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The main objective of the assessment of the production process is obtaining objective
information on the functioning of equipment and technology for the identification of
intensification reserves of production to increase its efficiency and quality, increase
production, increase productivity, reduce all kinds of material and labour costs. Quality
is a set of characteristics of the object concerning its ability to meet established and
anticipated needs. The article deals with the evaluation criteria such as quality image
resolution, i.e. the ability to separately observe the image of two very close objects.
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L. INTRODUCTION

The main objective of the evaluation of production processes is obtaining objective
information on the functioning of the equipment and identification of technology reser-
ves in order to intensify production, enhance its efficiency and quality, increase production
volumes, increase labour productivity, reduce all kinds of material and labour costs. Quality
is a set of characteristics of the object associated with its ability to meet the established and
anticipated needs [1]. Quality of technological processes is a set of properties of the tech-
nological process that determine its suitability for a given process. The number of factors
affecting the quality indicators is rather large and requires an in-depth study. The most com-
mon indicator to evaluate the image quality of an optical system is the resolution, i.e. the
ability to separately observe the images of two objects located very close to each other [2].
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II. DETERMINATION OF THE RESOLUTION OF OPTICAL SYSTEMS

All optical devices, regardless of their specifics and purpose, always have one com-
mon physical property called resolution. This physical property is crucial for any and all
optical and measurement optical devices [3].

Resolution of optical devices is a value that describes the ability to distinguish
the smallest details of some observed or measured objects. The resolution limit is a
minimum distance between adjacent parts (points) of an object when image details are
no longer perceived as separate elements of the object, but merge together. The smaller
is this distance, the higher is the resolution of the device respectively.

Resolution of devices goes down in the presence of aberrations (deviations of the light
beam from the set direction) and various manufacturing measurement errors of optical
systems, which increases the size of the diffraction spots. Thus, the lower is the value of
the diffraction spots, the higher is the optical resolution. This is an important indicator [4].

The resolution of any optical device is measured by its technical functions, which
reflects all the factors that affect the quality of the image made with this device. Such fac-
tors, apparently, include first of all, aberration and diffraction — diffracting interferences
with light waves and, consequently, their deviation from the straight linear direction [5].

Suppose that the system builds a dotted image with a homocentric cluster that has its
centre at point A’ and comes from the system filling a small aperture angle 2c'.

Due to the diffraction even a perfect system reproduces a point as a scattered spot
of final size, and the light distribution around point A’ in the image plane is the result of
interference [6].

Lightness of the image E’ at point B’ located outside on the axis at the distance 1’
from the point A’ will be different from the lightness £ 0' at the point A’.

Ratio E'/ E, is called the relative lightness at thig point (1), (2):
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where x; » ZTCI’l’G,I’,/ A, J, is a Bessel function of the first kind.
Central maximum corresponds to the bright spot, where approximately 84% of
energy is concentrated, and peripheral maximums correspond to light rings.

The radius of the central spot of diffraction image of the illuminated point for round

aperture equals (3):
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where x, is the distance from the centre of the diffraction spot in dimensionless units, A
is the wavelength.

The angle in the space of objects that corresponds to the central part of the diffraction
spot in the plane of image, equals to:

r
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where: D is a diameter of the input pupil, mm.

If two illuminated points are located close to each other, their diffraction images
can overlap each other, and the illuminations in the overlapping places add up. For the
separate perception of two points, it is necessary that the difference between maximum
and minimum illuminations in total diffraction picture reaches a certain value (Fig. 1).
It is assumed that at the value E7E," < 0.8 the system can distinguish between the two
points [7].

Substituting in (4) the radius of the first dark ring x, = 3.8317, we have (5):

v =1,222/D, (5)
where D is a diameter of the input pupil, mm.
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Fig. 1. Lightness distribution in the diffraction image of two illuminated points

III. DETERMINATION OF OPTICAL QUALITY OF THE IMAGE

Quality of the optical image is a degree of correspondence to geometric, photometric
and spectral characteristics of the image and the object. The image should be similar to
the object, not only in terms of contour, but also in every its point: due to aberrations and
diffractions an obtained image is blurred and fine structure is rendered incorrectly [8]. It
should be taken into account that:

1. given a small field of view, it is sufficient to look at an image from the axial point
that has to be ideal;

2. given an art reproduction, it shall be looked at according to geometric and spect-
ral characteristics and necessary colour transmission coefficient;

3. optical systems used in a communication channel should transmit and register
the maximum amount of information coming from the object.

Quality parameters in evaluation of image quality include contrast of image compo-
nents and their relative position within the field; possibility of registration of image ele-
ments by different receivers with minimal distortion; phase transfer function that defines
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quality correspondence of the geometric position of the image elements to the object;
dispersion function that allows to mathematically describe the distribution of illumina-
tion in the image (dispersion function of a point is calculated as the square modulus of
the Fourier transform of pupil function that includes the pupil contour as detection area
and the aberration of the wave for a given point of the field as an argument; dispersion
function of a line is the intensity distribution in the image of an infinitely long line in
direction Y — meridional dispersion function of a line or X — sagittal dispersion function
of a line) a,.

Resolution of objective lenses of telescopic systems is expressed as an angular mea-
sure, resolution of camera lenses — as lines (strokes) per 1 mm, and resolution of lenses
of microscopes — in a linear way (in micrometers). However, in the case of a large re-
sidual aberration the resolution of the system is not an exhaustive characteristic of the
image quality [9].

Optical systems with the same resolutions but different residual aberrations do not
have the same image quality [10]. A real system builds an image that is not different from
the ideal one, if residual wave aberration does not exceed a quarter of the wave length
N <\ /4. However, this criterion does not take into account rendering of contrast by a
system. Taking into account the contrast, evaluation of image quality can be made on
the basis of Strehl criteria. For this purpose, it is necessary to define the illumination E’
made by a real system in the centre of the scattering circle, and to compare it with the
illumination of the ideal system EO' The ratio of illuminations E'/E," is called the deter-
mining brightness or the Strehl number. Image quality deteriorates considerably, if the
wave aberration exceeds the Rayleigh limit (N <2/ 4) or, what is almost the same, when
aberration has a value for which Strehl number becomes less than 0.8. Rayleigh and
Strehl ratios define the limits for wave aberration values at which the image is perfect.

When designing new optical systems, especially photographic ones, it is necessary
to carry out a comprehensive study of their quality and to obtain a respective image
quality criterion. This is achieved with the method of modulation transfer function [11].

An illuminated point is represented by an optical system as a final-dimension spot.
The degree of mismatch of distribution of image illumination with brightness distribu-
tion of the object can be a measure of image quality of a system. In the method of mod-
ulation transfer function cosine measure is applicable as a test-object (object).
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Fig. 2. Cosine distribution of illumination
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The distribution of light energy, represented graphically on Figure 2, is characterized
by the ratio (6):
' (E r'nax -E ;nin )
k =4—————, (6)
(B + Evin)
where £ and E_ . are maximum and minimum illuminations (or brightness) of the
object.

IV. QUALITY CONTROL OF THE POLYGRAPHIC IMAGE

The following parameters can be used in digital polygraphic production for quality
control of the output image at the stages of exposure and development: parameters of
energy transformation of information signal, space and frequency parameters, and colour
parameters. Each group of parameters has its quality criteria and factors that influence
them [12]. The characteristics of a photoreceptor (such as energy irradiance, exposure,
and sensitivity) and contrast of electrostatic latent image define optical density of an
image, background, and raster structure. The line width resolution, scan lineature and
number of semitones are affected by the diameter of an energy spot in the plane of the
photoreceptor, energy irradiance distribution within the spot, spatial frequency of raster
scanning, raster halftone structure and size of particles of the toner. Colour parameters
depend on the properties of a colour toner, thickness balance of colour toners during the
image synthesis, structure homogeneity of colour elements and colour characteristics of
the image of raster structure [13].

For digital imaging equipment it is important to control the reproduction of stroke
details. Tints (solid areas) are characterised by microraster structure formed in the
process of frame-by-frame image sweep. Modern digital printing machines have spatial
frequency of such grid not below 600 dpi or 24 mm".

Assessment of indicators shall be straightforward and clear for a wide audience
of specialists, i.e. test strip shall contain objects that can be measured with instruments
available to publishing houses (magnifying glass, spectrophotometer). On the basis of
the mentioned requirements for evaluation of the quality of digital imaging, the following
properties indicators are suggested for quality control according to the comprehensive
method: optical density of background and image, printing uniformity, tone reproduction,
colour gamut of printing and reproduction of living colours, printing resolution, imaging
layer adhesion and adhesion of toner to the paper.

Taking into account the general quality control requirements and mentioned quality
control indicators, the properties of digital imaging of polygraphic products can be
shown as a graphic scheme (Fig. 3).

Photographic properties indicators characterising reproduction of image details
include printing heterogeneity, tonal accuracy and reproduction of fine details. Printing
heterogeneity is usually associated with uniformity of tints (uniformity of print)
and the presence of extraneous characters, which in electrophotographic printing
process is defined based on the value of optical background density (optical density
of the background). Tonal accuracy is defined on the basis of the nature of semitones
reproduction (image tones) and the image optical density level [14].
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Fig.3. Hierarchical structure of indicators of digital reproduction quality of printed products

It is recommended to control the reproduction of fine details based on the resolution
value (ability to reproduce fine details) and reproduction resolution (controlled by
reproduction of concentric circles) of the system. These concepts are very close, but to
control electrographic method of reproduction that has specific image recording method,
not only reproduction of separate strokes under different angles is important, but also
reproduction of stroke elements (such as circles), on which image raster structure is
imposed due to the stage of exposure.

Image contrast measure (7) [14]:

3 =M=k|F(N)|. ™
(B + Evin)

The modulus of the function F(/N) characterises the image contrast measure ratio to
the contract of the measure itself. This value dependent on spatial frequency A, is called
the coefficient of modulation transfer of an optical system. The set of values of the coef-
ficients of modulation transfer for different space frequencies is a function of modulation
transfer of the system. The function F(V) is called complex modulation transfer function
or optical transfer function. A function that characterises phase shift in the image of co-
sine measure, is called the phase transfer function [15].
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The main error introduced in the process of rasterization is coused by nonlinearity
[9].

Important options in scanning process are nonlinear coefficient in line scan and
scanning trajectory.

Nonlinear coefficient in line scan characterizes a change degree of a light spot mov-
ing speed align of raster line and determines by the formula (8):

O L) ®)
#(0)
where x((p) = % X g_(tp — line scan speed with the rotating angle of the deflector ¢; x(0) —

line scan speed with ¢ = 0.

Trajectory nonlinear coefficient of scanning characterizes a degree of a deviation of
raster lines from straightforwardness in the photosensitive material's plane and deter-
mines by the formula (9):
y(¢)
— b )
»(0)
where y(¢) — deviation of a scan line from Ox axis with the rotating angle of the deflector
¢; ¥(0) — deviation of a scan line from 0x axis with the ¢ = 0.

To eliminate the disadvantages of a image quality that are connected with nonli-
nearity of line scan in laser devices focusing f0-objectives are used. There is an artificial-
ly introduced appropriate distort for a nonlinearity linearization in fB-objectives. Such
objectives provide a high precision of a line scan linearization law.

In such a way to ensure a quality recording in a laser image scanner an angle error
in prism and pyramid mirror deflectors should be several angle seconds. It's possible to
evaluate the impact on an image errors recording processes in other planes with instal-
lation inaccuracies angles considering of a,, o, and a, angles, that are deducted from
appropriate axes X, y, z, and also determine the total deviation error of a raster line from
the set position by formula (10):

K =—--1

Ay = f(aAyB A0+ OOV Aot + oAy, Ao, + 0Ny, Aa}j’ (10)
00 o, o, o,

where Ao, Aa,,, Aa, — errors in the corners towards Horta S, where S — falling laser beam

ort, connected with the deflector installation inaccuracy.

Consider the original scale for evaluating the resolution of raster output scanners.
The developed test-object belongs to the scale of operational resolution controll of scan-
ning output devices such as laser and inkjet printers, laser photo exhibit device system
“Computer to plate”, “Computer to press “ and digital printing machines. The test-object
includes scales for controlling scanning resolution of output devices through software
control element synthesis which determins the actual visual resolution of the image re-
sulting raster output scanning device. The scale consists of elements for determining the
resolution in the areas of “fast”, “slow” scan in angle of 45° which gives the possibility
of realistic evaluation of the actual resolution. Block diagram made for controlling a
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resolution (part of it is on the fig. 4, where 1 — printing elements, 2 — unprinting), con-
tains of 4 function groups, which consist of a thin ring and straight lines of equal thick-
ness (2.6458, 5.2917, 10.58, 21.17, 42.3, 84.7 mkm).

The test-object consists of four functional groups, each containing 6 items with the
resolution of 9600, 4800, 2400, 1200, 600, 300 dpi.

L

1
prant
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Fig.4. Main test-object elements for controlling the resolution 4800 dpi
(increasing 37000%, 1 — stroke; 2 distance between strokes)

Using this scale for controlling the resolution is following:

The program file with the controlling scale outputs on the paper, photo-material or
forming plate using the raster scanning and recording device and visually establish the
value or a resolution in which the control elements are reproduced without distortion.
Next for the found the correctly recreated fields of the resolution integrated optical
density values measurements are carried out, which in the ideal case for 50% of dashed
measure should be equal to 0.3. In deviation from this value setting scanning raster
output device parameters are made.

V. CONCLUSIONS

According to the Rayleigh criterion residual spherical aberration of an optical
system does not affect significantly the quality of an image, if the optical difference of
motion of any pair of rays from the whole beam does not exceed A/4. In many modern
optical systems the optical difference of motion is many times greater than the limit
set by Rayleigh, which is explained by the fact that in many cases conditions of use of
images allow large circles of dispersion (e.g. projecting an image on the screen or taking
zoomed out photos).

Strehl ratio for the image quality evaluation takes into account computation of the
light only in the centre of the dispersion circle and compares this lightness with the
lightness of the centre of an ideal image given by the optical system with the same focal
distance and relative aperture, but without spherical aberration.

The main advantage of the method of modulation transfer function is that it allows
to consider relatively easy the quality of complex systems, such as photographic systems
with electronic and optical converters of several components. Then modulation transfer
function of the whole system equals to the product of MTF elements:

FIN) = KN B (VA (V...
Combined use of Rayleigh and Strehl ratios allows determining the limits of wave
aberration values at which the image can be considered as perfect.
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To evaluate the resolution of raster output scanners is needed to use the test-object,

which allows to control effectively the resolution of output scanning devices and so the
quality of received printing image.
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Ocnosne 3a60anHsa OYinKU CMAaHy UpOOHUYUX NPOYECci6 — OMPUMAHHS 00 €KMuUs-
HoI iHghopmayii npo yHKYIOHYBAHHS YCIMAMKYBAHHS | BUABIEHHS Pe3ep8ie MeXHON02Il
07151 inmencughikayii upoOHUYMEa, nid8UWeHHs 11020 eheKMuUBHOCmi ma AKOCcmi, 30i1b-
wleHHs 00216 8UNYCKY NPOOYKYIL, 3pOCMANHI NPOOYKMUBHOCI NPAYI, SHUNCEHHS Y CIX
8UOI8 MamepianibHUX i mpyoosuUx sUmpan.

Bci onmuuni npunaou, nesanexcuo 6io ix cneyughicu i npusHauenHs, 0008 s13K060
Marmy 00HY 342anbHy Qi3UUHY Xapakmepucmuxy, aKa Ha3u8acmuvcs «Po30iibHaA 30am-
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Hicmoy. Jlana @isuuna 61acmusicms € GUSHAYAILHOIO 01 6CIX 0€3 GUHAMKY ONTMUYHUX
ma ONMUKO-BUMIPIOBATIbHUX NPUNAOIE.

Medicero po30inbHol 30amHoCmi HA3UBAEMbC MIHIMATILHA BIOCMAHb MIJHC CYCIOHI-
MU demansamu (mouxkamu) 06’ exma, npu sAKitl 300padceHHs: Oemanetl 8iice He CNPUlMa-
10MbCs AK OKpemi elemMeHmu 00 ’exmy, a 3uearomuvcs 6 oone yine. Yum menwiorw € ys
8I0CMaHb, MUM, 8IONOBIOHO, BUWOI0 € PO30LTbHA 30amHicmb npunady. Posdinoua 30am-
Hicmb 6Y0b-9K020 ONMUYHO20 NPUNADY OYITHIOEMBCSA 30 U020 ANAPAMHUMU DYHKYIAMU,
wo 8idoobpasicace 8ci haxmopu, 5Ki NIUBAIOMb HA SAKICIb 00EePAHCAHO20 YUM NPULAOOM
300padicenns. J{o maxux YuUHHUKIG, 0e3YMOGHO, 6 nepuly uepey Hanexlcamos abepayis i
oughpakyisn — oughpacysanms c8ima08UMU XBUNAMU NEPEUKOO i, AK HACTIOOK, BIOXUICHHS
iXx 610 NPAMONIHINIHO20 HANPMY.

Hricmv onmuuno20 300padiceHHsi — CMyniib 8I0N0GIOHOCII 2eoMempuyHitl, omo-
MEMmpUuyHiti ma CNeKmpanbiil Xapakmepucmuxam 300padicents i npeomema. 3o0pa-
JHCEHHS NOGUHHO Oymu nodiOHe 00 npeomemy He MINbKU 30 KOHMYPOM, aile i 8 KOMC-
Hill tlo20 mouyi. uepes abepayii ma ougparyii 300padiCceHHs: 00epAHCYEMbCL po3mume, i
OpibHa cmpykmypa nepedaemscsi HenpaguibHo. Heobxiono epaxoeysamu: npu maiomy
noni 30py 00CMamHub0 po32nsA0aAmu 300padHCeHts: 34 0Cb0B0I0 MOUKOI0, SIKI NOGUHHT Oymu
i0eanbHuMU,; NPU XYO0HCHLOMY 8iI0MBOPEHHI OUBTIAMBCI BIONOGIOHO 3A 2OMEMPUYHUMU
ma CNeKmparbHUMU XAPAKMePUCmuKamu i HeoOxXionomy xoegiyicumi nepedaui Koivo-
PY; ONMU4HI cucmemu, Wo GUKOPUCIOBYIOMbCA 8 KAHAL 36)53KY, NOGUHHI nepedasamu i
peecmpysamu MAKCUMATbHY KLIbKICMb iHpopmayii, uo Haoxooums 6i0 ob)exma.

3 ypaxysannsam eumoe 3a2anbHoi Keanimempii i NOKA3HUKIE 6l1acmusocmetl, ¢ Cmam-
mi 6I0MBOPEHO Depeso 1ACMUBOCmell YUPPoso2o 6I0MEOpeHHs NoiepapiuHoi npooykK-
yii' y euenadi epagiunoi cxemu. /[o nokazuuxie gomoepaiunux eracmusocmeii, wo
Xapakmepusywms 6i0MeopeHHs: demaeli 300PAaAdCeHH s, HANeHcamb HeOOHOPIOHICIb
OpPYKY, epadayiina mouHicms i 8i0meoperus OpioHux demanetl. Heoonopionicme opyxy
3a36uU4ail NOB)A3YIOMb 3 PIGHOMIPHICIIO 8i0MBOPEHHs NAAUIKU (DIBHOMIDHICMb OPYKY)
i HAABHICMIO CMOPOHHIX 3HAKIB, WO 8 eleKmpoPhomocpapivnomy npoyeci OpyKy8aHHs.
BUZHAYAEMBCS 3A SHAUEHHAM ONMUYHOT 2ycmunu gony (onmuuna eycmuna gouy). I pa-
OayitiHa MoOYHICMb BUSHAYAEMBCS 30 XAPAKMepom nepedadi niemoHtis (epadayis 300pa-
JHCEeHMS1) | PIBHIO ONMUYHOT 2YCMUHU 300PAdCEHHS.

Cmamms naoitiuna 0o pedaxyii 19.07.2018.
Received 19.07.2018.





