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The presented work analyzed current approaches to improving
digital photography technologies. a test form and methodology
for determining the stability of color reproduction in photo print-

ing were proposed. The influence of technological parameters 
of the digital photo processing process on the quality of photo
printing was studied. general recommendations for stabilizing
the color reproduction of digital photographs in photo printing
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introduction
In recent years, the volume of

digital photographs created in the
world has been growing rapidly. In
particular, according to various stu-
dies [1–3], the volume of digital pho-
tographs created in 2025 is appro-
ximately 2 trillion, with an average
of about 5 million new digital pho-
tographs created per day. Also, most
photographs are usually created
using smartphones, which accounts
for up to 94 % of the total number
of photographs [1]. This trend is as-
sociated with the greater accessi-
bility and convenience of digital pho-
tography technologies when using
smartphones, which has allowed
the introduction of innovative tech-
nologies for creating HDR photo-

graphs (from ‘High Dynamic Range’)
with an extended dynamic range,
noise removal algorithms and pho-
to processing based on artificial
intelligence technologies [3].

Also, some of the digital photo-
graphs are reproduced using photo
printing technologies. In particular,
according to Epson [4], about 2 %
of the total number of photographs
are reproduced by users using di-
gital photo printing on photo paper,
for example, for a family photo al-
bum. Therefore, today, digital pho-
tography technologies continue
to be constantly improved, both in
terms of approaches to correcting
the visual quality of photographs
and in terms of photo printing te-
chnologies.



However, despite the constant
improvement of digital photography
technologies, there is a certain pro-
blem with the stability of the quality
of their reproduction by means of
digital photo printing. This is due to
the use of a large range of consu-
mables, in particular different types
of photo paper, for which the use
of various color ICC photo printing
profiles is provided. Also, the sta-
bility of photo printing can be sig-
nificantly affected by the applied
methods of processing digital pho-
tos, which often lead to deviations
in color reproduction and a gener-
al decrease in quality.

Therefore, the study of the im-
pact of technological processes
of processing and preparing digi-
tal photographs is quite relevant
and will allow us to identify rational
approaches to increasing the sta-
bility of photo printing. Also, one
should take into account the con-
stant development of digital tech-
nologies, which necessitates the im-
plementation of constant research
to adapt the existing photo print-
ing process to the emergence of
new technologies for preparing di-
gital photographs, in particular the
use of artificial intelligence tech-
nologies for tone and color correc-
tion of images.

Methods
Given the wide popularity and

accessibility of digital photography
technologies, existing thematic and
related research concerns such areas
as methods for improving the qua-
lity of digital photography [5–9], me-
thods for color stabilization using
ICC profiles [10, 11], and methods
for preparing and printing digital
photography [12–15].

In particular, a review of the pos-
sibilities of preparing photographs

with an extended dynamic range
[5], which are intended for posting
on web resources, is widespread.
Given the variety of photographic
equipment and, as a result, the pre-
sence of some distortions on most
unprocessed digital photographs,
there is a large proportion of rese-
arch devoted specifically to methods
of tonal and color correction of di-
gital photographs [6–9]. Including
existing research [8] concerns the
use of artificial intelligence tech-
nologies for photo correction.

Also, given the availability of
photo printing equipment, which
is quite popular for printing photo
albums and other printed products,
there are studies [10–15] aimed at
optimizing the preparation of digi-
tal photographs for the printing pro-
cess while ensuring acceptable
color reproduction quality. However,
as noted in the study [11], the ac-tual
quality of a large number of printed
products can significantly exceed
the acceptable deviations, which
indicates some complexity of repro-
ducing photographs using standard
approaches to quality control.

To determine the general trends
in the development of digital pho-
tography, a patent search [16] was
conducted with a 10-year retro-
spective starting from 2015 and
ending in 2025. In total, about 400
patents were selected and ana-
lyzed in individual areas of devel-
opment (Fig. 1–3).

The dynamics of patent issu-
ance over the years (Fig. 1) indi-
cates the steady development of
digital photography technologies.
In particular, since 2021, there has
been a significant increase in the
volume of developments dedicat-
ed to methods of preparing pho-
tographs for printing.
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Also, the general distribution of
issued patent applications in per-
centage terms by different areas
was established (Fig. 2). The lar-
gest number of patents over the past
10 years are developments related
to the use of ICC profiles (45 %)
and methods of photo processing
(39 %). This may be due to the fact
that these developments are uni-
versal and can be applied in addi-
tion to digital photography, also to
the processing of information for
the printing process of image re-
production. The smallest number
of patents concerns digital photo
studio technologies (3 %).

Also, an analysis of issued pa-
tents by country was carried out
(Fig. 3), which revealed a trend

towards the largest number of is-
sued patents in the field of photo
printing in Japan and the USA.
This can be explained by the large
number of existing manufacturers
of photographic equipment in
these countries.

Therefore, existing research
and development have allowed us
to establish a stable trend in the
development of digital photogra-
phy technologies, especially in the
areas of processing and preparing
digital photographs for the photo
printing process.

Therefore, the purpose of the
work is to study the influence of te-
chnological parameters of the di-
gital photography processing pro-
cess on the quality of photo printing
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Fig. 1. Dynamics of patent issuance in individual areas: 1 — color reproduction
by photo printing; 2 — methods of photo processing; 3 — application of ICC

profiles; 4 — methods of preparing photographs for printing; 5 — digital 
photo studio technologies

Fig. 2. Distribution of patents issued
in percentage by individual areas: 
1 — color reproduction by photo
printing; 2 — methods of photo 

processing; 3 — application of ICC
profiles; 4 — methods of preparing

photos for printing; 5 — digital 
photo studio technologies
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and to determine recommenda-
tions for stabilizing the color repro-
duction of portrait photographs.

results and Discussion
Research of the stability of co-

lor reproduction of digital photo-
graphs by photo printing were car-
ried out using a specially designed
A5 format test form with the fol-
lowing control elements: CMYK co-
lor plates, RGB color plates, flesh
tones, gray tones, CMYK shades
(at 20 %, 40 %, 60 %, 80 % and
100 %) and a test portrait photo-
graph processed by various cor-
rection methods (Fig. 4).

Portrait photography was cho-
sen for the study as the most com-
mon among the genres. Among the
applied methods of digital photog-
raphy correction were black and
white filter (Fig. 4, item 1), auto-cor-
rection in Photoshop (Fig. 4, item
2), photo correction method using
artificial intelligence based on
ChatGPT (Fig. 4, item 3), Camera
Raw filter (Fig. 4, item 4), ‘Sepia’
filter of Adobe Photoshop (Fig. 4,
item 5) and image without correc-
tion (Fig. 4, item 6). Measurement
of color characteristics was car-

ried out for samples with color cor-
rection and without correction (Fig.
4, items 2–4 and item 6), other sam-
ples were evaluated visually (Fig.
4, items 1 and 5).

The study used different digital
printing media (Epson L805 and
Canon imagePress V700), different
types of photo paper (matte, semi-
gloss, glossy and high-gloss), as well
as different standard photo printing
profiles (varieties of ICC profiles).

To assess the quality, measure-
ments of color coordinates in the
CIE Lab system were used at five
points of the tested test element
with calculation of the arithmetic
mean and subsequent calculation
of color distortions (DE00) accord-
ing to the requirements of ISO 12647
[17]. Comparison of the studied dif-
ferent photo printing samples with
respect to color reproduction stabi-
lity was carried out by calculating
the interquartile range (from English
Interquartile Range, DEIQR). More-
over, the smaller the interquartile
range (DEIQR), the more accurate
the total reproduction of the stud-
ied colors will be according to ISO
12647. Also, graphical dependen-
cies were constructed based on

Fig. 3. Distribution of issued patents by country: 1 — color reproduction 
by photo printing; 2 — methods of photo processing; 3 — application of ICC

profiles; 4 — methods of preparing photos for printing; 5 — digital photo 
studio technologies



statistical analysis of color distor-
tion data (DE00): median (DEmedian),
maximum (DEmax), minimum value
(DEmin), first quartile (DEQ1), third
quartile (DEQ3) and interquartile
range [18].

In particular, the influence of co-
lor profiles on the stability of color
reproduction of unprocessed pho-
tographs in photo printing using
the Canon imagePress V700 print-
er on glossy paper and various co-
lor profiles was analyzed: Japan

Color 2011 Coated, GRACoL2013
CRPC6 (EFI), PSO Coated FOGRA51
(EFI), PSO Uncoated FOGRA52
(EFI) and printing with a standard
ICC profile (None). Color measure-
ments were performed five times
for each color with averaging of co-
lor coordinates, the results are gi-
ven in Table.

Analysis of the calculated level
of average color distortion (DE00)
for photo imprints with different
ICC profiles (Fig. 5) allowed us to
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Fig. 4. A5 (10´15 cm) test form for checking the stability of color reproduction
of photo printing

Fig. 5. Comparison of color reproduction quality of primary spot colors (CMYK
+ RGB) for photo imprints obtained using common ICC color profiles: 1 —

Japan Color 2011 Coated, 2 — standard (None), 3 — GRACoL2013 CRPC6
(EFI), 4 — PSO Coated FOGRA51 (EFI) and 5 — PSO Uncoated FOGRA52 (EFI)
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Averaged measurements of color coordinates in the CIE Lab system 
for photo prints using different ICC profiles

Equipment
ІСС-pro-

file
The color under

investigation
L a b DE

Сanon
imagePress

V700

Japan
Color
2011

coated

White (material) 94,6 1,22 -4,15 1,65

Blue 28,6 23,98 -44,89 4,1
Red 45,55 59,83 30,63 5,9
Green 54,12 -57,73 13,77 6,55

Black 14,79 -0,29 0,03 0,66

Cyan 60,12 -22,99 -45,45 6,04

Magenta 46,35 72,22 -11,85 3,48

Yellow 89,43 -14,1 85,98 5,64

Key 16,87 -0,33 -0,45 0,66

None

White (material) 95,25 1,48 -3,33 3,07

Blue 24,55 31,62 -43,04 8,24

Red 46,35 56,97 45,77 4,77

Green 53 -63 28,45 4,5

Black 16,56 -0,36 -0,39 0,66

Cyan 56,85 -22,91 -48,08 1,67

Magenta 45,54 73,08 -11,31 3,11

Yellow 89,78 -15,24 92,48 0,8

Key 17,25 -0,29 -0,47 0,66

GRACoL
2013

CRPC6
(EFI)

White (material) 94,81 1,78 -4,09 2,33

Blue 30,49 27,14 -43,11 6,67

Red 46,88 57,46 36,9 3,44

Green 56,97 -54,64 21,23 8,34

Black 16 -0,31 -0,21 0

Cyan 62,46 -22,98 -40,72 7,16

Magenta 46,8 70,5 -10,73 2,8

Yellow 88,49 -12,66 82,05 5,6

Key 16,24 -0,34 -0,32 0

PSO
Coated

FOGRA5
1 (EFI)

White (material) 94,65 1,57 -4,04 2,33

Blue 29,09 25,75 -44,9 5

Red 46,8 57,57 36,39 3,7

Green 55,34 -58,01 22,22 6,3

Black 14,87 -0,37 -0,22 0,66

Cyan 62,68 -22,28 -42,91 6,82

Magenta 45,82 72,55 -10,21 2,83

Yellow 89,15 -13,26 83,67 5,35

Key 14,64 -0,24 -0,18 0,66



establish that the difference in the
level of distortion for different col-
ors is not uniform and can reach a
maximum level of up to DE00 = 7.
Only one photo imprint using the
ICC profile PSO Uncoated FOGRA52
(EFI) shows a significantly higher
level of color distortion up to DE00 =
= 22, which is explained by its non-
compliance with the type of paper
used for photo printing. Since most
profiles are adapted specifically
for use on glossy, not matte photo
paper.

To establish the stability of co-
lor reproduction for imprints ob-
tained using different ICC profiles,
the interquartile range index was
calculated and analyzed (Fig. 6).
The most stable in terms of color
reproduction were imprints using ICC
profiles: Japan Color 2011 Coated
with an index DEIQR = 2.9, PSO Co-
ated FOGRA51 (EFI) with an index
DEIQR = 2.9 and the standard pro-
file (None) with an index DEIQR = 3.1.
Accordingly, much worse stability
is observed for imprints using the
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End of table

Equipment
ІСС-pro-

file
The color under

investigation
L a b DE

Сanon
imagePress

V700

PSO
Unco-
ated

FOGRA
52 (EFI)

White (material) 95,38 1,83 -4,35 2,33

Blue 50,05 11,12 -30,96 22

Red 53,28 50,2 18,14 12,35

Green 61,57 -37,69 11,06 15,18

Black 14,55 -0,35 0,17 0,66

Cyan 66,43 -17,07 -37,45 1,3

Magenta 55,92 55,59 -8,79 11,24

Yellow 88,95 -12,03 67,54 7,83

Key 13,92 -0,28 -0,13 0,66

Fig. 6. Comparison of color reproduction stability by interquartile range (DEIQR)
for primary spot colors (CMYK + RGB) for photo imprints obtained using com-
mon ICC color profiles: 1 — Japan Color 2011 Coated, 2 — standard (None), 

3 — GRACoL2013 CRPC6 (EFI), 4 — PSO Coated FOGRA51 (EFI) and 5 —
PSO Uncoated FOGRA52 (EFI)



ICC profile PSO Uncoated FOGRA52
(EFI) with an index DEIQR = 9.1.

During the analysis of the re-
search results, the stability of tone
reproduction was determined bas-
ed on the interquartile range (DEIQR)
for the primary CMYK colors and
gradations of 20 %, 40, 60, 80 %
and 100 % when printing photos
with a standard ICC printer profile
on different types of photo paper:
matte, semi-gloss, glossy and high-
gloss. Analysis of the interquartile
range (DEIQR) revealed the most
stable tone reproduction on high-
gloss paper with an index of DEIQR =
= 1.4 (Fig. 7). The worst color re-
production stability is observed on
matte photo paper with an index
of DEIQR = 3.7.

Also, to establish the influence
of the applied method of process-
ing digital photos on the quality of
photo printing, the stability of co-
lor reproduction was analyzed by
the interquartile range (DEIQR) for
the main spot colors (CMYK + RGB)
on photo printing imprints with dif-
ferent types of photo paper. Digital

photos were sequentially proces-
sed using the main color correc-
tion methods before photo print-
ing (Fig. 8).

According to the analysis of ex-
perimental data, the nature of the
influence of digital photo process-
ing methods on the quality of pho-
to printing was established. In par-
ticular, an increase in color repro-
duction stability of up to 10 % was
found when applying auto-correc-
tion to photos in Photoshop (Fig.
8, a), which is typical for most types
of photo paper. The only exception
is photo imprints on semi-glossy
paper. A slight improvement in co-
lor reproduction stability is obser-
ved on photo imprints when apply-
ing the correction method based
on artificial intelligence (Fig. 8, b).
In contrast, the use of the Camera
Raw filter for color correction leads
to a slight decrease in color repro-
duction stability in photo printing
(Fig. 8, c) compared to the control
unprocessed photo (Fig. 8, d).
This can be explained by the fact
that the Camera Raw filter is used
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Fig. 7. Comparison of tone reproduction stability by interquartile range (DEIQR)
for analysis of basic colors (CMYK) for photo imprints obtained using different
types of photo paper: 1 — matte, 2 — semi-gloss, 3 — glossy, 4 — high-gloss



with manual adjustment of correc-
tion parameters, which can slightly
distort individual colors in the photo.

conclusions 
During the conducted analyti-

cal and patent research, stable
trends towards further develop-
ment of digital photography tech-
nologies were identified, in partic-
ular in photo processing methods
and color stabilization methods
using ICC profiles. Also, in the last
3–4 years, there has been signifi-
cant scientific interest in improv-
ing methods of preparing photo-
graphs for photo printing.

The use of the developed test
image of A5 format (Fig. 4) and
the calculation of the interquartile
range (DEIQR) based on the data of
measuring color differences (DE00)
of photo print imprints allowed us
to establish the nature of the influ-
ence of technological parameters
of the digital photo processing on
the quality of photo imprint. In par-
ticular, a significant influence of the
applied color ICC profile on the sta-
bility of color reproduction of the pho-
to imprint was established. When
using standard and adapted ICC pro-
files, which are intended for a certain
type of photo paper, respectively,
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Fig. 8. Comparison of color reproduction stability by interquartile range (DEIQR)
for primary spot colors (CMYK + RGB) for photo imprints obtained using differ-

ent types of photo paper: 1 — matte, 2 — semi-gloss, 3 — glossy, 4 — high-
gloss, as well as different methods of photo color correction: a — auto-cor-

rection in Adobe Photoshop, b — photo correction method using artificial 
intelligence based on ChatGPT, c — Camera Raw filter, d — image without 

correction

a

c

b

d



the stability of color reproduction
can increase almost threefold (Fig.
5). Also, a more stable tone rendi-
tion was established when using high-
gloss paper, compared to other ty-
pes of photo paper (Fig. 7).

Analysis of digital photo proces-
sing methods for photo printing
quality has established an increase
in color reproduction stability of up
to 10 % when using the standard auto-
correction method in Adobe Pho-
toshop. Other methods of photo co-
lor correction can improve the ac-

curacy of reproduction of individual
tone shades, but in general can sligh-
tly reduce the accuracy of color re-
production of individual tone shades.

Therefore, general recommen-
dations for ensuring stable repro-
duction of photo imprints may in-
clude giving preference to the use
of high-gloss paper, adapted ICC
color profiles created based on ca-
libration and profiling of the photo
printing device, as well as the use
of the standard auto-correction
method in Adobe Photoshop.
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Äîñë³äæåííÿ ïðîöåñó äðóêó öèôðîâèõ ôîòîãðàô³é 
³ç ð³çíèìè ìåòîäàìè îïðàöþâàííÿ

Â õîä³ ïðîâåäåíîãî äîñë³äæåííÿ âñòàíîâëåíî ñòàë³ òåíäåí-
ö³¿ äî ïîäàëüøîãî ðîçâèòêó òåõíîëîã³é öèôðîâî¿ ôîòîãðàô³¿,
çîêðåìà çà ìåòîäàìè îáðîáêè ôîòîãðàô³¿ òà ìåòîäàìè ñòà-
á³ë³çàö³¿ êîëüîðó ³ç çàñòîñóâàííÿ ²ÑÑ-ïðîô³ë³â. Òàêîæ, â îñòàí-
í³ 3–4 ðîêè ñïîñòåð³ãàºòüñÿ çíà÷íèé íàóêîâèé ³íòåðåñ ùîäî
óäîñêîíàëåííÿ ìåòîä³â ï³äãîòîâêè ôîòîãðàô³é äî ôîòîäðóêó.

Ó ðîáîò³ ïðîàíàë³çîâàíî àêòóàëüí³ øëÿõè ðîçâèòêó òåõíî-
ëîã³é öèôðîâî¿ ôîòîãðàô³¿. Çàïðîïîíîâàíî òåñòîâó ôîðìó
òà ìåòîäèêó âèçíà÷åííÿ ñòàá³ëüíîñò³ êîëüîðîâ³äòâîðåííÿ
ïðè ôîòîäðóö³.

Çàñòîñóâàííÿ ðîçðîáëåíîãî òåñòîâîãî çîáðàæåííÿ ôîðìà-
òó À5 òà ðîçðàõóíîê ïîêàçíèêà ì³æêâàðòèëüíîãî ðîçìàõó (DeiQr)
íà îñíîâ³ äàíèõ âèì³ðþâàííÿ êîë³ðíèõ â³äì³ííîñòåé (De00) â³ä-
áèòê³â ôîòîäðóêó äîçâîëèëî âñòàíîâèòè õàðàêòåð âïëèâó òåõ-
íîëîã³÷íèõ ïàðàìåòð³â ïðîöåñó îïðàöþâàííÿ öèôðîâî¿ ôîòî-
ãðàô³¿ íà ÿê³ñòü ôîòîäðóêó. Çîêðåìà, âñòàíîâëåíî çíà÷íèé
âïëèâ çàñòîñîâàíîãî êîë³ðíîãî ²ÑÑ-ïðîô³ëþ íà ñòàá³ëüí³ñòü
êîëüîðîâ³äòâîðåííÿ â³äáèòêó ôîòîäðóêó. 

Àíàë³ç ìåòîä³â îïðàöþâàííÿ öèôðîâî¿ ôîòîãðàô³¿ íà ÿê³ñòü
ôîòîäðóêó âñòàíîâèâ çðîñòàííÿ ñòàá³ëüíîñò³ êîëüîðîâ³äòâî-
ðåííÿ äî 10% ïðè çàñòîñóâàíí³ ñòàíäàðòíîãî ìåòîäó àâòîêî-
ðåêö³¿ â ïðîãðàì³ adobe Photoshop. ²íø³ ìåòîäè êîë³ðíî¿ êî-
ðåêö³¿ ôîòîãðàô³é ìîæóòü ïîêðàùóâàòè òî÷í³ñòü â³äòâîðåííÿ
îêðåìèõ â³äò³íê³â òîíó, àëå â ö³ëîìó ìîæóòü äåùî çíèæóâàòè
òî÷í³ñòü êîëüîðîâ³äòâîðåííÿ îêðåìèõ â³äò³íê³â òîíó. 

Çàãàëüí³ ðåêîìåíäàö³¿ çàáåçïå÷åííÿ ñòàá³ëüíîãî â³äòâî-
ðåííÿ â³äáèòê³â ôîòîäðóêó ó çàñòîñóâàíí³ âèñîêîãëÿíöåâîãî
ïàïåðó, àäàïòîâàíèõ êîë³ðíèõ ²ÑÑ-ïðîô³ë³â ñòâîðåíèõ íà îñ-
íîâ³ êàë³áðóâàííÿ òà ïðîô³ëþâàííÿ ïðèñòðîþ ôîòîäðóêó, à òàêîæ
çàñòîñóâàííÿ ñòàíäàðòíîãî ìåòîäó àâòîêîðåêö³¿ â ïðîãðàì³
adobe Photoshop.

Êëþ÷îâ³ ñëîâà: öèôðîâà ôîòîãðàô³ÿ; ôîòîäðóê; êîë³ðí³ â³äì³í-
íîñò³; îïðàöþâàííÿ ãðàô³÷íî¿ ³íôîðìàö³¿; ÿê³ñòü â³äáèòê³â;
ïàòåíòíèé ïîøóê; icc-ïðîô³ë³; òåõíîëîã³¿ øòó÷íîãî ³íòåëåêòó.
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