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CIELAB tolerance box Numerically correct vs. visually acceptable
CIELAB tolerancing uses rectangular coordinates (If X/Xn, Y/Ynor Z/Znis <.008856,
based on the following formulas: modified formulas are applied.)
L* =116 (Y/Y n)1/3-16 (Subscript T indicates trial and
a* = 500[(X/X n)'"™ - (Y/Yn)"?] subscript S indicates standard.)

b* = 200[(Y/Y )" - (2/2n)"?]
AE*ab = [(AL*)? + (Aa*)? + Ab*) 2"
AL* = L*1-L*s

Aa* = a*t - a’s

Ab* = b*t - b*s
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Color Difference AE*gp, (S = Standard, T = Trial)
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AE*ab =\/(AL + (Aa") + (ADY?
AE*ap =\[(AL + (AC* + (AH)

A*L=L*T-L*g lightness difference
Afa=a*r-a‘g red-green difference
A*b = b*T - b*g yellow-blue difference
C*ap =\/a" + b™' chroma

h®*qp = arctan (b*/a*) hue-angle

For C*gp greater than 10: The following gives a better description:

AC*ab = C*abT - C*abs Chroma difference

AH*3p = 21/C*abT - C*abs * sin(Ah°ap/2) Hue difference
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Tolerance ellipsoids
are tightly packed
in the orange region.
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Tolerance ellipsoids
are larger in the
green region.

The luminous intensity of a color —i.e.,
its degree of lightness — is called its value.
Colors can be classified as light or dark
when comparing their value.

Hue is the attribute of a
color by which we distinguish
red from green, blue from
yellow and so forth
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Chroma — also known as saturation,
describes the vividness or dullness

of a color — how close the color is
to either gray or the pure hue.
Colors in the center are gray (dull)
and become more saturated (vivid)
as they move toward the perimeter.

CIELCH

90°
+ b*

Yellow

N

o
3

Blue — b* I Standard
5 Blue :
c o
£ 270 "
(@] c
i 2l
Hue 3
Chroma |
|
L
~N
Tolerance ellipsoid AEcmc tolerance vs. visually acceptable CIELCH tolerance wedge
The CMC equation allows the viewer to vary the overall size of the ellipsoid to better match what CIELCH users must choose a difference limit for AL* (lightness),
is visually acceptable. By varying the commercial factor (cf), the ellipsoid can be made as large or AC* (chroma) and AH* (hue). This creates a wedge-shaped box
small as necessary to match visual assessment. The cf value is the tolerance, which means that if around the standard. Since CIELCH is a polar-coordinate system,
cf=1.0, then AE CMC less than 1.0 would pass, but more than 1.0 would fail. Since the eye will the tolerance box can be rotated in orientation to the hue angle.
generally accept larger differences in lightness (I) than in chroma (c), a default ratio for (l:c) is 2:1. Compared with the ellipsoid, it more closely matches human perception.
A 2:1 ratio will allow twice as much difference in lightness as in chroma. This reduces the amount of disagreement between the observer and instrumental values.
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