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One of the most important problems of printing industry is rasterization. It is the
rasterization technology that determines the gradational content of the imprint and is
responsible for the transfer of small image details and its clarity. In addition, the raster
structure itself, becomes a source of noise in the reproduced image when it is visible.
Manufacturers of raster structures strive to ensure accurate transfer of gradations of
the original, image clarity, i.e., convey its structure while eliminating the visibility of the
raster to such an extent that the image can be visually perceived as the original analog.
That is why the market is saturated with various raster structures. Developers for ad-
vertising purposes describe their advantages, but in practice, the difficulties of working
with raster structures and their shortcomings are revealed. Different raster structures
differ in their properties, and no such raster structures can equally well solve all image
reproduction tasks since images are different in their structure. Researching the possi-
bilities of raster structures and structural properties of images intended for reproduction
will allow the best combination of them to obtain the necessary reproduction quality.

Nowadays, in printing industry, there are no effective methods and tools for asses-
sing distortions, which depend on the parameters of the printed elements, which are
set by the raster transformation at the pre-printing stage, and are enhanced by various
physical and chemical processes (exposure, development, etching, pressing, slippage,
etc.), occurring at the form and print stages. This causes significant problems when
choosing a raster transformation for better reproduction of originals with significant
high-frequency content under the conditions of a specific reproduction process.
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Problem statement. The invention of screening was a powerful catalyst for the
society development, as books and other illustrated printed materials became affordable
and widely available. However, as various fields of knowledge progressed, the require-
ments for the reproduction process changed, and the drawbacks of this type of halftone
became increasingly apparent. These drawbacks include:

— Nonlinear dependence of the halftone dot size on the nominal relative size (% of
halftone).

— Visual unevenness of gradients.

— High likelihood of moir¢.

— Technological limitations on lines frequency.
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The task is to analyze methods of objective evaluation of halftone structures to
choose the best combination with reproducible originals and achieve the desired quality
of reproduction.

The state of theme research. The negative phenomenon of dot gain is well-known
to printers. It can be said that this is a familiar enemy with which they have learned to
fight, but probably will never be able to completely overcome. The non-linear behavior
of this parameter (different degrees of dot gain in highlights, shadows, and mid-tones)
and its dependence on various conditions do not allow for the development of a universal
and reliable antidote.

This phenomenon is the basis of the second drawback of traditional halftones. Ex-
perts are familiar with the so-called 50% jump effect, which is a result of the visual
unevenness of halftone gradient fills [1].

In expensive photocomposing machine models for forming such fills, special hard-
ware procedures were even used to obtain smoother transitions.

The aim of the article. The purpose of the article is to describe the existing scree-
ning technologies, taking into account the study of spatial-frequency indicators created
by the raster structure; assess the degree of geometry destruction of small details and
contours formed when using different screening technologies; assess the possibility of
reproducing details during screening with different halftone structures.

The main material. At a certain stage of prepress preparation, the source ima-
ges (digital originals) are discrete in their structure. By the number of values that the
signal amplitude can take, they can be divided into binary (two-level) and a semitone
(multi-level) [2, 3].

d e f
Fig. 1. Hatched fragment of a halftone original (a), its photographic (b) and raster (c) copies:
d, e, f - corresponding tone distributions along the horizontal axis for these images

Atthe same time, all physical originals and, correspondingly, their digital equivalents
in the reproduction system are halftones, which creates certain problems with their
replication. In the printing process, an imprint is formed by transferring ink from the
printing elements of the printing plate to the paper or other material being printed. In
most printing methods, the thickness of the transferred ink is constant across the entire
surface of the imprint. Accordingly, only two gradations, two shades, can be formed on
it, which are determined by the optical densities of the unprinted paper (gaps) and the
solid ink layer (printing element) [4, 7]. It should be noted that it is quite difficult to
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form an imprint so that the optical density of all its printing elements (screen dots and
text symbols) is identical. Deviations in densitometric parameter values will be affected
by uneven pressure in the printing pair, paint rolling, paper properties across the imprint
area, and much more. When using high-quality printing equipment and proper setup,
such deviations are minimized but not eliminated.

Thus, most printing methods, except a few rare varieties, cannot physically reproduce
a halftone image on the imprint. Therefore, there is a need to convert the image structure
in the reproduction process from halftone to binary, microdot, as such a structure can be
reproduced on the imprint by the printing method [5, 6].

Evaluation of the effectiveness of reproducing high-frequency content of the
original. The method is as follows: a halftone original with a dashed information content,
of the world, always has a certain dashed (binary) pattern in which information about the
geometry of the dashes dominates over information about their tone. If you imagine such
a dashed prototype of the original (Fig. 2, a), as well as its raster copy (Fig. 2, b), in the
form of a bitmap, then at the elemental level it will be possible to evaluate the change in
the process of raster transformation of the quality of reproducing small details through a
direct quantitative assessment of the magnitude of raster distortions.
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Fig. 2. Matrices (bitmaps) of the hatched precursor of a halftone original (a) and its raster copy (b)

The norm of raster distortions N, can be used as a quantitative measure of the
geometry’s small details and contours destruction in the autotypic process, which is
calculated by the formula (1). For the convenience of interpretation and normalization of
the obtained values, and even the similarity of the shape of the graph of the raster distortion
value depending on the frequency of the original (Fig. 3), the following parameters were
proposed by the frequency-contrast characteristic (FCC): the coefficient of geometric

accuracy C;, (2) and the normalized contrast of details on a raster reproduction C*(3).
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Ca =1=Np, (2)
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where a_ — is an element of the bitmap value matrix of the original image, for example,
shown in Figure 2 (a), b, — is an element of the bitmap value matrix of the halftone image
shown in Figure 2 (b); i and j — are the numbers of the row and column of the matrix
in which the element is built; M and N — are the numbers of rows and columns in the
matrices, accordingly. A method for defining these parameters has been developed.
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Fig. 3. Frequency distributions of the norm of raster distortion, the coefficient of geometric
accuracy and contrast of details on a raster reproduction
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On the example of determination of C, it is shown in Figure 4.

Conclusion. The frequency distributions of the norm of raster distortion, coefficient
of geometric accuracy, and contrast of details on the raster reproduction are obtained, the
form of which is shown in Figure 4. The technical meaning of the parameters C,, and C*
being equal to 1, 0 is that the drawing is not distorted at all during the raster conversion
process, in other words, the raster processor works as a Boolean repeater (Fig. 5, a).

Al WAl

Fig. 5. The original-imprint pairs: the imprint is identical to the original (a), the average
brightness of the original area is transferred on the imprint (b), the original is converted
to its negative (c)

The values of C,, = 0.5 and C"= 0 mean that half of the samples of the bitmap of
the original have changed their values, and the raster structure instead of the details of the
original reproduces the average brightness of this area (Fig. 5, b). The value of C =0
corresponds to the hypothetical case when absolutely all samples of the bitmap of the
rasterized image have changed relative to the original, and as a result of rasterization, the
original has been transformed into its negative (Fig. 5, c).

The relationship between the coefficient of geometric accuracy of the reproduction

of small details and their contrast in raster reproduction is established:
. 0.9259 A
“1.9334-C" @
Judging by the close interrelation between these two parameters, it is assumed that
the representation of the obtained values of one of them will automatically indicate the
representation of the obtained values of the other.
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Fig. 6. Determining the efficiency of parts transfer
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S .
Vb = J‘_,;mn (Cou(f)~Ca1 ) (5)
where C,, (f) is a curve that approximates the experimentally obtained values of C,;

is the threshold value of the coefficient of geometric accuracy, f is the maximum
reproducible frequency of the test object; /. = is the minimum frequency of the test object.

The proposed criterion of integral evaluation is the efficiency of parts transmission,
which is determined by the formula (6) as part of the area under the frequency distribution
curve of the coefficient of geometric accuracy (Fig. 6). The resolution of the system f
is determined at the level of C,, = 0,838 (Fig. 6). This value, at full contrast of the tested
original, based on formula (4), corresponds to the modulation transfer coefficient 7,
which is generally accepted in the technique for determining the frequency properties of

systems, equal to 0,707.
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METO/IM OLIHIOBAHHSI CIIOTBOPEHb JIETAJIEA
HIBTOHOBUX OPUT'THAJIIB IIIJI YAC PACTPYBAHHSA

Bb. M. I'appumr, K. M. IlIBans6e, A. B. [lInmax

Hayionanonui ynieepcumem «Jlveiecoka nonimexmnixay,
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Ooniero 3 natigadicaugivux npoonem noniepaghii € pacmpyesanns. Came mexHonoeis
PACMPYBAHHSA BUSHAYAE 2PaAdayiiiHull 3Micm 8I0OUmMKa, 6i0nosioac 3a nepedauy OpiOHUX
demadneti 300padicenns ma tioeo yimxicmo. Kpim moeo, cama pacmpoea cmpyxmypa, konu
i 8UOHO, cmae ddicepenom wymy y 8i0meopeHomy 300padicenti. BupoOHuKu pacmposux
CMPYKmMyp npacHymo 3abe3neyumu mouHy nepeoayy 2paoayiil opuzinany, yimkicmos
300pasicents, mobmo nepedamu 1020 CMpPYKmMypy, VCYHYSWU NPU YbOMY SUOUMICHIb
pacmpa HacminbKu, woo 300padceHs MONHCHA OYN0 GI3YANLHO CNPUUMAMU K OPULTHAT-
ananoe. Came momy puHOK HACUYEHUL PISHOMAHIMHUMU PACMPOGUMU CINPYKINYPAMU.
Po3pobnuxu 6 pexnamuux yinsax onucyloms ixni nepegazu, aie Ha npakmuyi 6UAGIAI0Mb sl
mpyonowsi pobomu 3 pacmposum. CmpyKmypamu ma ixui HedoniKu.

Pisni pacmpogi cmpykmypu 6iOpi3HAIOMbCA 3a C80IMU 81ACTIUBOCMAMU, | He iC-
HYE MAKUX pacmposux Cmpykmyp, ki 6 00HaKo8o 0obpe sUpiuLysaiu 6ci 3a60aHHs 3
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8I0MBOPEHHS 300PAdICEHb, OCKIILKU 300PANCEHHS PI3HI 34 C80€H CMpyKmyporw. [locii-
OICEHHS MOJNCIUBOCTNEL PACIPOBUX CIPYKMYP | CIMPYKMYPHUX 81acmugocmelt 300pa-
JHCEHb, NPUSHAYEHUX 0I5l PEnpOOYKYBAHHS, 003601UMb HAUKPAWUM YUHOM iX KOMOIHY8a-
mu 0151 OMPUMAHHSL HeOOXIOHOI AKOCMI PenpoOyKYii.

Ha cvoeooni y noniepagii He icnye egpexmusHux memodie ma 3acobié OYiHKU
CNOMBOPEHb, SKI 3A1eACamsb 8I0 NaApamempie OpyKapCoKux eremMenmis, wo 3a0arnmvcs
PAcmposumM NepemeopeHHsIM Ha 000PYKAPCobKill cmaodii, ma nocuntoiomscs pisHuMu
DI3UKO-XIMIYHUMU NPOYecamu (eKCNOHY 8AHHSL, NPOSAGLEHHS, MPABIIEHHS, POSMUCKY BAHHS,
NPOKOB3YBAHHS), WO 8I00Y8AOMbCA HA (hopMHIL ma OpyKapcoKiti cmadiax. Lle euxiuxae
Cymmesi npoonemu npu 6uOOPi pacmposozo nepemeopents 0Jis Kpaujo2o 8i0meopenHs
OpPUSIHAIG 31 3HAYHUM BUCOKOUACHOMHUM 3MICIOM 3A YMO8 KOHKPEMHO20 PEnpoOyKYi-
1iHo20 npoyecy.

Bunatioennsi pacmpysanusi ROCIYHCULO NOMYICHUM CHIUMYIOM PO3GUMKY CYCHi-
JIbCMBA, OCKIIbKU KHUSU MA iHWI OPYKOBAHT LIIOCMPOBAHT 8UOAHHS CIALU OOCHYNHUMU
3a YinoI0 1, IK HACTIOOK, HAOYIU WUPOKO20 PO3NOBCIOONCEHHS.

Keywords: winouicms, pacmp, naniemonoull opuzinai, 4acmomHo-KOHmMpAacmHa
Xapaxmepucmuxa.
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