QH”) Designation: D 3134 — 97

Standard Practice for
Establishing Color and Gloss Tolerances

This standard is issued under the fixed designation D 3134; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Permissible color and gloss deviations from a standard are generally dependent upon the color
discrimination of the observer, on the lighting and surround in which the material is viewed, and on
special considerations related to the design, manufacture, and practical usage of the colored material
or object. The tolerances, therefore, may be influenced by economic, technical, psychological, and
practical requirements. In many circumstances, acceptability of color and gloss deviations from a
standard may differ appreciably from the perceptibility of deviations such as on-tone fading
preferences, large tolerances for luminance variation, nongreen bias, or nonyellow bias. With proper
allowances, perceptibility data can be used as an aid to develop permissible tolerances. Finally, the
sum of all these considerations should result in a specification acceptable to both buyer and seller.

1. Scope D 4449 Test Method for Visual Evaluation of Gloss Differ-

1.1 This practice describes a procedure for establishing _€nces Between Surfaces of Similar Appeardnce
tolerances and evaluating the color and gloss of specimens with D 5531 Guide for the Preparation, Maintenance, and Distri-
respect to specified standards. This practice is appropriate for bution of Physical Product Standards for Color and Geo-
nonfluorescent opaque specimens. metric Appearance of Coatings

1.2 This practice does not indicate the extent of tolerances, E 284 Terminology of Appearange .
but gives guidance on how they can be set. For product E 308 Practice for Computing the Colors of Objects by
specification, the tolerances between specimens and the speci- Using the CIE Systefn

fied standard should be agreed upon between the purchaser ande 312 Practice for Description and Selection of Conditions
the seller. for Photographing Specimehs

1.3 This standard does not purport to address all of the E 805 Practice for Identification of Instrumental Methods of
safety concerns, if any, associated with its use. It is the Color and Color-Difference Measurement of Matefials
responsibility of the user of this standard to establish appro- E 1164 Practice for Obtaining Spectrophotometric Data for
priate safety and health practices and determine the applica- _©Object-Color Evaluatioh

bility of regulatory limitations prior to use. E 1331 Test Method for Reflectance Factor and Color by
Spectrophotometry Using Hemispherical Geontetry
2. Referenced Documents E 1345 Practice for Reducing the Effect of Variability of
2.1 ASTM Standards: Color Measurements by the Use of Multiple Measure-
D 523 Test Method for Specular Gl@ss ments
D 1535 Practice for Spec|fy|ng Color by the Munsell Sys_ E 1349 Test Method for Reflectance Factor and Color by
ten? Spectrophotometry Using Bidirectional Geométry
D 1729 Practice for Visual Evaluation of Color Differences E 1360 Practice for Specifying Color Using the Optical
of Opaque Materiafs Society of America Uniform Color Scales System
D 2244 Test Method for Calculation of Color Differences E 1499 Guide to the Selection, Evaluation, and Training of
from Instrumentally Measured Color Coordingtes Observers o _ _
D 3964 Practice for the Selection of Coating Specimens for E 1541 Practice for Specifying and Matching Color Using
Appearance Measuremént the Colorcurve Systefn

E 1708 Practice for Electronic Interchange of Color and
Appearance Dafa

1 This practice is under the jurisdiction of ASTM Committee E12.11 on Visual 2.2 CIE Publication:
Methods and is the direct responsibility of Subcommittee E-12 on Appearance of
Materials.
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No. 15.2 Colorimetry 2nd edl. measurements due to texture may be reduced by following the
) recommendations outlined in Practice E 1345.
3. Terminology 7.1.1.2 Visual Color AssessmentUse Guide E 1499 to
3.1 Definitions—For definitions of terms related to this select an observer for the assessment. Assess and specify the
practice see Terminology E 284. color in terms of a color system described in Practices D 1535,

. E 1360, or E 1541.

4. Summary of Practice 7.1.1.3 Measure the gloss in accordance with Test Method

4.1 This practice consists of recommendations for the sep 523, or evaluate it in accordance with Test Method D 4449.
lection of a standard, the necessary physical measurements 107 1.1 4 Employ photography for permanently recording the
assess the permanence of the standard to reproduce it whgppearance of the surface texture (see Practice E 312). While
needed, and to establish tolerances. o Practice D 3134 does not deal with texture tolerances or

4.2 Recommendations are given for the determination of thgpecifications, it should be recognized that significant differ-
conformance (_)f a specimen to_preestabllshed color and glogmces in surface texture between standard and test specimens
tolerances by instrumental or visual means. significantly affect both color and gloss, whether examined
5. Significance and Use visually or instrumentally. In th_e case of visual ev_alya_tion of

' the effect of color and gloss, differences can be minimized by

~ 5.1 Color specifications are centered around exact positiongrict adherence to recommended illuminating and viewing
in color space. Correspondingly, gloss specifications are cefeometry (see Practice D 1729).

tered around an exact position on the gloss scale. Because it1s7 5 gglection and Specification of Color Tolerances
difficult to achieve these exact positions repeatedly, it is 7.2.1 The purchaser and the seller shall agree on color

Eecessaré tt?] speclllfy tc_)llﬁrances tt_hat ;rf .'cllcct?]ptable t% bOthfttbqerances with respect to a previously selected standard and on
uyer an € seller. This practice details the procedure 104, o\or scales in which they are expressed. Selection of the

accomplishing this goal. magnitude and direction of color tolerances shall be based on
careful consideration of all applicable factors. For example,

. . lerances may be selected on the basis of perceptibility of the
b 6.1 Thcei exactbmtethod tohf prepar:atlon Ofdﬂt]ﬁ spe”clmeHn sha agnitude of color difference, rejection of or closer limits on
€ agreed upon between the purchaser and the Seller. HOWeVEL 4 girections of color difference, and costs of controlling
for the highest precision in instrumental measurements thg magnitude and direction of color difference. Recommen-
specimens should be opaque, uniform in color, plane, an :

i in text Th . hould be relativel ations on color scales appear in CIE Publication No. 15.2 and
uniform in texture. The specimens should be relatively permap, , ice E 308.

nent, and capable of being cleaned. Preferred sizes of speci
mens for visual evaluation are given in Practice D 1729, thei
specific size being governed by the use of the specimens.

6. Specimens

"7.2.1.1 Express color differences between the specimen and
he standard in terms of a set of three independent parameters.
The CIE 1976 L*a*b* (CIELAB) approximately uniform color

7. Procedure space and color difference equations have been recommended
. e for use by the International Commission on lllumination (CIE).
da7rd'l Selection and Specification of Color and Gloss Stan'See Test Method D 2244 and Method E 308. While this color

. . . etric (CIELAB) is convenient for expressing color differ-
7.1.1 Select a standard in accordance with Practice D396Tnces, it must be understood that a given calculated color

that is preferably the same type of material as the specimens ft ; :
! .~ difference in one region of color space may not represent the
be evaluated for color or gloss, or both. Prepare, in sufficien . . . .
same visual difference in other regions of color space.

quantity, secondary standards in accordance with Guide 792 Gl giff fect i |
D 5531 that are representative of the desired color and gloss, in, /<< >!0SS dIlIETENCes can a ectinstrumental measurement
color differences. Large gloss differences between visually

the permanent material. Standards should have the sange ¢© ; 2
spectral characteristics as the manufactured product. This entical colors can cause their color measurements to exhibit
usually accomplished by use of the same colorant compositiorllarger color differences than in fact exist. When using historical
incorporated in the same manner into the same material Th%ata to establish color tolerances, exercise care to limit the
standard should have the same texture as the manufactursgecimens to those that have quite similar gloss values.. When
product establishing gloss tolerances, be aware that changes in gloss
7.1.1.1 In order to obtain a permanent record, use Practic\éall"eS may have an ?ﬁect upon color measurements. o
E 805 and either Test Method E 1331 or Test Method E 1349 to /-2-3 When color difference formulae are used in practice, it
correctly identify the instrumental measurement method. Meals often desirable to identify the components of color differ-
sure the color in accordance with Practices E 1164 and E 80§NCe, in terms of correlates of lightness, hue, and perceived
Report the color as described in Practice E 308. Do this even froma (saturation). It is also desirable to express color
the standard is textured. (If the standard is textured, note thePecifications in terms of such correlates. The CIE terminology

texture orientation during measurement.) The variability of the2PPropriate to this usage is CIE 1976 lightness, CIE 1976
hue-angle,h,, and CIE 1976 chromaC*,, Refer to Test

Methods D 2244 and Practice E 308 for equations and defini-
3 Available from the USNC-CIE Publications Office, % Mr. Thomas Lemons, FIOI’].S. The CIELAB 1976 hue'angle and chroma are illustrated
TLA Lighting Consultants, 7 Pond St., Salem, MA 01970-4819. in Fig. 1.
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+b* Yellow 7.2.4 The CIELAB opponent-color red-green coordirgtte
and the yellow-blue coordinate* are defined in Test Method
D 2244 and Practice E 308.

7.2.5 Graphical Interpretation of Historical Data

ab No. 1 7.2.5.1 Color tolerances can be determined from a graphical
interpretation of historical data (batches accepted, rejected, or
hab considered borderline). Fig. 2)(and Fig. 3b) show plots of
hap \ \No- 1 specimens rated by multiple observers with respect to how well

they match a standard, along with figures defining the toler-

ances. To illustrate the principle recommendet) fate a

number of specimens for acceptabilit) (plot them, and J)

prepare to draw the tolerance figure dictated by the data.

7.2.5.2 In such cases it is customary to plot the hue angle of
the standard by drawing a line from the origin (0, 0) through
the standard color on the*b* plot. This line of constant hue
becomes the major axis. Similarly, a line perpendicular to the
constant-hue line and passing through the standard color is a

~b* Blue line of constant chroma (or saturation) and becomes the minor

Note 1—Hue angle is measured in degrees starting Wwigh= 0 in  axis of the ellipse, if the data plot indicates the ellipse should
the +a* (red) direction and increasing counterclockwise. Chroma isbe symmetrical around the standard color. These lines assist in
measured as the length of the line from the neutral paint{ b* = 0)to  drawing the tolerance ellipse, Fig.&)(

the sample point. Sample Point 2 has a larger vallg,ghan Point 1 and 7.2.5.3 To determine lightness tolerances it is necessary to

therefore is yellower in hue. Point 2 also has a smaller valu@,gfthan .

Point 1 and is therefore lower in chroma or duller. pl_Ot th_e data for the same colors on a graph shovluhglqng .
Note 2—Original source is Billmeyer, F. W., Jr., and Saltzman, M., With eithera* andb*, and draw a tolerance ellipse as in Fig.

Principles of Color Technology2nd ed., John Wiley and Sons, New York, 3(0). The choice betweea* and b* is dictated by which of

NY, 1981. (Reprinted by permission of John Wiley & Sons, the copyrightthese attributes cover the greater range.
°W”§|r-c); L CIE 1976 L* a* b* (CIELAB) Hue Andle and Ch 7.2.5.4 The scales on Fig.&(and Fig. 3b) are changed
' arbr( ) Hue Angle and Chroma from absolute valued_f, a*, b*) into color difference values
(AL*, Aa*, Ab*) as shown .

Green 0 Red

Legend: X Acceptable Match

0
B Borderline Match
O Unacceptable Match b¥*+
® Standard Color
41
0
0
4 0
4 -1
a*+
1 ¥ ¢ + y 3
-2 -1 0 1 2

(a) Chromaticity Tolerances

Note 1—The standard color is at the 0,0 point and the tolerance ellipses define permissible differences from it. Fig. 2(a) shows chromaticity tolerances
in a* and b*; Fig. 3(b) shows lightness tolerances in L*, with a* data also shown.
FIG. 2 Plots of Instrumental Results on Color Specimens Along With Their Visual Acceptability Ratings
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(b) Lightness Tolerances

Note 1—The standard color is at the 0,0 point and the tolerance ellipses define permissible differences from it. Fig. 2(a) shows chromaticity tolerances
in a* and b*; Fig. 3(b) shows lightness tolerances in L*, with a* data also shown.
FIG. 3 Plots of Instrumental Results on Color Specimens Along With Their Visual Acceptability Ratings

7.2.6 When tolerances for each color attribute (hue, lighttolerance figure may not be regular; perhaps it will be an ovoid
ness, and saturation or chroma) are symmetrical in the plus ardstead of an ellipse; its major axis may deviate from the
minus directions, the graphical representation is a reguladirection of constant hue; and the standard color may be far
geometric figure that can be represented mathematically, as igom its center. Frequently when it is necessary to set color
the equation for an ellipse or an ellipsoid. It is also common tdolerances, the amount of historical accept-reject data will be
represent color tolerances by a set of six points: light and dartoo modest for this purpose. It is therefore necessary to monitor
limits, low and high saturation limits, and two adjacent huetolerances, once set, to ensure that they appropriately address
limits. Such representation may involve some sacrifice irthe color quality control requirement.
accuracy of the tolerance specification and should be used with 7.2.9 When tolerance standards are prepared to illustrate the
care. color in the hue, lightness, and saturation or chroma attributes

7.2.7 In general, color tolerances will not be symmetricallyof color space and to allow visual interpretation of the
located in all directions about the standard color in any coloconformity of color, inspection should be under specified light
space. (see Fig. & and Fig. 3b)). However, in some sources following the recommendations in Practice D 1729.
instances the asymmetry may be small enough that the col@onioapparent coatings or materials require special method-
tolerances may be represented by a single, overall colaslogies for viewing and measurement.
difference QAE) that represents the radius of a sphere about the 7.3 Selection and Specification of Gloss Tolerances
standard in color space. 7.3.1 The gloss tolerances around the gloss of the standard

7.2.8 Finally, there are many deviations from the regulamay be expressed in gloss units (See Test Method D 523) or as
geometric figures described in 7.2.6 and depicted in Fig). 2( a percent.
and Fig. 3b). The nongreen and nonyellow biases mentioned 7.3.2 With few exceptions, the visual gloss tolerance will be
in the introduction are but two of these. For example, thesymmetrical around the nominal value of the standard. It will
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be necessary to determine experimentally the instrumentaxamples only, not recommendations.

readings that correspond to the required visual differences. Tolerance CIELAB Color Difference. AE
7.3.3 When the gloss desired is at or near the maximum or Designation ’

minimum gloss attainable, it is customary to specify a single g ;:8

gloss reading and the direction in which the data may depart c 3.0

from it. For example, for a very high gloss requirement, one |, this example the tolerance is the tightest, while th@
might specify “80 units minimum. §|m|lquy, for a very”Iovy tolerance is the most liberal.
gloss the specification might read “3 units maximum,” with 7 4 5 5 The most frequently encountered industrial toler-
the measurement geometry being indicated in each Case.  ances provide for different limits for the visual color attributes
7.3.4 If tolerance standards are prepared to show visuallyf hye, lightness, and saturation or chroma. Asymmetrical
the upper and lower limits for gloss, they should preferably be|or tolerances around a standard color represent the usual
of the same color and material as the standard. Howevepase, because there are important differences between equally
commercially available gloss scales showing a large number gferceptible and equally acceptable differences. While it is
samples of the same color, in a variety of glosses, can be usegeyond the scope of this practice to discuss these differentials
Compare the specimen with the visual standards under thg getail, it can be stated that the usual tolerance specification
viewing conditions described in Practice D 1729. requires hue tolerances to be relatively tighter, and lightness
7.4 Tolerance Classificatian tolerances to be less tight, with saturation or chroma tolerances
7.4.1 Tolerances should be set by agreement between tietween these. Variations from this exist.
purchaser and the seller. However, at times the purchaser is7.4.5.3 Tolerances are preferably set experimentally by
either unknown (as in the case of consumer products) otlassifying specimens visually against a visual standard, then
unequipped to determine tolerances based on instrumentaleasuring the specimens and standard and plotting the values
measurement. In such cases, the seller shall set tolerances a CIELAB Aa*, Ab* constant-lightnessL{) plane. The
unilaterally, based upon such considerations as the economiegpected result is that visually acceptable specimens will be
of the production process, known buyer requirements, angrouped about the standard (plotted && = Ab* = 0), so
similar products. that a line enclosing them forms a figure on tke Ab* plane.
7.4.2 While a CIELAB color difference applicable to one 7.4.5.4 Alightness toleranckL* must also be established.
region of color space may not be transferable to other region8 rough approximation is the lightness differend&* for
of color space, it is a useful basis for setting tighter or morecolors that match the standard in hue and saturation. It is
liberal tolerances in the original color region. Thus, if a however, more accurate to plot differencds* and eitherAa*
lightness tolerance of-2.0 (AL* = *=2.0) units was selected or Ab*, whichever results vary more. Again, it is expected that
as intermediate, around a specific color, one might then choosefigure can be drawn enclosing the data range for acceptable
+1.5 units inL* as a tight tolerance, ot-2.5 units as a more specimens.
liberal tolerance. These numbers are intended only as ex- 7.4.5.5 Only specimens that fall within the defined limits are
amples, and should not be considered as recommendations.acceptable. If both figures can be approximated by circles of
7.4.3 Keep in mind that the total color difference is asSimilar radii, it may be appropriate to specify a maximum total
combination of those allowed for each of the three attributesgolor differenceAE as the tolerance.
so that a small incremental increase in each attribute results in 7.4.6 Gloss Tolerances
a substantial increase in total tolerance volume. (A 10% 7.4.6.1 The usual requirement is that the gloss tolerances
increase in each attribute equals a 33 % increase in volumejbove and below the gloss of the standard be visually equal.
Conversely, one must realize that some tolerance is necessatyowever, resear¢hhas shown that even for small gloss
exact color matches are seldom seen. A modest reduction fifferences, equal instrumental gloss values do not necessarily
tolerance can cause an important increase in difﬁculty ofepresent equal visual gloss differences. Therefore, it is neces-
matching, with a corresponding increase in cost. sary to specify the high and low gloss tolerances separately.
7.4.4 Liberal tolerances are used, typically, when the prod- 7-4.6.2 It has been found useful to specify tolerances around
uct is very small, the material used is difficult to color @ standard gloss in terms of a limiting value (LV). The LV
accurately or the products exhibit large variations in otheshould be experimentally determined so that LV/3 represents
appearance attributes (texture or gloss) which tend to madke least discernible gloss difference. Tolerances shall be
color differences or are seen only from a distance. ExamplegPecified in the same Test Method D 523 gloss scale as used to
are color-coded electronic parts and wires, colored masonrgPecify the gloss of the standard. The permissible specular
and porcelain insulators on poles. Tight tolerances are used f#0Ss tolerancesA(G) can then be as follows:

finishes on consumer products, such as, automobiles and major 1y crance Designation Gloss Tolerance, AG

appliances. Tentative tolerances can be based on the guidelines /3 HLQL‘ Lg‘g

given in 7.4.5 and 7.4.6. 2LV/3 +8 -12
7.4.5 Color Tolerances Lv +12 -18

7.4.5.1 Symmetrical color tolerances around a standard This example is for illustration purposes only. The values
color can be specified in terms of the overall color difference
(AE) in CIELAB units .(See Test MthOd D 2244 and Practice 4 Billmeyer, F. W., Jr., and O’Donnell, F. X. DGolor Research and Application
E 308), as shown in the following example. These arevol 12, 1987, p. 315.
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vary with geometry and with their position on the gloss scale. 10.1.10 Observed texture differences between standard and
7.4.6.3 Other important aspects of gloss, such as distincspecimens,
ness of reflected image, reflection haze, and texture, are not10.1.11 If visual tolerance standards are employed, the

covered by this simple classification scheme. illuminating and viewing conditions used,
i 10.1.12 Identity of observer or instrument operator by name
8. Light Sources or code designation,

8.1 Because the quality and quantity of illumination is 10.1.13 Identity of color and gloss measuring instruments,
important in visual color difference evaluations, exercise con- 10.1.14 Identity of color space and color difference formula
trol of the light source. See Practice D 1729. used,

i ) . e 10.1.15 Gloss instrument manufacturer model number and
9. Evaluation of Compliance with Tolerance Limits serial number,

9.1 Evaluate compliance either instrumentally or visually.  10.1.16 Time and date of the gloss measurement,

9.2 For instrumental measurement and calculation of color, 10.1.17 Time and date of last calibration of gloss meter, and
Practices E 1164 and E 308 may be applied where spectropho-10.1.18 Designation of calibration standard for gloss mea-
tometers are used. Procedures for measuring and calculatisgrement.
color differences may be found in Test Method D 2244. 10.2 Data may be reported in electronic format, see Practice

9.3 For visual color difference evaluation, Practice D 1729 1708.
may be applied. o i

9.4 For instrumental gloss difference, use Test Methodl. Precision and Bias

D 523. For visual gloss difference, use Method D 4449. 11.1 The precision of the instrumental measurements is
stated in Practice E 1164 and Test Methods D 523, D 2244,
10. Report E 1331, and E 1349. For both color and gloss measurements, it
10.1 When a report of evaluation of conformance is reds important that related measurements be made in consecutive
quired, report the following information: order by the same operator and on the same instrument for
10.1.1 Designation of standards and specimens, maximum precision.
10.1.2 Color measurement values for the standards and 11.2 Much of the precision attainable in visual evaluation
specimens, depends upon the skill and experience of the observer. Preci-

10.1.3 Report the measurement conditions (specular irsion is also related to the amount of gloss and color difference
cluded or excluded) and the CIE color-matching functions angbortrayed by the physical specimens representing standards

illuminant for which the data are computed, and tolerances; the closer these specimens are to each other, the
10.1.4 Observed direction and magnitude of color departur@igher the precision.
from the color standard, 11.3 Bias—There is no definition of an agreed upon refer-

10.1.5 Color instrument manufacturer, model number, an@énce standard, hence, no basis for defining bias.
serial number,
10.1.6 Time and date of color measurement, 12. Keywords
10.1.7 Time and date of last color instrument calibration, 12.1  color; colorcurve system; color difference; color
10.1.8 Designation of calibration standard for color mea-+olerances; gloss; glossmeter; gloss tolerances; Munsell sys-
surement, tem; Optical Society of America Uniform Color Scales system,;
10.1.9 Gloss measurements of standard and specimens, spectrophotometer
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