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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, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this document.

In issuing and making this document available, the IES is not undertaking to render professional or other services for or on
behalf of any person or entity. Nor is the IES undertaking to perform any duty owed by any person or entity to someone
else. Anyone using this document should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

The IES has no power, nor does it undertake, to police or enforce compliance with the contents of this document.
Nor does the IES list, certify, test or inspect products, designs, or installations for compliance with this document. Any
certification or statement of compliance with the requirements of this document shall 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 Standard requires verification by ANSI that the requirements for due process,
consensus, and other criteria have been met by the standards developer.

Consensus is established when, in the judgment of the ANSI Board of Standards Review, substantial agreement has been
reached by directly and materially affected interests. Substantial agreement means much more than a simple majority,
but not necessarily unanimity. Consensus requires that all views and objections be considered, and that a concerted
effort be made toward their resolution.

The use of American National Standards is completely voluntary; their existence does not in any respect preclude anyone,
whether that person has approved the standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and will in no circumstances give an interpretation
to any American National Standard. Moreover, no person shall have the right or authority to issue and interpretation of an
American National Standard in the name of the American National Standards Institute. Requests for interpretations should
be addressed 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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An Optional Method for Adjusting the Recommended Illluminance for Visually Demanding Tasks
within IES llluminance Categories P through Y Based on Light Source Spectrum

1.1 Introduction

This Technical Memorandum (TM) addresses how the
spectral power distribution (SPD) of light sources can
be incorporated into the IES llluminance Determination
System for visual tasks that are categorized as P through
Y within interior lighting applications (refer to ANSI/
IES LS-8-20, Lighting Science: Vision — Perceptions and
Performance, Section 6.2"). This TM describes how a
light source’s SPD affects pupil size, visual acuity, and
visual efficiency under interior lighting conditions, and
establishes an optional calculation method, Equivalent
Visual Efficiency (EVE), for adjusting IES recommenced
illuminance targets under limited circumstances when
visual tasks require the ability to discern achromatic
visual detail to ensure speed and/or accuracy in the
performance of the visual task. EVE is a method for
achieving a balance between light level and SPD that
results in maintaining equal visual acuity; it is not
intended to improve visual acuity or visual performance.
The calculation makes no claim as to any effect on
overall visual performance, other than to state that
the use of this calculation ensures equivalent visual
efficiency for visually demanding tasks. The calculation
is optional, and its use should be balanced with other
lighting design criteria and objectives.

It is acknowledged that this version of TM-24 continues
to use an empirically derived, physiologically inaccurate
model of the pupillary light reflex based on the ratio
of scotopic to photopic power of the light source.
In conditions typical of interior lighting, long-course
changes in pupil size are principally mediated by
intrinsically photosensitive retinal ganglion cells
(ipRGCs), not the rod photoreceptors. It is expected
that the EVE method will be updated when quantities
related to ipRGC photoreception are standardized by
the IES.

1.2 Scope

This TM documents the fundamentals of visual
efficiency, defines the EVE calculation method, and
addresses practical concerns for implementation. The
EVE method described herein should not be applied if

« The task or tasks are covered by IES llluminance
Categories A through O for the Recommended
[lluminance Target'

o The task is nonvisual in nature

« The task is not visually demanding (see Section
2.5)

« The application is exterior

« Itisknownthatthereareahigh numberof occupants
with abnormal vision or poor ocular health

Further discussion of the preconditions for application
of the EVE method is included in Section 4.5.

The method described in this TM is based on how
the SPD of a light source affects the ability to discern
achromatic visual detail. The SPD can also affect
brightness perception, color rendering, discomfort
glare, circadian rhythms, and other physiological
outcomes; these factors are discussed only in limited
detail in this TM. The decision to apply the EVE method
is at the discretion of the specifier.

2.1 The Role of Light Source Spectral Power
Distribution

Quantifying the effects of lighting on human vision is
one of the fundamental requirements of illuminating
engineering. This task is accomplished by converting light
as an electromagnetic quantity defined in radiometric
values to units that have some relationship to human
vision. This conversion is accomplished by using the
spectral power distribution (SPD) of a light source as a
radiometric quantity and weighting that SPD against the
spectral response of the human visual system.

2.2 The Spectral Luminous Efficiency Function
for Photopic Vision, V(1)

The spectral luminous efficiency function for photopic
vision, V(A), is used to weight radiant energy according
to the sensitivity of the visual system at relatively high

any of these conditions apply:

light levels. (For more information see ﬂglémnts
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Lighting Science: Concepts and Language of Lighting.?)
Many important lighting metrics (e.g., illuminance,
luminance, luminous intensity) are based on the V(A)
function and are sometimes referred to as photopic
quantities.

The V(A) function, standardized by the International
Commission on Illumination (CIE) in 1924, was derived
from psychophysical experiments where the visual field
was restricted to the central 2 degrees, corresponding
to the fovea and isolating the response of the cone
photoreceptors.> Foveal vision is responsible for
detection of fine detail, and while important, the
spectral sensitivity of the fovea can vary from that of
full-field vision because the fovea excludes the possible
contributions of photoreceptors whose concentrations
are primarily peripheral to the central 2 degrees.
These include a portion of the S cones, the rods, and
the intrinsically photoreceptive retinal ganglion cells
(ipRGCs; refer to ANSI/IES LS-7-20, Lighting Science: Vision
— Eye and Brain for more information?®). The metrics
derived from V(A) are central to illuminating engineering
but are often extended beyond the conditions under
which they were developed,® and they do not address
all aspects of visibility and visual performance, such as
the regulation of pupil size.

2.3 Pupil Size, Retinal Image Quality, and
Visual Acuity

The importance of pupil size is that it can affect visual
acuity, depth of field, and accommodative effort. Of
particular concern to lighting practice is the effect of
pupil size on retinal image quality and, consequently,
visual acuity. (Refer to ANSI/IES LS-8-20 for more
information.")

At typical interior illuminance levels, relatively smaller
pupils act to remove the most non-central aberrant
light rays, which for most eyes are the principal cause
of blurred images. Consequently, pupil size is one
of the principal physiological agents affecting optical
quality for most people, and it is the quality of the
optical image reaching the retina, rather than the
innate retinal resolution that can be a highly important
factor affecting the overall resolution of the eye. Thus,
confining light to a smaller aperture through smaller

field. These findings apply to the general population
with natural healthy eyes and habitual correction.

Optimumvisualacuityistypicallyachieved with pupil size
between 2 and 3 mm, although in some circumstances
this range may extend slightly higher. However, those
conditions are of sufficiently low luminance levels and
pertain to tasks of low spatial frequency, and thus are
outside the domain of indicated TM-24 applications.
Visual resolution generally decreases as pupil size
increases beyond 3 mm. Under the conditions of a full
field of view, average pupil diameter changes in an
approximate log-linear manner between its maximum
diameter of 6 to 7 mm below 1 cd/m? and its minimum
size of 2 to 3 mm at 1,000 cd/m? and greater. Thus,
changes in pupil size that occur under normal interior
illuminance levels and under a full field of view are
likely to affect retinal image quality for normal-sighted
people.

Visual acuity (VA) refers to the minimum size that can
be resolved under specific viewing conditions, such
as luminance, contrast, and distance. Visual acuity is a
variable unique to each person and varies with age.”
The average VA for the general population is slightly
better than 20/20 prior to age 50 and worsens with age
from that point. An individual’s VA is evaluated under
prescribed conditions of task luminance and contrast.
However, luminance is defined by V(A) and therefore
does not account for pupil size variations that occur due
to changes in SPD (at fixed light levels) that in turn can
affect VA. This is discussed further in Section 3.2, and
additional review of work in this field is available from
Annex B of TM-24-13.% Variations in visual acuity can
affect visual efficiency for visually demanding tasks.

More broadly, improvements in visual image quality
generally attributed to increased illumination levels
could be largely due to the improved retinal image
quality resulting from smaller pupils, even though
smaller pupils lead to lowered retinal illuminance.®™
Within the realm of interior light levels, increasing pupil
size under a constant task luminance has been shown
to result in reduced visual acuity, even though the
retinal illuminance increases.'>' Further, pupil size can
be reduced with higher levels of surround illuminance,'

pupils increases sharpness of focus as well as depth of

and may be influenced by psychologicawswmlénts
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