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Cxnadunicme inmezpysanus cucmem YynpasiiHHs KOIAbOPOM Y
POGOUULL nomiK OmpUManis YUPPoBUX NiIBMOHOBUX 300padicen,
yepe3 NOCMIUHO 3MIHHI 3a NOMYNCHICMIO MA CREKMPATILHUM
CKAA00M BUNPOMIHIOBAHHS YMOBU €KCNOHYEAHHS, NPU3BOOUND
0o nosieu na pomo nedonixie xoavoposiomeopenns. Ilupoxui
cnexmp Kopexmypnux 3acoo6ie epadivnux pedaxmopis e 00360-
JA0Mb NOBHOI MIPOI0 YCYHYmMuU 6i0XULEHHS Y KOTbOPOBIOmME0o-
penni pomoszobpasicennv uepes 3axnadeni y Hux HeodoCKoHANi
mexHniuni nidxoodu 0o peanizauii camozo Kopexmypmnozo edpexmy.

Ycxnaonrwemovcs npouec eunpasnenns HedONIKi6 KOAbO-
posiomeopennsa 6idcymuicmio mMemodie 00’cKmu6H020 KiavKic-
H020 OUIHIO8AHHS AKICHUX XAPAKMEPUCMUK UUPPOB020 KOTbO-
P06020 Ni6MONH06020 300paricents.

Pospobrena memoouxa xinvkichozo OUiHIOBAHHS KOJIDHUX
xapaxmepucmux yuPposux 300paipcenv WNAXOM NePepaxyH-
KY axmunivnocmeil y 3HaueHHs epexmuenux zycmun zabdesne-
uye ONMUMANLHUL MA 6CEOTUHUI ananiz mounocmi 610meopenns
Konvopy. Memoouxa nonsizae y npedcmasieHti K0Ab0pOnooiis-
HUX XapaKxmepucmux y 6uz2isoi 3anexncHocmi epeKxmueHux 2yc-
mun pomozobpasccenns 6i0 exeieaNeHMNO-CIPUX 2ycmun pee-
cmposanozo 06’ckma. Cmae MONCAUBUM HUCETbHO OUTHUMU
Haaemi Ha UUPPoeomy KoALOPoEoMY domosobpadicenni 1edo-
JUKU 610MBOPEHHSA KONbOPIE.

Pospobnena memoouxa ouinioeamns cmaaa 0CHOGOI0 O
peanizauii H06020 Memody BUNPasieHHs HeDO0JiKi6 8i0meopeH-
HA KOIbOPY NPU 00NOMO3i KOMNREHCAMUBHUX KOPULYIOMUX 300pa-
Jcenb, wo 3abe3neuyromv Ycymenns HedoniKy no nedocmam-
nill Kiavkocmi xoavopy. Kopexmypnuii epexm 3a6esnenyemvcs
Qizunnum 3micmom KomnencamusHux 300pajicenv, wo Micmamo
epexmueni sycmunu no eudieHux KoabOpAxX, AKUX Opaxye Ha
uupposux pomozpadiunux 306parncennax wepes neizoaxmuniv-
HICMb 130XPOMHUX KOJbOPIE.

Hosa mexnonozisi 6unpasienns Koavopo6iomeopenns peai-
3Yyemovca Yy po3pooieHOMY CReuianiz08anomy npozpamHomy
3abesneuenni Image Redactor. Epexmuenicmo onucamnozo memo-
0y 0dogsedeno na nidcmaei ananizy 3oopajicenv, onpauboea-
HUX Y CMBOPEHOMY NPOZPAMHOMY NPOOYKMi, 34 ONUCAHONW Y
cmammi mMemoouxorw zpaiunozo npeocmasieHts Koavbopono-
dinvHux xapaxmepucmux. Mampuyi xoavoponodiny ceiduamo
npo cymmese nidGuUWEHH KOPUCHUX KOHMpacmié no eudije-
HUX KOJbOPAX NOPIBHAHO 13 AHATIOZIMHUMU XAPAKMEPUCMUKA-
MU KOTbOPOBIOmMEopenns na 300pancennax 0o onpautoeanns. Ile
nepedbavaec MONCAUBICHL 3ACMOCYBANHA PO3POBIEH020 Meno-
0y sunpasienns HedoniKié Koaboposiomeopenns y uudposomy
Po6ouomy nomoui onpaviosannsa pomozpadiunux 306paincens

Knrouosi cnosa: yugdpposa pomoepagpisn, ceimnouymausicmo,
Mmacue bBaepa, ouintoeanns KoAbOPOBIOMEOPEHHS, NUMOMA
epexmusna zycmuna
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1. Introduction

Digital photography today has confidently occupied po-
sition as an only means of obtaining half-tone images in the
current working flow of recording optical information. How-
ever, the resulting photographs mostly require significant
improvement of their quality characteristics in graphic editors
and other software products. Photographic post-processing is

additionally complicated by the absence of a standard proce-
dure for objective assessment of digital photography quality
and the list and maximum permissible values of quality indi-
cators is not regulated by any normative document.

It is especially difficult to achieve satisfactory color ren-
dering in digital photographic images because of technical
limitations of application of color control systems in the digital
photographic process. Color editing tools in known graphic




editors are based on the principles of tone correction without
taking into consideration the origin of color separation imper-
fections. The mentioned reasons result in obtaining of halftone
images with unsatisfactory qualitative characteristics.

Thus, there is a need for a technology for correction of
color rendering imperfections which would provide corrective
effect better than the technology solutions existing today.

2. Literature review and problem statement

To get a full-color image in the additive color space, it is
necessary to record as accurately as possible its three sin-
gle-color components: red, green, and cyan partial images.
Accuracy of recording these information arrays is one of
decisive factors influencing color characteristics of digital
photographs (color rendering).

The chain of transformation of color information from the
actual object (photographed object) to its digital image (dig-
ital halftone color image) is as follows. Radiation from a light
source with energy distribution in the spectrum zones, Ey(}),
which depends on the color temperature falls on an object with
definite spectral characteristics (the ability to reflect visible
spectral bands is described by function pg()A)). The light flux
reflected and modulated by the photographed object enters
the light energy receivers (elements of CMOS or CCD matrix)
through the optical system of the lens with throughput to(}).

For separation of the polychromatic light flux into three
monochromatic components, most of the modern digital
phototechnical models (except for several models equipped
with a Foveon multi-layer matrix which, however, has limited
application) use arrays of light filters (Baer’s arrays) with sub-
sequent mathematical interpolation of color data in each pixel
of the image (debaerization algorithms). The coefficient of
throughput of the three light separating filters (1, (1), T, (&),
T (1)) installed in front of the photosensitive receivers deter-
mines the amount of light energy entering the receiver.

Thus, integral reaction of the receiver of light energy is

defined as (1):

r=f(a)= f(Ipo(7»)-E1(k)-r0(k)-rf(k)dk]. )

Technical features of recording optical signals with sen-
sors of various types are considered in published sources [1].
Spectral characteristics of charge-coupled devices (CCD) and
complementary metal-oxide semiconductors (CMOS) explain
the need for separating devices in photosensitive matrices [2].
Both types of semiconductors do not have selective photosen-
sitivity to individual bands of visible spectrum. Fig. 1 shows
dependence of the quantum efficiency of photoreaction of
photosensitive receivers (various types of CCD matrices) on
the radiation wavelength. As dependence in Fig. 1 shows, the
photoeffect magnitude is practically the same across the range
of the visible spectrum (400 to 700 nm).

Status of spectral sensitivity of light energy receivers
in digital photographic devices produced by three different
manufacturers behind a standard set of light filters is given
in Fig. 2 as a dependence of relative response of the receiver
behind the light filter on the wavelength [4]. The cyan, green
and red dash-and-dot lines demonstrate sensitivity of the
receiver behind the cyan, green and red filter, respectively. It
is clear from the graphic dependences that all filter sets are
broad-band ones (transmission bands of the filters overlap

within the set) which will inevitably result in recording light
fluxes of some individual radiation wavelengths behind two
or even three light filters. This causes inaccuracy in record-
ing color information and subsequent inaccuracy of color
rendering of the photographed object in a digital image.
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Fig. 1. Dependence of photosensitivity of semiconductor
photocells on the wavelength of light radiation [3]
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Fig. 2. Status of spectral sensitivity of CCD and CMOS
matrix receivers of various configurations
(as the dependence of relative response of receivers on
the wavelength of light radiation):
full-frame CCD Kodak matrix (a), CCD Sony matrix with
column buffering (b); Agilent CMOS matrix (c)



Studies [6, 7] propose to correct color separation imper-
fections at the moment of digitization of an array of informa-
tion from the matrix. However, it is technically feasible only
in photographic devices equipped with CMOS matrices, and
additionally complicates the work flow. Study [5] raises the
issue of processing photographic images in a graphic editor
to optimize rendition of one of the most important memo-
rable colors (skin tints). However, this does not provide a
complex solution of the color rendering problem.

Occurrence of color rendering imperfections caused by
imperfection of separating media can be prevented by apply-
ing color control systems. Color control systems are intend-
ed to coordinate coverage of color for various colorimetric
systems of devices for input and output (visualization) of
information as well as transformation of color coordinates
from one color system to another [4].

All color transformation operations are carried out using
ICC profiles that describe abilities of rendering color cov-
erage of a particular device (in particular, a digital camera)
based on standardized colorimetric systems. For image input
devices, a number of factors affect the end result of color
rendition: optical system, characteristics of separating media
and devices (filters, light sources), software.

As shown in [8], causes of limited use of color control
systems in the workflow of digital photographic processes are
explained by strong technological and technical constraints.

1. When photographing with digital photographic devic-
es, exposure metering is performed each time when lighting
conditions vary: both in light intensity and at its spectral
composition which is especially critical for color rendering.
The resulting profile will have a strictly narrow application
for pictures taken only at specific lighting conditions. In
each case, the profiling procedure should be repeated.

2. Profiling of the process of taking pictures with digital
photographic devices is very labor-intensive and has a num-
ber of features:

—ensuring uniformity of lighting conditions of the
photographed object (the use of identical light sources with
strictly controlled color temperature, absence in the frame
of outside illumination with different spectral composition,
uniformity of the object illumination);

— test object must be positioned in the frame in such a
way as to avoid reflexes from light sources and extraneous
objects located in vicinity of the test object which will vio-
late correspondence of colorimetric coordinates of fields of
the test object proper;

— illumination of the test object must be strictly uniform
in relation to intensity of the light flux and exposure itself
must be precisely calculated to avoid under- or overexposure;

— when photographing, it is necessary to deactivate
algorithms of improving qualitative and quantitative char-
acteristics of the photographic image which are involved by
default with software of the photographic equipment at the
stage of processing data from the photosensitive matrix.

3. When constructing profile of input devices, test objects
with a large number of control fields (from several hundred to
several thousand) are used. Their absolute number directly af-
fects the result accuracy. Each type of photographic material
of which the test object is made for calibration is characterized
by its unique features in color rendition which is explained by
spectral characteristics of the dyes of photosensitive layers
and masking layers in composition of the emulsion layers.

Thus, it is possible to apply color control systems only
in a limited list of photographic genres: fashion photogra-

phy, food shooting, portrait photography and other types of
staged scenes that are static in time for which one can man-
age to carry out profiling before photographing. Instead, re-
port, sports, street photography does not ensure preliminary
shooting of the test object to construct the ICC profile be-
cause of dynamics of scenes and rapid change of events in the
frame plane. If camera is not profiled, then it is impossible to
avoid color rendering imperfections in the photographic im-
age which should be further removed by post-processing in
graphic editors. The studies carried out by authors suggest
that it is impossible to completely eliminate imperfections of
color rendering caused by non-isoactinity of isochromic col-
ors and the use of broadband light filters with the help of cor-
rective means used in the most popular graphic editors [9].

Analysis of studies in the chosen field shows that the
issue of color rendering in digital photographic images is not
fully resolved and requires continuation of studies.

3. The aim and objectives of the study

The study objective was to improve the technology of
correction of color separation imperfections in photographic
images taking into consideration physical content of causes
of occurrence to reduce errors of rendering pure and binary
colors. This will ensure high-quality processing of photo-
graphic images including color rendering as well as increase
in productivity of digital post-photographic workflow.

To achieve this objective, the following tasks were for-
mulated:

—develop a method for quantitative assessment of quali-
tative characteristics of color photographic images and detec-
tion of color rendering imperfections at the processing stage;

—work out technology of eliminating color rendering
imperfections in digital photographic images and implement
it using the means of specially created software possessing
correctional means taking into consideration physical con-
tent of occurrence of color separation imperfections caused
by non-isoactinity of isochromic colors.

4. A method of quantitative assessment of qualitative
characteristics of color photographic images

None of ISO standards like (13655:2017, 12232:2006,
12233:2017, etc.) developed by the ISO/TC 42 Committee’s
Electronic Still Picture Imaging Working Group WG 18
proposes procedures for evaluating color characteristics of
digital photographic images in the processing workflow.
In view of the necessity of availability of such means, a
method of effective densities developed and tested by the
authors is proposed. In this method, to analyze qualitative
characteristics of digital photographic images, analytical
representation of color separation characteristics is proposed
by conversion of actinicities into the values of corresponding
effective densities [9]. Effective density of the colored area of
the photographed object determines actinicity of coloring of
the latter with respect to the receiver of light energy with an
appropriate sensitivity status. As a result of separation of op-
tical information by light filters of the photographic record-
ing system, an image is formed in three channels. The color
separation process is represented as three equations (2):
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where D;'/ , D;/ are effective densities in relation to photosen-
sitive receivers behind cyan, green and red light filters; D},
D;,", D¢ are monochromatic densities of one-color constituents
(conditional amount of synthesis dyes); o, @} ,..., 0.0 are angu-
lar coefficients characterizing growth of effective densities per
unit of color quantity increment (specific effective densities).

Provided an ideal separation of colors exists, effective
density of the colored portion of the image relative to one
of the three light-sensitive receivers is determined just by
the content of the color dye complementary to the color of
the receiver’s spectral sensitivity band. That is, two of the
three angular coefficients must tend to zero in each equation
(2). The degree of deviation from the formulated condition
determines the size of color separation distortion. Bring the
values of specific effective densities into the light separation
matrices (3): () for pure colors (single layering), (B) for
binary colors (pairwise layering).
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The matrix of pure colors characterizes color rendering
of single-colored components (yellow, magenta, cyan) in
three color separation channels. Rows of this matrix con-
tain specific effective densities of three colors (Y, M, B)
relative to one of the color separating channels. Columns of
the matrix contain specific effective densities of each of the
three colors (yellow, magenta, cyan) relative to each of the
three-color separating channels: red, green and cyan. For a
more accurate assessment of color separation, in addition to
single colors, rendition of binary colors should also be taken
into consideration in connection with the two-component
composition since the task of precise rendering of already
two-color components is solved. That is, for a thorough anal-
ysis of color separation quality, it is necessary to compose a
matrix from specific effective densities of binary colors.

At ideal color separation, it should be ensured that the diag-
onal members of the matrix are equal to one while non-diagonal
ones are equal to zero (4). That is, the closer the matrix of color
separation characteristics to the single one the better is record-
ing of single-color components by the light signal receivers.
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The color image is described by gradation and color sepa-
ration characteristics. Graphical representation of the latter
requires a particularly careful approach since the choice of
coordinates affects nature of color rendering curves. Color
separation characteristics of the photographic image are
objectively reflected by graphical dependences of the values
of effective densities of grey-equivalent actinic densities [10].
The graphical method for determining color separation
characteristics makes it possible to assess quality of color sep-
aration performed in particular by means of color separation
in digital photographic devices. Lines of effective densities
characterize functional dependence between magnitude of the
effect obtained in each of the three color receivers expressed by

effective density and the value of input parameter characteriz-
ing amount of yellow, magenta or cyan dye or paint of original.

To form matrices of color separation describing qualita-
tive characteristics of color-separated images, it is necessary
to construct three graphical dependences of the color separa-
tion characteristics. In this graphical representation, values
that characterize quantitative characteristics of each of the
single-color components are laid down on abscissa axes and
effective densities of color scales on ordinate axes.

For qualitative and quantitative assessment of color sep-
aration, it is necessary to present color separation character-
istics in a form of graphic dependences of effective densities
of the D, fields of color scales of a photographic image on the
magnitude of its grey equivalent densities Dgeq.

According to the presented procedure, the color sepa-
ration characteristics of photographic images obtained by
two models of digital photographic devices equipped with
different types of photosensitive matrices, that is CCD and
CMOS matrices are presented in Fig. 3. For separation of
single-color components of a full-color image, an array of
Bayer filters is used in both camera models. The lines of
effective densities in each coordinate plane reflect content
of one of the dyes of subtractive synthesis (cyan, magenta,
yellow). For objective analysis of color rendition, content of
the listed dyes is determined for the following colors of the
photographic image: yellow (Y), magenta (M), cyan (C),
blue (B), green (G), red (R) and conditionally grey (CG.).
The tangents of the angle of inclination of lines of effective
densities to the abscissa axis (specific effective densities) are
determined in the built graphs of color separation charac-
teristics. The latter are quantitative characteristics of color
separation since they reflect growth of effective densities
depending on the increase in the amount of color. The values
of specific effective densities are brought into matrices of
separation of clear and binary colors (3).

Satisfactorily performed optical separation of light en-
ergy should result in the amount of color in non-isochromic
colors approaching the minimum value (ideally, to zero) and
the angular coefficient of approximated line approaching
zero. Conversely, amount of color in isochromic colors should
approach a direct proportional relationship and the angular
coefficient should approach one.

Bring angular coefficients in a matrix of separation of
pure and binary colors (the photo obtained by a CCD matrix
(5), the photo obtained by a CMOS matrix (6)).

0,81 0,21 0,12
()=| 0 068 0 |,
014 0,16 0,64
0,67 084 0,23
(B)=| 0,68 0,14 0,71]. (5)
0,14 0,59 0,53
0.65 0.19 0.16
(a)=]0.12 0.69 0.19],
0 012 052
0.63 058 0.21
(B)=|0.75 0.8 0.62|. (6)
012 0.48 0.47
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1) color separation characteristics of the image obtained by Canon EOS 77D camera (CMOS matrix)
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2) color separation characteristics of the photographic image obtained by the photocamera PowerShot SX430 IS (Canon)
(CCD matrix)

Fig. 3. Color separation characteristics of digital photographic images: color separation of cyan paint (a, d); color
separation image of magenta paint (b, €); color separation image of yellow paint (c, /)

One of the most important requirements to color illustra-
tive originals is absence of color separation distortions or at
least their minimum number. The color separation matrices
for images taken both by CCD (5) and CMOS matrices
(6) differ significantly from the single ones. This indicates
nonideal recording of monochromatic components and pres-
ence of color rendering imperfections: insufficient amount of
color in separated colors and excess color in non-separated
colors, that is, non-isoactinity of isochromic colors takes
place. The matrices of color separation in photographs in-
dicate presence of color rendering imperfections in the first
place: insufficient amount of separated color when useful
contrasts are much lower than one (0.47, 0.48). Excess of dye
in nonseparated colors in both images is very small (harmful
contrasts do not exceed 0.21-0.23). Such color separation
characteristics can be explained by the use of narrow-band
filters in both models of photographic equipment.

5. Development of the method for correcting
imperfections in color rendition of digital photographic
images by separate compensatory corrective images

Presence of the above color separation imperfections ne-
cessitates processing of images in graphic editors. However,
as the studies show, the use of correcting tools in the most
popular graphic editors does not provide complete elimina-

tion of color separation imperfections [8]. Therefore, in order
to eliminate insufficient actinicity in the separated colors,
the authors propose a method for correcting imperfections
of color rendering by superposition of each separate colored
image with separate compensatory images. Physical content
of compensatory images consists in the presence of density in
separated colors which are missing in the images ((5), (6)).
Each compensatory image is obtained by combining one
positive color-separated image and one negative color-sep-
arated image. To achieve corrective effect, one needs to get
three combinations of separate compensatory images. Their
contents are as follows: the first compensator is a combina-
tion of a positive of a cyan-channel image with a negative of
a green-channel image; the second compensator is a positive
of a green-channel image with a negative of a red-channel
image; the third compensator is a positive of a red-channel
image with a negative of a green-channel image. At the next
stage, compensators are brought together with correspond-
ing color separated images.

The presented method can be analytically described by
the following mathematical dependences (7):

D,=a/D,+a’(D,-D,),
D, =a,D,+a;,(D,~D,),

D,=a)D,+a}(D,-D,), Q)



where a/D, is uncorrected actinicities of separated colors,
and expressions a" (D, —Dg), a, (Dg —D,_), a, (Db —Dg) de-
scribe characteristics of the compensatory corrective image.
Each individual compensatory image has an increased density
in the separated colors, and all other color scales including
conditionally grey scale are reproduced practically without
contrast. As a result, a corrective effect of increasing specific
effective density in the separated colors appears. The compen-
satory image contains mainly density of the separated colors
that are absent in the images to be corrected and is not a posi-
tive or negative image because it is obtained by combining one
of the positive color-separated images and one of the negative
color-separated images. Schematically described method for
correcting color rendering imperfections by separate compen-
satory corrective images is shown in Fig. 4.

This method of color correction consists of two stages:

1. Obtaining separate compensatory images:

a) a positive of a cyan-channel image combined with a
negative of a green-channel image;

b) a positive of a green-channel image combined with a
negative of a red-channel image;

c¢) a positive of a red-channel image combined with a
negative of a green or cyan-channel image).

2. Combination of compensators with corresponding
corrected color-separated images.

Let us consider the developed procedure of correction
of color separation imperfections by separate compensatory
corrective images in following steps:

1. Duplicate the uncorrected (original) image.

2. Divide the obtained copy into three separate sin-
gle-channel (single-color) images and duplicate again the
green-channel image (for magenta paint) as it is planned to
use negative of the green-channel image twice: for compensa-
tors of cyan-channel and red-channel images (for yellow and
cyan paints, respectively).

3. Create a compensatory image for the cyan-channel
image:

3. 1. Create a new (additional) layer for the cyan-chan-
nel positive image and copy into it one of the copies of the
green-channel image via the buffer.

3.2. Convert the green-channel image in a new layer
into a negative image, set normal overlay mode, 50 % trans-
parency, and merge the layers in a single image. Thus, a
compensator for the image of yellow paint is obtained in the
cyan channel.

4. Create a compensatory image for the green-channel
image:

4. 1. Create a new (additional) layer for the green-chan-
nel positive image and copy via the buffer a copy of the
red-channel image into this layer.

4.2. Convert the red-channel image in a new layer into
a negative, set normal overlay mode, 50 % transparency and
merge the layers in a single image. Thus, a compensator is
formed in the green channel for the image of magenta paint.

5. Creation of a compensatory image for the red-channel
image:

5. 1. Create a new layer for the red-channel image (cyan
paint) and copy via the buffer a copy of the green-channel
image into this layer.

5. 2. Transform the green-channel image in the new layer
to a negative, set normal overlay mode, 30 % transparency
(since the image of the cyan paint has minimal distortion)
and merge the layers in a single image. Thus, a compensator
is formed in the red channel for the image of cyan paint.

6. Delete the remained green-channel image duplicate to
prevent discrepancy in further merging of channels.

7. Merge the channels with formed compensators into a
single three-channel image (a color compensatory corrective
image).

8. Create a new layer for the corrected image and copy
via the buffer the newly created compensatory corrective
image into the new layer.

9. Set normal overlay mode, 50 % transparency and
merge layers in a single image.

10. Set the normal contrast of the corrected full-color image.

Methods for improving color rendering of photographic
images are implemented using the developed ImageRedactor
program. It was created in the C# programming language.
Fig. 5 shows an example of the ImageRedactor’s work window
for implementing the described method for correction of color
separation imperfections with separate compensatory correc-
tion images. According to the diagram presented in Fig. 6,
the mentioned program product implements step by step (in
a dialog mode) or fully automatically the described method of
correcting photographic images as well as three more methods
of correcting color separation imperfections in photographs:

1) with three separate color corrective images;

2) with separate compensatory corrective images;

3) with only single achromatic corrective image;

4) with only color compensatory corrective image.

Respectively, methods 1-4 in the program interface
(methods 2—-4 were not considered in this study).

The program interface is designed in such a way that in ad-
dition to the proposed methods of correction, the user can also
apply basic tools for correcting imperfections of color and tone
rendering in photographic images (exert influence on contrast,
brightness of the image, etc.). Particular correction methods
are chosen by the user on the basis of a preliminary analysis
of the photographic image semantics (presence of memorable
colors and neutral hues). In accordance with the assessment
procedure developed in this study, qualitative characteristics of
the image are determined and choice of the corrective method
is done according to the size of color rendering imperfections
respective insufficient or excessive color content.

Color separation characteristics of the image (obtained
by the CMOS-matrix) corrected by the developed procedure
are given in Fig. 6. The color separation matrices have the
following form (8):

1.0 0.03 0 074 091 0.18
o=[008 1.0 0.08], B=[1.02 0.08 0.73]. ®)
0 0 1.0 0 098 092

Using specific densities of single-color images of pure
colors, a conclusion can be drawn that due to this technology,
a significant corrective effect is achieved. The diagonal mem-
bers of the matrix of pure colors (7) (useful specific densities)
are equal to one which corresponds to conditions for a perfect
color separation. Non-diagonal members of the matrix are
close to zero. Compared to the noncorrected image, charac-
teristics of the image corrected by the described method have
improved. Virtually, no harmful contrasts exist (from 0 to
0.08) and useful contrasts are at the level of one. The matrix
of specific effective densities of binary overlays of colors shows
that most of the useful contrasts approach one and harmful
contrasts (the result of parasitic actinicity) can be significant-
ly reduced. It should also be noted that the described correc-



tive method provides optimal grey balance: the content of
cyan color slightly exceeds the content of the rest of colors of
synthesis in achromatic tints. It is this color component ratio
that is recommended by 1SO12647-2:2013 standard.
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Fig. 4. Schematic presentation of the method of correction
of color rendering imperfections by separate compensatory
corrective images
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6. Discussion of results obtained in correcting color
separation imperfections in digital photographic images
with separate compensatory corrective images

As a result of correction of color characteristics by the
developed method of correction with the use of separate
corrective compensatory images, digital images have under-
gone a positive change. Color separation characteristics of
the corrected images (Fig. 8) show that harmful contrasts
were minimized for nonseparated colors and useful contrasts
significantly improved compared with similar color images
before correction (Fig. 3). The matrix of color separation
for pure colors of the corrected image (8) shows color char-
acteristics practically close to perfect (4). The resulting
corrective effect is explained by the presence of increased
effective density for separated colors in the compensatory
corrective image.

Such positive corrective effect was achieved due to ap-
plication of the developed method for assessing qualitative
characteristics of photographic images in a digital form.
Before moving the photographic image to a material carrier,
it is possible to assess accuracy of separation and recording
its one-color components and calculate the sought corrective
effect (future characteristics of corrective images).

Advantage of the developed correction method consists
in ability to apply it to every photographic image obtained
digital photographic equipment of any class. Color control
and camera profiling technologies have limited application
in the digital photographic workflow because of technolog-
ical complexity of implementation [4, 8]. It is impossible to
achieve a satisfactory result of correction of color separation
imperfections at the moment of recording optical informa-
tion or in post-processing [5—7]. Thus, the developed meth-
od for correction of color separation imperfections with sep-
arate compensatory corrective images has been developed
to provide a higher level of correction. It has the prospect
of successful practical application in the digital workflow of
processing digital halftone graphics.

At the same time, the proposed technological solution
has certain features. Particularly, useful contrasts do not
yet reach a sufficient level for partial images of magenta
and yellow in binary overlays (Fig. 8). This feature imposes
certain limitations on the use of the results that can be inter-
preted as a drawback of this study. Impossibility of removing
these restrictions in the framework of this study leads to the
search for new solutions to peculiarities of color rendering in
digital photographic images, in particular, correction of the

program imperfections of rendering some separated colors.
Dus Dy R Dt
20 Cg 2.0 o 2.0
7 G
7/ B .
15 + 1.5
4:5 b CG
= . %
B
1.0 @ x 1.0 + x 1.0
:
L
05 i - 05 kA 05
oY
MRY PR o /Aéce
0.0 o5 00 Dyes 0.0
0.0 05 1.0 1.5 2079 0.0 0.5 1.0 15 20 0
a b c
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7. Conclusions

1. A method for assessing qualitative characteristics of
photographic images in a digital form before their output to
a material carrier by conversion of actinicity values in the
values of effective densities.

2. Qualitative characteristics of digital photographic
images obtained by various technical means were objectively
analyzed with the use of the developed assessment method.
Presence of color separation imperfections of two types
(insufficient paint amounts in separated colors and excess
amounts in nonseparated colors) was found in all images
regardless of how they were obtained.

3. A method of correction of color separation imperfec-
tions with separate compensatory corrective images was
developed. It makes it possible to obtain color images fully

corresponding to the criteria of satisfactory color separation.
In order to implement the corrective method, specialized
ImageRedactor software was created. Its correction means
take into consideration physical content of the origin of color
separation imperfections which has enabled implementation
of a new approach to correction.

4.1t has been shown that the color separation char-
acteristics of photographic digital images processed in
accordance with the developed method in the created
ImageRedactor software fully correspond to the formu-
lated satisfactory color separation criteria. All useful and
harmful contrasts are within the limits of the set tolerances
in both pure and binary colors. At the same time, a propor-
tional rendition of the entire tonal range of the image is
ensured as opposed to the decisions on color correction in
existing graphic editors.
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