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This paper analyzes the current state of prepress automation in the printing industry
and the tools available for this purpose. It examines the theoretical foundations for
implementing Deterministic Al and automated workflow management systems, using
Xerox FreeFlow and AccurioPro Flux case studies. The paper presents the results of
developing a set of actions for the Adobe Photoshop graphics editor aimed at batch
image processing, control, and automatic reduction of the Total Area Coverage (TAC)
without using external profiles. The methodology for creating an integrated web system
for booking prepress consultations based on the Wix platform using the low-code
automation tools Zapier and GetResponse is described. The effectiveness of combining
technological automation of layout preparation with the automation of marketing
communications and CRM processes is substantiated. The findings confirm that these
solutions significantly reduce manual operations, minimize production errors, and
increase the overall productivity of small and medium-sized enterprises (SMEs) in the
printing sector.
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Statement of the problem. In modern printing, prepress preparation remains the
most labor-intensive stage, where, according to statistical data, 60% to 80% of production
defects originate. The primary issues stem from incorrect file preparation by customers
—including low image resolution, the use of composite black, and exceeding Total Area
Coverage (TAC) limits — all of which necessitate significant time for manual verification
and layout correction. The implementation of automation tools is critical for enhancing
the competitiveness of printing houses by reducing lead times and stabilizing product
quality. Modern solutions such as AccurioPro Flux Ultimate, Xerox FreeFlow, Enfocus
Switch, and Esko Automation Engine demonstrate the potential for comprehensive
automation, encompassing order receipt, layout processing, quality control, and print
queue management. However, despite significant progress, most enterprises still rely on
a combination of manual and partially automated operations due to high implementation
costs, integration complexity, and the need for specialized staff training. This gap
between available technology and practical application necessitates further research into
optimized, accessible automation workflows.

Analysis of recent research and publications. Leading industry players such
as Esko [1], Enfocus, Kodak, and Heidelberg [2] are actively addressing the issues of
workflow automation. Recent studies emphasize the significance of a systemic approach
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to managing print production. Simultaneously, the application of artificial intelligence
for defect detection and automated layout correction is being pioneered by Xerox
through its Deterministic Al concept [3-4]. Furthermore, the search for accessible low-
code solutions to automate customer interactions and baseline prepress processing for
SMEs (small and medium-sized enterprises) remains a highly relevant area of inquiry.

The Purpose of the article. The aim of this study is to analyze, develop, and
implement automation tools designed to optimize prepress preparation processes and
enhance the efficiency of customer interactions within the printing services sector.

Main research material. In the field of printing automation, three primary areas are
distinguished: integrated automated workflows, Adobe-based automation tools, and
specialized preflight systems.

Automated workflow systems, such as Enfocus Switch, Esko Automation Engine,
Kodak Prinergy, and Heidelberg Prinect, are designed to create fully autonomous
production environments. These platforms automate between 50% and 90% of routine
operations, ranging from automated file sorting and color profile verification to seamless
integration with CRM/ERP systems.

Adobe applications (Photoshop, Illustrator, InDesign) offer robust built-in
automation capabilities, including Actions, JavaScript-based scripts (ExtendScript),
automated panels, and batch processing via presets. Furthermore, specialized preflight
systems, such as Enfocus PitStop Pro, Callas pdfToolbox, and FlightCheck, provide
comprehensive verification and correction of PDF files. These tools ensure strict
compliance with international printing standards and minimize prepress errors before
the job reaches the printing stage [5-6].

The current stage of development in the printing industry is characterized by the rapid
adoption of automated and intelligent technologies, which are significantly transforming
traditional approaches to production organization. An analysis of the state of automation
in printing confirms the relevance of this trend and aligns with the research findings
conducted by Xerox [4].

The challenges facing the modern printing industry include an increasing volume
of short-run jobs, reduced turnaround times, excessive manual labor, and a significant
skilled labor shortage. According to Xerox surveys, a substantial number of printing
houses still rely on manual prepress workflows. This reliance inevitably leads to common
production errors, such as:

» Inappropriately large file sizes;

* Files provided in RGB color space without required bleed;

* Manual merging of similar tasks and imposition errors;

» Issues with page and section numbering;

* Manual nesting (layout) of small-format jobs on the press sheet;

*  Order rejection due to staff overcapacity.

The effectiveness of automation is ultimately determined by the capacity to maintain
production volumes while significantly reducing labor intensity and operational costs.

The integration of artificial intelligence into printing systems minimizes the need
for operator intervention: it is sufficient to place the prepared file into a designated hot
folder, and the system independently generates the imposition layout, adds trim marks,
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and sends the job to the press. In the event of technical discrepancies — for instance, if
the incorrect paper type is loaded — the built-in preflight module automatically halts
the process and triggers an error notification, thereby preventing waste and reducing
material costs.

A typical example occurs when files are created using simplified online design tools,
such as Canva. In these cases, black text or elements are often rendered as composite
black (rich black, consisting of all CMYK components), which can lead to registration
issues or insufficient saturation on the final print. Intelligent preflight systems detect
such issues, as well as low image resolution (e.g., 200 ppi, see Fig. 1), and highlight the
problematic areas for correction before the printing stage, as illustrated in Fig. 2.
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Fig. 1. Preflight report indicating the nature of the error: low image resolution [4]

When modernizing production, companies face a critical dilemma: whether to
invest solely in hardware or to opt for solutions featuring integrated automation. Partial
automation, which involves the use of isolated software products, typically yields a
modest efficiency increase of approximately 6%. In contrast, integrated automation
provides comprehensive control over the entire technological workflow and is capable
of increasing operational efficiency by an average of 43% [4].

Xerox offers printing enterprises a specialized technical and process Al audit designed
to identify «bottlenecks» and high-frequency repetitive operations within the production
cycle. Based on the findings of this audit, automated scenarios are developed to optimize
routine tasks, thereby enhancing the stability and throughput of the print shop. Once
developed, these scenarios undergo rigorous testing, refinement, and integration into the
production environment, followed by continuous technical support and staff training.

According to Xerox, a wide range of tasks can be automated using Al, including file
conversion, prepress preparation, imposition, optimization, page resizing, numbering,
verification, job assembly, scheduling, image quality enhancement, color management,
watermark and barcode generation, job distribution, print load balancing, document
merging, as well as page insertion and deletion.
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Fig. 2. Visual identification of a problematic element within the layout [4]

Deterministic Al (deterministic artificial intelligence) refers to a class of algorithms
where the execution outcome is strictly defined by a predefined set of rules, and the
sequence of actions is entirely predictable. Unlike stochastic or neural network
models, which may produce varying results under identical conditions, deterministic
Al consistently returns the same output for a given set of input data. This makes the
deterministic model ideal for the printing industry, where precision, compliance with
international standards, consistency, and the total absence of errors are paramount.

The diagram in Fig. 3 illustrates an automated workflow for print job processing.
The cycle commences with the Basic Preflight stage, where initial file verification is
conducted, focusing on format compatibility, image resolution, font embedding, and
color profile integrity. This is followed by the Book Covers and Blocks stage, where
the system automatically generates book blocks, covers, and signatures, ensuring the
document is correctly structured for subsequent production.

During the Number Pages stage, Al-driven tools perform automated pagination
while preserving the logical sequence. The workflow then proceeds to the Duplicate Job
phase, enabling parallel production to accelerate the process and balance the workload
across multiple print engines. Subsequent finishing operations—including CS Gathered
Signatures, Flip Left, Inline Plow Fold, and Accordion Fold — define the signature
gathering and folding methodologies, dynamically selected based on the specific
parameters of the document. The final stages comprise Print, where individual sections
are outputted, and CF Cut Mark, which applies registration marks for high-precision
trimming. The defining advantage of this architecture is its capacity for multi-stream
parallel processing, which significantly reduces total turnaround time.

Automation within graphic editors represents the foundational level of optimization.
This study introduces a proprietary set of Adobe Photoshop Actions designed to automate
the generation of layouts with proper bleeds and the rigorous control of technical
parameters.
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Fig. 3. Xerox workflow architecture for prepress process automation [4]

A pivotal contribution of this research is the development of a methodology for
controlling Total Area Coverage (TAC). To achieve this, a «detector action» was
implemented to visually isolate areas exceeding established industry standards (e.g.,
300% for ISO Coated v2 or 240% for uncoated offset paper). For TAC correction, an
algorithm was developed utilizing Smart Objects and Layer Styles (Blending Options).
This approach allows for a selective reduction of ink limits in deep shadows while
preserving critical detail in highlights and mid-tones, all without necessitating a global
color space conversion. This technique significantly minimizes the degradation of visual
integrity compared to conventional ICC-based reprofiling.

The methodology is centered on the strategic application of Curves adjustment
layers. For a 300% limit, the threshold is calculated by dividing the total limit by the
four CMYK channels (300 / 4 = 75%). Areas appearing on the «white canvasy indicator
signify compliance with the 300% limit. For substrates with lower ink requirements,
such as newsprint or offset paper, a 240% limit is applied, resulting in a 60% threshold
(240 / 4 = 60%). By setting the threshold to 60%, the action reveals specific regions
that exceed the TAC limit. This diagnostic method provides a rapid and precise visual
assessment of ink-heavy areas requiring correction.

To implement this, a Channel Mixer adjustment layer was created with the total
value of C+tM+Y+K set to 100%. Typically, a CMYK image has a theoretical maximum
0f' 400% (100% per channel); however, by assigning 25% to each channel, we generated
a reference image with a normalized 100% ink limit. Using the Info Palette, we verified
the reduction: for instance, a point with an original TAC of 287% was scaled down to
72% in the reference layer. To perform a targeted check for a 240% TAC limit, an Input
value of 60 was set on the Curves adjustment layer (240 / 4 = 60). Consequently, only
the areas exceeding the 240% threshold remain visible (Fig. 4b).

To enhance the visual detection of these over-limit areas, an additional Curves layer
was applied to maximize shadow contrast (Fig. 4c). The developed Action automatically
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visualizes these problematic regions and subsequently reduces the total ink volume to the
specified level without relying on external ICC profiles. The core of this methodology
lies in selective color component compensation, which does not interfere with the
Luminosity channel. Specifically, the midtones and highlights are preserved from the
original source, while only the deep shadows are sampled from a Smart Object layer re-
separated under a lower ink limit profile. This is achieved through the Layer Style (Blend
If) functionality, ensuring that the image’s fine detail and visual integrity remain intact.
Residual deviations within 2-3% are considered technologically acceptable and do not
degrade print quality.
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Fig. 4. Application example of the developed TAC control methodology: a) original [7], b)
areas exceeding 240% TAC, c) enhanced visualization of over-limit areas for further processing

The methodology focused on retaining only the color information by utilizing a
Clipping Mask in Color blending mode, thereby preserving the original luminosity
(brightness) component. Since ink limit exceedances are inherently localized in the
shadows rather than midtones or highlights, we selectively reduced the black ink density
in these regions without affecting the color channels or lighter tonal ranges.

To achieve this, we masked the highlights and midtones using the Blend If (Current
Layer) settings within the Layer Style dialog. By setting the shadow-to-midtone slider
to 50 and splitting it with an offset of +40, we ensured a smooth tonal transition. This
splitting technique is crucial for preventing banding (posterization) artifacts, which are
frequently encountered in CMYK color spaces during aggressive tonal adjustments.

The second stage of the project involved the development of the Prepress Consultation
Hub, an automated ecosystem illustrated in Fig. 5. A landing page was built on the Wix
platform to capture consultation requests. To eliminate manual lead processing, we
implemented a multi-stage automation workflow via Zapier [8]. The scenario is triggered
by a form submission: data is instantly routed to GetResponse [9], which dispatches an
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automated double opt-in email. Upon selecting «Confirm Booking,» the user is redirected
to a personalized thank-you page and receives a calendar confirmation. Once confirmed,
the contact data is automatically synchronized with Google Sheets, which functions as a
streamlined CRM system for real-time lead management.
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Fig. 5. Developed workflow architecture for customer interaction automation

System testing confirmed the seamless transfer of data and the real-time generation
of a customer database without manual intervention. The automation successfully
eliminated redundant communication steps, ensuring high data integrity.
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Conclusions. The implementation of deterministic algorithms and specialized
automation tools significantly optimizes the prepress workflow. The developed suite of
Adobe Photoshop Actions provides a rapid and precise solution for correcting common
technical errors, specifically the regulation of Total Area Coverage (TAC/TIL) limits.
Simultaneously, the integration of Wix, Zapier, and GetResponse creates a robust, end-
to-end cycle for managing client requests. These proposed solutions are highly scalable
and can be readily adopted by printing enterprises to enhance operational responsiveness,
minimize human error, and mitigate production risks.
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X. B. Kynpuniipka'

1. HayionanenuuYuisepcumem  «Jlvgiecokallonimexnixa», eyn. Cmenanabanoe-
pu, 12, Jlesis, 79013, Vkpaina https://orcid.org/0000-0002-6184-988Xe-mail:
khrystyna.b.kulchytska@lpnu.ua

Y emammi npoananizoeano cyuacuuii cmam ma iHcmpymenmu asmomamusayii
000pyKapcyKux npoyecie y nouiepadii, wo € KpUmuuHOBaANCIUGUM V KOHMEKCMI 3pO-
CMAHHA 8UMO2 00 WBUOKOCII Ma AKOCMI 8U2OMOBIEeHHs OPYKOBAHOI npooykyii. Pos-
2NAHYIMO MEOPEemudti 3acadu GNPOBAOICEHHS OeMEPMIHOBAHO20 WMYUHO20 [HMENEeKMY
(Deterministic Al) ax HaoiliHOI anbmepHamueu CMoXacmuyHUM MOOeIAM, Wo 3abesne-
yye cmabinbhicms pe3yiomamie ma 4imky 6IONOBIOHICMb MEXHONOLITUHUM CMAHOAp-
mam. Ilposedeno amnaniz asmomamu308aHux cucmem YNpaguinusa pobouuUM NOMOKOM
(workflow management systems) Hanpukiadi npomuciosux piwens Xerox Free Flowma
Accurio Pro Flux, siki 003601510mb MIHIMI3y8amu 6naus 1o0cbko2o haxmopa Ha emani
nioeomoexku makemie. Y pobomi npedcmasieHo pe3yiomamu po3poOieHHs a8mopChb-
K020 KOMNJIeKCY eKuwuHie 0as epagiuno2o pedakmopa Adobe Photoshop, cnpsamosanux
Ha naxkemmuy 06poOKY 300pajicensb, MexHiYHULl KOHMPONIb Ma AGMOMAMUYHEE 3HUNCEH-
HA cymmaproeo aimimy gapou (TAC) 6e3 suxopucmanns soeniwnix ICC- abo Device
Link-npogbinis. 3anpononosana memoouxa 6asyemvcsa Ha BUKOPUCTIAHHI KOPEKMYBATb-
HUX wapis, cmapm-o6’€ekmie ma Haiawmyeans oianocosoeo sikna Layer Style (Blend
If), wo 0osson5€ NPogoOUMU CcereKMUBHY KOPEeKYito OLISAHOK I3 nepesuuyeHHaM pap-
606020 nimimy. Takuil nioxio sabesneuye 30epexceHus demanizayii 8 enUOOKUX MIHAX
ma 8i3yanbHOI YINiICHOCMI 300padiCenHs, He3auinadu HeumpaibHl NIGMOHY Md CEIm
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OINANKYU MAKema, wo € CYMmmeEBOIo nepesazoio Hao CMAaHOApMHUMU Memooamu nepe-
npogintosanHs.

Onucano mMemoouxy CcmeopeHHs: iHmezpoeamoi eebcucmemu Ojisl OPOHIOGAHHS
000pyKapcyKux KoHcyibmayiu Ha oasi niamgopmi Wixi 3 sukopucmannsim low-code in-
cmpymenmie asmomamusayii Zapier ma GetResponse. [lemanvro po3kpumo apximex-
mypy 83aeMO0ii yux cepeicis: 8i0 MOMeHmy 3an06HeHHs YopmMu KIIEHMOM HA catmi 00
ABMOMAMUYHO20 HAOCUNAHHS MPULEPHUX TUCMIG-NIOMEEPONCEHb MA MUMMEBOL CUH-
xpouizayii danux y Google Sheets, wo euxonye ponv 6azoeoi CRM-cucmemu. Lle 0o360-
JISIE Opeanizysamu epexmusne ynpasiinua exionumu zanumamu (lead management) de3
3a1yYeHHA AOMIHICMPAMUEHO20 NEPCOHATY.

ObrpyHmosano egekmugHicms NOEOHAHHA MEXHOA02IUHOI agmomamusayii nio-
eomoexku maxemie (Preflight) i3 asmomamusayiero MapKemuHeo8ux KOMYHIKayiu ma
CRM-npoyecie. Ompumani pe3ynomamu niomeeposicyoms MONCIUGICIb 3HAUHO20 CKO-
POUEHHs 4acmKu PyyHUX onepayiu, MiHIMI3ayii 6upOOHUYUUX NOMUTLOK MA NIOBULYEHHS
3a2a1bHOI NPOOYKMUBHOCMI MAIUX Md CepeoHix noniepa@iunux nionpuemcms. Bnpo-
BA0JICEHHA 3ANPONOHOBAHUX pilleHb CHpuse cmadinizayii mexHonioeiuHo2o npoyeccy
ma 3HUNCEHHIO cobieapmocmi nPOOYKYii 3a paxyHoK 3MeHuleHHs. idcomka opaxky ma
onmumizayii pobouoeo yacy gaxisyis.

Knwuogi cnoea: asmomamusayisi, 000pyKaApcbKinpoyecu, MapkemuHe, exuiu-
Hu Photoshop, cymapue noxpumms ¢apou (TAC), Deterministic A, CRM, Zapier,
GetResponse.
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