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THE INSTITUTE OF PAPER CHEMISTRY
4ppleton, Wisconsin
" PHE DEVELOPMENT OF A SINGLE FILTER METHOD FOR DETERMINING LUMINOUS
REFLECTANCE AND COMPARISON OF VISUAL RANKING OF COLOR

DIFFERENCES IN 42-LB, UNBLEACHED KRAFT LINERBOARD
- WITH ITS OPTICAL CHARACTERISTICS -

SUMMARY

_At the request of the Fourdrinier Kraft Board Institute, Inc., -
tbe Institute has pursued an investigation of (1) means of meaéﬁring the
color characteristics of 42-lb. unbleached kraft linerboard and (2) methods
for specifying the color of unbleached kraft liner. The ‘objectives of the

work reported herein were as followst

. 1. To develop a special filtef for the brightness tea#er to pefmit
dlréct meagurement of luminous reflectance.

2. To compare luminous reflectance values determined with the
sbmpleifilter against values obtained by the twp-reflectance method
devéloped in previous worke ' .

3. To test the hypothesis that visual rankings of-color differ-
ences in kraft linerboard are primarily inf;uenced by luminous reflectance

rather than luminous reflectance and purity.

For these purposes the optical characteristics of 72 samples of
42-1b. unbleached kraft liner were determined and specimens from the samples
were distributed among the Fourdrinier Kraft Board Institute member mills

for visual ranking.

Among the conclusions which may be drawn from the study ere the

followings
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i, Luminous reflectance values determined using the single-
filter method were in reasonably good agreement with values determined by
the two-reflectance method.

2. Lluminous reflectance was more highly correlated with visual
.ranking of color differences than purity.

3. The inclusicn of pﬁrity with luminous reflectance in a two-
factor relationship gave only slightly better estimates of visual rénking
than luminous reflectance by itself. |

4, On the basis of the results cbtained in this study, it ap-
pears that luminous reflectance, by itself, will predict the visual rank-

ing of unbleached kraft linerboard as well as 1uminous reflectance plus

purity. In addition, the relationshlp between luminous reflectance and
visuai ranking appears to be of sufficient prec151on as to warrant the use
of luminous reflectance as a means of evalua£ing the visual ranking of
unbleached kraft linerboard in a quality eontrol program associaﬁed with

a manufacturing process wherein the dominant wavelength is unchanged‘from

that exhibited by the samples used in this study.

T e

T T, B

RIS S I S
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INTRODUCTION

: burihg the past several yéars, the Institute has ﬁursued, on

behalf 4f the Fourdrinier Kraft Board Institute, en investigation of (1)

‘means of measuring the color characteristics of 42-1b. unbleached kraft

liner and (2) methods for adequately specifying the color of unbleached
krﬁ&t liner. These studies were apparently prompted bylihe reaction of
the Mconsumer” of linerboard to the wide range of colors exhibited in
current linerboard production. The results obtained were summarigzed in

three repofﬁéA(;:z)o

Among the conclusions reached in the early work were the follow;
ing:' -

1. Of the three optical characteristics--dominant wavelength,
purity (2},'and 1uminous reflectance (Y¥)--the dominent wavelength is
nearly constant for 42-lb. unbleached kraft samples. This indicated thaf
the problem of measuring and controlling the color of unbleached kreft
linerboard is‘essentially one of measuring and controlling the purity aﬁa
luminous reflectance. |

2, The Go E. reflection meter with four special filters for measur-
ing fgfleptancea at 457, 512, 58é, and_596,qu can be utilized for obtaining
the opticel data. A later simplification malking use of the fact that
dominant wavelength is essentially'cqnstapt:indicated that purity and
luminous reflectance could be obtained using reflectence measurements at
only two of the above wavelengths (457 and 59 m’|)—-designated as. two-

reflectance method,
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30 In 1956, over a period of 6 montha, about 600 semples of linerboard
from the 18 mills in the group were evaluated for p and Yo Extreme samples
differed in purity by about 12 units end in luminous reflectance by about
13 units. The major number of ssmples fell in a purity range from 27 to 33%
and a luminous reflectance range from 22 to 29%. |
Qo For the group as & whole; a correlation betwsen p and Y appeared to
exist although the relaticnship was nct a gtrong one as evidenced by the cor-
relation coeffiﬂient of 0,57+ Correlation coefficients for individual

months ranged frem -Oo4h to +0,.7) and for individual mills ranged from
+000? to ~0:90,

Based on the above and their own‘independent work, various members
of the FKBI suggested that
lo Mill specifications and control in terms of both p and Y would be
_impracticalo
2, Visual ranking of linerbcard samples appeared to be primarily in-
fluenced by differences in Y. Therefore, it should be practical to establish

color standards in terms of Y slones

The Institute wes requested, therefore, to
1. Prepare a special filter for the brightness meter to enable direct
measurement of Y alone.
20 Goﬁpare I values.obtained with the single filter and two-reflectance

measurement method,

3. Test the hypothesis that visual ranking of color differences of kraft

linerboard is primarily affscted by differences in luminous reflectance Y

rather than by both p and Y.
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With regard to the above, the Institute prepared the special filter

required to determine luminous reflectance directly using the brightness meter.

It ié'now prebare&'to furnish such filters to interested mills and includes

a special Mcheck™ sample in its caelibration service for users of the Brightness

tester having the special filter, However, because of variations in

phototube response and in the spectral tranamiésion of the lehses, it is

esaential that the brightness tester be returned to the Institute to pe;mit

proper initial adjustment of filter and instrument.
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PROCEDURE

PHASE I, COMPARISON OF LUMINOUS REFLECTANCE (Y) VALUES OBTAINED WITH THE

SINGLE-FILTER AND TWO-REFLECTANCE METHODS

N

For this phase 72 semples of 42-1b, unbleached kraft liner were
selected from the liner baseline study--one sample per mill per month for
December through March, 1960, The following values were obtained for each
sample. |

lo Luminous reflectence--single~filter method

2o Luminous reflectance--two-reflectance method

3. Purity -wtwo=-reflectance method

The procedure employed is outlined below in stepwise fashion. .
[See also Reference (3}].
1. Measure the reflectance of each specimen (5 specimens were
employed using
a8s The single filter for lumincus reflectance

bo The 457 and 596 mu  filters

2, Average the readings separately for the 457 end 596 my
filters and substitute in the equations below to compute the tristimulus

values X and Z,
x = 00980k [10.60 Rysp + 4ho?7 Bsos]
55037

Z= 1,812 Ry55 ‘
where R = reflectance at indicated wavelength (reflectance at

457 my used for R, 54 and _13&_55).,
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3. Calculate S (equals X + Y + Z) using the following equation:

S = 1,733,380 X + Z
= 1 -0,088,753

Lo Divide the tristimulus velue X by 8 to obtain the trichromatic
coefficient X. ' |

50 substitute x in the equation y = 0,088,753 + 0,733,380 x to
compute the. trichromatic coefficient yo

6o Multiply y by S to obtain the tristimulus velue Y which is
equal to luminous reflectance. (Note: I can also be obtained by difference
after Step 3 since ¥ = 8 - X - Z.

7. Enter a chromaticity chart such as is shown in Fige. 1 at the
value of X and ¥ and read the purity (p).
PHASE 2, COMPARISON OF VISUAL RANKING OF COLOR DIFFERENCES OF KRAFT LINERBOARD

WITH PURITY AND LUMINOUS REFLECTANCE VALUES

Ao .Selection of Samples

The 72 samples evaluated in Phase 1 were split into four sets of
18 samples as followss

1. The 7é,samples were arranged in order of increasing luminous
reflectance and divided inté 18 groups of fpur samplea eaqho .

2, One sample was randomly selected from each of the 18 groups
and the resulting 18 samples wefe identified as Set I,

3. Step 2 was repeated three times to obtain Sets II, III, and IV,

B, Selection of Stendard Sample
One sample (Sample 185318) was selected as a standard to have ap-
proximately average luminous reflectance and purity values. Its luminous re-

flectance was 27.0% (single-filter method) end its purity was 29.8%.
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C. Distribution of Samples
Two by three~inch specimeﬁs (2-inch dimension in machine direction)
were cut from each sample and ma}kad on the wire side with an identifying
number bearing no relation to the optical characteristics of the wample.

These specimens were arranged in sets as specified in A.above and distributed

to the mills as follows:

. Mill Code
1 Set I ‘Set II Set III Set IV
a B G J
: ’ ; "
| F E q N
H L R s
‘ I P

Thus, Mills A, C, F, etc., received packets of Set I samples; B, D, etco

received Set Il samples, etc.

D. Color Ranking .
The color ranking instructions which accompanied the samples sent
; . to each mill may be found in Appendix & of this report. As may be noted in
; the instructions, each mill was requested to have one or more of their per-
sonnel rank the samﬁles with respect to the standard--with the provision that
é each observer's rankings should be forwarded to the Institute. Replies were
received from all mills except Mill E and the number of observers per mill

ranged from 1 to 7. After receipt at the Institute, each observer's rank-

ings were examined to determine if any obvious misinterpretation of the
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instructions had occurred. Where this appeared to be the case, that ob-
server’s results were not used in the subsequent enalysis. 4 summery of
the replies received by mlll may be found in Table I and the individual

observer's rankings mey be found in Appendix B.

TABLE 1
SUMMARY GF COLOR RANKING REFPLIES

Mill No. of No. of Replies
Code Replies Used in Anelysis
A 3 2

B 4 1

c 2 2

D 3 3

E no replies received

F 6 .3

G 4 2

H 2 2

I 2 2

J 7 3

L 4 b

M 3 3

N 4 b

0 b L

P 5 b

Q 1 1

R 3 3

S 3 3
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DISCUSSION OF RESULTS

PHASE I. COMPARISON OF LUMINOUS REFLECTANCE (Y) VALUES AS DETERMINED BY

THE SINGLE-FILTER AND TWO-REFLECTANCE METHODS

Aé‘mentioned previously, luminous reflectance values determined
using the single filter were compared with corresponding values based on
reflectance.méaSurements at 457 and 596 mpde Both_p;ocedures employed
the stendard brightness tester. The results fof tﬂe 72 sambleﬁ of un-
bleached k?éft liner evaluated are swmarized in Table II, In édditign,
to assist in.interpretiﬂg the color ranking resulﬁs to be discussed in

Phase 2, the purity value for each sample is also tabulated.

Referring to the table, it may be noted that the two methods of
determining luminous reflectence (X).were in reasonably good agreement.
Differences ranged from +0,1 to -0.5 units and, on an over-all Sasis, the
average différence was 0028 units with the single~filter method giving
slightly higher results., It may be concluded, therefore, that the single-
filter method is suitable for determining luminous reflectance of unbleached

kraft liner and should be preferred because of its greater simplicity.
5 .

Previous work has indicated that some relationship between
luminous reflectance and purity exists for 42-1b. unbleached kraft liner.
(1,2). With this in mind, the data in Table II were statistically correlated
to dbterminézthe degreerf relationship between luﬁinous reflectance (1)
(single-filter method), and purity (p). The results obtained are summarized

in Table III and graphicelly illustrated in Fig. 2.
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TABLE II
OPTICAL CHARACTERISTICS OF 42-LB. LINER SAMPLES

Luminous Reflectance, % Purity, %
Single- Two-" Two-
PFile Filter Reflectance Reflectance
M1 Noe Method Method Diff.® Method
a 185280 26,6 2643 ~043 31.3 .
185281 28.0 27.8 ~0o2 29.8
185282 22.6 22.4 =0.2 3265
185283 2204 22.4 0.0 31.4
B 185284 25,9 . 25,6 w0e3 334
185285 28,9 2845 =0ol} 28,1
- 185286 29.4 28.9 =05 30.2
185287 2802 277 0.5 30,1
C 185288 26,2 25,8 =Ooly 32.8
185289 25,8 25:4 =04 32,1
185290 26,9 26,6 <03 30,0.
185291 2603 2641 (o2 29,7
D 185292 28,5 2803 Qo2 29,7
185293 28,8 28.4 0ol 2905
185294 29.8 29.4 =Qoly 27.6
185295 ‘2903 29,0 0.3 28,0
E . 185296 22.3 22,04, +0ol 33,8
185297 2h.b : 2oy 0.0 32
185208 2609 2605 0ol 31,1
185299 2803 : 2709 ’ -Ooh 3000
F 185300 27.0 26,6 Dok 28,7
185301 26.8 2604 ~0aly 29,0
185302 3003 29,8 w005 273
185303 . 27,9 27.5 ~Ooly 2802
G 185304 302 29,8 - ~0oly 29,5
185305 26,0 25,6 ~Dols 30.6
185306 2607 ' 26,3 wOoly 29.9
185307 2702 : 27,0 =002 302
H 185308 28,4, 28,1 -0.3 27,8
185309 28,8 280l “Qoly 29.1
185310 2804 28,1 003 2boly
185311 29.8 2904 ~Qaly 26,9 -

8 Arbitrarily besed on single-filter method.
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OPTICAL CHARACTERISTICS OF 42-LB. LINER SAMPLES

Luminous Reflectance, %
Two

Single- -
2 File | Filter Reflectance

. Mill Noo Method Method Diff,.®
I 185312 2803 27.9 0ol

185313 27.1 26,9 02

S 185314 2604, 26,1 ~003
R 185315 2643 26,0 0.3
: J 185316 25,1 2409 ~0,2
; 185317 . 20 - 23.6 0ol
‘ 185318 27,0 26,8 002
: 185319 2.6 2405 0,1
‘ L 185320 28,0 2707 -0.3
. 185321 28,2 27.9 003
8 185322 27.8 27.5 -0.3
e R 185323 28,1 2709 ~0e2
; M 185324 29.1 28,9 . =02
185325 2998 29¢5 ' -‘003
' 185326 29,4 29,2 042
’ 185327 29,6 29,2 ~Ooly
N 185328 31.6 31,1 0o 5

185329 31.8 31.4 ~Ooly

185330 32,3 31.8 0.5

185331 28,1, 28,2 002

0 185332 28,5 28,1 0oy

185333 29,9 29.4 0.5

185334 29.5 29,0 =0.5

185335 2806 28,1 0,2

P 185336 2605 26,4 0,1

: 185337 24.3 243 0.0
: 185338 23,3 23.4 +0,1
185339 2401 23.9 0.2

Q 185340 25,8 25,4 0.y

185341 26,9 26,7 ~0.2

185342 2403 2402 =0al

185343 25,7 2505 0.2

8 Arbitrarily based on single-filter method.

Purity, %
Two~-

Refléectance
Method

316
32.1
315
32.6

31.0
28,0
29.8
3007

319
31.0
3001
30,1

2802
28,3
27.0
27.8

29,0
27,7
27.9
29,6

27.8
2723
7.0
2765

2902
30.2

30.0
30.0

3045
2902
28,6
274
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TABLE II--CONTINUED
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Pro ject 1108-15

OPTICAL CHARACTERISTICS OF 42-LB, LINER SAMPLES

Pile
Mill Nos

R 185344
185345
185346
185347

g 185348
185349
185350
185351

8 Arbitrarily based on single~filter method,

Luminous Reflectance, %
Single~
- Filter
Method

22,9
23.8
2306
2.9

2he3
2.4
2564
o7

Two -~

Reflectance
Method

22.7
23,6
2305
21,7

24,0
22,4
2501
20l

Diff.2

~0.2
~0:2
0.1
0.2

~0e3
0.0

" m0e3

0,3

Purity, %
Two

Reflectance
Method

3he5
33.8
33.9
33.9

32.0
31.9
30.2
29.8
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Figure 2, Relationship Between Purity and Luminous Reflectance
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TABLE II1
CORRELATION BETWEEN OPTICAL PROPERTIES

Correlation Regression
Relationship Coefficient Equaetion
Purity ys. lumirous reflectance ~0,70 2= 45032 - 0,567 X

PHASE 11, COMPARISON OF VISUAL RANKIﬁG OF COLOR DIFFERENCES dF KRAFT
LINERBOARD WITH THE OPTICAL CHARACTERISTICS OF THE BOARD
As mentioned previously, a major objective of this study was to test
the hypothesis that visual ranking of color differences of kraft linerboard is
primarily affected by differences in luminous reflectance (I) rather than by both
purity (p) and Yo If such were the case, practical color stendards might be

established in terms of Y alone.

The experimental design selected involved
(a) Color ranking of a series of samples by observers in each mill

and

(b) Correlation of the color rankings with the optical characteris-

“tics of the board.

In this way, it was felt tirat an oB‘jective evaluation of the reletive
importance of the various opticel charadteristlics to visual ranking could be

established, ‘

For this purpose, four sets of 18 samples were selected from the

original 72 samples in such a manner that each set covered the entire luminous

s
I
e
&

B T
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reflectance range of the original samples. Set 1 semples were distributed
to Mills 4, C, F, H, and I; Set II to Mills B, D, L, and P; Set III to G, O,
Q, and R; and Set IV to Mills J, M, N, end 8. After ranking by one or more
observers at each mill (see Appendix A for color ranking instructions and
Appendix B for individual rankings), the individual raniings from each mill
were averaged together and then composiﬁed for the four or five mills in

each sgete.

The final results obtained are tabulated in Tables IV through VII
together with the optical characteristics of the samples. Inspection of the
tables indicates that

lo. Appreciable differences in~color ranking occurred between mills
and hence between obsgervers-~in part because of small differences in optical'

properties between adjacent samples.

2o, The observers generally gave the lowest luminous reflectance

samples the most negative rankings end conversely as would be expected.

With the above in mind the composite average rankings were corre-
lated with the optical characteristics with the results shown in Table VIII
and graphicelly illustrated in Fig. 3 end 4. The correlation coefficients
are statistically significant. However, luminous reflectance was better
relaﬁed to the visuel ranking as indicated by the higher coefficient-~and
smaller scatter in the figures.
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TABLE VIII

CORRELATION OF VISUAL RANKING WITH OPTICAL CHARACTERISTICS

Relat.ionship Correlation Coefficient
0.95

Ranking yg. luminous reflectance
-0.73

Ranking vs. purlity

‘ In addition to the abave analysis, a two-factor multiple correla-
tion involving' luminous reflectance and purity was performed‘using the forward
Doolittle techniques (4). The following equation was obtaineds

R = 3,107 Y - 0,600 p - 67.174
where Y = luminous reflectance

R = visusl ranking

and p = purity

The analysis of variance table took the following forms

Source of Mean

Variance defe 3quare F
Due to luminous reflectance 1 5086.81 658,913+
Due to purity ' 1 52,49 6.80%
Residual 69 T2

# Significant at the 5% level.
## Very highly significant (beyond 1% level),

The above indicates that both factors significantly affected the

observers' rankings; however, the major portion of the totael variance was

explained by luminous reflectance.
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Finall&,,to assist the reader in comparing the two optical char-
acteristics, the régreésion'equatiéns were used.to calculate rank values,
These are compared to the actual visual rank values ip Tables IX through
XII. &s expected from the foregoing, luhihous‘réflectancg'ﬁas“ﬁofe ef-
fective in predicting color renking. Very slightly better estimates were
obtained using the multiple regresgion equation involving both luminous

reflectance and purity.

ard : :
' In general, therefore, the results from this phese indicate that,

for unbleached kraft linerboard,

1, Luminous reflectance is more highly correlated than purity with
visual rankings of color differences, _

2o The addition of purity in a two-factor relationship gave only‘
slightly better estimates of visual ranking,

3. On the basis of the above results, it appears that for the unbleached

kraft samples used in this study, luminous reflectance by itself will predict

=

o visual fanking by the method used abogt as well as luminous reflectance and
purity. ‘

Lo It is believed that the good predictive ability oleumin6us re-
flectance is due to the fact that ﬁhé reflectance curve-for_mbst unbleaéhed
&rafta is linear or approximntel& 8Ca A'small percentage of unbleached
krafts exhibit’feflection curves“ih'the visual region which consist of two
ho‘ intersecting straightllinega Therefore, it is anticipated that the rela-
tionship found gbpve will hold as long as the present processes an@ meterials,

which give linear reflectance curves, are used. There is some question if
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they will hold, if for example dyes ere used, to try to bring the color of
kraft board produced by different mills closer together since it would be an

unusual dye which would act on the reflectence in a linear fashion.

To some eiient, at least, the correiatjons between the optical
characteristics and visual ranking must depend upon thergxperimental designe
In this connection, it may be recalled that the obaerfera were:f;rat required
to rank the samples in order of luminous reflectance as ranking in terms of
purity was considered impracticale It is possible, therefore, that this
operation introduced a natural bias tending to fQVOr higher cérrelation of
visual renking wi£h luminous reflectance than purity. With this reservation
it is believed thet the results bear out the original hypothesis, namely,
that visual rankings of color differences in unbleached kraft linerboard are
better related to luminous reflectance than to purity. WColor" specifica-
tions lor unbleached kraft linerboard based on luminous reflectance alone

would, therefore, appear practical--at least in the present state of the art.
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APPENDIX A

INSTRUCTIONS FOR COLOR RANKING OF UNBLEACHED
LINERBOARD SAMPLES

During recent monfhs the Institute has carried out, on behalf
of the Fourdrinier Kraft Board Institute, a coﬁpafison of two meypoda of
measuring the luminous reflectancé of unbleached kraft linerboard. 4s a
second phase of the study, the Institute was reqpegtqd to compare visual
ranking of color differences of kraft linerboard with the instrumental
rankings, For that purpose we are requasting that one or more observers
from each mill visually grade or rank a sei of samples with fespeét to a

standard using the proéedure described below:

I. Samples: Included with this letter are
(a) Eighteen, two by three-inch samples of liner. The samples
are marked on the wire side with Institute file numbers which
bear no relation to the optical characteristics of the samples.
(v) one, 2 by 3-inch sample marked "standard” on the‘wire side.

II. Conditions of viewing: All viewing should be from the smooth-
finish side of sample, . The rating should be carried out using.
"natural north sky light" illumination against a neutral background.
The samples should be protected égainst unnecessary exposure to
light in the event that the rating session is interrupted or the
samples are rated by several observers. The semples should be
held by the edges to avoid fingerprints on the ﬁaiﬁ body of the

samples.
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IIT. Rating system: Three steps ars required in the rating process as

follows:
A. Arrange the samples in order of increasing luminous reflectance

(over-all brightness) as schematicelly shown in Fige 1 belows

i l Eiphtden folor Sgmples

Ay

increasing brightness

Dullest - > Brightest

Figure 1

s

-

i

As examples of differences in luminous reflectance, two sets of

samples have been arranged in Fig. 2 in the order of decreasing
i

5
5

luminous reflectance. Set a involves samples which are essentially

alike in purity (depth of color) but vary in luminous reflectance.

k€ &

e

Set b vary in both luminous reflectance and purity. In both cases

the Mbrigktest!” sample 1s at the top and the "dullest" at the bottom.

Bse Insert standard sample in érray as followss

(1) Compare the luminous reflectance of the standard sample
with the array and insert the standard sample in its proper "bright-
ness" position. When the samples are arranged as shown in Fig. 3,
ell the samples to the right of the standard sample will be "brighter'
than the standard sample and those to the left "duller." The posi-
tion of the standard sample in the array is not necessarily at

the mid-point of the array.
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(2) Arrange the samples as shown in Fig. 3. The samples

"brighter" than the standard are to be lettered +a, +b, +¢, etc.,

until all the samples have been assigned a letter. The lettering

should start with the sample nearest in "brightness" to the stan-

derd sample.

(3) The same general procedure is used for the samples which i

are "duller" than the standard semple. Letter the sample nearest

in "brightness" to the standard -a, the next "duller" seamples, -b,

-c; otcs, until all the "duller'samples have been letiered.

e

Du{z;st

Samples "duller®
than standard

s

follows:

(1) Compare the +a and --a samples with the standard.
the numeral "O" to the sample giving the better color match wiﬁ;

the standard For example, if -a were the better color match,

Standard Samples YBrighter™ Bright
Sample than standard

Figure 3

' C. Intercompare (+) and (-) semples on basis of golor match as

it would be given the ranking "O" as shown in Fige 4.

Assign
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Set a

Figure 2,

Institute, Inc.

"Brightest!

Wless Bright"

"Dullest™
Set b

Illustration of Brightness and Dullness
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amples 2
vc, etco, - -k|-J| -i] ~h|-g|-f |-e[~d [-c|-b|-a +a[+b |+o prd e | [+g
7|k T
lettering : Standard.
: rank number Sample
the stan- f
Figure 4
ples yhich, (2) Compare the color match of the next lowest lettered
e nearest . samples remaining in the (+) and (-} groups with the standard
mples, -b, . sample. Assign the rank number 1 to the sample exhibiting
od. g better match and prefix the proper sign. For example, if -a

were eliminated in (1) above, then samples ~b and +a would

be compared in this step. If sample ~b were the better color

match, it would be given the rank number -1 as shown in

-

ol Brigh ©

b Fige 5.

a N + e

k(-3 {~4] -n]-g]-f |-e [~d|~c[-b| | +a [+b |+c |+d [4e |4f [+g
match as .. T - Standard

‘ = Sample

. rank number Figure
arde Assigﬁ: . gure 3

o
>lor match v (3) Compare the lowest lettered samples remaining in the
solor match, (+) and (-) groups with the standard semple. Assign the rank
o he p number 2 to the sample giving the better match and prefix the

proper sign. For example, if samples -a and ~b were eliminated
above, samples -c and +a would be compared in this step. For
example, if ~¢ appearedito be the better color match, it would

 be given the rank number -2, as shown in Fig. 6.
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-k ki i f-nl-g bt -6 |-a}-c: I ] F? b ,’*c d ye pfl+g ;

k _ i) Standard ' E

[ Sample 1

rank number 1

Figure 6 j

(4) Compare the lowest letter sample remaining in the (+)
-and (-)fgfoups with the standard. 4ssign the rank number 3 .
to the sample giving'the‘better match and prefix the broper

- signe Fér'example, if ~d and +a were beihg compared in this

e N o g M,m}&ﬁﬁm%mm?;}&%:?ﬁén%" T T e SRR T M B Rt drre 103 i g

et oo et R o o b A e

step and +a were the better match, it would be given the rank

number +3. ﬁ x
b

2 R

(5) Continue the above until the samples in either the + or e E
%

- group sre exhausted., The samples in the remaining group
are to be compared as followss Compare the two lowest letter

samples with the_standard sample and assign proper rank -

L S R e et Ny o
1y

numbers. Continue until all samples in the group have been

compared with standard samples and assigned rank numbers.

Rfrvmne 1 vt sidimigad

(6) Record the rank numbers for each semple on the attached

A

S L i S P

dete sheets and mail one copy to The Institute of Paper

s

Chemistry, Appleton, Wisconsin, in care of Re Co McKee.
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INDIVIDUAL OBSERVER RANKINGS

APPENDIX B

TABLE B-l

INDIVIDUAL OBSERVER RANKINGS FROM MILL 4

Machine
File No. Result
185349 22,4
185344, 22,9
185345 23.8
185342 2L.3
185350 2504
185305 26,0
185315 26.3
185301 26,8
185298 26,9
185318 27,0
185318P 27.0
185320 28,0
185299 28,3
185332 28,5
185293 28,8
185324, 29,1
185327 . R29.6
185333 2939
185302 3063

8 Observer A-2's results were discarded after examination indiceted a possible
misinterpretation of the procedure.

b Standard sample,

Observers
A1l A2
-h -8,
-3 ~b
-1 -C
~f -2
-g -d
-d +a
-G _g
g ~h
-8 -f
-8 ~i
-b +b
+b +C
+8 +f
+c +d
+f +g
+g +h
+h +1i
+d +e

(Set I samples)
Luminous Reflectance Ranking

A-3

-2
~f
-g
~h
-b

+a
-c
+e
-d
-a

+d
+b
*g
+e

+h
+i
+J
+f

-16

Page 39
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Color Ranking
Obsergers .

A-2 A-3  Average
-9 -12 -13,0
=10 =14 -15.5
~11 =15 ~15.5
=13 ~17 =14o5
-12 -4 - 8.5

0 + 1 ~ 45
=15 -7 - 8.0
=16 + 6 + 3.5
=14 =10 =10,5
~17 0 0.0
+ 2 +5 -~ 5,0
+ 3 + 2 + 2,0
+ 5 + 9 + 7,0
+1 + 3 + 3.0
+ 6 +11 + 8.5
+ 7 +13 +10,0
+8 +16 +12.0
+ 4 + 8 + 6,0
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TABLE B-2
INDIVIDUAL OBSERVER RANKINGS FROM MILL B

R Sl SR At
oy " Whpela ot s omin

e
ey

(Set II semples)

e
g Ll 3
Ak sty 15 b

Luminous Reflectance Ranking Color Ranking ki
Machine Observers : Observers ; :
File No. Result - B-1 B-2 B-3 B-4, B-1 B-2 B-3 B-4 ﬁ -
- &
185296 22.3 £ g - A7 17 15 16 4 E]
185338 23.3 ¢ -8§8 ~-h e 16 12 16 .17 I 3
185339 241 ~d -9 -f ~-f =15 13 a4 -1 ? |
185297 IR =b -d -e -g = 16 13 .15 S B
185350 2501} -C -h -d -C ~-13 -14 -12 -11 ) :ﬁ i
S i
. {.‘ ks
185284 25.9 & =¢ -~ -d -4 15 37 .13 N 2
185288 2642 8 +a b b 0 +10 ~10 10 i
185306 26,7 .+ 4m 4d 46 +5 0 43 i\ !
185341 26,9 +h +3 +b +c +8 +8 +'1 +2 i §
1853182 27,0 ? :
185322 27.8 ot wd 4b 5 47 43 0 f
185323 2801 +d +e +f +f + 3 + 6 + 5 + 5 33{
185287 28,2 * - 4 e +1 1 211 .12 1
185308 28,4 oo4b 4h 4g 9 w4 47 4§ ;.
185335 ' 28‘6 +g +i +C +a + 7 0 + 2 + h ‘!f'
185286 29, *. .-b 4e  ta 42 -9 44 41 i |
185326 29.4 +j -h +g +th +10 +1 +6 +7 . 1
185311 29,8 ko o4d Wi 4 411 42 48 4+ g o
185330 32.3 +1 +¢ +j +j 12 +3 +9 49 i E
: X |
Ca |
% Standard semple, % :
Note: Observers B-2, B~3, and B-4 results were discarded after examina- ﬁ

dily

tion indicated a possible miginterpretation of the procedure,

At e ot .
T st

v e kb s e ar
o e e
RS EPNHIMERTE T i Aty
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et g
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e L




te, Inc.
1108-15

+ 4+ 1+
O ~2 F-omk;u1C)

+ + + +

ina-

. Fourdrinier Kraft Board Institute, Inc.
Project 1108-15

File Noe.

185349
185344
185345

185342 -

185350

185305
185315
185301
185298
185318

1853188
185320
185299
185332
185293

185324
185327
185333
185302

TABLE B-3

INDIVIDUAL OBSERVER RANKINGS FROM MILL C

(Set 1 seamples)

Luminous Reflectance Ranking

Machine
Result

22.4
22,9
23.8
2443
25k

2640
2603
26,8
2649
27.0

27.0
28,0
28.3
2805
28,8

29,1
29.6
29.9
30.3

a
Standard sample,

Observers
C-1 C-2
-1 -m
-k -1
-3 K
-2 -1
-d ~h
-B, -C
-c -e
~f -b
~h -3
+b -8
-g -f
=b -g
+8 +a
+C -d
+f +C
+d +d
+g +a
+a +b

Page 41
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Color Ranking
Observers

C-1 C-2 Average
=15 -15 =15.0
=17 ~16 -1605
=16 -17 -16.5
=12 -12. -12.0
- 9 -11 -10.0
-2 -2 - 2.0
- 8 - 8 - 800
~11 -1 - 6,0
-13 =13 ~13.0
+1 0. + 0,5
=14 =14 ~-14.0
-7 ~10 - 8.5
0 + 3 + 1.5
+ 3 - 6 - 105
+ 6 + 5 + 5,5
+ 4 +17 + 505
+10 + 9 + 95
+ 5 + 4 + Leb
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TABLE B~/

INDIVIDUAL OBSERVER RANKINGS FROM MILL D

AT PRI ETE G R T R S R R AT ey

(Set II samples)

i

Luminous Reflectance Ranking Color Ranking ﬁ :
Machine Observers Observers o £
File No. Result D-1 D-2 D-3 D-1 D-2 D-3 Average g i
- |
1185296 22,3 -1 -0 -k 17 <16 =17 -16.7 S §
185338 23.3 -k ~m ~h =16 =17 <Lk -15.7 N |
185339 2401 -h ok g -13 =12 -12  -12.3 w F
185297 2hes -J ~1 -3 <15 -15 =16 -15.3 S |
185350 25;1} -£ -1 wf -]12 -13 =11 -12.0 . i
185284, 2549 -1 -h -1 -l <l =15 =143 W |
185288 26,2 . -f -g - 11 -9 -13  -11.0 b
185306 2607 -e -] +d -9 =11 + 6 = 4L.7 & E:
185341 2609 ~d -C +a -8 -2 0 -3.3 - ;i .
18531€® 27,0 K
k]
185322 27.8 < - -a -7 «7 -1 <50 4
185323 28.1 -b -d -b -2 =3 -2 ~2.3 i E
185287 28,2 +b -3 ~e +3 =10 10 - 5.7 4 {
185308 28.1, +d  -a  +b +5 0 +3 +27 K |
185335. 28,6 © o da -b +c 0 -1 +5 +1.3 R
) N
185286 2904 ~a  ~f ¢ ~1 -8 o~ - he3 i
185326 29.4 ¢ +a  te 4 +h4 +7 4+ 50 X
185311 29,8 +e +b +f +6 +5 +8 +6.3 1
185330 - 32,3 ' +f  4c +g +10 +6 +9 + 8.3 4

® Standard sample.
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Report rfour Project 1108-15
TABLE B-~6 o
INDIVIDUAL OBSERVER RANKINGS FROM MILL G
' )
(Set III samples) .
Luminous Reflectance Ranlking Color Ranking g?if
Machine Observers ' Observers R !
File No,. Result G-1 G-2 G-1 G=2 dverage
1
185283 22,4 -f -b ~14 ~16 ~15.0 S 5
185346 23.6 -e -¢ -13 <17 ~15,0 2 8
185317 24,0 -g -d ~15 -5 =10.0 S ¥
185337 24.3 -c -a -8 ~ 4 - 6,0 o 3
185316 25.1 ~d +a ~10 0 =~ 5,0 I B
185340 25,8 -a +d 0 +3 + 1,5 it
1853.]1; 2601{. +b +a + 3 +6 + hos ’:
185336 " 2645 +a +b + 1 +] + 1.0 .
185290 2649 +d +f + 5 +7 + 6,0 S
1853182 27.0 . O |
185307 27.2 +f ‘g + 7 + 8 + 7.5 .
185303 27.9 -b +c -2 +2 0.0 o K
185312 28,3 +e +i + 6 +11, + 8,5 o
185331 28, +i + +12 +12 +12.0 .
185309 28.8 +g +1 + 9 *13 +11.0 Y
185285 28,9 *g +h + 4 +9 + bo5 L )
185334 R9.5 +h +j +11 +10 +10,5 “
185304 30.2 + +m +16 +14 +15.0 . T
185329 31.8 +k +11 +17 +15 +16,0 i
& standard sample. , %
Note: Four replies were received, two of which were incomplete and are 2? {
not entered in the table, oo
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Pro ject 1108-15

File No,

185349
185344
185345
185342
185350

185305

185315

185301 -

185298
185318

1853182
185320
185299
185332
185293
185324

185327
185333

-7 185302

2204
22,9

23.8

2L3

250,

26,0
2643

2649
27.0

27.0
28,0
2843
2845
28.8
29.1

29,6
2949
30.3

TABLE B-7

Page 45
Report Four

INDIVIDUAL OBSERVER RANKINGS FROM MILL H

Luminous Reflectance Ranking
Machine
‘Result

- Qbservers
" H=1 H-2
-f -1
=h -j
-g -k
-d -b
-8 ~h
-b -8
+a -~C
- —g
+b -
-8 +a
+c ~b
+d -d
+g +f
+8 +c
+f +e
+i +d
+j +g
+h +b

(Set I samples)

_Color Ranking

Observers -
R~1 -H-2'
-13 ~15
-17 -16
-16 -17
-3 -8
-4 -10
-1 -1
+ 5 -4
-2 -9
+ 6 -7
0 0
+ 7 -3
+ 8 -6
-11 +13
+ 9 + 5
+10 +12
+14 +]11
+15 +1/
+12 + 2

Average

~14.0
-1645
~1645
= 5e5
= 7.0

- 1.0
+ 0.5
~ 55
- 0e5
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TABLE B-8
INDIVIDUAL OBSERVER RANKINCS FROM MILL I
(Set I samples)

Luminous Reflectance Ranking Color Ranking

Machine Observers Observers )
File Nos  Result I-1 I-2 I-1 I-2 Average
185349 2244 -3 -1 ~15 ~14 =14e5
185344 22.9 =k -k ~-17 ~16 “l1645
185345 23.8 -] -3 ~16 =17 . «16.5
185342 243 -g -d =14 -9 ~1le5
185350 25. L ~h - “13 ~12 ~12.5
185305 26.0 -b -C =11 - 8 - 9.5
185315 26,3 : -8 ~h =12 -13 -12,5
185301 2608 ~d +a - 3 + 1 - 1,0
185298 2609 =-C ~f -2 <11 - 605
185318 27.0 ~b - -1 0 - 0.5

1853182 27,0

185320 28,0 +a -8 + 4 -10 - 3,0
185299 28.3 -8 -b 0 -15 - 75
185332 2845 +f +f +9 + 6 + 7.5
185293 28.8 ' +b +b + 5 + 2 + 3.5
185324 29,1 +d +c + 7 +3 + 5,0
185327 29,6 +e +e + 8 + 5 + 6o5
185333 29.9 +g +g +10 + 7 + B.5
185302 30,3 : +c R I | + 6 + 4 + 5,0

2 Standard sample,
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Fourdrinier Kraft Board Institute, Inc.

Project 1108-15

INDIVIDUAL OBSERVER RANKINGS FROM MILL M

TABLE B-11

(Set IV samples)

Luminous Reflectance Ranking

Machine
File Noo. BResult

185347 21.9
185282 22,6
185348 Rhe3
185319 2L46
185351 . 2447

.185289 25,8
185291 2643
185280 26,6
185300 27.0
185318% 27,0

185313 27.1

185281 28,0

.

185321 2802
185310 2804
185292 28.5

185295 29.3
.185325 29,8
18529, 29.8
185328 1.6

2 Standard sample.

Observers
M-l M2
-k -k
-J -J
-1 -i
-a -2
-h -h
-Z -f
-d )
-C -
-b ~-d
e ~b
+a +g,
+¢ -a
- +b
+b +C
+d +d
+8 +f
+z +a
+f +g

M-3

-1
-k
~J
~1
~h

-d
-g
-C
-f

-:B
+a
~b

+b ‘

+a

+C

+f

Page 49
Report Fouu
Color Ranking
Observers

M-l M-2 M-3 Average
<17 17 17 -17.0
<16 -16 =16 =16,0
-15 =14 15 ~1he7

0 —12 "lll- - 807
-ll# -15 "'13 -11&.0
<13 <13 -7 -11.0
-9 10 <12 -10.3
<10 -8 =6 - 8,0
- 3 - 9 ~11 _ - 707
<12 <11 =10 ~11,.0
+ 1 0 0 + 0,3
'l“.l', -2 bt 5 - 1.0
=11 +1 +2 -2.7
+2 +3 =1 + 1.3
+ 5 + 4+ + Le3
+6 +6 +8 + 607
+8 +5 +3 + 563
+ 7 + 7 + 9 + 7.7
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File No.

185347
185282
185348
185319
185351

185289
185291
185280
185300

185318

185313
185281
185321

185310

185292

185295
185325
185294
185328

8 Standard sample.

a

Luminous Reflectance Ranking
Machine

Result

21.9
22,6
2443
246

24,7

25.8
2643
2646

2740.

27,0

271
28,0
28.2
28,4
2805

29.3
29,8
29.8
31.6

N-1

-k
-J
-8

-
--h

-f
-8
~8
-C

=-d

b

+a
-b
+C

+e
+f

—

*g

TABLE B-12

Chservers
N-2 N-3
-f =K
-8 -j
~C -1
-b -b
-d -8
+a -g
+C -d
+b Ceg
-8 +b
+g ~h
+3 -8
+i ~b
+k +c
+d +a
+f +g
+], +f
+h +d
+g +6

(Set IV samples)

INDIVIDUAL OBSERVER RANKINGS FROM MILL N

" Fourdrinier Kraft Board Institute, Inc.
Pro ject 1108-15

Color Renking

N-4

-8
-h
-8

~f

-b
~C
+c

+d
+e
+f
+a
+b

+i
+J
+h
+g

=17
~16
-13
-15
~14

-12
-2
-11
-7

+ 1 + 1

=
OO0 WWVMOMH®

+ + +

+

Observers
N-] N-2

N-3

-17
=15

- ~16
=11

-12

-13
- 6
=5
+ 2

-14

+ 4+ 1

+
jul

+ + 4+

-1 O HWEe O
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TABLE B-13
INDIVIDUAL OBSERVER RANKINGS FROM MILL ¢
(Set III samples)

Luminous: Reflectance Ranking Color Ranking
BT " Machine . . Observers Gbservers
76 : File No. Result 0-1 02 0-3 O0-4 - 0-1 0-2 0-3 0-4 Average
185283 22.4 - - =f  -h -6 -6 =16 -17 -16.2
) ’ 185346 23. -d ~d -e - -17 =17 =15 -15 -16.0
5 o 185317 24,0 -C -c -d -f -10 «13 ~9 -l ~11.5
D O .185337 243 -b -b -c -§ -9 =8 -8 16 -10.2
3 "y 185316 25,1 -a -a -b wd 0 0 -1 +~5 -1.5
2 :
185340 R5.8 +d +a  +c -C +4 +1 +4 =4 +1.2
0 185314 2644 48 ¢ -a ~b +1 +3 0 ~1 +1.0
5 185336 2645 +b +b +b +g +2 +2 +3 +2 42,2
8 185290 26,9 +e +f +d -8 +5 +6 +5 0 + 4.0
5 185318% 27,0
T 185307 272 +g +g +f +e +7 +7 +7 +8 + 7,2
8 /0 185303 27.9 +c +e +a +b +3 +5 +2 +3 +3,2
8 o 185312 28.3 +h +h +j +d +8 +9 413 +7 + 9.2
8 A 185331 - 28.4 +1 +j +g +h +11 +#11 +10 11 +10.8
0 k. 185309 28.8 +J +1  +i +f +12  +10 +12 + 9 +10.8
° = 185285 28,9 +f  +d  +e +c +6 +4 +6 +6 +5.5
5 : 185334 2905 +k  +k +h +g +13 +12 +11 +10 +1l.5
5 : 185304 30.2 +1 +1 +k 41 +1L 414, 4, +12 +13.5
8 3 185329 31,8 +m +m +1 +3 - 415  +15 417 413 +15.0
8 E .

¥ a
! P Standerd semple.
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TABLE B-14
. - INDIVIDUAL OBSERVER RANKINGS FROM MILL P

{Set II samples)

Luminous Reflectance Ranking Color Ronking
Machine Observers I Observers. Aver-

File Noo Result: P-1 P-2 P-3 P-4 P-5 P, Py P3 Ph P5 age

185296 22,3 ~h -1 e N § ~h 17 =17 -7 <16 <16 w16.8

185338 - 23.3 - -~f -f ~h ~h . ~f 215 =16 -16 =17 17 -16.0
185339 24,1 ~b -d g -£ -~ - ~7 =10 -11 -15 -13 -10.8
185297 TR & -h -f «e -g =16 -15 -15 -1, -1, -15,0
185350 25.4 -C -8 -d -d ~-a =8 ~11 -3 <11 -1 - 8.2
185284, 25,9 -d -g -¢ b @ -c -1l -l -2 -4 =15 - 7.8
185288 2642 -8 -b -b -C b -6 -3 -1 -5 -2 - 3.8
185306 2647 +a -a -a -8 -d 0 -1 Q' 0 -12 - 0.2
185341 26,9 +e +e +f  +b 48 + L4 +b6 +9 +2 0 + 5,2
1853182 27,0 - .

185322 27.8 +d +a +c +f +¢ + 3 O +6 +8 + 4 + 4o2
185323 28,1 +e +C +b +e 06 +2 +4 +5 +7 +6 + L5
185287 28;2 -2 ~-C -8 +a +b "12 - 8 ‘--lo + 1 + 3 - 7o2
185308 28,4 +h +f +e +g +g +10 +7 +8 +9 +8 + 8.5
185335 28.6 +f +d +d +C L 5 +5 +7 +3 +7 + 4,0
185286 2944 +b +b +a +d +d +1 +2 +4 +6 +5 + 13,2
185326 29.4 g +g +h +h +h + 9 +9 13 +10 + 9 +10.2
185311 29,8 +i +h +g +i +i 413 +12 +12 +12 410 +12.2
185330 32,3 +3 1 +i. +J +) 44 413 414 413 411 +13,5

& Standard semple.

Note: Observer J-5's results were discarded after examination indicated
a possible misinterpretation of the procedure.

il
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Pro ject 1108-15

File No.

185283
185346
185317
185337
185316

185340

- 185314
185336
185290
1853182

185307
185303
185312
185331
185309

185285
185334
“I85304
185329

Fourdrinier Kraft Board Institute, Inc. | Page £3
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TABLE B-15

INDIVIDUAL OBSERVER RANKINGS FROM MILL Q

Luminous Reflectance Ranking

(Set III samples)

Color Ranking

a Standard sample

Machine Obrarver Observer
Result Q-1 Q-1
22.4 -k =16 -
23.6 -J -17
2&00 -1 “15
2!}03 "i -ltlv
25.1 -g -9
25,8 -h -11
26,4 -f -8
2645 -d -6
26.9 -2 -7
7.0

27.2 +b + 1
27.9 -a -3
28,3 -C -5
28.4 +a 0
28.8° +d +10
28.9 -b -4
29.5 +C + 2
30.2 +a +12
31.8 +f +13
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TABLF. ‘B-16 A 1

‘. - INDIVIDUAL OBSERVER RANKINGS FROM MILL R

. {Set III samples)

R

Luminous Reflectance Ranking ~_Color Ranking e
Machine : Observer Observer ' 2'

File No. Result R-1° R-2 R-3 R-1 R-2 R-3 ' Average

185283 22,4 -f -h -h -6 <17 17 =16.7 iR
185346 23,6 -g ~g -g =17 =16 .16 -16.3 : ;!
185317 2440 - -f -e -13 -11 -13 . .-12.3 U |
185337 203 -c- -e ~f -8 -7 5 -10,0 I |
185316 25.1 -d.  -d -c -9 -6 -7 = 73 I
185340 25,8 -8 +8, +h 0 0 +13 + 1.0
185311& 26-1{. -b - -0 - -1 - - 5 —114- - 607 1
185336 2645 +te ~a +a +6 -1 +1 + 2,0 !
185290 6.9 +a ~ =b -b +2 -2 -2 - 0.7 v
1853182 27.0 S
185307 27.2 +f +b +e +7 +3 +6 + 5.3 A
185303 27.9 +d +e ~8 +5 + 4 0 + 3,0 o
185312 28,3 +b +g +f +3 412 +8 77 iy !
185331 2804 +g +f +g +10 +10 + 9 + 9.7 I
185309 28,8 +1 +h +h +12 - +13  +10 +11,7 . ?
I 185285 28,9 +c. +d +C +L +8 +4 + 5.3 U
i 185334 29.5 +h +e +d +11 + 9 + 5 + 8.3 S |
C 185304 30.2 +j +i +i +14 +14  +11 - +13,0 i
185329 31.8 +k +j +j +15 +15 +12 +1),,0 .

a
Standard sample

[ — e M
i
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TABLE B-17
INDIVIDUAL OBSERVER RANKINGS FROM MILL S

(Set IV samples)

Luminous Reflectnnce Renking Color Ranking
) Machine Cbserver Observer

File No. Result S-1 85-2 $§-3 §-1, S-2 8.3 Average
185347 21,9 -h -8 ~J =17 =16 17 <16.7
185282 226 -g -f -1 -9 =13 -15 -12,3
185348 24.3 -f ~d ~h -6 -7 12 - 8.3
185319 L6 -d -e -g -3 -8 =17 - 6,0
185351 2ha7 -e -c -f -5 -5 -6 ~ 5¢3
185289 25,8 -b -b -b -1l -3 -2 - 2,0
185291 26.3 -a +¢ -d 0 +4 -4 0,0
185280 26.6 +a +d -e +4 +6 -5 + 1.7
185300 27.0 -c -8 -8 -2 0 0 - 0.7
1853182 27,0

185313 27,1 +b +a -C +7 +1 -3 + 1,7
185281 28.0 +e +b +a +11 +2 +1 + Lo
185321 28,2 . +d +e +b +10 +9 +8 + 960
185310 284 |y e . +g  +d +8 411 410 + 9.7
185292 28,5 ' +f +h™  +c +12 +12 + 9 +11,0
185295 29.3 +h +i +f +14  +lh +13 +13.7
185325 29,8 +i +3 +g +15 415 434 +14a7
185291, 29.8 +g +f +e +13 +10  +ul +11,.3
185328 31.6 +j +k +h +16  +17 416 +16.3

a
Stendard sample




