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Abstract:  

In the realm of offset printing, colour reproduction remains a critical determinant of print quality, brand consistency, and 

customer satisfaction. With global markets demanding standardized visual outputs across diverse substrates and press 

conditions, the role of international colour quality standards has become increasingly vital. This paper provides a 

comprehensive analysis of key standards—ISO 12647 series, G7/GRACoL, FOGRA PSO, Japan Color, and China’s 

GB/T—evaluating their calibration methods, target parameters, implementation frameworks, and segmental applicability. 

It further explores quality assurance (QA) and quality control (QC) systems such as densitometry, spectrophotometry, 

ICC profiling, and automated inspection technologies, examining their role in achieving consistent colour output. Industry 

bodies like FOGRA, IDEAlliance, and national printing federations are reviewed for their contributions to standardization 

and certification. A comparative assessment outlines the strengths and limitations of each framework across dimensions 

including implementation complexity, visual match accuracy, global recognition, and sustainability compliance. 

The study also maps these standards to specific printing segments—packaging, publishing, commercial, and security—

highlighting the most efficient combinations of standards and QA tools. Concluding with insights into trends such as 

automation, data-driven process control, and environmental considerations, the paper offers actionable recommendations 

for industry stakeholders and identifies future research directions in predictive colour analytics and hybrid workflow 

optimization. 
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1. Introduction 

1.1. Purpose and Scope of Study 

This study aims to explore and critically evaluate the colour reproduction quality standards in offset printing across global 

regions and consortiums. The scope includes a comprehensive analysis of international standards (such as ISO 12647-2, 

FOGRA PSO, and G7/GRACoL), their underlying QA/QC systems, control elements, and implementation mechanisms. 

Special emphasis is placed on comparing the effectiveness of these systems across different substrate types and printing 

segments. The objective is to identify best practices, highlight limitations, and recommend suitable frameworks for 

achieving predictable and high-fidelity colour output in offset workflows(Hunt, 2004). 

1.2. Importance of Standardization in Colour Reproduction 

Accurate colour reproduction is a cornerstone of visual communication and brand consistency in printed media. Offset 

printing, while mature and widespread, is highly sensitive to variables such as paper type, ink formulation, press 

calibration, and environmental conditions. Standardization ensures that colour appearance remains consistent, regardless 

of where or how the material is printed. 

International standards like ISO 12647-2, FOGRA39/51, and G7 calibration address parameters such as tone value 

increase (TVI), gray balance, ink density, and substrate categories—all of which impact colour fidelity. Without such 
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frameworks, print buyers and producers face significant risk of colour deviations, rejections, and customer 

dissatisfaction. 

1.3. Research Methodology 

This research is based on a multi-source review of technical standards, academic literature, industry white papers, 

consortium guidelines, and manufacturer documentation. Comparative analysis is done using parameters like 

implementation complexity, colour accuracy, adaptability, and cost-effectiveness. Supporting data is drawn from FOGRA 

test reports, ISO documentation, and print quality studies published by IDEAlliance and related bodies. 

1.4. Structure of the Paper 

The paper is structured as follows: 

• Section 2 offers a technical overview of offset printing and colour reproduction mechanisms. 

• Section 3 details global colour quality standards and regional systems. 

• Section 4 discusses QA/QC methods and Section 5 focuses on production-level control elements. 

• Sections 6 and 7 present consortium roles and a comparative framework. 

• Sections 8 through 11 cover segmental applications, benefits/limitations, emerging trends, and final 

recommendations. 

 

2. Overview of Offset Printing Technology 

2.1. Fundamentals of Offset Printing 

Offset lithography is a planographic printing process where the inked image is transferred from a plate to a rubber blanket 

and then to the printing substrate. This indirect method allows even pressure distribution and high image sharpness, 

making it ideal for high-quality multi-color printing. 

2.2. Types of Offset Printing 

• Sheetfed Offset: Ideal for high-resolution applications such as art books, packaging, and premium 

commercial print. 

• Web Offset: Suitable for large-volume, high-speed printing like newspapers, magazines, and catalogues. 

o Coldset Web: Uses slow-drying inks on uncoated stock. 

o Heatset Web: Uses heat to rapidly dry ink on coated paper. 

• UV Offset: Utilizes UV-curable inks for fast setting and printing on non-absorbent substrates such as 

plastic, metalized board, or synthetic paper(Prof. Jayeshkumar Pathak & Mr. Param Gunjal, 2025). 

2.3. Substrate Types: Paper vs. Board 

Colour reproduction is highly dependent on substrate properties: 

• Coated Paper (Gloss, Silk, Matte): Allows smoother ink laydown and wider colour gamut. 

• Uncoated Paper: High ink absorption, lower gloss, and more subdued colours. 

• Boards (FBB, SBS, WLC): Often used in packaging; ink holdout and surface texture vary significantly. 

ISO 12647-2 classifies substrates into multiple categories based on reflectance and gloss to allow colour 

consistency across paper types(Yılmaz et al., 2017). 
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2.4. Factors Affecting Colour Reproduction in Offset Printing 

Achieving accurate and consistent colour reproduction involves managing a complex interplay of variables: 

2.4.1. Raw Materials 

• Inks: Pigment concentration, viscosity, tack, and drying characteristics influence ink transfer and colour 

density(Phuong & Chi, 2025)(Mahajan & Arulmozhi, 2024). 

• Paper/Board: Surface smoothness, absorbency, brightness, and optical brighteners affect hue and 

saturation perception(Sesli et al., 2023). 

• Fountain Solution: pH and conductivity impact ink-water balance and trapping. 

2.4.2. Press Settings and Calibration 

• Printing Pressure: Over or under-pressure can distort dot shape, affecting tone reproduction (Kasikovic 

et al., 2014). 

• Ink Feed Control: Inaccurate feed results in poor density control. 

• Plate and Blanket Quality: Affects dot fidelity and uniformity. 

• Roller Settings and Maintenance: Improper roller conditions introduce slur, doubling, and uneven inking. 

2.4.3. Environmental Conditions 

• Temperature: High temperatures can alter ink viscosity and drying speed. 

• Humidity: Paper dimensional stability is compromised under fluctuating humidity, causing registration 

shifts and misalignment. 

• Dust/Contaminants: Debris can cause hickeys, spots, and uneven ink application. 

2.4.4. Equipment and Automation Level 

• Closed-Loop Color Control Systems: Inline densitometers and spectrophotometers automatically adjust 

ink zones for stable colour. 

• CTP (Computer-to-Plate): Ensures precise imaging and tonal control, provided the RIP calibration is 

standardized. 

• Digital Workflow Integration: RIP settings, PDF/X-4 compliance, and ICC-based colour management 

contribute to predictability in output. 

 

2.5. Quality Parameters Essential for Colour Reproduction 

Offset colour fidelity hinges on a specific set of measurable parameters that determine how accurately the printed output 

reflects the intended colour design(Lundström et al., 2013). These are: 

2.5.1. Solid Ink Density 

Represents the amount of ink laid down on the substrate for solid areas. Each colour has target values (e.g., C: 1.40, M: 

1.35, Y: 1.10 on coated stock). Deviations affect hue saturation and overall chromatic strength. 

2.5.2. Tone Value Increase (TVI) / Dot Gain 

Measures how halftone dots grow during the print process. Predictable TVI is crucial for accurate tonal gradients and skin 

tones. ISO 12647-2 specifies different TVI curves per substrate category(Sönmez & Özden, 2019). 
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2.5.3. Gray Balance / Neutral Print Density 

Achieved by combining CMY in controlled ratios to produce visually neutral grays. Lack of balance introduces colour 

casts. G7 methodology uses NPDC curves to calibrate and validate neutrality. 

2.5.4. CIELAB and DeltaE (ΔE) 

CIELAB is the universal colour model for measuring perceptual differences. ΔE quantifies the deviation between expected 

and actual print colour. Acceptable ΔE values vary(Gómez-Polo et al., 2016): 

• ΔE ≤ 2.5: Excellent 

• ΔE ≤ 5: Commercially acceptable 

ISO 12647-2 recommends ΔE ≤ 5 for solids. 

2.5.5. Ink Trapping 

Defined as the efficiency of one ink layer adhering over another (e.g., Magenta over Cyan). Poor trapping alters secondary 

colour output. ISO uses Preucil’s formula to calculate trap efficiency. 

2.5.6. Print Uniformity and Mottling 

Evenness of ink coverage across the sheet. Mottling or cloudiness causes perceived colour variation even when tone values 

are met. 

2.5.7. Gloss Level and Surface Reflectance 

Surface gloss can alter the visual perception of colour. ISO 12647 suggests standardized viewing conditions (ISO 3664) 

and includes gloss classification of substrates to match visual evaluation(Carl Fridolin Weber, 2024). 

2.5.8. Viewing Conditions 

Colour judgment should occur under standard lighting conditions (D50, 5000K) with CRI >90. ISO 3664 governs these 

parameters to ensure inter-shop consistency(Kamenov, 2016). 

3. International Quality Standards in Offset Printing 

Achieving consistent, high-fidelity colour reproduction in offset printing relies upon meticulously defined technical 

standards. These standards specify measurable tolerances for spectral, densitometric, and screening parameters, ensuring 

predictable colour output across various substrates and presses. Below, core frameworks used globally are examined in 

detail. 

 

3.1. ISO Standards 

3.1.1. ISO 12647-2: Process Control for Offset Printing 

ISO 12647-2:2013 defines key process parameters, including colour separations, proofing methods, and production prints 

for sheet-fed and heatset web offset, extending to UV, IR, and board printing(H. Khoury, 2010)  

Key technical parameters: 

• Screening: AM frequencies of 48–80 l/cm (120–200 lpi) for coated stocks; 48–70 l/cm for uncoated 

substrates. Plate resolution ≥1000 dpi ensures ≥150 tonal reproduction steps . 

• Tone Value Increase (TVI): Standardized curves A–E: for coated, TVI at 50% tone ≈ 16%; chromatic 

tones follow curve A, black uses curve B  

• Solid Ink Targets: Densities and Lab* aims vary by substrate category. For coated PC1: L* = 95.0, 

a* = 1.5, b* = −4.0  

• Colorimetric Tolerances: ΔEab ≤5 for solids; ΔE00 for proofing (ISO 12647-7)  

http://www.ijsrem.com/
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• Substrate Correction: Optional substrate-adjusted aims reduce ΔE of cyan solids from ~3.9 to ~2.1, per 

TAGA 2011 study  

ISO 12647-2 emphasizes process consistency across the workflow—from CTP through to drying methods—defining 

normative measurement standards and incorporating viewing conditions from ISO 3664  

3.1.2. ISO 2846-1/-5: Ink Colour Specification 

ISO 2846-1 (sheetfed/heatset) and -5 (UV inks) prescribe spectral reflectance, transparency, and hue angle for primary 

inks. These define standards for overprint combinations and secondary colours, supporting reproducible gamut and 

process control  

3.1.3. ISO 3664: Viewing Standard 

Specifies visual assessment conditions: 

• Illuminant: D50 (5000 K), CRI ≥90 

• Luminance: ~2000 lux 

• Surround: Neutral grey (Munsell N7–N8) 

Standardized viewing ensures objectivity in colorimetric evaluation across shops(E. Dalton, 2010)  

 

3.2. FOGRA PSO Standards (Germany/Europe) 

FOGRA Process Standard Offset (PSO) enriches ISO-based specifications with validated datasets and certifications: 

• Characterization sets: FOGRA39 (coated), FOGRA51/52 (updated coated/uncoated) & editions through 

FOGRA60 (metal)  

• MediaWedge CMYK v3: Control strip includes 72 patches (tones, skin tones, memory colours) assessing 

chroma, gray balance, and overprint densities  

• Certification: Ugra/Fogra PrintCert audits press performance against PSO aims in real production 

settings  

• Measurement mode M1: Incorporates UV for ink and substrate OBAs; M2/M3 used depending on 

viewing/exposure needs . 

PSO adheres closely to ISO but adds traceable ICC profiles and real-world production validation. 

 

3.3. G7 / GRACoL (USA / International) 

G7 (via IDEAlliance) focuses on gray balance for visual matching across diverse print platforms(Dharavath, 2021): 

• Neutral Print Density Curve (NPDC): Defines grayscale tonal targets for CMY and K; tools in modern 

RIPs allow calibration to match G7 curves  

• Visual adaptation: Adjusts targets based on paper colour using neutral axis formulas  

• Calibration levels: Grayscale, targeted, and full colorspace (for full gamut control) . 

• GRACoL: Builds on G7 + aims aligned with FOGRA39; GRACoL 2006 tightly integrates ISO-defined 

densities and TVI curves  
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3.4. Japan Color 

Japan Color adapts ISO-based aims for local conditions: 

• Revisions (2001, 2011, 2018) add M1 measurement, OBA-aware targets, substrate-specific aims, and 

integration with proofing standards. 

• TVI curves (e.g. Japan Color 2018) reflect Japanese coated/uncoated stocks. 

• Widely used in publishing and packaging, with ICC alignment for standardized workflows. 

 

3.5. China Print Standards (GB/T) 

GB/T standards parallel ISO frameworks but shift to accommodate domestic materials: 

• GB/T 17934 ≈ ISO 12647-2; GB/T 7705 focuses on publication print, GB/T 10229 on color control in 

packaging. 

• Characterization tailored to local paper stocks. 

• The China Print Standardization Center (CPSC) offers certification similar to PSO and G7. 

 

3.6. Indian Standards (BIS & Industry) 

While lacking formal offset colour control: 

• BIS incorporates ISO-based metrics for paper (brightness, whiteness). 

• Industry bodies (AIFMP, NPES India) and major print shops adopt FOGRA PSO and G7 certifications. 

• Ad-hoc substrate-calibrated aims used to offset climate-induced substrate shifts. 

 

3.7. Other Regional Standards 

Integration of ISO/FOGRA systems occurs globally: 

• UK (BPIF/BSI), France (Imprim’Vert), Nordic eco-labels, Australia/New Zealand (PrintNZ & PVCA). 

• Regional differences reflect materials, regulation, and buyer demands. 

 

3.8. Comparative Overview 

 

Standard TVI Control Gray Calibration Substrate Specificity Certification Method 

ISO 12647-2 A–E curves, uniform Indirect via TVI 
Classes 1–7, aims and 

tolerances 
Via accredited bodies 

FOGRA PSO Mirror ISO + v3 
Via aims and PSO 

data 
Range of stocks incl. board Ugra/Fogra PrintCert 

G7 / GRACoL 
Via TVI-aligned 

NPDC 

Central grayscale 

focus 
Paper relative, visual tuning G7 Master Printer cert. 
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Standard TVI Control Gray Calibration Substrate Specificity Certification Method 

Japan Color Local TVI aims 
Via ISO-by-Japan 

aims 
Japanese paper types National certification 

GB/T China ISO-aligned curves Through GB aim sets Local substrates CPSC accreditation 

India & 

Others 
Mostly ISO/FOGRA Adopted PSO/G7 Local adjustments 

Shop-initiated 

certifications 

 

Table 3:1: International Quality Standards in Offset Printing 

4. Quality Assurance (QA) and Quality Control (QC) Systems 

In the context of offset printing, Quality Assurance (QA) is a systematic, proactive process aimed at designing 

workflows, calibrations, and checks that prevent colour inconsistencies, whereas Quality Control (QC) refers to the 

reactive procedures used to detect and correct deviations during or after production. Together, they constitute the 

backbone of colour fidelity and standard compliance, particularly in high-volume or high-end printing environments. 

 

4.1. QA/QC Definitions and Industry Relevance 

• QA in Colour Reproduction: 

Includes setting up calibrated workflows, linearized imaging devices, proper lighting, trained personnel, and 

predictive process modeling. Aims to standardize inputs and processes to ensure that outputs remain within 

the defined tolerances of ISO 12647, G7, or FOGRA specifications. 

• QC in Offset Printing: 

Focuses on measurement and control of critical print attributes—density, TVI, ΔE, trapping, registration—

during print runs using control strips, inline sensors, and visual inspection. Variance beyond tolerance triggers 

interventions such as ink key adjustments or press recalibration. 

In real-world production, a tightly integrated QA/QC system minimizes makeready time, reduces waste, and ensures 

consistent colour appearance across batches, substrates, and machines. 

 

4.2. Process Control Tools and Parameters 

To control the variables influencing colour reproduction, a range of tools and parameters are used: 

 

4.2.1. Densitometry and Spectrophotometry 

• Densitometers measure optical density (OD) of solid inks and provide quick feedback on ink film 

thickness. 

o Status T densitometers are common in the USA; Status E is widely used in Europe. 

o Used to monitor solid ink density, dot area (TV), dot gain (TVI), and print contrast. 

• Spectrophotometers measure spectral reflectance and calculate CIELAB values. Used for: 

o ΔE comparisons against reference standards 

o Profiling ICC-based workflows 

http://www.ijsrem.com/
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o Evaluating overprint colours and gray balance 

o Measuring metamerism and OBA (optical brightener) influence 

Spectrophotometers with M0, M1, M2, and M3 measurement modes allow precise calibration across substrates with 

different lighting and OBA conditions, per ISO 13655. 

 

4.2.2. Print Control Strips 

Control strips, such as the FOGRA MediaWedge v3, IDEAlliance ISO 12647-7 wedge, or UGRA/FOGRA strip, are 

printed alongside the job to monitor: 

• Solid ink densities (C, M, Y, K) 

• TVI at different tone levels (25%, 50%, 75%) 

• Overprint colours (Red, Green, Blue) 

• Gray balance patches (G7's CMY neutral) 

• Skin tones and memory colours 

These are scanned post-press or inline to verify if output falls within target tolerances (e.g., ΔE ≤ 5.0 for solids, ≤ 3.0 for 

gray balance). 

 

4.2.3. Plate and CTP Quality Control 

• Linearization of the RIP: Before calibration, the RIP output is linearized so that tonal values on plate 

match digital input. 

• CTP Output Checks: Verifying dot sharpness, edge definition, and resolution using plate readers or 

microscopes. 

• Plate Curve Adjustment: Essential for building custom TVI curves in accordance with ISO 12647 or 

G7 NPDC methodology. 

• Imaging Resolution: Must support minimum 2400 dpi for AM screening and higher for FM or hybrid 

screening to maintain tonal fidelity. 

 

4.3. Colour Management Systems 

A fully functional Colour Management System (CMS) is foundational to achieving predictable and standard-compliant 

colour across devices and substrates. 

 

4.3.1. ICC Profiles 

• ICC profiles map device-dependent colour values (RGB or CMYK) to device-independent CIELAB 

values and vice versa. 

• Press Characterization Profiles (e.g., FOGRA39, FOGRA51, GRACoL 2006, Japan Color 2011) serve 

as the reference. 

• Custom ICC profiles are generated using software like EFI Color Profiler, X-Rite i1Profiler, or 

Heidelberg Prinect. 

http://www.ijsrem.com/
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• The CMS ensures that proofing, plates, and final print align to the same colour intent (e.g., perceptual 

or relative colorimetric)(Marianne Klaman, 2010). 

 

4.3.2. Calibration & Linearization 

Colour management begins with device calibration: 

• Display Calibration: Monitor brightness, white point, and gamma aligned with ISO 3664. 

• Proofing Device Calibration: RIP-controlled ink limits and TVI curves must match press conditions. 

• Press Calibration: 

o G7: Neutral gray balance achieved via calibration of NPDC. 

o ISO: Target TVI curves A–E for tone reproduction and press linearity. 

Once calibration is done, linearization ensures predictable tonal response across the dynamic range of the press. 

 

4.4. Inspection and Defect Detection Systems 

As offset printing tolerates minimal deviation, automated and visual inspection tools are critical for early detection and 

correction(Masod et al., 2015). 

 

4.4.1. Automated Optical Inspection (AOI) 

• Inline AOI systems use high-speed cameras and sensors to inspect: 

o Ink laydown uniformity 

o Registration errors 

o Missing or broken dots 

o Colour shift zones 

• These systems can compare each printed sheet with a digital master (PDF) in real time. 

Examples: Heidelberg ImageControl, Komori PDC-SX, Manroland InlineInspector, QuadTech Color Control 

 

4.4.2. Inline and Offline Testing 

• Inline systems: Integrated into the press; allow real-time corrections to ink keys, dampening, or pressure. 

• Offline systems: Use hand-held or table-top instruments to analyze control strips or full sheets. Best 

suited for short runs or low-budget setups. 

Statistical process control (SPC) tools (e.g., PrintSpec, Techkon’s ChromaQA, or Kodak’s ColorFlow) provide trend 

analysis over time, helping in root-cause analysis of recurring deviations. 
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Summary Table: QA/QC Tools for Colour Reproduction 

Parameter Tool/Method Target/Standard 

Solid Ink Density Densitometer C: 1.40, M: 1.35, Y: 1.10 (ISO) 

TVI (Dot Gain) Spectro/Densitometer + Strip ISO TVI Curve A–E; ≤16% at 50% 

ΔE Measurement Spectrophotometer (M0–M3) ΔE ≤ 5.0 (solids), ≤3.0 (gray) 

Gray Balance NPDC (G7), CMY Neutral Patch a*, b* within ±1.5 (visual neutral) 

Plate Quality Plate Reader, Microscope Edge acuity, dot uniformity 

Control Strip Analysis FOGRA/UGRA/IDEAlliance Wedges Conformity to ISO 12647-7 

Inline Color Feedback ImageControl, PDC-SX, QuadTech Real-time correction 

 

Table 4:1: QA/QC Tools for Colour Reproduction 

5. Control Elements in Offset Printing 

Colour consistency in offset printing cannot be maintained by standardization and QA/QC tools alone. It requires an 

integrated control architecture—including Standard Operating Procedures (SOPs), statistical methodologies, data 

feedback systems, and digital workflow integration. These elements ensure that the standards (Section 3) and QA/QC 

practices (Section 4) are reproducible under varying production conditions and human factors. 

 

5.1. Standard Operating Procedures (SOPs) 

SOPs define repeatable, enforceable, and auditable processes across the print production lifecycle. In colour-critical 

printing environments, SOPs are essential for: 

• Plate preparation: Guidelines for CTP imaging resolution, RIP calibration, and dot shape management 

(AM/FM/stochastic). 

• Ink management: Handling, mixing, and storage protocols to avoid viscosity shifts, contamination, or 

pigment separation. 

• Press setup: Makeready routines specifying pressure settings, ink duct calibration, dampening balance, 

and blanket mounting. 

• Substrate handling: Paper conditioning procedures, grain direction checks, and lot control. 

• Proofing and approval: Steps for soft and hard proof validation using ISO 12647-7 or GRACoL 

standards. 

• Postpress colour handling: Lamination, varnish, and cutting controls that can affect colour appearance 

due to gloss, curl, or substrate shift. 

Well-structured SOPs reduce process variability, a major contributor to colour inconsistencies in commercial offset. 
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5.2. Statistical Process Control (SPC) 

SPC in offset printing entails real-time monitoring of process variables and analysis of historical data to maintain colour 

reproduction within defined statistical limits. Key SPC tools include: 

• X̄-R charts: Track mean and range of critical colour values (e.g., ΔEab, density, TVI) across shifts or 

runs. 

• Cp and Cpk values: Capability indices assess if a process can consistently meet tolerance ranges (e.g., 

Cp > 1.33 preferred for ΔE ≤ 5). 

• Pareto analysis: Identify dominant causes of colour deviation (e.g., substrate variability vs. operator 

setup errors). 

• Run charts and histograms: Visualize stability in solid ink density or registration over time. 

SPC empowers printers to move from detection-based QC to prediction-based QA, allowing for proactive 

interventions. 

 

5.3. Real-Time Data Acquisition and Analytics 

Modern offset presses are increasingly equipped with sensors, inline scanners, and data acquisition modules that 

collect a wide range of colour-related process metrics: 

• Ink key positions and corrections 

• Fountain solution dosage, pH, and conductivity 

• Registration accuracy (X/Y deviation in microns) 

• Ink temperature, roller pressure, and plate cylinder speed 

• Ambient temperature and humidity 

This data is analyzed in press-side consoles or sent to cloud-based analytics engines. Real-time dashboards help: 

• Detect trends like ink starvation or slur development 

• Enable predictive maintenance of rollers and blankets 

• Benchmark performance across operators, shifts, or job types 

Key platforms: 

• Heidelberg Prinect Press Center 

• Manroland InlineInspector 

• Komori Lithrone’s KHS-AI system 

• KBA QualiTronic ColorControl 

 

5.4. Traceability and Documentation 

Traceability is vital for regulated printing environments (e.g., pharmaceutical, food packaging, security documents) and 

also supports root cause analysis in case of colour failures. 

Key control components include: 

http://www.ijsrem.com/
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• Job ticketing systems: Capture details like colour profiles used, substrate lot numbers, ink batch 

numbers, CTP curves, and operator IDs. 

• Measurement logs: Every ΔE, density, or TVI reading across the run is stored digitally. 

• Audit trails: Software like Kodak InSite or Esko Automation Engine allows tracking of prepress-to-

postpress events. 

• Barcode/QR-based job linking: Used to automate traceability of substrate movement and version 

control. 

Proper documentation ensures compliance with ISO 9001, PSO certification, and colour warranties offered to brand 

owners. 

 

5.5. Role of Digital Workflow and MIS Systems 

End-to-end colour control today demands integration of Management Information Systems (MIS), prepress 

automation, and colour management tools. 

Key Workflow Components: 

• MIS Integration: Automatically links job specs to production modules—eliminates manual data entry 

errors. 

o Example: Heidelberg Prinect Business Manager, EFI Pace 

• RIP-Based Colour Control: Colour management modules (e.g., EFI Fiery, Heidelberg Color Toolbox) 

push calibrated profiles and curves to the press and proofers. 

• Job Definition Format (JDF): Acts as a digital job ticket that transfers specs like colour standard (e.g., 

ISO Coated v2), substrate type, and measurement mode across departments. 

• Soft Proofing and Remote Approval: Web-based portals that allow clients to verify colour fidelity (e.g., 

via GMG ColorProof or Epson SpectroProof). 

 

Case Snapshot: Integrated Control in Offset Production 

Example: Commercial Book Printer Using FOGRA51 

• CTP Calibrated for 1440 dpi with FM screening 

• FOGRA51 ICC profile applied in RIP with M1 measurement mode 

• Press with inline densitometry adjusts every 50 sheets 

• Ambient pressroom: 21°C ±1°C, RH 50% ±5% 

• SPC system flags when TVI at 50% exceeds 16% 

• MIS auto-generates report for brand client showing compliance with ΔE ≤ 4.0 (avg) 

Result: 98.5% of run within tolerance, <1.5% waste due to colour deviation, and full traceability audit. 
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Summary Table: Core Control Elements and Their Functions 

Control Element Function Tools/Standards Referenced 

SOPs Codified routines for consistency Internal QA manuals, ISO 9001 

SPC Statistical monitoring and capability analysis Cp/Cpk, X̄-R charts 

Real-time Data Systems Automated measurement and analytics Inline scanners, AI press consoles 

Traceability Framework Historical tracking of all job and colour data Audit logs, QR codes, MIS integration 

Digital Workflow 

Integration 
Seamless data exchange from prepress to postpress JDF, ICC, RIPs, soft proofing systems 

 

Table 5:1: Core Control Elements and Their Functions 

6. Consortiums, Associations, and Industry Bodies 

Offset printing is supported and regulated not only by international standards like ISO but also by a complex ecosystem 

of consortiums, research organizations, industry alliances, and national associations. These bodies bridge the gap 

between theoretical standardization and practical implementation. They provide testing frameworks, training programs, 

certification systems, and continual updates that keep the industry aligned with advances in colour science, printing 

substrates, press technology, and customer expectations. 

 

6.1. FOGRA (Germany) 

Forschungsgesellschaft Druck e.V. (FOGRA) is a world-leading research institute based in Munich, specializing in 

process standardization and applied print technology. It plays a critical role in characterization, certification, and 

validation of colour reproduction systems. 

Key Functions: 

• Developer of ProcessStandard Offset (PSO) in collaboration with bvdm (German Printing and Media 

Industries Federation) 

• Maintains reference datasets like FOGRA39 (ISO Coated v2), FOGRA51 (M1-compliant), and 

FOGRA52 (uncoated with OBAs) 

• Certifies printing companies, prepress providers, and proofing systems under Ugra/FOGRA PrintCert 

• Publishes FOGRA MediaWedge v3—a control strip recognized by ISO 12647-7 for proof validation 

• Operates test laboratories for paper, ink, UV curing, and dot gain characterization 

Industry Impact: 

• FOGRA certification is considered a mark of excellence in Europe 

• Research findings influence ISO technical committee discussions 

• Adoption of FOGRA standards is common in offset, flexo, and digital workflows 
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6.2. IDEAlliance (USA) – G7 and GRACoL 

IDEAlliance (now part of PRINTING United Alliance) is a U.S.-based non-profit that developed the G7 methodology—

a visual-neutral calibration system focused on gray balance and tonality rather than TVI curves. 

Key Programs: 

• G7 Certification: Three levels—Grayscale, Targeted (solids), Colorspace (full gamut) 

• GRACoL (General Requirements for Applications in Commercial Offset Lithography): 

o Defines reference print condition (e.g., GRACoL 2006) based on ISO/FOGRA39 

• Print Properties Working Group (PPWG): Industry task force focused on aligning new ICC profiles, 

paper grades, and lighting modes with G7 aims 

• BrandQ® Certification: For packaging and print buyers to validate supply chain colour compliance 

Industry Impact: 

• G7 calibration is widely adopted in North America and growing internationally due to its simplicity and 

cross-process compatibility (offset, digital, flexo)(S. Miller, 2010) 

• IDEAlliance drives adoption of M1 measurement and substrate-relative aims(S. CoveyD. SteinhardtC. 

HardingG. Gleysteen, 2010). 

 

6.3. Printing Industries of America (PIA) / PRINTING United Alliance 

The PIA, now part of the PRINTING United Alliance, is a key American industry body that: 

• Promotes training and education in colour management, print process control, and environmental 

sustainability 

• Provides Color Management Professional (CMP) certification 

• Supports implementation of ISO 12647, G7, and GRACoL in U.S. printing operations 

• Collaborates with IDEAlliance and NPES on research and standard propagation 

Their publications (e.g., TAGA Journal, Color Management Handbook) are considered references in the field. 

 

6.4. BPIF (UK) – British Printing Industries Federation 

The BPIF supports ISO/FOGRA adoption in the UK and focuses on: 

• Promoting compliance with ISO 12647-2 and PSO 

• Providing consultancy on colour QA, workflow automation, and cost-efficiency 

• Supporting UK-based printers in obtaining FOGRA and G7 certification 

The BPIF also works with BSI (British Standards Institution) in aligning British print norms with ISO developments. 

 

6.5. AIFMP (India) – All India Federation of Master Printers 

India’s apex printing association with 250,000+ printers under its umbrella. 
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Contributions: 

• Promotes awareness of international colour standards (FOGRA, ISO, G7) 

• Organizes training workshops and collaborates with NPES (USA), Heidelberg India, and Konica 

Minolta for colour education 

• Works with printing institutes and universities to integrate colour science into curricula 

• Champions use of MIS and ERP-based colour management among commercial and packaging printers 

The PrintWeek India Quality Awards often use FOGRA/G7 compliance as benchmarks. 

 

6.6. JPMA (Japan) – Japan Printing Machinery Association 

JPMA oversees Japan Color, the national print standard widely adopted across Japanese offset and packaging workflows. 

Key Activities: 

• Maintains Japan Color datasets (2001, 2011, 2018) 

• Provides certification for printers, proofers, and software providers 

• Collaborates with international groups (e.g., ICC, ISO TC 130) 

• Adapts global standards to Japan’s unique substrate preferences and aesthetic demands 

Japan Color certification is mandatory for many textbook, manga, and packaging printers in the region. 

 

6.7. ISO Technical Committees (ISO/TC 130) 

The ISO/TC 130 committee is responsible for developing and maintaining standards for graphic technology, including 

offset printing. 

Responsibilities: 

• Maintains the ISO 12647 series for process control 

• Develops ISO 2846 (ink specs), ISO 3664 (viewing conditions), ISO 13655 (spectral measurement) 

• Coordinates with bodies like FOGRA, IDEAlliance, ICC, and NPES to ensure consistency 

• Integrates M1/M2 measurement modes, OBA considerations, and substrate-relative aims 

Membership includes representatives from major research bodies, OEMs (e.g., Heidelberg, Kodak), and print associations 

worldwide. 

 

6.8. Other Global/Regional Consortiums 

• NPES (USA): Works globally to promote standard implementation, especially in Asia and Latin America 

• ATF (France) and IFRA (for newspapers): Develop colour quality standards for specific applications 

• Nordic Swan Ecolabel: Adds sustainability criteria to colour quality benchmarks in Nordic countries 

• PrintNZ (New Zealand) and PVCA (Australia): Promote ISO/FOGRA colour management down under 
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6.9. Role and Impact on Standardization 

These organizations collectively: 

• Bridge the gap between international standards and real-world implementation 

• Certify systems and shops for ISO/G7/FOGRA/Japan Color compliance 

• Develop training infrastructure for upskilling print professionals in process colour control 

• Adapt global standards to regional substrates, climates, and customer expectations 

• Provide feedback to ISO and ICC bodies, facilitating continuous refinement of print colour models 

Their work ensures that colour reproduction is not only accurate, but sustainable, accessible, and standardized 

across borders. 

 

Summary Table: Consortium Comparison 

Organization Region Focus Areas Standards/Certifications Technical Role 

FOGRA Germany/EU 
PSO, Lab datasets, 

proofing 

FOGRA PSO, Ugra/FOGRA 

PrintCert 
Research, Certification 

IDEAlliance USA/Global 
G7, GRACoL, gray 

balance 
G7 Master, BrandQ 

Visual Matching, ICC 

Input 

JPMA Japan Japan Color Japan Color Cert 
National Color 

Standard 

ISO TC 130 Global 
ISO 12647, ISO 3664, ISO 

2846 
Normative Standards 

Standards 

Development 

AIFMP India 
Awareness, Education, 

Workshops 

None official, promotes 

G7/FOGRA 
Training, Advocacy 

BPIF UK 
Colour QA, ISO 

compliance 

FOGRA/G7 Implementation 

Support 
Consultancy, Policy 

PRINTING 

United 
USA 

Colour Mgmt, Research, 

Training 
CMP, GRACoL, G7 

Education, 

Certification 

 

Table 6:1: Comparison of Various Quality Consortiums 

7. Comparative Analysis of Standards, Systems, and Control Elements 

With the emergence of multiple international and regional standards—each with its own colour aims, calibration 

methodology, and implementation mechanisms—choosing the optimal standard is critical to operational efficiency, colour 

consistency, and client satisfaction. This section compares the leading colour reproduction standards and control systems 

using five core dimensions: 
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7.1. Comparison Criteria 

7.1.1. Implementation Complexity 

Measures ease of adopting the standard, including calibration effort, required instruments, operator training, and system 

integration. 

7.1.2. Cost and Resource Requirements 

Evaluates hardware/software costs, certification fees, and manpower needs for successful implementation and 

maintenance. 

7.1.3. Quality Output (Colour Accuracy and Repeatability) 

Assesses how reliably a standard can produce accurate colour with low ΔE deviations across time, substrates, and 

operators. 

7.1.4. Flexibility and Adaptability 

Analyzes how well a system handles changes in substrates, print conditions, lighting conditions (M0/M1), and hybrid 

workflows (offset + digital). 

7.1.5. Global Recognition and Acceptability 

Measures client-side familiarity, brand owner mandates, compatibility with multinational workflows, and presence in ICC 

reference print conditions. 

 

Comparative Evaluation 

Standard/System Calibration Method Complexity Cost 
Colour Accuracy 

(ΔE) 
Flexibility 

Global 

Acceptance 

ISO 12647-2 
TVI Curve + Density 

Aims 
Medium Medium ΔE ≤ 5 (solids) Medium High 

FOGRA PSO 
ISO + MediaWedge + 

SPC 
High High ΔE ≤ 4 avg (certified) Medium Very High 

G7/GRACoL 
NPDC + Gray 

Balance 

Low–

Medium 
Low 

ΔE ≤ 3 avg (CMY 

Neutrals) 
High 

High (especially 

USA) 

Japan Color Local ISO variant Medium Medium ΔE ≤ 4 avg (locally) Medium Medium–High 

GB/T (China) 
ISO-aligned w/ local 

aims 
Medium Low ΔE ≤ 5 Medium Growing 

Custom ICC 
Press Profile + 

Workflow 
High High 

ΔE ≤ 2–3 (if 

optimized) 
Very High 

High (where 

applicable) 

 

Table 7:1: Comparative Evaluationof Quality  Systems and Control 

Analysis: 

• ISO 12647-2 remains the global backbone but lacks active calibration guidance compared to G7. 

• FOGRA PSO is the most technically rigorous, but requires precise instrumentation (M1 spectros), 

certified staff, and audited output. 
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• G7 excels in ease of deployment and cross-platform visual consistency, especially in environments 

mixing offset, digital, and inkjet. 

• Japan Color is tightly tailored for Japanese substrates and presses—reliable locally, less adaptable 

abroad. 

• GB/T is improving in precision but is often confined to domestic workflows in China. 

 

7.2. Comparative Tables and Charts 

TVI Control 

Standard Target TVI @ 50% Number of Curves Applied to 

ISO 12647-2 14%–22% 5 (A–E) CMYK 

FOGRA PSO Based on ISO 5 + empirical CMYK 

G7 Not TVI-based NPDC for Gray K and CMY 

Japan Color 12%–18% 3–4 CMYK 

 

Table 7:2: TVI Control 

Measurement Conditions 

System Spectro Mode Substrate Correction Visual Calib. 

ISO M0/M1 Optional (2013) No 

FOGRA M1 Required (FOGRA51/52) No 

G7 M0/M1 Relative Yes (gray balance) 

Japan Color M0/M1 Yes Yes 

Table 7:3 : Measurement Conditions 

 

7.3. Industry Adoption Case Examples (Optional) 

Case A: Multinational Packaging Company 

• Uses G7 for all global sites (offset + flexo + digital). 

• Chose G7 for visual neutrality across brands and device types. 

• G7 Master Qualification improved client trust, leading to preferred vendor status. 

Case B: European Book Printer 

• Certified to FOGRA PSO with FOGRA51-based workflow. 

• Automated control with ImageControl, spectral scanning, and full SPC logging. 

• Achieves ΔE ≤ 3.2 across long runs, with 98.7% within tolerance. 
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Case C: Indian Commercial Printer 

• Implements ISO 12647-2 using Japan Color aims on Heidelberg SM press. 

• Calibrates using i1Pro2, follows SOPs from Heidelberg Prinect. 

• Achieves acceptable colour reproduction (ΔEavg ~4) without external certification. 

 

7.4. Summary and Recommendation Matrix 

Need / Constraint Recommended System Reason 

High-end European publishing FOGRA PSO Rigorous certification and client trust 

Fast rollout across mixed processes G7/GRACoL Speed, cross-platform visual match 

Packaging with local substrates ISO 12647-2 + Custom ICC Flexibility, regional substrate tuning 

Japan-based textbook printing Japan Color Compatibility with national specs 

Budget-sensitive commercial printing ISO 12647-2 Standard baseline, adaptable workflow 

 

Table 7:4: Recommended Matrix for QA/QC Systems 

8. Application Areas and Segmental Efficiency 

Offset printing serves a wide spectrum of end uses—from high-precision art books to mass-market packaging. However, 

each segment imposes unique colour fidelity, substrate, volume, and regulatory requirements. Therefore, the 

selection and effectiveness of colour standards like ISO 12647, FOGRA PSO, G7/GRACoL, and Japan Color varies 

considerably across these domains. 

This section maps the application-specific demands to the most suitable colour control frameworks, identifying their 

efficiency, strengths, and limitations. 

 

8.1. Packaging (Folding Cartons, Corrugated, Labels) 

Characteristics of the Segment 

• High-value, colour-critical printing 

• Diverse substrates: FBB, SBS, WLC, kraft liner, metallized board 

• Specialty coatings, varnishes, and substrates with OBAs or textures 

• Brand-specified ΔE tolerances (often <3.0) 

• Strong emphasis on repeatability and version control 

Applicable Standards & Systems 

• ISO 12647-2 (board printing variant) 

• FOGRA PSO (FOGRA60 for metalized substrates) 

• G7 Colorspace (preferred by global brands for visual consistency) 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                           Volume: 09 Issue: 07 | July - 2025                               SJIF Rating: 8.586                                         ISSN: 2582-3930                                                                                                         

 

© 2025, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM51350                                                |        Page 20 
 

• Custom ICC profiles for opaque or heavily textured substrates 

Recommended Workflow 

• M1-compliant spectrophotometry 

• Spot colour libraries with spectral matching (PantoneLIVE, CXF/X-Rite eXact) 

• Proofing and approval using ISO 12647-7 hardcopy proofs or digital proof simulators 

• Full SPC with inline colour control (e.g., Heidelberg ImageControl) 

Efficiency Assessment 

• G7 excels in maintaining brand colours across different print processes and substrates. 

• FOGRA PSO delivers superior precision for repeat orders and multilanguage SKUs. 

• ISO 12647-2, when customized, remains reliable for short-run packaging. 

 

8.2. Publishing (Books, Magazines) 

Segment Characteristics 

• Large-format, text-and-image-intensive production 

• Consistent paper stocks (uncoated, matt, gloss) 

• Moderate ΔE tolerances (≤5.0 usually acceptable) 

• Long run lengths; high repeatability required 

Applicable Standards 

• FOGRA39 (ISO Coated v2) and FOGRA52 (uncoated stock with OBAs) 

• Japan Color 2011/2018 for regional publishing in Japan 

• ISO 12647-2 as a general baseline 

Recommended Workflow 

• CTP linearization and ISO TVI curve control 

• Gray balance checks using control strips 

• Soft proofing with ISO 3664 D50 standard lighting 

Efficiency Assessment 

• FOGRA PSO is the gold standard for high-volume, high-quality book printing in Europe. 

• ISO 12647-2 is well-suited for cost-sensitive publishers and developing markets. 

• Japan Color ensures high-quality textbook and manga output in Japan. 

 

8.3. Commercial Printing (Brochures, Catalogues, Advertising) 

Segment Characteristics 

• Fast turnaround, short-run work 
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• High visual appeal; strong use of coated substrates 

• Moderate to strict colour control depending on client/agency 

• Increasing convergence with digital press output 

Applicable Standards 

• G7/GRACoL (especially in hybrid shops using both offset and digital) 

• FOGRA39/FOGRA51 for CMYK image-rich applications 

• ISO 12647-2 for global compatibility 

Recommended Workflow 

• G7-based calibration and visual validation 

• Spot colour simulation with ICC v4 profiles 

• PDF/X-4 workflow with transparent elements handled correctly 

Efficiency Assessment 

• G7 is preferred for agility, visual matching, and digital-offset consistency. 

• FOGRA excels where absolute CMYK fidelity is required. 

• ISO provides baseline discipline where brand-critical colour is not demanded. 

 

8.4. Security Printing (Cheques, Ballots, Tax Stamps) 

Segment Characteristics 

• Tight registration, low tolerance for deviation 

• Use of security inks, microtext, UV inks 

• Often printed on chemically treated or non-standard papers 

• Regulatory and legal validation of colour use and durability 

Applicable Standards 

• Modified ISO 12647-2 workflows with enhanced register control 

• Internal standards with ΔE tolerances as low as 1.5–2.0 

• Rarely FOGRA/G7 certified due to bespoke processes 

Recommended Workflow 

• Custom grey balance and dot shape controls 

• Strict ink batch traceability 

• Offline spectro and visual inspection under ISO 3664 + UV light 

Efficiency Assessment 

• ISO-based systems remain useful for process discipline, but custom protocols dominate due to regulatory 

and anti-counterfeit needs. 
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8.5. Specialized Segments (Pharma, Food, Cosmetics, Luxury) 

Segment Characteristics 

• Stringent brand colour adherence 

• High-impact packaging with spot colours, metallics, and tactile finishes 

• Often includes combination printing (e.g., offset + screen or flexo) 

• Regulatory compliance for allergen labeling, traceability 

Applicable Standards 

• G7 Colorspace for premium visual match across platforms 

• FOGRA PSO + Custom Spot Colour Management 

• ISO 12647-2 + CXF/X-Rite-based workflows 

Recommended Workflow 

• Press fingerprinting and job-specific ICC profiling 

• Inline AOI systems and closed-loop colour correction 

• Environmental control of pressroom for consistent gloss and ink laydown 

Efficiency Assessment 

• G7 Colorspace supports visual alignment across SKUs and processes 

• FOGRA PSO ensures controlled, certifiable output with complete SPC backing 

 

Most Efficient Standards and Systems per Segment 

Segment Most Efficient System Reason 

Packaging G7 Colorspace + FOGRA60 Handles substrate/ink variation, global brand needs 

Publishing FOGRA39/52 + ISO 12647 Reliable grayscale, proof-to-press alignment 

Commercial G7 + ISO hybrid Fast deployment, visual consistency 

Security Custom + ISO 12647 Bespoke compliance-driven requirements 

Pharma/Cosmetics G7 + Spot Mgmt Systems Brand sensitivity + spot colour integrity 

 

Table 8:1: Most Efficient Standards and Systems per Segment 

9. Advantages and Limitations 

The choice of a colour reproduction framework is seldom one-size-fits-all. While each standard aims to ensure consistent, 

accurate, and repeatable colour output, they vary in terms of technical philosophy, operational overhead, 

measurement methodologies, and segment-specific utility. This section presents an in-depth evaluation of each system 

and its practical implications. 
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9.1. ISO 12647 & FOGRA PSO: Pros and Cons 

Advantages 

• Technically comprehensive: Offers full definitions for TVI, solid ink values, ΔE tolerances, viewing 

conditions, and proofing specifications. 

• Global interoperability: ISO is internationally recognized and integrated into RIPs, workflows, and 

certification programs. 

• FOGRA datasets: Provide rigorously tested colour reference conditions (e.g., FOGRA39, 51, 52) 

tailored to substrate and lighting modes. 

• PSO certification: Validates a printer’s ability to maintain standard across all production variables (ink, 

plate, paper, operator). 

Limitations 

• Complex setup: Requires precise instrumentation, measurement discipline (e.g., M1 mode 

spectrophotometers), and frequent recalibration. 

• Limited flexibility: ISO’s fixed tone value curves are less adaptable to rapidly changing substrates or 

digital-offset hybrid workflows. 

• High resource investment: FOGRA audits, software licenses, and inline systems can be cost-prohibitive 

for smaller firms. 

 

9.2. G7/GRACoL: Pros and Cons 

Advantages 

• Visual match focus: Prioritizes gray balance and tonality over TVI, leading to good perceived colour 

consistency across devices and substrates. 

• Easy to adopt: Especially suited for printers using mixed technologies (offset + digital + wide format). 

• Quick implementation: RIP-based calibration using NPDC curves can be completed in 1–2 days with 

minimal disruption. 

• Modular certification: Offers flexibility with Grayscale, Targeted, and Colorspace levels. 

Limitations 

• Not TVI-governed: G7 focuses on tonality, which may not satisfy clients who require strict CMYK dot 

gain tracking. 

• Lacks solid ink aims: Solid colour matching relies on ICC or external profiles; not defined within G7 

itself. 

• Regional dominance: Strongest in North America; may be less accepted by clients in Europe or Japan 

requiring ISO/FOGRA compliance. 
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9.3. Japan Color, GB/T (China), and Other Regional Standards 

9.4. Advantages 

• Localized adaptation: Tailored to regional paper types, ink formulations, and press environments. 

• Simplicity and accessibility: Designed to match local production realities without the need for expensive 

hardware/software. 

• Proofing compatibility: Aligned with local proofer OEMs and government printing standards (especially 

in textbooks and education). 

Limitations 

• Limited international compatibility: Not universally recognized outside home country; requires 

conversion or mapping to ISO/FOGRA for exports. 

• Lack of centralized enforcement: Certification and compliance are often voluntary and less formalized. 

• Rarely updated: Many regional standards are slow to adapt to changes like OBA handling, M1 

measurement, or hybrid print environments. 

 

9.5. QA/QC Technologies: Benefits vs. Challenges 

Benefits 

• High predictability: Tools like densitometers, spectrophotometers, inline scanners, and AOI systems 

enable real-time corrections and reduce waste. 

• Process transparency: SPC and MIS integration help track performance over time and across job types. 

• Customer confidence: Measured, documented consistency builds trust with brand owners and buyers. 

Challenges 

• Capital-intensive: Inline systems, colour servers, and real-time analytics come at high acquisition and 

maintenance cost. 

• Skill-dependent: Effective use of QA/QC tools requires trained technicians and standard operating 

procedures. 

• Integration complexity: Ensuring compatibility across RIPs, proofers, presses, and MIS systems can be 

a bottleneck. 

 

Segment-Specific Considerations 

Segment Standard/Approach Key Advantage Limitation 

Packaging G7 + Spot Color Mgmt 
Visual consistency across 

substrates/processes 

Needs advanced RIP and spectral 

tools 

Publishing FOGRA PSO Predictable long-run consistency High calibration effort 

Commercial ISO 12647-2 or G7 Quick setup, reasonable control 
Less control over specialty 

substrates 
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Segment Standard/Approach Key Advantage Limitation 

Security Print 
Custom + ISO 

baseline 

Fine-tuned controls for substrate/ink 

pairs 

Not covered by generic colour 

standards 

Cosmetics/Luxury G7 Colorspace 
Strong cross-process brand colour 

control 

Can’t natively handle spot 

metallics, textures 

 

Table 9:1: Segment-Specific Considerations for each QA/QC System 

 

Key Trade-offs Summary 

Criteria ISO/FOGRA G7/GRACoL Japan Color / GB/T 

Precision in CMYK Control High (TVI-based) Moderate (NPDC-based) Medium 

Visual Matching Across Devices Moderate High Low–Medium 

Ease of Adoption Moderate to Low High High (regionally) 

Flexibility for Substrates Low–Moderate High Low 

Certification Rigor Very High High (modular) Low (varies by region) 

 

Table 9:2: Criteria for each QA/QC system 

10. Discussion 

The findings of this research reinforce the idea that standardized colour reproduction in offset printing is no longer a 

static technical benchmark—it is now a dynamic operational system shaped by evolving technologies, market demands, 

and regulatory landscapes. This discussion focuses on four key dimensions that influence the selection, application, and 

future evolution of colour quality systems. 

 

10.1. Key Findings from Comparative Analysis 

The previous comparative study (Section 7) and segmental applications (Section 8) lead to several actionable insights: 

1. ISO 12647-2 remains the foundational benchmark, particularly for CMYK control, but its rigidity 

necessitates customization for non-standard substrates and mixed workflows. 

2. G7 methodology excels in visual neutrality, making it the preferred choice for hybrid print 

environments (offset + digital + inkjet), especially in packaging and commercial print segments. 

3. FOGRA PSO delivers unmatched rigour and traceability, ideal for high-end book and commercial 

printing in Europe, but its full implementation is resource intensive. 

4. Regional standards (Japan Color, GB/T) meet localized demands effectively but lack global scalability 

unless harmonized with ISO or ICC workflows. 
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5. QA/QC integration is not optional: Without real-time colour control, even certified workflows degrade 

under real-world variability (ink batch, operator shift, substrate lot). 

Thus, colour quality is not merely the result of standard conformance—it is a function of system-level integration, 

process stability, and stakeholder alignment. 

 

10.2. Trends in Offset Colour Quality Management 

10.2.1. Convergence of Offset and Digital Press Standards 

With the increasing penetration of digital and hybrid press systems in packaging and commercial print, uniform colour 

appearance across platforms has become a key objective. Standards like G7 Colorspace and updated ISO 15339 (P2–

P7 print conditions) are converging offset and digital print aims into unified workflows, reducing friction in brand 

reproduction across technologies. 

10.2.2. Rise of Inline Measurement and Automation 

Modern offset presses now come factory-equipped with inline colour densitometry, spectral scanning, and AI-based 

ink feed correction. Systems like Heidelberg’s Prinect Inpress Control, Komori’s PDC-SX, and Manroland’s 

InlineInspector are reducing human error and enabling automated real-time corrections without operator intervention. 

The shift from passive QA to active control is reshaping the definition of quality assurance itself. 

10.2.3. ICCmax and Expanded Gamut Integration 

The emergence of ICCmax, an extended colour management specification by the ICC, is enabling better integration of 

multicolour printing (CMYK+OGV) and fluorescent/metallic inks into standard workflows. This is particularly 

relevant in high-value packaging, where extended gamut is often used to enhance colour vibrancy. 

10.2.4. Standardization of Soft Proofing and PDF/X-4 Workflows 

ISO 12647-7 and 8 have defined criteria for colour-accurate proofing; however, the practical trend is toward soft 

proofing under ISO 3664 lighting conditions using calibrated displays. In parallel, PDF/X-4 workflows support 

transparency, layers, and spectral colour data (CxF), allowing more accurate previews and reducing print errors. 

 

10.3. Impact of Digitalization and Automation 

10.3.1. Shift Toward AI-Driven Print Control 

Artificial intelligence (AI) and machine learning are increasingly being embedded in modern MIS, RIP, and press 

management systems. These tools analyze historical colour data, adjust tolerances dynamically, and predict failure points. 

This moves colour control from reactive to predictive quality management (PQM). 

10.3.2. Digital Twins and Press Simulation 

Simulated press runs using digital twins allow printers to anticipate how ink, substrate, and press settings will interact—

reducing makeready waste and enabling calibration in virtual environments. Digital twins are already being adopted 

by large packaging converters and textbook manufacturers. 

10.3.3. Integration with ERP and Supply Chain 

Print quality data is now being fed upstream and downstream into ERP, brand portals, and supply chain compliance 

dashboards, making colour reproduction a component of quality chain of custody in pharmaceuticals, FMCG, and retail 

packaging. 
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10.4. Sustainability and Regulatory Considerations 

Colour quality is no longer isolated from environmental performance. Regulatory and market pressures are reshaping 

how colour systems operate: 

10.4.1. Eco-Conscious Substrate Management 

• ISO 12647-2 now includes provisions for substrate-corrected aims. 

• FOGRA datasets have begun adapting for low-OBA or recycled stocks, addressing EU eco-label 

compliance. 

10.4.2. Waste and Rework Reduction 

Accurate colour control directly reduces paper waste, ink consumption, and energy during makeready. G7 

implementation, for instance, has been shown to reduce makeready sheets by 20–40%, leading to measurable 

sustainability gains. 

10.4.3. VOC and Ink Lifecycle Regulations 

QA systems are being adapted to include green ink certifications, low-VOC fountains, and bio-based coatings—which 

influence drying time, ink laydown, and ultimately colour appearance. 

10.4.4. Lifecycle Audits and Colour Documentation 

Auditable, traceable colour control data—stored digitally and time-stamped—is becoming essential in regulatory audits 

for pharma, food, and secure printing. This aligns with ISO 9001, GMP (Good Manufacturing Practices), and brand 

audit frameworks. 

 

Summary 

The discussion highlights a pivotal shift in the offset printing landscape: 

• From static colour targets to dynamic, data-driven control 

• From operator judgment to automated decision-making 

• From process isolation to system-wide integration 

Thus, colour reproduction quality is now as much a function of systems engineering and process intelligence as it is of 

ink on paper. 

11. Conclusion 

11.1. Summary of Comparative Findings 

This study has critically evaluated the global standards, QA/QC mechanisms, control tools, and industry consortiums that 

govern colour reproduction in offset printing. Through detailed technical analysis and application-wise mapping, several 

key conclusions emerge: 

 

ISO 12647-2 continues to serve as the bedrock of technical standardization in offset printing, offering precise control over 

tone value increase (TVI), solid ink densities, and proofing tolerances. However, it requires adaptation to accommodate 

modern substrates and lighting conditions. 

 

FOGRA PSO builds upon ISO with real-world calibration datasets (e.g., FOGRA51/52) and certification frameworks, 

making it ideal for high-end and long-run offset production, especially in European publishing and commercial sectors. 
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G7 and GRACoL offer a visually oriented, gray-balanced calibration method, highly efficient in cross-platform 

environments and widely adopted in North America and multinational packaging workflows. 

 

Japan Color, GB/T, and other regional standards reflect successful localization of ISO principles but require adaptation 

for global interoperability. 

 

Quality assurance is no longer a static, post-process step—it has become a live, intelligent system integrated with inline 

measurement, automated ink control, and MIS dashboards, enabling predictive and adaptive colour consistency. 

 

Segment-specific analysis shows that no single standard is universally optimal—instead, each must be selected based on 

print application, customer demands, substrate behavior, and organizational capabilities. 

 

11.2. Recommendations for Industry Adoption 

For offset printers, prepress managers, and production engineers, the following strategic recommendations are proposed: 

 

1. Establish a Standards-Driven Foundation 

Adopt ISO 12647-2 as the baseline technical reference. 

 

Use it to standardize RIP settings, CTP curves, and press calibration before exploring higher-level certifications. 

 

2. Select a Calibration System Based on Print Mix 

Choose G7 if you're operating a mix of offset, digital, and inkjet devices. 

 

Implement FOGRA PSO if your work is dominated by long-run CMYK content with strict proofing needs. 

 

For packaging, consider hybrid workflows (e.g., G7 + spot colour matching + spectral libraries). 

 

3. Invest in QA/QC Infrastructure 

Equip your pressroom with spectrophotometers (M1-compliant), inline scanning systems, and automated ink feed 

controls. 

 

Train operators in ISO 3664 viewing standards and media wedge evaluations. 

 

Establish SOPs and implement SPC dashboards to monitor colour drift and maintain audit trails. 
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4. Align with Client Expectations 

Maintain transparency with brand owners by documenting ΔE values, grey balance conformity, and compliance with print 

targets. 

 

Offer soft proofing and remote colour approval options via PDF/X-4 workflows. 

 

5. Future-Proof Your Workflow 

Prepare for ICCmax, CxF (spectral spot colour definitions), and extended gamut printing (ECG). 

 

Integrate press data with ERP/MIS systems to create a closed-loop control cycle with live analytics and traceability. 

 

11.3. Areas for Future Research 

While this paper has focused on the current landscape of colour standards in offset printing, several emerging areas merit 

further investigation: 

 

1. Colour Quality in Expanded Gamut (CMYK+OGV) 

How can ISO and G7 methodologies adapt to multicolour workflows? 

 

What new control parameters are needed for orange, green, and violet gamuts? 

 

2. Real-Time Adaptive Systems 

Research is needed into AI-driven colour control systems that learn from press behaviour and adjust tolerances 

dynamically. 

 

3. Sustainability and Colour Consistency 

How do bio-based inks, recycled substrates, and low-energy curing systems impact measurable colour stability? 

 

Can colour control frameworks be adjusted for environmental variables without increasing waste? 

 

4. Colour Standards for Digital + Offset Integration 

With hybrid workflows becoming the norm, what consolidated standard (perhaps beyond ISO 15339) can align inkjet, 

toner, and litho-based systems under one colour intent? 
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Final Reflection 

In the age of automation, supply chain integration, and customer-specific branding, colour accuracy is no longer a 

differentiator—it is a requirement. But colour quality in offset printing is not merely about chasing tighter tolerances or 

higher certifications. It is about creating a resilient, intelligent, and adaptable system that balances creative intent with 

production reality. 

 

Ultimately, the future of colour reproduction in offset lies not in static conformance but in continuous calibration, closed-

loop feedback, and collaborative innovation across the value chain. 
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Appendices 

A. Glossary of Key Terms 

• CIELAB: A device-independent colour space used for quantifying colour differences (ΔE). 

• TVI (Tone Value Increase): The increase in halftone dot area during printing, affecting tonal accuracy. 

• ΔE: A measurement of colour difference; ΔE ≤ 5 is considered acceptable for most offset jobs. 

• NPDC (Neutral Print Density Curve): The tonal response curve for gray according to G7 methodology. 

• ICC Profile: A device-specific mapping file for colour conversion aligned with standards. 

• M1 Mode: Spectral measurement under UV-inclusive lighting for substrates with optical brighteners. 

 

B. Sample QA/QC Checklist (for Colour-Sensitive Print Runs) 

1. Prepress 

o ☐ ICC profile matching press conditions applied 

o ☐ RIP linearization set to TVI A–E or NPDC target 

o ☐ Proof issued under ISO 3664 conditions 

2. Plate Production 

o ☐ Dot shape and resolution verified via plate reader 

o ☐ Plate film or plate curvature within manufacturer specs 

3. Press Setup 

o ☐ Substrate lot verified and conditioned (RH 50 ± 5%) 

o ☐ Pressroom temp stabilized at 21 ± 1 °C 
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o ☐ Ink and fountain solution mixed and documented 

4. Makeready 

o ☐ Control strip printed and measured in first 10 sheets 

o ☐ Ink densities and TVI within ISO 12647 / G7 aims 

o ☐ Gray balance patches ΔE ≤ 3 

5. Production Run 

o ☐ Inline sensor scans every 50 sheets 

o ☐ Data logged and analysed via SPC (Cp > 1.33) 

o ☐ Color deviation triggers corrective action 

6. Post-Run Review 

o ☐ Final colour report with graphs (TVI curve, ΔE trend) 

o ☐ ΔE average and max recorded in job file 

o ☐ Archive PDF reports and measurement logs 

 

C. Comparative Table of TVI Targets for Common Substrates 

Substrate Type Standard / Curve 50% Tone TVI Target 

Coated Paper (PC1) ISO A / FOGRA39 14–16 % 

Uncoated Paper ISO D–E / FOGRA52 18–22 % 

Folding Carton Board FOGRA Board 16–18 % 

Metallic-Effect Substrates Custom ICC / FOGRA60 10–12 % modified 

 

Table 12:1 : Comparative Table of TVI Targets for Common Substrates 

 

D. Example SPC Chart – ΔE Trend Over Run 

(A line chart plotting ΔE values across successive batches, not included in text.) 

Use control limits (+/- 2σ) to identify drift and initiate corrective protocols. 

 

E. Sample MDF Table: Spot Colour Reproduction Comparison 

Spot Colour Pantone Value ΔE (ISO workflow) ΔE (G7 Colorspace) Inline AOI Accuracy (%) 

PANTONE 186 C 186 C 4.2 2.8 94% 
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Spot Colour Pantone Value ΔE (ISO workflow) ΔE (G7 Colorspace) Inline AOI Accuracy (%) 

PANTONE 299 C 299 C 5.1 3.5 92% 

PANTONE 123 C 123 C 4.8 3.1 95% 

 

Table 12:2: Spot Colour Reproduction Comparison 

13. Appendix 1: Glossary of Key Terms 

• ΔE: Metric for quantifying the difference between two colours in Lab space. 

• TVI (Tone Value Increase): Also known as dot gain; measures how much halftone dots increase in size 

during printing. 

• Densitometry: Method of measuring optical density of ink film thickness on substrate. 

• Spectrophotometry: Measures spectral reflectance or transmittance; used for colour measurement and 

matching. 

• ICC Profile: International Color Consortium profile used to manage colour conversion across devices. 

• G7: A calibration method for achieving visual similarity across printing systems based on grey balance. 

• ISO 12647-2: Standard for process control of offset lithographic printing. 

• FOGRA: German-based research institute that certifies colour standards like FOGRA PSO. 

• MIS (Management Information System): Software systems used for production tracking and resource 

management. 

• SPC (Statistical Process Control): Data-driven method to monitor and control production quality via 

statistics. 

 

Appendix 2: Sample QA/QC Checklist for Colour Reproduction in Offset Printing 

S.No. Checklist Item QA Stage Criticality (1–5) 

0 Verify substrate type and whiteness index Prepress 4 

1 Confirm ink set matches ISO 2846-1 specifications Prepress 5 

2 Validate press calibration against reference ICC profile Prepress 5 

3 Check CTP plate linearization Prepress 4 

4 Run control strip and validate ΔE and TVI Press 5 

5 Measure solid ink density and grey balance Press 5 

6 Conduct inline spectrophotometry check Press 4 

7 Confirm registration accuracy and image sharpness Press 4 
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S.No. Checklist Item QA Stage Criticality (1–5) 

8 Document press settings and job parameters Postpress 3 

9 Log deviations and corrective actions Postpress 4 

 

Table 13:1: Sample QA/QC Checklist for Colour Reproduction in Offset Printing 
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