 0,1 <§, < 0,2 being K= 0,63; 0,77, 0,85. After the extre-
mum, the contrast is described by convex curves that approach a zero final value. It
has been proven that the proposed optical density demodulation contrast for light-tone
images possesses the properties of a contrast metric and provides a reliable quantitative
assessment of the visual system’s response to image perception.
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BU3HAYEHHS KOHTPACTHOCTI IEMOAYJIALIL ONTUYHOI I'YCTUHU
CBITJIMX 306PA’KEHb

M. M. Jlyukis, 1. B. bBapanoscekuii, A. B. fIHunncbkuit

Yxpaincoxa Axademis [pyxapcmea
eyn. 11io Tonockom, 19, m. Jlvsis, 79020, Yrpaina

Po3pobneno mamemamuury mooenb 8i0HOCHO20 KOHMPACMY 0eMo0YIbO8AHOI On-
muunoi eyemunu Ha ocHogi ghopmynu FOna-Hinvcena, axuii 0ae Mo#caugicms KilbKicHo
OYIHUMU PeaKyito cCucmemy CRPULHAMMS 300PAdCEHHs COIMAUX MOHIE 0N TMUNOBUX
BIOHOCHUX NAOW, PACMPOBUX eLeMeHMI6 Ma iX ONMUYHOL SYCuHU, AKI NIOGUUYIOMb
iH(hopmamuenicms penpooyKyii, wo 0aroms 3M02y NPUUHAMU KOPEKMHI pillerHs one-
pamopy (mexuHonocy) Komn 1omepHoi 8UOA6HUHOI cucmemu uooo NoOAIbLUoi 06podKU
300padicenb npu ix npueomyeanHs 00 OpykyeauHs. Ha ocnosi napaduemu 06’ exmmuo-
opienmosanozo npoepamyeanusi 6 naxemi MATLAB: Simulink pospooneno cmpyxmyphy
cxemy Mooeni CumMynamopa i0HOCHO20 KOHMPACMY, 3 00NOMO2010 K020 PO3PAXOGAHI |
noOYO06aHi MUNOBI XapaKmepucmuKyu pacmpo8o2o Nepemeopenisl, ONMUYHOL 2yCmunu
i epaghixu 8iOHOCHO20 KOHMpACHY.

3a oonomozoro cmenenesozo nepemeopents 3 nokazuukamu cmeneni r = 1,5; 2,0; 2,5
cghopmosarno munosi 8iOHOCHI NAOWI, SKi € 62HYMUMU KPUBUMU, ) SKUX 301IbULEHHS 1O~
KA3HUKA «CIMUCKYE» XApakmepucmuxy. Bemanoeneno, wo maxcumanvte 3uavenns onmuuy-
Hoi' gycmunu D = 2,5 OOUHUYD T He 3anedNCUMb 610 NOKAZHUKA CIeneHi ma 8ionosioaroms
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gionocHum niowjam. I pagixu onmuunoi 2ycmuHy Ha nOYamKy 0ianasoHy Maioms Mauy
KPYMU3HY, a Ha CepeoHix MOoHax ix Kpymu3Ha nocmynogo 30i1buyemucs, wo NOKpauye
KOHMPACMHICMb 300paAiCEHHS.

Mana nouamxosa KpymusHa ONMUYHOI 2YCMUHU GUKIUKAE CMPUOKU G8IOHOCHO20
KOHmMpacmy, SAKuil WeUoKo npsamye 00 MAKCUMATbHO20 3HayeHHs K = 0,63, 0,77; 0,85
O00UHUYDL NICTA 4020 NOCMYNOBO | NIAGHO NPAMYIOMb 00 KIiHYEGUX HYIbOBUX 3HAUEHD.
Touamxogi i KiHyesl HYIbOBI 3HAYEHHS GIOHOCHO20 KOHMPACM) 00YMO8IeHI 0COONUBOC-
mamu opmyau FOnsa-Hinvcena i it Hemounicmio, Ha wjo 6Kasyloms pisHi 0dicepend.

Pesynomamu pobomu ma imimayitino2co MoOent08aHHs MONCYymv 6Ymu 3acmoco8ani
onepamopamu (MexHoI02amu) CneyianizoeaHux KOMn 1OmepHuUx CUcmemu npu npucomy-
8aHHI 300padiceHb 00 OPYKYBAHHS.

Knrwouogi cnosa: modens, i0HOCHUL KOHMPACM, 0eMOOYVIAYISA, PACMPYBAHHS, ON-
MUYHA 2YCMUHA, CUMYIAMOD, XapaKmepucmuKku, KilbKiCHI OYIHKU.
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