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Definitions—Except for terms specifically defined in this document, terminology used in this report follows the
definitions reported by ASTM (2.1.1) and the Commission International de I'Eclairage (2.1.2) 1970.

Product, Lot, Sample, Reading, Measurement:

ProbucT—A product is the group of all parts or material having the same color, composition and physical

form.
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4.1

4.2

LoT—A lot is the customary unit of production of a product comprising one or more individual product units.
For example, a lot of plastic parts might comprise 500 individual product units and a lot of paint material
might comprise one 5000 gallon batch of paint.

SAamMPLE—A sample is an individual product unit chosen from the product lot.

The sample or group of

samples chosen shall be representative of the color difference properties of the product lot (2.1.3).

READING—A reading is a single instrumental color difference assessment made in one particular location and
in one particular orientation within a sample.

MEASUREMENT—A measurement is the estimate of the sample color difference relative to a standard

determine
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TANDARD—AN official standard is a physical standard that is an acteptable matc
official standard physically represents the color target for visual,.and colorimetric|
eferenced to that official standard. Where feasible, the officiah standard should
n and construction as the reference and working standards:

F STANDARD—A reference standard is a physical standard used to calibrate wo
standards shall have the same composition and.construction as the working st
n and construction shall be representative of samples of the product. Referend
ally referenced to the official standard.

STANDARD—A working standard is a physical standard in routine use. Workin
haterial identical to the reference stafdard and are instrumentally referenced

STRUMENT—The master instrument is an instrument that is used to establish the
ious levels of standards‘and among other instruments. This instrument is the norn
ot adequately reselved at a lower level. This instrument should generally be a sp
ally retained by.the’organization which issues the standards.

Y INSTRUMENT—A secondary instrument is any other instrument used for
ent of the.product by reference to the standards.

Measurements Specifications
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hal arbiter in any
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color difference

Standard Observer—The standard observer for colorimetric determination should be the CIE 1964
supplementary standard colorimetric observer (2.1.4) 1971, referred to as the 10° standard observer. If the
design of the color measuring instrument used precludes use of the 10° standard observer, the CIE 1931
standard colorimetric observer (2.1.4), referred to as the 2° standard observer, may be used. See Appendix

B1.1.

Standard I

uminant—The standard

illuminant for colorimetric determination should be CIE standard

illuminant D65 [CIE No. 15 (E-1.3.1.) 1971]. If the design of the color measuring instrument used precludes
use of CIE standard illuminant D65, CIE standard illuminant (2.1.4) may be used. No other illuminant may be
used. See Appendix B1.1.
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4.3

4.4

4.5

451

Uniform Color Space—The uniform color space for determination of color difference shall be the CIE 1976
(L"a'h") space (2.1.5). This space may be abbreviated, CIELAB. The conversion to CIELAB coordinates for
colors with tristimulus value ratios (X/X,,, Y/Y, ZIZ,)) less than or equal to 0.01 shall follow the equations in the
appendix to the CIELAB specification (2.1.5).

Color Difference—The color difference between sample and standard shall be determined by three
component color difference scales. The three component color difference scales shall be lightness difference
(DL"), CIE 1976 a, b chroma difference (DC",;,) and CIE 1976 a, b hue difference (DH ;) (2.1.5 and 2.1.6).
The abbreviations DL", DC”, DH" respectively are recommended .

Color Difference Tolerance—Tolerances for color difference assessment shall be specified by upper and
lower tolera i B BCBH- i cceptable by the
color differeijce assessment if its measured color difference values relative to the color standgrd are within the
specified tolgrances for DL", DC" and DH". A sample is rated unacceptable by the color différdnce assessment
if its measufed color difference values relative to the color standard are outside theyspecifigd tolerances for
DL", DC", DH" on one or more of the color difference scales.

TOLERANCE APPLICATION—Often there will be some difference in color valugs’between a reference standard
and the official standard and between a working standard and a reference standard (see §.1.2). The color
toleranced as applied to each level of standards should be adjustedto. account for these flifferences. For
example, |f the DL tolerances were +2 and the reference standérd measured +1 L" unit| higher than the
official stahdard, the DL" tolerances as referenced to that referénce standard should be adjusted to +1 and
-3 DL" units. See Figure 1.

1. Capital D indicates a differential colorimetric value (sometimes referred to as a delta, Greek symbol D).
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4.6

46.1

4.6.2

FIGURE 1
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uring Instrument—The instrument used for color difference measurement s
bmeter or a tristimulus_colorimeter. The instrument geometry, unless otherwise
hall conform to one_®fithe four sets of illuminating and viewing conditions sped
instrument geometries are identified by the convention: illuminating geometry/vi
wed instrument geometries with their abbreviations are 45°/normal (45/0), norma
hormal (d/0)-and normal/diffuse (0/d). If a diffuse geometry (d/O or 0/d) instrum

he illuminating beam in 0/d geometry and the angle between the sample normal
geomeétry shall not exceed 10°.

REFERENCE STANDARD TO ALLOW FOR THE COLOR DIFFERENCE OF THE

CESOFA

pall be either a
specified under
ified by the CIE
Pwing geometry.
11/45 degrees (0/
ent is used, the
een the sample
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ing designs and

especially of differing illuminating and viewing geometries do not necessarily result in equivalent color
difference values for all sample differences. The result depends on sample characteristics and instrument
design. For this reason, the color difference tolerances for a product may need to have different values with
different instrument designs.

EFFECT OF APPEARANCE ON COLOR DIFFERENCE MEASUREMENT—Appearance characteristics other than color

may influence color difference measurement.

Examples of these characteristics include gloss, texture,

luster, transparency, pile height, and other surface characteristics. For this reason, it is necessary to assure
that the sample and standard have similar appearance characteristics.
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4.7

4.7.1

4.7.2

4.7.3

Sample-Color Difference Measurement Variability—The variability of sample-color difference measure-
ments depend on the variability within the color sample and the variability of the color measurement instru-
ment. In order for the color difference acceptability decision to be valid, the standard errors of the mean
estimates of the DL", DC", and DH" values must be small fractions of their respective DL", DC", and DH" toler-
ances. Sample color difference acceptability decisions made under this document shall require that the stan-
dard error of the mean estimate for each color difference scale be less than the greater of 0.2 scale units or 0.1
times the tolerance range. The tolerance range is the upper tolerance minus the lower tolerance.

DETERMINATION OF THE STANDARD DEVIATION OF SAMPLE COLOR DIFFERENCE MEASUREMENT—For each prod-
uct measured under this document, the standard deviations of the sample color difference measurement
must be determined once. The sample shall be a representatwe sample of the product The color difference

measurenm ple as specified in
Section 7.| The standard deviations for DL DC’, and DH" measurements shall be determl ed from at least
10 color djfference readings of randomly selected areas of the sample. The samplescolor|difference mea-
surement ptandard deviations are represented by Sp «, Spc+ and Spy+. The defining’equation for standard
deviation is shown in Equation 1:
o —.2.05
a Xi=X)
S = |- Eq. 1
N1 (Ea. 1)
where:
S is the ptandard deviation
N is the number of sample readings
X is thelmean of N sample readings
X; is an (ndividual sample reading for the ith reading
STANDARD| ERROR OF THE MEAN ESTIMATE—The standard error of the mean estimate (Sg) is equal to the
standard deviation divided by the square root of the number of sample readings (N). See Efuation 2.
0.5
S, = SHN) (Eq. 2)
where:
N is the[samplingmumber. The standard error of the mean esimate is a measure of the yncertainty in the
estimatg of the-mean of multiple sample readings.
STANDARD| ERROR OF THE MEAN ESTIMATE WITH A SINGLE MEASUREMENT—If the standard | errors of the
estimates (SgprSepcsSepp ) withromesamptereadingdonotexceed thegreaterof 6:2-scale units or 0.1

times their respective tolerance ranges, then a single color difference measurement is valid under this
practice. In this case, N=1, and the standard error of the estimate is equal to the standard deviation. See
Equation 3.

S.=S if N=1

(Eg. 3)
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4.7.4

4.7.5

4.8

51

5.2

Samples taken from future lots of the same product and measured with the same instrument and procedures
shall require one sample reading.

STANDARD ERROR OF THE MEAN ESTIMATE WITH MULTIPLE MEASUREMENTS—If the standard errors of the
mean estimates with a single measurement exceed the greater of 0.2 scale units or 0.1 times the tolerance
range, then multiple measurements are required. Averaging multiple measurements in varying areas of the
sample can reduce the standard error of the mean to acceptable levels.

The sampling number required to meet the standard error of the mean estimate criterion is determined by

rearrangin

g Equation 2. See Equation 4:

LS \2

For each

measuren
4, The std
Round ea
largest of

=
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olor difference scale, determine the sampling number by substituting the sample
ent standard deviation (S) and the standard error of the mean estimate goal(Se 4
indard error of the estimate goal is the greater of 0.2 scale units or 0.1 times the

he sampling numbers for the DL", DC, and DH" color differencé-measurement s

taken fronp future lots of the same product and measured with the same-instrument and

require tha

ADDITIONA]
measuremn

Report—Th

it all sample color difference measurements be the mean of-N.réadings in varying

| INFORMATION—Appendix A, provides additional ~information on sample
ent variability including the rationale for this procedure and an example calculatio

e user shall report the standard observer, standard illuminant, instrument geome

error of the mean estimate and the sampling number employed in instrumental color differenc

made under

Tolerance [

this document.

etermination

General Tollerance Concepts—A tolerance is the permissible variation of an object in som

Tolerances

reference to
three percef
standard ma

Tolerances &
to assess th
riding facto
Tolerances 3

hre agreed upon between buyer and seller and could be part of the purchas
this document, color tolerances of automotive materials are separately expresse
tual variables; hue, chroma, and lightness. (See 4.5.) The reference material is
terial.

p tolerancer For colored materials, especially materials that need to match or harn
for tolerances is the degree of mismatch that can be visually tolerated in
re, therefore, usually set by visual methods.

(Eq. 4)

-color difference
into Equation
tolerance range.

Ch sampling number to the next larger integer value. The product‘sampling number shall be the

cales. Samples
brocedures shall
sample areas.
color difference
n.

try, the standard
b measurements

e characteristic.
ng contract. In
d in terms of the
he agreed-upon

ire normally.the*sum of the variability in the material manufacturing process and the method used

honize, the over-
the application.

Procedures
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judging color samples differing in defined ways.

preparing and

Since tolerances are expressed relatively in terms of differences and are likely to change only slowly across
color space, tolerance experience developed for one color may be applied to other colored materials of similar

construction

having similar hue, chroma, and lightness.

The viewing situation has an important influence on color tolerances. Therefore, the viewing conditions should

simulate the end use application.

Appearance and width of the line separating the two ¢

olor fields to be

compared shall be similar to the appearance and width of the line separating the colored fields in the final

application.
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6.1

6.1.1

Color samples should be selected which exhibit increasing visual distances from the standard in the hue,
chroma, and lightness variables. The differences represented by pairs of standard and sample are visually

assessed by a panel of observers.

ASTM D 1729-82 (2.1.7).

The visual conditions of assessment shall generally conform to

Tolerances shall be set based on the visual judgements and the measured and calculated hue, chroma,

lightness dif

ferences between pairs of samples.

Standards and Instruments

Standards Procedures—Standards are used for colorimetric control of the product and to maintain the validity

of the test p

P=|
feeeaute:

STANDARDS—The composition and construction of reference standards, working standards,
to be colofimetrically controlled with these standards shall be identical. Normally,ythe offi

also have
In those ¢
calibrate t
example,
standard.

dentical composition and construction to the reference standards, working standg
hses where an official standard in the material of the product is not‘developed, it
Ie reference standard to an official standard of the same color in@nother similar p

n ABS molded part reference standard could be calibrated to-a‘polypropylene mg
See Figure 2.

PRODUCT STANDARDS

PRODUCT A PRODUCT B

OFFICIAL STANDARD

REFERENCE STANDARDS

and the product
ial standard will
rds and product.
is permissible to
foduct form. For
Ided part official

— — —

TERTIARY OR WORKING STANDARDS

FIGURE 2—NETWORK SHOWING THE RELATIONSHIPS BETWEEN OFFICIAL, REFERENCE, AND WORKING
STANDARDS. FOR PRODUCT A, THE OFFICIAL REFERENCE AND WORKING STANDARDS HAVE THE SAME
COMPOSITION AND CONSTRUCTION AS THE PRODUCT. AN OFFICIAL STANDARD WAS NOT PREPARED

FOR PRODUCT B. IN THIS CASE, THE REFERENCE AND WORKING STANDARDS HAVE THE SAME

COMPOSITION AND CONSTRUCTION AS THE PRODUCT.
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6.1.2

6.2

6.3

6.3.1

6.3.2

STANDARDIZATION PROCEDURE—A quantity of reference standards is prepared and instrumentally referenced
to the official standard. See 4.5.1. At this point, the official standard should be labelled, dated, and placed in
storage. Proper storage requires that the standards are stored so as to preserve their color by minimizing
the influence of factors such as light, temperature, and contamination. A quantity of reference standards
should be retained by both the customer and the supplier. These, also, should be labelled, dated, and
placed in storage. One of these reference standards at a time should be designated as the current reference
standard and this standard should be used until it is deemed unreliable for this purpose. At such time, it
should be discarded and a fresh reference standard employed. Unreliability would generally be determined

by reference to other reserved reference standards or, ultimately, to the official standard.

Similarly,
reference
remainder
instrumen

a quantity of working standards are prepared and instrumentally referenced to the current

arcarc—Onre—of-these—workinrg—standards—is—desigrated—the—edrrentweorkirg—standard and the
are labelled, dated, and placed in storage. Working standards are used)foutinely by the
operator to compare samples of the product to the established standard(~it i from a working

standard that the color tolerances are applied to judge the acceptability or unacceptability of a sample.

When a W
discarded

The reliab
the curren
the greate

Instrument
provide the
purpose is t(
standard or
and illuming
standard.

Secondary i
determine th
particular re

orking standard is judged unreliable, by reference to the current reference standgard, it should be
and a fresh working standard substituted.

lity of reference standards and working standards should be*evaluated on a scHeduled basis. If
t measurement of the standard varies from its assigned values’in DL, DC', or DH by more than
I of 0.2 scale units or 0.1 times the tolerance range, then the standard should be giscarded.

Procedures—One instrument is designated as the master instrument. Its primary purpose is to
nstrumental reference between the official standard and any reference standargl. An additional
serve as a "referee" instrument in the event of:any dispute or question concerning any lower level
hny secondary instrument. The master insttiment shall employ the 10 degrees standard observer
nt D65 when metamerism may be present between the official standard and the reference

nstruments are used for routine measurement and control of finished product. They also serve to
e relationship between reference and working standards as well as to determine the reliability of a
erence or working standard.,*The network of instruments and standards is illustrated in Figure 3.

System Mai
standards, p
of the mater
necessary
areas, inclug
color contro
integrity.

ntenance—A color.seontrol program is a complex scheme involving prodyct, instruments,
rocedures, and personnel. Any measurement is only an approximation of the exaltly current state
al and the instrument being used. Care should be used in both the setup of the program and the
aintenance-ofithe program to insure consistent and reliable results. Proper attention to certain
ling the use of unbiased external resources, should be considered to insure theg integrity of any
program.  The intent of this section is to recommend certain practices that should insure this

INSTRUMENT-VER ATIONPRO DURE— tmTe PDEeTTO s S aroarc v are— pendent of the

product standards should be used to periodically verify the performance of master and secondary
instruments. Instrument performance standards are available from the instrument manufacturer or from an
independent source (2.1.8)

EXTERNAL VERIFICATION SERVICE—OQutside resources are useful in the verification process (2.1.9). They
provide an unbiased reference as to the performance of both the instruments and personnel involved in the
program.
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7.1

7.1.1

7.1.2

7.1.3

7.1.4

INSTRUMENT PERFORMANCE

STANDARDS ’[j '
o  MASTER INSTRUMENT

(‘/\K\ PRODUCT STANDARDS
A\ DY

FIGURE 3
INS

Measuremse

SECONDARY INSTRUMENTS

—NETWORK SHOWING THE RELATIONSHIPS BETWEEN MASTER AND SE(
TRUMENTS AND INSTRUMENT PEREORMANCE AND PRODUCT STANDAR

nt Practices

Exterior Finishes

SCOPE—T]

INSTRUMEN
requireme
oriented f
measuren
angle and
control of

he practice described in this section refers to high-gloss exterior paints and decor|

iT—The instrument” used in measuring high-gloss exterior finishes shall
ht of 4.6. When-a single illuminating/viewing geometry is used to measure fin
ake type figments, it is possible that the sample and standard will not
ent geometries. Visually the observed effect is that sample may match standard
not match at others. For these applications, multiple geometry measurements w
peometric differences. See B.1.3.

LONDARY
DS.

ative films.

conform to the
shes containing
match for other
at some viewing
ill provide better

SAMPLE PREPARATION—Samples of exterior finishes should be prepared using appropriate substrate, primer
and film thickness as specified for the end use of the product. For other than production parts, sample size
should be at least 3 x 5 in (75 x 125 mm). Samples must be clean and free from scratches and other defects
in the area to be measured. The sample should be similar to the standard in gloss and texture.

SAMPLE PRESENTATION—Sample and standard should be oriented in the same direction.
multiple measurements, care must be taken to avoid the edges of the panel because of the tendency for
film build in these areas. The number of measurements required shall be determined as

excessive
described

in4.7.

When making

-10-
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7.2 Textiles

7.2.1 Scope—The practice described in this section refers to colored fibrous materials. These products include
but are not limited to body cloth, headlining cloth, carpet, webbing, straps, and flocking.

7.2.2 INSTRUMENT—The instrument used for textile measurements shall conform to one of the four sets of
illuminating and viewing geometries specified in 4.6.

7.2.3 SAMPLE PREPARATION—Textile samples must be prepared before presentation to an instrument. Samples
must be clean and free from lint, creases, and other distortions. A lint roller or brush should be used to clean
the samples. Pile fabrics and carpet must be oriented in the natural direction of pile lay. Once the direction
is identifie i i }

Textile samples and standards should be similar in luster, texture, and physical form: For multicolored
pattern textiles, the individual components of the pattern should be visually similarto-those|of the standard.
Figure 4 shows two samples that are visually different but numerically the same. “Color difference readings
ese two samples would be meaningless.

STANDARD SAMPLE

AVERAGE OF n READINGS: AVERAGE OF n READINMGS:
L= 8O L= 50 oL+ = 0
a= 0 a= 0 pe*= 0
b= 0 bw o OH* = 0

FIGURE 4—HYPOTHETICAL EXAMPLE OF A MULTICOLOR SAMPLE AND STANDARD. WHILE THE MEAN
COLOR DIFFERENCE SCALE READINGS ARE WITHIN TOLERANCE, THE SAMPLE IS UNACCEPTABLE
BECAUSE THE INDIVIDUAL COMPONENTS OF THE PATTERN DO NOT VISUALLY MATCH THE
INDIVIDUAL COMPONENTS OF THE STANDARD PATTERN.

The size of textile samples should be approximately 200 x 250 mm (8 x 10 in). If this is not possible, as may
be the case for webbing and straps, a 250 mm (10 in) length of the standard width should be used.
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7.2.4

SAMPLE PRESENTATION—Multiple readings are required to account for variation in color and to minimize the
influence of directionality. Accordingly, the determinations of standard deviation (4.7.1) and sampling
number (4.7.4) are modified for textile samples. The standard deviation is determined from 12 sample
readings with each reading in a different position and with the 12 readings evenly apportioned to sample
orientations of 0°, 90°, 180°, and 270° in relation to an arbitrarily selected reference direction on the sample.
In order to minimize the influence of directionality for all illuminating/viewing geometries, equal numbers of
each of the four directional orientations must be used. Therefore, the allowed sampling humbers for textiles
are 4, 8, 12, 16, etc. The textile sampling number shall be the sampling number (4.7.4) raised to the next
larger multiple of four. The textile sample measurement shall comprise the specified number of readings in N
different positions with N/4 of the readings in each of the four orientations. Figure 5 illustrates the positions
and orientations of the readings for a textile sample with a sampling nhumber of four.

| M-

FIGURE 5—FOR TEXFILE SAMPLE MEASUREMENT, A MINIMUM MEASUREMENT IS THE MEAN OF FOUR
READINGS WITHCEACH READING TAKEN WITH A DIFFERENT SAMPLE AREA AND SAMPLE ORIENTATION

ASTHEYSTRATED:

If the sample is translucent, several layers of material may be required to obtain a valid measurement. To
determine whether an additional layer is necessary, two readings, one with a white substrate, and one with a
neutral black substrate with reflectance values less than 5% shall be taken. If the DL", DC”, and DH" values
of the two readings are all less than the greater of 0.2 scale units or 0.1 times each tolerance range, an
additional layer of material will not be required. The backing for all textile color measurements shall be a
neutral black with reflectance values less than 5%. The measurement shall be made at the plane of the
sample port and without any cover glass.
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7.3 Colored Trim

7.3.1

7.3.2

7.3.3

7.3.4

Scope—The practice described in this section refers to materials which are pigmented and generally have
low gloss. These include painted low-gloss and semi-gloss parts, leather, coated fabrics, unsupported low-
gloss film, and color-impregnated plastics.

INSTRUMENT—The instrument used for colored trim measurements shall conform to one of the four sets of
illuminating and viewing geometries specified in 4.6.

SAMPLE PREPARATION—Samples must be clean and free from scratches and other distortions. Samples
should be similar to the standard in gloss and surface texture.

When me:ltsuring multicolor patterned materials and parts, the individual color components$hould be similar
in pattern pnd general color. Multicolor parts must not be compared in measurement toysolifl color parts.

SAMPLE PRESENTATION—FoOr materials of a directional nature, sample and standard-Should Qe oriented in the
same direction. Materials and parts described in this section are presumed-to be essentially opaque. If
some lightltransmission is likely, use a neutral black sample backing with reflectance values|less than 5%.

Sampling pf solid color parts and multicolor parts shall conform to the guidelines in 4.7.

PREPARED BY THE SAE COLOR DIFFERENCE SUBCOMMITTEE OF THE
SAE NONMETALLIC MATERIALS COMMITTEE
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APPENDIX A
SAMPLE COLOR MEASUREMENT VARIABILITY

A.1 Rationale—When a sample color difference measurement is made, the color difference values obtained are
estimates of the sample color difference values. Because of variability within the sample and because of
instrument variability, repeat sample color difference readings will form a distribution of values. A single
reading, therefore, is a sample from this distribution and the uncertainty of the reading is related to the
standard deviation of repeat sample readings. In Figure Al(a), notice that for a sample mean estimate value
there is a distribution of possible sample estimate values. In this example, notice that while the sample
estimate has an acceptable value, because of the uncertainty of the estimate there is some probability (cross-
hatched areg-efH f A } Hre

§
a. ¢

%
T o E T4 D
2
A
A/J%
b % { 1
b f 0 ETy D

T

a. Distribution of sample readings. The shaded area represents the
probability that a sample reading is outside the tolerance.

b. Two sample reading distributions with low (A) and high (B) standard
deviations.

c. Distributions of sample measurement estimates with one reading (B1),
the mean of four readings (B4), and the mean of nine readings (B9).

FIGURE A1—THE INFLUENCE OF SAMPLE READING VARIABILITY ON COLOR ACCEPTABILITY DECISIONS.
THE SYMBOLS ARE LOWER TOLERANCE (T)), UPPER TOLERANCE (T,), COLOR DIFFERENCE SCALE (D),
ZERO POINT OF THE SCALE (O), AND SAMPLE COLOR DIFFERENCE MEAN ESTIMATE (E).
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A.2

Not all sample-color difference measurements will have the same uncertainty. In Figure Al(b), two sample
estimate distributions with identical mean estimate values but varying uncertainties, as observed by the
breadth of their distributions, are shown. For uncertainty distribution A there is a much higher probability that a
single sample reading is acceptable than for uncertainty distribution B. This despite the fact that both
distributions give identical mean estimates. Clearly, we would prefer to have low sample measurement
uncertainty. However, it is not possible to obtain errorless estimates. As a practical compromise, there will be
infrequent, incorrect decisions (conditions where the mean estimate is within the tolerance but individual
estimates are outside the tolerance or the inverse condition) if the uncertainty of the estimate is a small fraction
of the range of the tolerance values. The uncertainty of measurement is defined by the standard error of the
mean estimate. The requirement is that the standard error of the mean estimate not exceed the greater of 0.2
scale units or 0.1 times the tolerance range.

How do we proceed if the standard error of the mean estimate exceeds the goal value? The)mean of multiple
sample readings has lower uncertainty than a single reading. By increasing the number-of sample readings
included in the measurement, the standard error of the mean estimate can be reduced'to an acceptable level.
Figure Al(c) shows uncertainty distributions for a single reading (B1), the mean of four readir|gs (B4), and the
mean of ning readings (B9). The procedure determines the minimum samplingnumber which will reduce the
standard errpr of the mean estimate to an acceptable level.

Hypothetical Example—The standard error of the mean estimate and sampling number are determined for a
red molded frim plastic. A representative sample is selected. Ten<{eadings of DL, DC", anfd DH" are made
according tqQ the procedures reported in 7.3.. Each reading is;made on a separate ared of the sample.
Table Al indicates the ten individual sample readings and the.calculated means and standafd deviations for
the DL", DC], and DH" readings.

TABLE A1—EXAMPLE CALCULATION OFTHE MEANS AND STANDARD DEVIAT|ONS
FOR DL", DC*, AND PH* SAMPLE MEASUREMENTS

€olor Color Color
Difference Difference Difference

Scales Scales Scales

Reading DL pC’ DH"
1 -1.42 0.79 -0.18

2 -0.12 0.14 -0.02

3 -0.62 0.65 0.25

4 -1.13 0.89 0.22

5 -0.71 0.68 0.04

6 -0.22 0.21 0.30

7 -0.47 0.30 -0.01

8 -0.77 1.25 0.19

9 -0.18 0.91 0.21

10 -0.09 0.55 0.21
Mean -0.57 0.64 0.12
Std. Dev. 0.45 0.35 0.15
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The standard errors of the estimates and product sampling numbers are determined as follows (refer to Table
A2):

a. Calculate the standard deviations of sample color difference readings for DL", DC", and DH" (line 1).
Taken from Table Al.

b. Calculate the tolerance range, the upper tolerance minus the lower tolerance (lines 2, 3, 4).

Multiply the tolerance range by 0.1 (line 5).

d. The goal for standard error of the mean estimate is the larger of 0.2 units or 0.1 times the tolerance
range (line 6).

e. Compare the standard deviation for each color difference scale to its corresponding goal for standard
error of the mean estimate. In this case, the standard deviations for the DL" and DC” scales exceed
their_goals and, therefore, multiple readings are required. Proceed to determine the sampling number.

f.  Calqulate the sampling number for each color scale (line 7). See Equation Al.

N = (S5, )° (Eq. Al)

o

Round the sample averaging numbers to the next larger integer values (line '8).
The|product sampling number (Np) is the largest of the individual sampling numbers (fine 9).

i. Calgulate the standard error of the mean estimate for each color difference scale with the product
sample averaging number. See Equation A2.

S = SaN,)*° (Eq. A2)

Q@

Colagr difference assessments made under this document-for all future lots of this product shall be
bas¢d on the mean of four readings of DL", DC”, and>DH’, with each reading taken| from a different
ared of the sample. The standard error of the mean estimate for each color differenge scale and the
product sampling number shall be reported with thié color difference measurements.

TABLE A2—EXAMPLE CALCULATION OF THE STANDARD ERROR OF THE MEAN E$TIMATE
AND THE PRODUCT SAMPLING NUMBER

Color Color Color
Difference Difference | Difference
Scales Scales Scales
Ling Quantity Symbol DL* DC* DH"
1 Standard Devijation S 0.45 0.35 0.15
2 Upper Talerance +2.0 +1.0 +0.5
3 Lower.Tolerance -2.0 -1.0 -0.5
4 Jolerance Range 4.0 2.0 1.0
5 01 x Tolerance Range 0.4 0.2 0.1
6 Goal for Standard Error of the Mean Se, g 0.4 0.2 0.2
Estimate
7 Sampling Number N T.27 306 0.56
8 Round to the Next Larger Integer N 2 4 1
9 Product Sample Averaging Number Np 4 4 4
10 Standard Error of the Mean Estimate Se 0.23 0.18 0.08

Practical Means to Reduce the Product Sampling Number—It is advantageous to reduce the product
sampling number in order to reduce the expense of testing. Users should be aware that the product sampling
number may be reduced by increasing the product tolerance range or by decreasing either the sample's color
variability or the instrument's measurement variability. A negotiated increase in the color tolerance range to
values greater than 2.0 will reduce the number of readings required. For samples which do not intentionally
have a multicolor pattern, improvement in the color uniformity of the sample will reduce the within sample
variability and reduce the product sample averaging number.
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