Understanding the

Spectrophotometer

Its Role and Importance in the Printing Industry

In professional printing, color is not subjective — it'’s measured, managed, and maintained
with precision. A spectrophotometer is the cornerstone of that control. Whether used in
prepress, the pressroom, or quality assurance, this instrument allows printers to quantify
color with scientific accuracy. Understanding what a spectrophotometer does, why it’s
essential, and how it fits into a color-managed workflow is key to achieving predictable,
repeatable, and brand-consistent print results.
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What Is a Spectrophotometer?
A spectrophotometer is a precision optical instrument that measures how light interacts
with a surface or substrate — specifically, how much light is reflected or transmitted at
each wavelength across the visible spectrum (typically 380—780 nanometers). In essence,
it quantifies color by dissecting light into its component wavelengths and measuring the
intensity of each.

The Science Behind the Device
The science of the spectrophotometer is based on the principle that every material reflects
or absorbs light differently across the spectrum. Each color has a unique pattern of
reflectance, called a spectral reflectance curve, which describes how much light is reflected
at each wavelength. The spectrophotometer captures this curve using a precise optical and
electronic process:

1. Illumination — The instrument directs a controlled, standardized light source —
typically D50 or D65 — onto the sample. The light must be stable and spectrally balanced
to ensure measurement accuracy.

2. Reflection or Transmission — Depending on the measurement mode, light

either reflects off the surface (as in printed paper) or passes through it (as in films or
transparencies). The reflected or transmitted light carries information about the sample’s
color and surface properties.

3. Dispersion of Light — Inside the spectrophotometer, a diffraction grating or prism
separates the light into its component wavelengths, much like a prism creates a rainbow.

4. Detection and Quantification — An array of photoelectric sensors measures the
intensity of light at each wavelength. The result is a spectral power distribution — a
detailed fingerprint of how the sample interacts with light.

5. Color Computation — The spectral data is mathematically converted into
standardized color spaces such as CIEXYZ or CIELAB (Lea<bs), defined by the Commission
Internationale de I’Eclairage (CIE).

e Le represents lightness (0 = black, 100 = white)

« a- represents the red—green axis

« be represents the yellow—blue axis
These values allow for objective color comparison and tolerance evaluation (AE),
eliminating subjective visual guesswork.
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Why It’s More Advanced Than a Densitometer
While a densitometer measures only optical density at a few specific wavelengths
(primarily for CMYK ink control), a spectrophotometer measures the entire visible
spectrum. This allows it to evaluate spot colors, overprints, paper tints, and metamerism
(color shifts under different lighting conditions). In short, spectrophotometers don’t just
check ink density — they measure true color.
In the printing industry, this objectivity bridges the gap between how humans
perceive color and how machines reproduce it. By turning color into data, printers can
communicate, match, and reproduce colors with scientific precision anywhere in the world.

Why Spectrophotometers Are Important in Printing
Color perception varies between people, lighting conditions, and substrates — but color
measurement does not. Spectrophotometers standardize color evaluation by converting
visual impressions into numerical data. This enables consistent communication of color
expectations between designers, press operators, and clients.

Key benefits include:
* Consistency Across Devices: Ensures the same brand color looks identical across
presses, substrates, and print facilities.

¢ Proof and Press Verification: Confirms that contract proofs and press sheets match
within acceptable AE tolerances.

* Process Control: Allows operators to monitor density, dot gain, and gray balance for
color stability.

¢ Certification and Compliance: Supports G7 calibration, ISO 12647 conformance,
and brand audits through measurable documentation.

Without spectrophotometric control, matching color becomes a subjective, time-
consuming, and wasteful process.

How It’s Used in the Printing Workflow
Spectrophotometers are used throughout the print production cycle — from digital
proofing to post-press validation — to ensure measurable and repeatable color control.
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1. Prepress and Proofing
¢ Monitor and Proof Calibration: A prepress tech measures printed color targets (e.g.,
1T8.7/4) to generate ICC profiles that align screen and proof color to the press condition.
¢ Contract Proof Verification: Before printing, proofs are measured to confirm they
fall within tolerance (commonly AE < 2) of GRACoL or ISO color references.

2. Pressroom Control
¢ Color Bar Measurement: Operators measure control strips printed alongside jobs to
track CMYK balance, overprints, and gray balance throughout the run.
¢ G7 Calibration: The device measures neutral tone scales to generate Neutral Print
Density Curves (NPDC), aligning tonality and gray balance across presses.
» Substrate Comparison: Measurements are used to evaluate how different paper
stocks affect color and to adjust ink formulation accordingly.

3. Quality Assurance and Post-Press
¢ Production Validation: Press samples are measured and compared to proofs,
generating AE reports that verify print accuracy.
* Brand Color Verification: Spot and Pantone colors are measured to confirm
compliance with brand standards.
» Historical Tracking: All readings are stored for trend analysis and process
improvement across jobs and materials.

Common Measurement Conditions
To ensure accuracy, spectrophotometers operate under standardized measurement
conditions:

¢ Light Source (Illuminant): D50 (5000K) for print; D65 (6500K) for display.
* Observer Angle: 2° standard observer for print; 10° for large-field viewing.
» Measurement Modes (ISO 13655):
» Mo: Legacy tungsten light
» M1: D50 balanced (default for print)
» M2: UV excluded
» M3: Polarized to reduce gloss
¢ Geometry: 45°/0° for print; diffuse/8° for glossy or textured materials.
* Backing: White for standard samples; black for thin or transparent substrates.

These controls allow consistent measurement results across devices and facilities.



Industry Standards and Tools
Standards:
* GRACoL 2013 (CRPC6): Defines print color aims for a coated sheet - North America.
« ISO 12647-2: Standard for offset printing process control.
« ISO 13655: Defines measurement conditions and modes (Mo—M3).
» ISO 3664: Defines viewing conditions for color evaluation.
« Idealliance G7: Gray balance calibration and verification method.

Instruments and Software:
« Spectrophotometers: X-Rite eXact, Techkon SpectroDens, Barbieri Spectro LFP, Konica
Minolta FD series.

« Software Tools:
ColorCert (QA reports), PantoneLIVE (brand colors), i1Profiler (ICC creation), Curve+
(press calibration).

Sample Target
Dens I* a* b* (L a* b* AEQO
S 007 94864 116 -4.09 94.64 116 -4.09 0.00 i
c 137 5657 -3574 -49.42 54.74 -36.36 -51.72 1.84 ml' I‘
M 140 4797 7410 -1.48 4773 7469 -4.19 mnm ik
¥ 1.01 89.12 -6.00 9217 88.60 -3.90 91.98 118
K 169 15.80 166 115 14.91 033 -0.39 244
R 4799 68.40 4589 4717 68.82 4817 121
G 60.77 -66.22 23.96 4991 -6769 24.03 0.93
B 24.94 19.96 -45.44 24.03 1749 -4716 2.52
CMY 23.64 -0.80 -1.85 2291 046 -0.78 217
CMYK 11.38 1.89 789 8.08 0.37 014 710
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Curve+ report of Ink & Substrate measurements relative to G7 standards.

Integrating Spectrophotometry into a Color-Managed Workflow
Spectrophotometers integrate into a complete color-managed system that unifies design,
proofing, and production into a measurable, repeatable process.

1. Establish a Measured Baseline — Measure printed targets to build ICC profiles that
define device behavior.

2. Align Monitor, Proof, and Press — Use measured profiles to ensure color
consistency at every stage.

3. Maintain Process Control — Use real-time or scanning devices to monitor color bars
and adjust ink output automatically.

4. Verification and Reporting — Generate AE reports for quality assurance and client
transparency.

5. Continuous Improvement — Archive data for trend analysis and ongoing
optimization of inks, substrates, and workflows.
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Conclusion
In modern printing, color quality is no longer a matter of perception
— it’s a matter of measurement. The spectrophotometer transforms
color from an art into a science, giving printers the data to achieve
precision, consistency, and proof of performance. When integrated into
a structured, color-managed workflow aligned with GRACoL, ISO, and
G7 standards, spectrophotometry ensures that color communication,
production, and verification are consistent, predictable, and certifiable
across every device and every print run.



