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THE SECOND C:

The Sixth Circle of Hell—Heresy

\

By Keith Hoover »

%
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So far, we have reviewed the tenets of color appear-
ance—Light, Object, and Observer —and outlined
the foundation for a digital color management
process. As with all complex models, there are
misunderstandings (and even intentional misinter-
pretations) that, if not corrected, undermine their
value. These must be addressed. We will eventually
cover “redemption,” but first comes propitiation, of
which repentance is a key component.

The Road to Digital Color

Several brands have digital color processes to man-
age lab dips. They have seemingly done all the right
things—selected feasible color standards, specified
illuminants and light sources for match assessment,
adopted spectrophotometers, purchased color QC
software, and established approval tolerances.!

There are many choices available in the market for
these key components, many of which are inter-
changeable. Their products—whether color samples,
hardware, or software—are built to established specs
or industry requirements. One supplier is selected
over another because of reputation, service offerings,
or perceived value. So, whether a brand buys a “color
widget” from vendor A or vendor B, both deliver the
same basic functionality.

But that is not true for color difference tolerances.
The standards, instruments, and software provide the

data. The tolerance delivers the decision. So, while one

might approach instruments or software selection as
a smorgasbord of sorts, tolerances cannot be mixed
and matched.

Several color difference metrics have been devised
to quantify differences in L*a*b* or LCH values.

However, the Holy Grail has always been to have a
single pass/fail number —what we call Delta E, or
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total color difference. In the late twentieth century,
CIE DE | (called CIE DE in this article) was the total
color difference metric used in the textile industry.
However, its accuracy was dependent on each color.
So, red/green (Da*) or yellow/blue (Db*) tolerances
were added to the CIE DE tolerance for each color
being analyzed. A different set of tolerances had to
be stored with each color standard, so a “single color
difference” metric proved elusive.

In 1984, the Colour Measurement Committee of the
Society of Dyers and Colourists introduced DE , .
an improved total color difference metric that
addressed the shade-dependent weaknesses of
CIE DE. In the last segment, I said, “The CMC
equation is the accepted model in the apparel
industry because it works.” That is based partially
on an understanding of the model, but mostly on
years of experience SEEING the results. DE , -
is an accurate and reliable metric to assess color

acceptability regardless of shade.

The Road to Hell

However, to some, color is “magical” They would
rather admire it as a problem than solve it. Especial-
ly when the solution impacts their perceived value
as a magician.

Everyone who has learned anything about assess-
ing color difference has been taught that we are
most sensitive to differences in hue. A color’s cast

is described by a* and b*, which includes both Hue
Angle and Chromaticity. So, Da* and Db* tolerances
are not well-suited to monitor Hue Angle difference.

The big innovation in the CMC color difference
equation was its claim to automatically adjust the
Hue Angle difference tolerance based on where a
color falls in color space. No more keeping track of



Da* or Db* tolerances for individual color standards.
The equation takes care of that.

But, hey, if one tolerance is good, then two must be
better. Since a difference in hue is so important, maybe
we should add another tolerance—ijust to be safe. This
appears to summarize the thinking of those who have
added a 0.50 DH (Hue Angle difference) tolerance to
DE,,,. as a specification for digital color approval. In
other words, for a sample to pass, it must measure less
than the DE_ _tolerance (presumably 1.00) AND less
than the DH tolerance (0.50).

The DH Tolerance Fallacy

DE_,, . has been used commercially for decades
resulting in literally millions of records attesting to

its sufficiency®. Before we add a second tolerance,
evidence should be presented to demonstrate its need.
[ have yet to see such evidence—or any discrepancy
in digital/visual correlation that was not the result of
a process or people mistake as outlined in the third
installment of this series, “Lab Dips—The First Circle
of Hell, Part 1” Nevertheless, let’s take a look at how
CMC works and what the impact would be of adding a
DH tolerance.

The Experiment

A color’s hue is important and our perception of
Hue Angle difference varies by color. Does DE .
adequately adjust the tolerance for Hue Angle
difference based on a color’s shade?

To answer that, we need a set of color standards that
have identical Lightness and Chromaticity values but
vary in hue to represent all Hue Angles. Lightness and
Chromaticity are constant, Hue Angle is the variable.
In this case, let’s choose 36 standards, all with a Light-
ness value of 60 and a Chromaticity value of 35 with
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each varying in Hue Angle by ten degrees (10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160,
170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270,
280, 290, 300,310, 320, 330, 340, 350, 360).

Second, we need three batches for comparison to
each standard.

Batch 1: Hue Angle difference—one Hue Angle
degree less than the standard, identical Lightness

and Chromaticity

Batch 2: Chromaticity difference—one point less
Chromaticity, identical Hue Angle and Lightness

Batch 3: Lightness difference—one point less
Lightness, identical Hue Angle and Chromaticity

With these samples in place, we will be able to see how
the CMC model accommodates Hue Angle differences
across many shades. We will also see how differences in
Lightness, Chromaticity, and Hue Angle impact DE .
Finally, we will be able to get some insight on the impact
of adding a DH approval tolerance.

This textile series will share technical insights
and wisdom of AATCC members. The "Second C"
series will focus on color. If you wish to contribute
your own technical insights on topics of interest
to AATCC members, contact Communications
Director, Maria Thiry; thirym@aatcc.org.
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That is a lot of color samples—but not

to worry. We are exploring digital color
tolerances, so we can use digital color
software to create virtual standards and
batches. Datacolor Tools allows the user to
input colors several ways. The simplest is
via a connection to a spectrophotometer.
Metamerism does not come into play here,
so we don't need spectral data. Instead, we
can use the Tools function to create color
standards and batches by specifying a set
of Lightness, Chromaticity, and Hue Angle
values for each.

The Data

Once the virtual samples were created, the
color difference numbers were processed in
Datacolor Tools using D65/10. Table 1 lists
color difference numbers for all standards

and batches.

To understand the data in Table 1, lets

first look at the columns. The Standard

and Batch Names are in columns A and

B. Simple enough. Before we move on

to columns C through H, it is important

to understand that there is a good deal

of contfusion at brands and mills alike

about the delta numbers for Lightness,
Chromaticity, and Hue Angle. Doesn't DL mean
Lightness difference? Doesn't DC mean Chromaticity
difference? And doesn't DH mean Hue Angle
difference? Well, it depends.

Those simple “D” designations usually apply to the
old CIE model that includes CIE DE. The correct
difference metrics for the CMC model are different:

DL*/IS, (Lightness difference, what we will call
CMC DL*/SL)

DC~_/cS. (Chromaticity difference, what we will
call CMC DC*/SC)

DH* /S, (Hue Angle difference, what we will call
CMC DH*/SH)

It is not unusual to see a color difference print-out
showing DE . and CIE DL, DC, and DH. Although
they sound the same, they are not. So, I have included
the incorrect (pink fill) and correct (green fill) met-
rics that describe Lightness, Chromaticity, and Hue
Angle differences in columns C through H to show
how they differ. Finally, columns I and ] compare

CIE DE and DE_,, . for each color.

CMC
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Figure 1: An artists rendering of what a whole bunch of CMC tolerance ellipses
would look like superimposed on a single slice of color space (Lightness as a constant
with Chromaticity and Hue and Hue Angle as variables

The lines are simple to describe. Let’s start with lines
2 through 4. First is the Standard Name, which is
the same for all three lines. In column B, line 2 is
the batch that varies in Hue Angle. Line 3 is the
batch that varies in Chromaticity. Line 4 is the batch
that varies in Lightness. The rest of the data were
described above. So, each set of three lines provide
data about one of the 36 colors.

The Results

Hue Angle Difference

Figures 1 and 2 tell the CMC story visually. Figure 1
shows a theoretical “slice” of color space with CMC
tolerance ellipses superimposed.’ Figure 2 shows the
exact CMC tolerance ellipses of the 36 color stan-
dards used in the experiment.

The data in Table 1 show that the CIE DE value for all
36 samples that varied in Hue Angle was 0.61. When
DE_,,. was applied, the results ranged from 0.37 to
0.78.* Samples with a higher DE_, . are more sensi-
tive to Hue Angle difference (Hue Angles 40 to 70).
So, the CMC model was able to identify Hue Angle-
sensitive colors and adjust their tolerances.
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COLOR STANDARD L=60 C=35 H=140 COLOR STANDARD L=60 C=35 H=55
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DEcmc tolerance = 1.00 PLUS CMC DH*/SH tolerance = 0.50

Figure 3: The top row shows that the CIE DE folerance is identical for both colors (as well as the 34 others). Lightness, Chromaticity, and Hue Angle
differences are all treated the same. The middle row shows that DE_,, expands the Hue Angle tolerance for colors showing the least sensitivity to
variations in hue (left} and tightens it for those with the highest sensitivity to variations in hue (right). It also expands the Lightness and Chromaticity
tolerances for all 36 colors in the experiment. The bottam row shows the impact of adding a CMC DH*/SH tolerance of 0.50 fo the DE_, tolerance of
1.00. The girth of the CMC ellipse (Hue Angle difference) is cut in half regardless of the color standard’s sensitivity to variations in hue.
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The CIE DL value for all samples that varied in Light-
ness by one point was 1.00, translating to a CIE DE
of 1.00. Again, DE_ _ tolerance shot. However, the
CMC DL*/SL value for those same samples was less
than half, or 0.42. Remember, using the 2:1 l:c ratio
dilutes the impact of Lightness differences.

Summary of Findings

Lightness, Chromaticity, and Hue Angle “difference”
metrics are not determined by merely subtracting
the value in the batch from the value in the standard.
A one-point difference in Lightness, Chromaticity,
and Hue Angle between a standard and a batch did
not lead to a CMC DL*/SL, CMC DC*/SC or

CMC DH*/SH value of 1.00 in any case. A weighting
function is applied based on the location of the color
in CIE color space. And, as shown in Table 1,

DE_, . will never be less than any of the three

other delta metrics.

This experiment demonstrates that the CMC model
clearly adjusts approval tolerances based on a color
standard’s Hue Angle. Adding an arbitrary CMC
DH*/SH tolerance of 0.50 would cut the width of

the CMC tolerance ellipse in half across the board,
thus reducing the number and variety of acceptable
matches for every single color in color space. If hue
were the only issue in color difference and if the CMC
model did not adjust for it, then a supplementary
CMC DH*/SH tolerance might make sense.

But there is more to color than Hue Angle. As shown
in Figure 3, the CMC model scores Chromaticity and
Lightness differences much differently than its CIE
predecessor. This experiment investigated Hue Angle
by keeping Lightness and Chromaticity constant. But
Hue Angle is not always the biggest issue. Several
colors in the experiment were marginally more sensi-
tive to a change in Chromaticity or Lightness than a
change in Hue Angle.

Hue Angle takes on less importance and Chromatic-
ity more importance in achromatic shades. Consider
a light, dull color standard (L=80, C=2, H=55) and

a dark, dull color standard (L=15, C=2, H=280).
Additional work in Datacolor Tools not included in
Table 1 indicates that a batch for either color standard
that varies by only one point in Chromaticity yields

a 1.31 CMC DC*/SC and DE_,, . However, a batch
for either color that varies by 10 Hue Angle degrees
yields a 0.48 CMC DH*/SH and DE

CMC”

The big conclusion here is that equations calculat-
ing total color difference are quite complex—a lot

of very smart people considered a lot of variables
when building them. Think twice before throwing in
another tolerance just in case.

The Road to Redemption

When change is required, many focus on what they

need to start doing. However, if your company speci-
fies a DH tolerance in addition to a DE, . tolerance,
then you need to focus on what to STOP doing,

DE,., . 2:1 is a sufficient tolerance for color approval.
And I mean color approval, not filtering out stuff to
visually review. Or stuff to think about. So, rescind
the DH tolerance requirement lest a worse thing

happen to thee.

Unfortunately, a DH tolerance is not the only or least
harmful heresy in color management. In the next
installment, we will look at using approved lab dips
as production standards and my favorite, quadrant

color approval. m
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