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Vision experiment with human subjects during the pandemic time

NIST Laboratories general requirements for Special experimental methods and
Covid-19 Safety (March 2021) procedures developed for Hunt Effect
experiment, ensuring Covid-19 safety

* Onlyone person can work in a lab space. _
(approved by NIST Hazard Review, IRB)

* 72 hours separation before a different
person can use the lab

* Surfaces touched by the lab user must be
sanitized after the use.

* Remote experiment (the subject is
alone in the lab, no contact with
anyone)

Hazard Review required for each new

experiment. * Special procedures

Institutional Review Board (IRB) approval
required for all human subjects experiments

» Safety for pandemic was also considered.
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Remote Experiment using Cameras and On-line meeting Tools

Operator’s computer screen
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Covid-19 Safety Procedures - Instruction video




Covid-19 Safety Procedures - Ventilation

NIST

Subject in

lab
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Sanitize surfaces, turns on light source in the booth

60 min *Light source stabilization

Measurement of spectra of the booth, run the online
meeting software on laptop

30 min
|

Experiment Session 1 (30 min)

Reverse booth setting AI r

*Light source stabilization ve nti Iatio n
in lab

30 min (break)
I

Experiment Session 2 (20 min)

Measurement of the booth. Change the lab settings
back. 5




Procedures during experiments

* Subjects wore a face mask. * The sponge piece for view divider

* Subjects wore lab gloves replaced by new one for each subject
e Covid-19 check list for subjects and operators 4 .

e Operators wore full PPE (N95 mask, gloves)
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Introduction — Hunt effect

The illuminance level of the lighting can affect the perceived chroma (Hunt Effect)

If the object colors at the outdoor daylight are considered as the reference for color appearance of objects,
the decrease of the perceived chroma at indoor lighting level would be a matter of color fidelity
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Introduction — Previous study (2019)

Our previous study experimentally quantified the changes chroma and hue between 100 Ix and 1000 Ix for four
different colors

Change of chroma from 1000 Ix to 100 Ix

AC*a, b!

6 1 m6500K
3000 K

Blue Green Yellow Red

Y. Kawashima & Y. Ohno, Change of Perceived Chroma and Hue of Object Colours at Different
Lighting Levels Due to Hunt Effect, CIE x047:2020 “Collection of papers accepted for the 5th CIE
Symposium on Color and Visual Appearance.”

However, there has been no fundamental data on the degree of the Hunt effect
between 1000 Ix and the outdoor daylight illuminance level.

National Institute of 8
Standards and Technology
U.S. Department of Commerce




Introduction — Purpose

To quantify the Hunt Effect in a range from indoor
lighting levels to outdoor daylight levels



Method — Apparatus
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Method - Light source

llluminance
Maximum setting =5700 Ix

Dimmed setting <1000 Ix
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Method — Subjects

16 subjects (NIST employees +1 other)
9 males
7 females

Age: 33 to 64 years old
(average: 48 years old) ... No summer students this year.
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Method

Test color patches (5700 Ix side)

Haploscopic view 19 or 20 color patches with gradual shifts of chroma and hue
1000 Ix 5700 Ix
(5700 Ix) (1000 Ix) for each color

Reference color patches (1000 Ix side)
The same color as one of the test colour patches (second
from maximum chroma level)

National Institute of 1 3
Standards and Technology
U.S. Department of Commerce



Method — Color coordinates of the color patches
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Result — Before correction
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Testing haploscopic adaptation (lightness matching)

 The grey patches No. 2 to No. 4
were typically chosen

he reference patches in the
1000 Ix side appeared slightly
darker due to imperfect adaptation
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Experiment to determine lightness correction factors

New (darker) reference patches

The hue and chroma are the same, only lightness of
the reference is lower (darker by two gray steps)

e 11 subjects compared the new patches with the
five patchesin a column of same hue angle

Results
New references appear slightly higher chroma
AC Correction Factors
Green =0.14 0.07
Yellow =1.50 0.75 unit:
AC',./gray step
g o1/ [0
T
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Result — before adaptation correction
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Results — after adaptation correction
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Results — after adaptation correction

Change of chroma Change of hue
from 5700 Ix to 1000 Ix from 5700 Ix to 1000 Ix
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Chroma changes results compared to 2019

2021: 5700 Ix to 1000 Ix 2019: 1000 Ix to 100 Ix
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Hue changes results compared to 2019

2021: 5700 Ix to 1000 Ix 2019: 1000 Ix to 100 Ix
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Conclusions

" The perceived chroma changes between 1000 Ix and 5700 Ix are much smaller

(average AC ,,, less than 0.5) and insignificant compared to the results between 100 Ix
and 1000 Ix found in our previous study (average AC",,, =3.5)

= Small hue angle changes were also observed

" These data will be useful for developing a color fidelity model based on the Hunt
Effect using the outdoor daylight condition as the reference, which may lead to an
improved tool or a metric for evaluating color rendition of light sources

CIE 2021 Proceedings paper (open access) “Perceived Chroma and Hue Changes of Colours at
High llluminance Levels Due to Hunt Effect” will be published.
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