TECHNICAL INSIGHTS

THE SECOND C: GOING TO THE LOO

_ Part 1: Dips, Diapers, and
“Nthe Standard Observer

By Keith Hoover

\

Andrew Filarowski and his Society of Dyers & Colourists
(SDC) brethren are surely chuckling. Recall that in the
first installment of “The Second C,” I used LOO as an ado-
lescent mnemonic for Color’s Big Three—Light, Object,
and Observer. For this article, were going to review the
LOO and focus on the second O, the Standard Observer,
which has been an increasingly controversial subject.

I recall a presentation at an AATCC conference back in
the 1990 by Bill Thornton and Ralph Stanziola in which
they challenged the Standard Observer model on several
methodological and technical grounds.

The Standard Observer is an integral part of how we
understand and model color. In this article and the next
two Second C installments, I will point out its strengths
and weaknesses, backed by some new research led by Ron-
nier Luo. I will avoid going too far into the weeds, instead
focusing on practical applications. So, let’s start with a
basic overview of the current Standard Observer model

to assess any proposed new models to replace it. Then, we
will be prepared to evaluate a new generation of digital
color products that are coming to the market.

THE BASICS

Throughout my career, every color course I have ever
attended or delivered has mentioned Light, Object, and
Observer as color’s tri-key concept.

Light—The illumination that allows a person
to see a thing

Object—The illuminated thing a person sees

Observer—The person looking at an
illuminated thing

MODELING FOR
COMPREHENSION

Weather, disease, long language, color. As we strive to
understand subjects and their behavior, we build math-
ematical constructs of some sort or another. When it
comes to color, Newton and Goethe each modeled color
differently centuries ago. Around 1905, Albert Mun-

sell created a logical color order system that influenced
several 20" century scientists responsible for the CIELAB
color space model, the foundation of which is the LOO.

Digitization, that is, the conversion of something real into
numbers, is a critical component of modeling. So, how
are Light, Object, and Observer digitized?

Light—“Light” is a bucket into which countless spe-

cific sources are thrown. It is a category of variables,

not a single thing since there are many sources of light,
both natural and artificial. Various instruments like
spectroradiometers, light meters, and other new hybrid
instruments are used to directly measure different aspects
of light in an attempt to uniquely characterize each source
and differentiate it from others. [1]

Object— The “Object” is a bucket as well, containing
descriptions of how many things look. The object is

a two-part variable incorporating appearance and

color attributes, the combination of which is referred

to as “Total Appearance” Appearance involves the
characterization of surface texture and its specular
component (sheen, gloss, etc.) measured with instruments
like glossmeters or spectrophotometers with specific
geometries. Color involves chromatic classification,
measured on instruments like spectrophotometers and
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colorimeters. As with light, the components of each color are
directly measured to create a specific definition.

Observer—As can be inferred from its name, the Standard
Observer is intended to be a constant defining how a per-

son perceives color. Whereas light and color can be directly
measured, color is a psychophysical phenomenon and can
only be measured indirectly. Two independent experiments
designed by physicists John Guild and David Wright to define
color matching functions for “normal human observers” were
conducted nearly a century ago. Their work served as the basis
for the CIE’s 1931 Standard Observer model. The subject was
revisited and revised in 1964 with only minor changes in meth-
odology. Here is a simple description of that experiment. [2]

Methodology

Both Guild’s and Wright's experiments were exercises in addi-
tive color matching involving a total of 17 trained observers.
As shown in Figure 1, both experiments utilized a split-screen
display in which a series of pre-defined target colors were pro-
jected one at a time on the left side. On the right side, a color
created by blending specific red, green, and blue lights (the
light primaries) was projected.
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Figure 1: The layout of the color matching exercise used by both Guild and Wright.
Credit: Used with permission of Jamie Wong (https://jamie-wong.com/post/
color/#wright-guild-s-color- matching-experiments)
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Figure 2: r-bar, g-bar, and b-bar plots. Note the value of the red, green, and blue
light settings required to match the target color at 600nm.

The view of each side of the split screen was masked;
the observer had to peer through a small hole to see the
projected colors. The size of the hole in the mask was
limited to a two-degree field of view (about the same as
viewing your thumbnail at arm’s length) because color-
sensing cones are concentrated in a 2-degree arc in the
fovea, a region of the retina.

Sixty colors at 5nm intervals between 400nm and 700nm
on the visible spectrum were defined as target colors.

As each target color was projected on the left side of the
split screen, the observer adjusted the dials controlling
the intensity of the red, green, and blue lights to match it.

The “dial values” were converted and plotted as r-bar
(red), g-bar (green), and b-bar (blue) as shown in
Figure 2. These three curves represent the relative
mixture of the red, green, and blue primaries at each
wavelength across the visible spectrum. So, if you placed
a vertical line anywhere along the spectrum, you could
determine the amount of red, green, and blue light
required to match the color of that specific wavelength.
These values, known as color matching functions (CMF),
were included in the CIE 1931 2-Degree Standard
Observer model.

Debate about the 1931 model continued over the years,
especially concerning the size of the area in the eye that
influenced color perception. So, the experiment was
redone in the early 1960, this time with a larger “peep
hole” in the mask of the split screen display, correspond-
ing to a 10-degree field of view (like viewing your palm

at arm’s length). The results were slightly different and
published in 1964 as a 10 Degree Supplementary Standard
Observer (see Figure 3).
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Figure 3: A comparison of the 1931 and 1964 Standard Observer models.
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CHALLENGES TO THE
STANDARD OBSERVER

There are two basic categories of concern about the
viability of the Standard Observer: 1) technical issues and
2) accuracy of the model.

The Technical Issues

One significant technical issue involves the use of negative
numbers. Each observer used dials to adjust the intensity
of the red, green, and blue test lights so that the resulting
light mixture matched the target light on the left side. But
in Figure 2, notice that the r-bar curve dips below zero
between 430nm and 545nm. How can you adjust the red
light to a negative value? As it turned out, some target col-
ors were not matchable with any combination of the red,
green, and blue lights. Those colors were only matchable if
the red test light was added to the color of the target light.
Any time that was necessary, the value of the red light was
recorded as negative. To compensate for this, the negative
values were transformed into positive values and plotted
under the b-bar curve. This normalized plot includes new
curves labeled x-bar (red), y-bar (green), and z-bar (blue)
instead of the previous r-bar, g-bar, and b-bar curves (see
Figure 4).

Accuracy of the Model

Irrespective of the technical issues, others criticize the sci-
entific methodology employed on seemingly contradictory
grounds. One objection claims that not enough partici-
pants were included in the experiment to properly sample
the population. But another objection points out that color
perception between individuals varies and so the creation
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Figure 4: x-bar, y-bar, and z-bar curves
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of an average Standard Observer achieves little. An average
value without accounting for Standard Deviation can be
misleading. After all, when factoring in infants and the
elderly, the average age of a diaper wearer is about 40.

Statistical sample minimums, negative numbers, standard
deviation. Yikes! Is the Standard Observer a reliable model?
Well, how do you determine the proof of the pudding?

In the Tasting

The use of digital color management based on CIELAB
color space (with the LOO as a foundation) has been com-
mercially implemented with great success for half a century.
Improvements in color difference metrics, such as DE .
and DE,  have increased acceptance and adoption across
the industry. Digital color management has been embraced
as the status quo and is used to capture color definitions,
compare standards and batches, evaluate production his-
tory populations, and formulate dye recipes. So, while there
may be theoretical flaws in the model, the industry has
chosen not to argue with success.

ACQUITTED, BUT ADDITIONAL
CHARGES PENDING

So, it boils down to a juice/squeeze proposition. Given the
widespread industry adoption of CIELAB color space and
its associated metrics, would there be any benefit to revisit-
ing the Standard Observer model (that is, to anyone other
than academics receiving funding grants)? Well, it depends
(back to the diaper thing).

Color science has a long history and great track record for
advancing commercial color management. And, as long as
color management focuses on reproduction, that is, captur-
ing color definitions, comparing standards and batches,
evaluating production history populations, and formulating
dye recipes, then we're good as is.

But what about color exploration? Color reproduction only
has merit if “the right colors” are selected. As I pointed out
in “The Second C: A Higher Class of Problem,” color explo-
ration is still limited to “found objects” like color reference
sets and garment cuttings:

“Color exploration is a critical part of the design process—
it enables the designer to attach a physical specification to
what is in the ‘mind’s eye? Although color exploration is
arguably the most critical phase of product design, there
has been little recent innovation to support it...Not much
of anything has happened in color technological innova-
tion in the last decade. Consequently, brands still rely on
the same resources and process that they have for nearly
75 years.”




THE COLOR DIGITAL TWIN

3D product visualization technology is a rapidly growing
field. There are several design packages that allow the user
to create hyper-realistic images on a computer. However,
do those 3D visualizations bear any resemblance to real
world products?

That’s where the concept of a “digital twin” comes in. A
digital twin is a simulated product, built using mathemati-
cal models, with a high correlation in appearance—and
performance—to its real-world (analog) counterpart. The
digital twin is only valid if the digital version perfectly
resembles and behaves like the physical version. In the
next installment, we will look at the current state of color
science and the Standard Observer model in an attempt to
cross the chasm from digital to analog. @
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