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DISCLAIMER

IES publications are developed through the consensus standards development process approved by the American
National Standards Institute. This process brings together volunteers representing varied viewpoints and interests to
achieve consensus on lighting recommendations. While the IES administers the process and establishes policies and
procedures to promote fairness in the development of consensus, it makes no guaranty or warranty as to the accuracy
or completeness of any information published herein.

The IES disclaims liability for any injury to persons or property or other damages of any nature whatsoever, wheti =r
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or relicnce
on this document.

In issuing and making this document available, the IES is not undertaking to render professional or other servic=s for or on
behalf of any person or entity. Nor is the IES undertaking to perform any duty owed by any person or®»ntity to someone
else. Anyone using this document should rely on his or her own independent judgment or, as'canipriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given ci.cumstc nces.

The IES has no power, nor does it undertake, to police or enforce compliance witi'he ¢antents of this document.
Nor does the IES list, certify, test or inspect products, designs, or installations for compinze with this document. Any
certification or statement of compliance with the requirements of this docun=nt hall not be attributable to the IES and
is solely the responsibility of the certifier or maker of the statement.

AMERICAN NATIONAL STANDARD

Approval of an American National Stadai requires verification by ANSI that the requirements for due process,
consensus, and other criteria have bean n =t by the standards developer.

Consensus is established when, il *he iidgment of the ANSI Board of Standards Review, substantial agreement has been
reached by directly and matc fally arected interests. Substantial agreement means much more than a simple majority,
but not necessarily unas.ity. Consensus requires that all views and objections be considered, and that a concerted
effort be made toward aeir 1 'solution.

The use of America. Nationar Standards is completely voluntary; their existence does not in any respect preclude anyone,
whether tnat pe son 1ias approved the standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or  rocedures not conforming to the standards.

TheAmerican National Standards Institute does not develop standards and will in no circumstances give an interpretation
tcany An 2rican National Standard. Moreover, no person shall have the right or authority to issue an interpretation of an
Ame.‘caniational Standard in the name of the American National Standards Institute. Requests for interpretations should
beaddressed to the secretariat or sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised at any time. The procedures of the American National
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from
the date of approval. Purchasers of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute.
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1.1 Introduction

The understanding of the color properties of light
and their applications is finding an unprecedented
relevance in the lighting industry. As a result, lighting
professionals are faced with an increased need for
accurate quantitative and qualitative descriptions of the
color related performance of all light sources. Lighting
professionals need an understanding of human vision
and psychology to appreciate the ways that light and
color will affect users. They also need a command of the
vocabulary and methods used to describe and measure
color. They should know the properties of available
light source technologies. Finally, they are expected
to have the artistic and technical ability to apply all of
this information in the field in order to realize designs
that meet the needs of the users, support the overall
design and project goals, and use light appropriately
and effectively.

1.2 Scope

This document covers the basics of color science,
including color vision fundamentals and an overview
of colorimetry. It also describes color terminology,
color properties of light sources, and the use of color
in applied lighting, which includes discussions of
common color metrics. This document is not meant as
a substitute for more comprehensive literature on this
topic or for the standards that are referenced within;
instead, it is meant to provide general knowledge to a
lighting practitioner and direct readers to appropriate
material. It focuses on practical use, rather than acting
as a historical record.

2.1 Light

Light is energy
photosensitive cells in the retina and producing a
visual sensation. The meaningful visible portion of
the electromagnetic spectrum extends from about
380 to 780 nanometers (nm), as shown in Figure
2-1. Several different wavelength ranges are used

radiant capable of exciting
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when quantifying human visual response. The range
of wavelengths that may induce a photoreceptor
response does not have a sharp edge. The probability
forinducing a response is reduced at the boundaries of
the visible wavelength range (below 380 nm and above
780 nm). While laboratory studies show people can see
intense light at wavelengths near the extreme edges of
the visible range, human sensitivity is so low in those
spectral regions that they generally have negligible
practical impact. As an illustration of this, 99.94% of
photopic response lies within the wavelength range
400 nm to 700 nm, making it sufficiently complete
for almost all practical purposes. The range 380 nm
to 780 nm is considered entirely adequate for all
practical purposes. In addition, when there is scientific
interest in tabulating all detectable visible response,
then the range 360 nm to 830 nm is often used. Today,
by far the most commonly used range for practical
considerations of human visual response is 380 nm to
780 nm.

Light that has no perceptible color to a typical viewer
is commonly described as “white light.” Most people
are familiar with the idea of separating white light
into its color components using a prism. These color
components or, technically speaking, the radiant power
at each wavelength, can vary greatly, but the overall
effect from each source is an appearance of white light.
When the radiant energy of a single wavelength is
viewed, it appears to be of a single spectral color (see
Figure 2-1).

One could ask: How many different colors can
people see? Unfortunately, this simple question
yields not just one answer but a whole series
of them. If color samples are placed side by
side, most people can distinguish more than a
thousand different colors; however, if samples
are presented one at a time, performance
declines. In fact, when samples are seen one at
a time, with several seconds elapsing between
samples, most people can reliably recognize
fewer than a dozen different colors. — Halsey
and Chapanis, 1951





