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Understanding lllumination in Color Measurement:
Xenon vs. Calibrated LED Daylight

In instrumental color measurement, illumination is often the quiet hero.

No matter how sophisticated an instrument may be, its accuracy depends on the
quality, stability, and fidelity of the light used to illuminate the sample. To understand
today’s advances in colorimetry, it's helpful to look at how traditional Xenon flash
illumination compares to modern, curated LED daylight engines—particularly in their

ability to simulate natural daylight and support long-term measurement consistency.

Xenon Flash lllumination: A Proven, Widely Used Technology

For decades, Xenon pulsed lamps have been one of the most common illumination
sources in color measurement. They generate a bright, broad-spectrum flash of light
that mimics many aspects of daylight, making them reliable for routine quality control

in a wide range of industries.

Xenon is not a deficient technology. It is well understood, widely trusted, and
historically foundational to instrumental color measurement. Many QC workflows

depend on it, and it remains suitable for numerous production applications today.

Why Xenon Lamps Naturally Vary

Although Xenon provides strong broad-spectrum output, its illumination is created
through a physical process that introduces natural variability. A Xenon flash is
produced by igniting plasma inside a high-pressure gas-filled tube. The resulting

spectral power distribution (SPD) depends on:

» Electrical discharge conditions, such as voltage, capacitance, and circuit
inductance

e Lamp construction, including arc length, quartz type, and gas pressure
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o Material properties, including UV-transmitting or UV-blocking quartz
o Aging effects, such as electrode sputtering and solarization of the quartz

envelope

Because these factors differ slightly from lamp to lamp—and change during use—no
two Xenon lamps produce the same spectrum. Over time, most Xenon lamps
experience a shift, typically losing some blue/UV energy as the quartz envelope

darkens or absorbs more UV. This gradual drift affects long-term color consistency.
None of this reflects poor engineering; it is simply the physics of Xenon illumination.

Simulating Daylight with Xenon: Strengths and Limitations

To better approximate daylight and reproduce the behavior of optical brighteners,
Xenon systems often use UV-balancing filters. These filters adjust the ratio of UV to

visible light to simulate the photometric effect of daylight on fluorescent materials.
However, two key limitations remain:
1. UV balancing must be continuously adjusted

As the Xenon lamp ages and shifts spectrally, the UV-to-visible ratio must be
recalibrated to maintain consistent behavior. This is necessary to preserve fluorometry

response, but it does not stabilize the entire spectrum.
2. UV balancing alone does not achieve true CIE D65 fidelity

Daylight is not defined solely by its UV content; it has a very specific spectral shape,
with structured changes across the visible range. Xenon's inherent emission profile
cannot be reshaped to fully match the CIE D65 standard, even with filters.

The result is improved daylight behavior—but not complete spectral accuracy.

2 KA-07530



‘;0 HunterLab

The Shift Toward Stable, Engineered LED Daylight

Modern LED illumination engines approach daylight simulation differently. Instead of
relying on a gas plasma arc, LEDs produce light through solid-state electronic

processes, making their output inherently:

More stable over time

More consistent from unit to unit

Capable of precise spectral shaping

Lifetime spectral stability

A curated LED daylight engine can be designed by combining multiple LED channels,
each tuned to produce energy in a specific portion of the spectrum. This allows
engineers to shape the overall SPD to align closely with the measured structure of D65

daylight.

Not All LED Light Sources Resemble Daylight

Although many LED systems are marketed as “full spectrum,” this label can be
misleading. Some LEDs provide pleasant, broad illumination suitable for photography
or architectural lighting, but do not replicate the spectral windows, UV energy, or

structural characteristics required to meet CIE D65 standards.
Creating a true D65 LED engine requires:

e A carefully selected set of LED channels
o Calibration against daylight standards
e Precision control of both visible and UV contributions

o Long-term spectral stability without aging drift

This approach produces illumination that behaves more like natural daylight—and

more consistently than Xenon can achieve.
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Why lllumination Technology Matters More Than Ever

As industries adopt tighter color tolerances, global production networks, and visual
evaluation under standardized daylight, the stability and fidelity of illumination
become crucial. Small variations in spectral output can lead to measurable differences

in color, supplier disagreements, and long-term drift away from visual expectations.

Xenon illumination continues to serve many applications well. But modern curated

LED daylight engines offer:

e Superior long-term stability

e Better instrument-to-instrument agreement

e Improved simulation of CIE D65

e More predictable behavior across a wide range of materials, including dark and

fluorescent samples

In other words, LED daylight does not replace Xenon—it expands what is possible in

color accuracy and consistency.

Conclusion

Both Xenon and LED illumination have important roles in the evolution of color
measurement. Xenon remains a solid, trusted technology for routine applications,
while curated LED daylight represents the next step forward in spectral fidelity,

longevity, and human-vision correlation.

By understanding the strengths, limitations, and appropriate uses of each illumination
technology, manufacturers can make more informed decisions—and achieve greater

confidence in every color measurement.

4 KA-07530



