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General Introduction

In recent years it has been of great concern to the United States Army to find
other way of accepting shipments of textiles, other than the visual method previously
dod. This visual method has led to problems due to disagreements between inspectors
r the Army and the textile manufacturers.
The objective of this investigation was to develop a new method of finding
gceptance limits by use of a numerical method involving instrumental measurements
4h submitted samples. The part of this investigation presented here includes the
iRstrumental measurements on submitted samples, picking of sample pairs for blue

§.d the visual test used on the inspectors. The results of the visual test will be used

) find the acceptance limits.

Determination of CIELAB Coordinates
A. Introduction and Equipment
The CIELAB color space was used in this investigation. This color space
a Cartesian coordinate system, consisting of three mutually perpendicular axes.
Qne axis is the lightness (L*) axis and extends from black (minus) to white (plus).
he two remaining axes are the yellow-blue axis (b* axis) and the red-green axis
. axis) which are perpendicular to the lightness axis (L* axis) and perpendicular
b each other.

Measurements on all submitted samples, 200 to 300 samples for each color
gudied, were obtained on a Diano-Hardy 11 spectrophotometer. These measurements
dere the reflectances of each submitted sample between 400 and 700 nanometers, taken
ik 20 nanometer intervals. These reflectance values were obtained with use of a 10
fegree-diffuse geometry. A tungsten lamp was used to obtain the reflectances.

| SR *
hese reflectances were used to calculate the L , a and b values for each sample.

hese values were calculated by use of an ACS 2000 color computer with programs

%*
gn storage discs. The L*, a* and b values were obtained for illuminant D75, 1931

gtandard Observer.
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After the CIELAB values for each sample had been obtained a data file was

: * % *
-created, which contained the L , a and b values along with the corresponding

| sample number. A separate file was created for each color studied. Appendix A
} gives a typical page from a data file listing.
B. Procedure
The first step was to calibrate the equipment using a white standard, Barium

Sulfate (Ba SO After correct reflectances were obtained from a standard and

NE
sample, both of Barium Sulfate, the next step was to obtain the reflectance factor

for the color standard of interest. The next step was to use the color standard as the
standard in the beam marked for standards (reference beam) and test each submitted
‘sample in the beam marked for samples (sample beam). Two sets of reflectances were
obtained for each sample and their average was used in the calculations. The programs
stored on the discs were used to calculate the tristimulus values, chromaticity

coordinates, color differences and CIELAB coordinates for each sample. This procedure

was repeated for each color studied.

III. Use of Sample Pairs for Finding Tolerances
A. Introduction
The standard and limit samples, of the color studied, should form a three-
| dimensional figure in the CIELAB color space. This figure will be set up such that all
the points in the interior represent an acceptance and all that lie outside represent a
rejection. This figure is an ellipsoid with its axis oriented in the lightness, hue and
chroma directions. The acceptability tolerances that correspond to this ellipsoid
shall be determined from the pass or fail responses, of inspectors, to various sample
f.;pairs which differ in only lightness, hue and chroma.
‘ It can be recognized that six tolerances will be found for each color studied,

- one tolerance in each of the plus and minus directions of the three axes. To find each

- tolerance a series of four sample pairs were used.




i
j
i
!

B. Visual Test Method
In each of the six directions studied, four color differences in increasing
amounts were studied. Thus 24 celor differences were used for each color. Each color
difference is represented by a sample pair in which one sample is designated as the
standard and the other is designated as the sainple to be judged against the standard.
These color differences were set up such fhat the largest difference would be deemed
unacceptable and the smallest difference would be deemed acceptable as a match. The
desired tolerance limit will lie somewhere in the range of the four differences.
Each of the color differences, sample pairs, will be shown to an inspector
ten times in random order. This was done so that the inspector did not realize that
the same difference is shown repeatedly. Each time a sample pair was shown, the
inspector was asked if he or she would accept or reject the sample against the standard.
Thus 240 judgements were made by each inspector for. e';rery color studied. A special
’ sample holder, lazy susan, was used during the judging so that the inspector could
not recognize which sample pair was presented for judgment.
1 C. Procedure
1. Finding Sample Pairs
To find the sample pairs needed for use in the visual test a set of several
hundred sample submissions was used for each color. These samples lie closely all
around the standard and should make it possible to find the needed sample pairs
amoungst the set of samples.
It would be very difficult to find a single standard to be used in all the
| sample pairs. It is easier to use a series of standards in the pairs with which
F corresponding samples can be used to represent the required color difference.
The following procedure was used to determine the sample pairs:

The data file was rearranged such that the listing was in increasing

numerical order of sample identification. This rearrangement was performed by the

computer program presented in Appendix B supplied by Dr. Eugene Allen. The next

step was to enter the rearranged data file into a program supplied by Dr. Eugene Allen
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Bsce Appendix C) , to find all the possible sample pairs obtainable from the entire

et of sample submissions.

The program in Appendix C considers each sample as a standard for

Rhich a subset of samples are found. These samples all lie on one of the six lines,
‘ breviously mentioned, extending outward from that standard. The program prints
ut, for each sample submission considered individually as a standard, the subset
plong with the corresponding color difference between each sample in the subset and
Ihe standard. From the output it was easy to find pairs of samples in which the
gample differs from the standard in each of the six directions, with four color differences
i each direction. It m.ust be remembered that the standard varies with each pair and
hat each pair represents a specific color difference in either hue, chroma, or lightness.
“ his procedure was carried out by myself for one of the colors studied, blue, and
Dr. Allen performed the sample selection on all the other colors studied. Table I shows
#he sample pair selection for blue. A full description of how the program, in Appendix
ﬂC, works can be found in the first reference.
2. Using Sample Pairs

The number of sample pairs actually used for each shade was less than
24, needed to represent the six directions with four color differences in each direction.
This is due to the fact that in many cases the same pair was used for a minus difference
Jand also for a plus difference. To further explain this refer to page 19 of the first
reference.
A computer program, supplied by Dr. Eugene Allen, was used to
randomize the order of sample pair presentation for each shade. The program
randomized the presentation of 24 sample pairs, with each pair being presented ten
times; thus the listing was composed of 240 total presentations. After the listing was
obtained the visual test was performed on the shade and the results were recorded.

The randomizing program used is given in Appendix D.

This procedure was used on six inspectors, three from civil service

(Bill, Moe and Carol) and three from textile manufacturers (Jim, Charlie and Robie).
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After the CIELAB vhlues for each sample had been obtained a data file was
created, which contained the L*, a'* and b" values along with the corresponding
sample number. A separate file was created for each color studied. Appendix A
gives a typical page from a data file listing.

l§. Procedure

The first step was to calibrate the equipment using a white standard, Barium

Sulfate (Ba SO 4). After correct reflectances were obtained.from a standard and
sample, both of Barium Sulfate, the next step was to obtain the reflectance factor
for the color standard of interest. The next step was to use the color standard as the
standard in the beam marked for standards (reference beam) and test each submitted
sample in the beam marked for samples (sample beam). Two sets of reflectances were
obtained for each sample and their average was used in the calculations. The programs
stored on the discs were used to calculate the tristimulus values, chromaticity
coordinates, color differences and CIELAB coordinates for each sample. This procedure

was repeated for each color studied.

III. Use of Sample Pairs for Finding Tolerances
A. Introduction

The standard and limit samples, of the color studied, should form a three-
dimensional figure in the CIELAB color space. This figure will be set up such that all
the points in the interior represent an acceptance and all that lie outside represent a
rejection. This figure is an ellipsoid with its axis oriented in the lightness, hue and
chroma directions. The acceptability tolerances that correspond to this ellipsoid
shall be determined from the pass or fail responses, of inspectors, to various sample
pairs which differ in only lightness, hue and chroma.

-It can be recognized that six tolerances will be found for each color studied,
one tolerance. in each of the plus and minus-directions of the three axes. To find each

tolerance a éeries of four sample pairs were used.




'B. Visual Test Method
In each of the six directions studied, four color differences in increasing
amounts were studied. Thus 24 celor differences were used for‘each color. Each color
difference is represented by a sample pair in which one sample is designated as the
standard and the other is designated as the sainple to be judged against the standard.

These color differences were set up such fhat the largest difference would be deemed

unacceptable and the smallest difference would be deemed acceptable as a match, The
desired tolerance limit will lie somewhere in the range of the four differences.

Each of the color differences, sample pairs, will be shown to an inspector
ten times in random order. This was done so that the inspector did not realize that
the same difference is shown repeatedly. Each time a sample pair was shown, the
inspector was asked if he or she would accept or reject the sample against the standard.
Thus 240 judgements were made by each inspector for. e\.rery color studied. A special
sample holder, lazy susan, was used during the judging so that the inspector could
not recognize which sample pair was presented for judgment.

y C. Procedure
1. Finding Sample Pairs

To find the sample pairs needed for use in the visual test a set of several

hundred sample submissions was used for each color. These samples lie closely all
around the standard and should make it possible to find the needed sample pairs
amoungst the set of samples. .

It would be very difficult to find a single standard to be used in all the
sample pairs. It is easier to use a series of standards in the pairs with which
| corresponding samples can be used to represent the required color difference.

: The following procedure was used to determine the sample pairs:

The data file was rearranged such that the listing was in increasing

: numerical order of sample identification. This rearrangement was performed by the

. computer program presented in Appendix B supplied by Dr. Eugene Allen. The next

-' , [ step was to enter the rearranged data file into a program supplied by Dr. Eugene Allen
_ L | ‘ _
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(see Appendix C), to find all the possible gample pairs obtainable from the entire

set of sample submissions.

| The program in Appendix ‘C considers each sample as a standard for

which a subset of samples are found. These samples all lie on one of the six lines,
previously mentioned, extending outward from that gtandard. The program prints
out, for each sample submission considered individually as a standard, the subset

along with the corresponding color difference between each sample in the subset and
the standard. From the output it was easy to find pairs of éamples in which the

sample differs from the standard in each of the six directions, with four color differences
in each direction. It rﬁust be remembered that the standard varies with each pair and
that each pair represents a specific color difference in either hue, chroma, or lightness.
This procedure was carried out by myself for one of the colors studied, blue, and

Dr. Allen performed the sample selection on all the other colors studied. Table I shows
the sample pair selection for blue. A full description of how the program, in Appendix

C, works can be found in the first reference.

© 2. Using Sample Pairs

The number of samplé pairs actually used for each shade was less than
24, needed to represent the six directions with four color differences in each direction.
This is due to the fact that in many cases the same pair was used for a minus difference
and also for a plus difference. To further explain this refer to page 19 of the first
reference.

A computer program, supplied by Dr. Eugene Allen, was used to
randomize the order of sample pair presentation for each shade. The program
randomized the presentation of 24 sample pairs, with each pair being presented ten
times; thus the listing was composed of 240 total presentations. After the listing was
obtained the visual test was performéd on the shade and thé results were recorded.

The randomizing program used is given in Appendix D.

This procedure was used on six inspectors, three from civil service

(Bill, Moe and Carol) and three from textile manufacturers (Jim, Charlie and Robie).
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Table I

Sample Pair Selection Results For Blue

| | .Plus Lightness Delia B Stendard Sample

" | 0.50 - 681 984
1.00 | 714 644
1.50 5000 | 5327
2.01 1000 5310
, Minus Lightness 0.50 984 681
| 1.00 644 714
[ 1.50 | 5327 © 5000
2.01 5310 1000
Plus Chroma ©0.36 1001 B 8444
0.69 7294 7426
1.07 om0 8443
| . 1.42 7052 7000
4 Minus Chroma 0.36 8444 1001
| 0.69 7426 7294
? 1.07 8443 7291
1.42 7000 7052
F Plus Hue 0.18 709 7023
| 0.38 847 979
0.57 866 650
0.75 006 837
Minus Hue 0.18 7023 709
0.38 979 847
0.57 650 - 866
0.75 837 006

) ;
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These six inspected all three shades while a seventh inspector (Linda), recently
entered into civil service and previously from textile manufacturing, only inspected
the pairs from the blue shade. | |
For this visual test procedure, illuminant D75 was used by all inspectors
except Jim and Robie. Jim and Robie used a cool white fluorescent illuminant due to
the fact that a D75 illuminant was unavailable. During this procedure a neutral gray
background was used by all inspectors, except for inspector Robie. Inspector Robie
used a very light tan background due to the unavailability of neutral gray. All
inspectors made judgements looking at the face of the material and overlaped the
sample over the standard.
D. Results

The results of the visual test were recorded .and tabulated. These results
can be seen in Tables II, III, and IV. In these tables the leftmost column shows the
total CIELAB color difference (Delta E) given for each pair. In the columns to the
right the percentage of acceptance judgements are shown for each inspector.

It can be seen that in most cases the expected outcome, the percentage of
pass judgements decreasing with increasing color difference, occured. Occassionally
the opposite of the expected outcome occured. Despite this the results of the tests

agreed with what was expected.

IV. Use of the Visual Test Results

From the data in Taﬁles II, III, and IV the color difference corresponding to a
50% acceptance rate must be calculated. This is done by use of a logistic function,
see reference two. The 50% acceptance rates were found for each color by using a
computer program written by Dr. Eugene Allen. This was then considered the

accepted tolerances. This final tolerance evaluation was done by Dr. Allen.
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Table II

Visual Results For Olive Green

} $Pass % Pass % Pass- % Pass % Pass % Pass
| Delta E  (Bill) (Moe) - (Carol) (Jim) (Charlie) (Robie)

I Plus Lightness 0.60 100 90 100 100 100 100
1 1.17 70 100 100 100 90 100
| 1.82 30 10 70 0 30 40
2.29 50 40 90 0 0 90
Minus Lightness 0.60 100 100 - 100 100 100 100
1.17 100 100 100 100 .90 100
| 1.82 100 10 100 0 20 60
| 2.29 90 40 50 10 0 90
5’ Plus Chroma 0.40 100 100 100 100 100 100
0. 80 40 50 70 90 90 100
| 1.13 20 80 90 50 40 100
} 1.52 20 40 70 50 30 30
;’ Minus Chroma 0. 40 100 100 100 100 100 100
‘ 080 100 50 80 40 60 100
? 1.13 100 70 80 100 20 70
| | 1.52 100 20 40 20 10 10
iﬁ
¥ " Plus Hue 0.40 100 70 100 80 100 100
‘ | 0.77 70 0 40 0 o 70
1.17 10 0 0 0 0 10
* 1.32 0 0 0 0 0 0
’ } Minus Hue 0.40 40 90 90 100 100 100
| 0.77 20 0 0 0 0 10
1.17 0

1.45 0 0 0 0 0 0




Plus Lightness

Minus Lightness

Plus Chroma

Minus Chroma

Plus Hue

Minus Hue

Table III

Visual Results for Tan

% Pass

%$ Pass % Pass § Pass % Pass % Pass

Delta E  (Bill) (Moe) (Carol) (Jim) (Charlie)  (Robie)
0.66 60 100 100 100 - 100 100
1.32 30 50 20 .20 100 100

1.95 20 0 10 0 100 100
2.65 0 0 0 0 40 30
0.66 100 100 100 100 100 100
1.32 50 20 30 0 90 100
1.95 30 70 10 0 100 100
2.65 10 0 0 0 40 90
0.50 80 100 80 100 100 100
0.92 80 40 80 0 90 100
1.33 10 0 20 100 100 80
1.92 10 0 10 0 100 100
0.50 90 100 100 100 100 100
0.92 20 20 30 0 100 100
1.33 10 0 70 100 100
1.92 0 0 0 50 90
0.25 40 70 60 100 100 100
0. 47 40 60 30 90 90 100
0.69 0 0 20 100
1.01 0 0 0 100
0.25 50 70 60 100 100 10
0.48 10 0 70 100 90 100
0.69 0 0 10 10 10 20
1.01 0 0 0 0 0 100

’a -
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Table IV

Visual Results For Dark Blue

b % Pass  Pass  Pass % Pass % Pass § Pass % Pass |
: Delta A (Bill) (Moe) (Carol) (Jim) (Charlie) (Robie) (Linda) f
| | Plus Lightness 0.50 50 100 .60 100 100 100 90
i 1.00 30 100 10 10 100 100 90 |
E 1.50 0 10 0 10 0 100 20
| 2.01 0 0 0 0 0 10 10
; Minus Lightness 0.50 90 100 70 100 90 100 100
. I 1.00 70 8 10 10 9 100 100
| 1.50 10 20 0 0 0 100 60
‘; 2.01 0 0 0 0 0 0 10
@ @ :
| Plus Chroma 0.36 0 90 8 10 100 100 80
| ‘ 0.69 20 8 8 00 100 100 100
; . 1.07 0 0 10 0 0 100 10
| 1.4 20 70 40 0 60 100 40
| Minus Chroma 0.36 80 100 0 50 100 100 100
I 0.69 30 90 80 100 100 100 90
| 1.07 10 100 10 10 0 100 0
1.42 30 80 10 0 50 100 100
| Plus Hue 0.18 70 100 100 90 100 100 100
0.38 80 100 90 100 100 100 100
0.57 60 100 80 100 100 100 90
) 0.75 50 90 0 0 0 100 100
' |
E Minus Hue 0.18 70 100 80 100 100 90 100
| | 0.38 50 90 90 100 100 100 90
| . '- 0.57 100 100 100 100 100 100 100
0.75 60 10 0 .10 10 80 30
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IV. Conclusions

The methods of selecting samples for inspection and presenting samples to
o\ inspectors seem to be dependable and WOrthy of future use. Some of the unexpected
résults can be attributed to the use of a different illuminant, other than D75, and the
use of a non-gray background by i‘nspector Robie.
It is suggested that the same procedure be used for sample selection in the future.
It is strongly suggested that inspectors be required to use a neutral gray background
and the same illuminant, D75, as that from which the CIELAB coordinates were

calculated.
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£ 100 0000 22,99 0,40  .-11.49
T110 0002 . 22,18 -0.06  ~10.79
b 10 0003 . 23,09 .. C 0,05 ° -l1.48 o
C 430 0004 . 22,53 0,23 -19,89 ; o
140 0005 23,56 . =0,03  -11.16 |
150 0006 22,70 -0.,25  -11,25 : ,
@O0 0007 22,34 ~0.16  -10.92
}

700 00010 20,93 0 0 0.16 -10.81
;180 0009 .. 22,85 S 0.13 0 ~11.12
490 76137 - 23,47 - =0,60  -11.67

200 7614 . 22,326 ~0.76  ~11.64

) 210 7618 22,43 -0,71  ~11,54

220 7607 22,51 ~0.76  -11.61

T 230 7442 0 21,71 00 -0.64 . -11.,48

L2400 7462 00 , . '

250 4408

260 7428

270 7426

5310

05327

0" 8365

740900

7408

7432

7410 2

T 2000

300007 &

4000 7 2]

5000

6000

7000

8000

2000

1000

LRV, AN

Lo =11.72°
T =11.93
. =11,8%




Appendix B

Program to Rearrange the Data File

(supplied by Dr. Eugene M. Allen)




- _ PROGRAM REARRAN (INPUT, OUTPUT, TAPE1, TAPE3) 001000
‘ | BIMENSION 112001, AC200), BL200) o 001010
il Tt REAL LR200) L e e e ... 001020
li .1 . LOGICAL OK T o - E . 001030
TLi REWIND 3. o S o : 001040°

e g =4 . L © 001050

~ 771080 READ (3, 1001) 11. 12, Ltd)s AL)s BLJ ' , 001060
| " - 1001 FORMAT(I5, 1Xs I3, F11.0y F15.0, F10.D) | - . . 7001979
‘ L (11 . EQ . 999) GO TO 120 . .. boipdd
« CoTI4JV7=T1000 ¢ I1 4 12 | | o " 001090
‘ R I J+1 5J. RS . S boldn
7760 TO 100 Gl e ;081110
120 ) NCOLORS = J | "ﬁ”'”f. ~T T ' L 0804120
( "~ NMINL = NCOLORS - 1 . o o S | - 001130
ITER =0 . - .. _ S 7 001140

. ?T?I?ﬁfﬁi =R ET ~“”'“f*“*‘, g ; T -7 001158
( | ITER = IFER+1 - R S £
LU PRINT 1084, ITER “° " e , o 80117e
1004 004 FORMAT(LHS,I®) . : 4 T oouer
' DO 160 J = 1, NMIM | ' ~ 00119L
IF_(I(4) o LE o T0+ 1)) 6O TO 1en e 081200
IO 0K = LFALSE. - T , TToTETTTTT o s nuizag
L ITEMP = T4 A.."~ e -~ 001220
TItY) I(J P e s . DD1230
It ¥ Iy =TITERP : | - 0042%0
TEWP = L)) - . - o : : 001250
L) = LU+ ) L - 001260
LU+ = TEdP TR L R P - 001270
_;“TEMP AL RO | TR N g;< 001230]
COA) = A A et s 00129
T A(J ¥ 1) = TEWP | ; o 001300}
4 TENP = 8(J). . B . ' . o : 001310}
8lJ) = B(J + 1»'A“:L ~ ' s 001320]
B TcMP ol ST T Lo en o & 01330
172160 CONTINUE -’ S fronn ool 001340
g5y IF LaNOT . oK), G0 To 130 il o7, 004350
60 180 J = 1, NCOLORS . T e 001360
S I1= Ity /7 1000 SR o ST oI
I2 = I(J) = 1000 * 14 | e 001380:
—WRITE (1, 1008 Iis 12, LWIh, AW BUY. 7 o o 7 001390
! (- 1002 FORHAT(Ip, 1H-. I3 Fi1.2, <F10.2) Co e a0 001k0D
':--'.a- ; 180 CONT INUE oL o o S T _ " T N S 001“1“
- stoP - . ... . L. ] 00142t

- . . -t L ]

(- TEND . 7ff"f{’*" D R J e

3 .
r.- ceswigorg

Il ll

 Enarituitadtibes
DRSS
S

t " ——
! e
{ ° -_ -
.
! \
; ="
N -, .- -
. HE .
..
( i
i.
[® - - e o e e o e e —— e e = o o e = o
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Appendix C

n

Program to Find Sample Pairs

(supplied by Dr. Eugene M. Allen)




L

AULL FURNALY.,

Tt AP gf Ay g0 ax 2 o 0OFY

.. " PROGRAM SIXWAYS (INPUT, GUTPUT, TAPE1, TAPE?) 001000
C | 001010
C.  IN A GROUF OF COLOR POINTS IN CIELAB SPACE, DETERMINES 001020
€ 7 ALL COLORS THAT ARE ON ISO(HUE-LIGHTNESS) 004030
c ., IS0 (HUE=CHROMA) AND ISO(CHROMA~LIGHTNESS) 001040
¥ LINES RABIATING FROM EACH POINT IN TURN. 001050
¢ 001060
| n:uansron AC400), B400) Nunasataon», NUMB (40y 3, 2), 001070
! L fDEUon 3’ Z’, NP‘3’ 2) 001080
C 001090
P REAL L(hﬂﬂ) - 801400
- C . | o . 001140
C READ FILE OF COLOR POINTS. 001120
¢ | 001130
T d =1 - o e e 008148
‘—““‘R=HIN0 S ;.ii"f"l"“'f' L 004150
' "REWIND'?. . - . pB1457
1nn READ (1, 1001) NUHBER(J), L!J)o Atd)s BLJ) T D01160
‘"““‘*IF“inunaER(J) . EQ . 7H9999999) GO TO 120 004170
d=Jel 001189 |
GO TO 100 - - 001190
’“"120“N00L0Rs J = 1 ” . 0bazoo
€ ' i 0012203
c .;; ser up no LOOP BASED ou EACH POINT- e 004230
T oot L S 001240
-D0 300*3 = 1. NCOLORS : 601258 -
PRINT 10iby J o - L ) 001260
— RITE‘?T, 1002: NUMBER(J) T ' | i 004270
C. - ‘ 001280 ¢
C : ser up oo LOOP BASED 'ON THE THREE ISO LINES N 001290 :
. C COLOR SPACE. '~ 7001300 !
c . 001310
D0 220 IVIA. =1y 3 e 001320_‘
ML= 0T T T T 091330'
Lo N2,='0:ﬁ.' 004340 :
G ' ' i 001350,
T SET 0P uo LooP BASED ON TESTING EACH POINT TO SEE 004360
c IF IT 1s ON THE IS0 LINE. 0601370 -
c " ‘ g . ] 001380 °
; 4 bfzoonx = 1, Nconoas,f**””' o 001390
] FJ »-EQ »K) GO TO 208 i ST T . . 004%0D
* o TO ‘130’ 1"5’ 1,,’0), 3 ‘;IA .-4__ s __.—“ R TR T 0_{)__1_!'_101
C T oozuzo
c FORPULAS FOR DISTANCE BETHEEN COLOR POINT AND ISO LINE. 001430 :
c 001440
; 13n DIST SQRT((L(J) LRI %% 2% WH * Btk - A(K) * B(J)) , 001450
R Sar a3 (A(J) * z + B(J) ) L s 001460 :
L T60T TO 459 A g 2 . SN 001470:
135 DIST = SQRT((L(J) - LIK)) WS (A(J) 2y a + B(J) W 001430
= ALK * ALY - B(K) *BII) ¥ 2/ (ALJ) ¥ 2 + BLI) ** 2)) 001599
‘60 TG 3 150 - - on;an;
‘““14h DIST = SQRT((A(J) - AlK)) Redi B STBIKY) ¥ T2) 0014510
c - 004520
c ;F DISTANCE xs roo GRFAT. ELININATE THE POINT. 001530,
) o 001540
156 IF (DIST . GT . 0.13 6o TO 200 001550
c . : . ..‘..- S e emme e E—————— 001563’
T D‘TERHINE ON HWHICH SIDE OF THE ISO LINE THE POINT LIES. T 001570*
'C .- CALCULATE THE COLOR DIFFERENCE BETHWEEN THE POINT ... 001580}
€ AND THE REFERENCE COLOR. -2 001590
c- B - 001600 },
GO TO txao. 165. 170). IVIA 001640}

Tty




¢ IF (B3I o GT o 8(J)) GO TO 183

| © 6o TO 190 - o | 001650
, ©.165 AL = ALJ) + BLJ) ¥ (ALK) * BLJ) = ALY * BIK)) /7 (AL *w 2 001668
Yo e BULI) ¥ 2) . . . 001670
,  IF (AL « GT » AtJ)) GO TO 190 . i ne-oo.B0163D
| ‘ G0 TO 130 ~ | | . T 004690 | |
: o IF (LK) o GT » L(J)) GO TO 180 o S+ poa700| |
| 60 TOL90.. - i - i e 001710
180 M1 = ML ¢ 1 ‘ o | 001720
NUNB (ML, IVIA, 1) = NUMBER(K) - - | 001730
: DE(ML, IVIA, 1) SQRT((L(J) - L(K)) ** 2+ (ACS) - ACKDY 004740 -
f““f’# a2y (B(J) - a(()) 2 . 7 001750
. G0 TO 200 o _ C - 001760}
__190 M2 = M2 ¥ g L — . Boar70;
NUHB (N2, TVIAy = NUHBER(K) | v' | L 001780
DE (#2, IVIA, 2) = SQART{ILLJ) = LIK)) ** 2 + (ALD) = ALK} 001790 !
v »* 2 + (BU) - 8 (KM "'%lmwnu. I o 003300,
zun CONTINUE el T o e T _ TR 001810;
o NPATUIAy . 1) ,-n : -.=._.;- L R U .. 0018207}
" NPAIVIAy 2} e e P TS SN EET 001830
zan TONTINE j;,ft;, CaL S T 003340
RIS o - s © 0 0048501
PRINT our RESULTS rOR EACH STANDARD POIN . - .~ 00186D
= o T . 001870

"””'fﬂnAx7£5ﬂAthNp§i;fi); NP(i, 230 NPLZs 110 NPtz. 2+ NP(3, 11, ”;5 001230 %

L 4 NPU3er2)) S [ — . " 004890
IE (NHAX EQ . 0} i €0, 6 270 o o _ , ETECILE
“WRITE (7» 181D T o 001905
; . po 253 K =1y pnnx U . C03910_
Fr - WRITE (7 1ugu» - » T T 004920
7 DO 259 M1 I L . o 001930
i 00 @ 250 W2 = 1s 2 DU E— il 001940

L IF (K. 6T prnx, “M2)) 60 10 zso | - 77004950

o  IF (M1 . EQ » 1 » AND . MZ . EQG . 1) WRITE (7, 1085) . : 001960
AR § NU“B('(, ﬂi) HZ), DE(K, "1’ M2} L . L 001973 C
FrIF (MU EQ L TUAND W M2 . EQ o72) WRITE (7, 1008} - 003980

o NUMBIK, Mis M2)s DEIK, M1, M2) | o 001990
s Ll (Mi » EQ » 2 o AND » M2 o EQ o 1) WRITE (75 1007y o 002000 .

' j v+ NUMB(Ky M, H2), DEK, Mi» H2) 002040

iR (ML e EQ e 2 o AND . M3 . EQ » 2} WRITE (7, 1008} 002020
T4INUMBIK, M1y M2)s DEK, M1 »M2) L . 002030

SF F (i » EQ » 3 » AND » H2 . EQ . 1) RIfE‘T??‘Ibdéf‘ R 002040
ZeSNUNBIKy N1 »M2) . DE(K, M1 oM2) . g{:g,.;'ggoocoso
ATF: (M172 EQ s 3 o AND M2 o« EQ o 2 zx HRITE cz, 1010 }\a;fvéif’002060

A NUNB (K, M1 oH2)y DEIK, Hiy M2) A - | ~ 002070
zsu ‘CONTIMUE - =- - S - 002080
=60 .70.300 . T : S : , 002090 _
rT?:?ﬂ HRfT'E“ﬁ"-iﬂid R S R, 902100
. 13007 CONTINUE! B R R : o ; S 002110 .
e " _23"5f£% A S A wg”lg_r'A~002120
T ' e T _ T - 002430
c -° ' TR
C Tt I 002150
1001 FOR&AItZX.A?.Fiz z SEigi2y T T T . 0p216D
L4002 FORNAT(#///* SANPLE NUMSER *, A7) , .. .. soa.
003 FORPAT(I5{_”___,~.;»_“_.‘4uw. e S 002200
)* % FORMATL® ¥} - o T : 002210
1005 FORMAT(1H®y L AT 4F642) - 002220
1006 FORﬂAT(lH*.l? XyATsF62) | : - 002240
;1007 “FORMATTiH®y 3k wXsAToFB.2) T . ... 002250
1. 1008 FoRnA1¢1H+.51x.A7.Fo.2) . L . . boaed.
' l 1009 FORHA‘(:.H"SP ’ 7_'_‘{6:2, R o ) L ,002270_‘
1010 FoanATTIWFT'B » A7 vFB,2) P ~T 002280 '

101 FORMAT(S3SPLUS: CHRONA®, 5X *HINUS CHROMA®s TX) SR . 002290 °

4




bl
1

“+*HINUS LIGHT*)

- .- . e e s e .

002305

1312 FORMAT(* NG POINTS FOUND IMN ANY DIRECTION®) ) "'802310
*1014 FOR)‘.ATHHS,IS)_ ) , - o . " 002315
C- | : : | _ 002320
. END . A - o ; © 002330
— "‘; . _____. .- .~ '. . - - ... :-: . -. . | ...-

: ) - o o

s e - - ) : —

i e ‘ - ) {
T--..«.—_—_—---—-...—Q " o e e e - ] e ] - T T Ttem oo . . T * . v '. ?
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Appendix D
|
| Program to Randomize the Order of Sample Pairs
(supplied by Dr. Eugene M. Allen)
;
\" .
' W
? C

CYPRCE Yty s xRS

D e i - —— o w— o —
» = 9 e ————— >

-



A . "~ .

L ease Sre R At e e anl sy e, A ———

o TPROGRAWFUNFERTINPUTY OUTRUT, TAPEL) T ) 001000
£Iq ' 001010

a ,C_M o PREPARES ‘RANOINIZED LIST OF CONPARISONS FOR THE INSPECTOR --- .901220
1 _ sl o o 001030 |
) DIHENSION NAME (2. th ITAL(ZM _ 001040
‘ N (S ot 1 e s B D -.-- 001050

! " LOGICAL OONE | - - 601060 |
c ‘ o " 001070
DATA-MAME/.eo o - - oo . .. .-. DD1375
L +1onx.auuh.euhu 1001.7030.7«30.7«30.7030. . - 001089
L +7csz,auba.auu3,7zsz.7usz.1000.7000.7052. : . . . 001090
e 407099702397 02340709, 0847097940979 908474 ——— — - - momie 604100
- +0866,0650,0650,0886,0006,0837,0837,0006, . I 004110
+0681,0984,098k,0681, 07140644, 0644,0718, . L : 001129
-*500a75327,5322,sooo,1000,5310 531071000157fr——~~~-- - ————-001130-.
S L S . ’ s 001220
00710079 = 1, zu - 'u  SRR ‘_ R .. poi230
=00 ITALL -0 o ‘ N ——————001240-
150 K = IFIX(RANF(0,0) * 24, + 1) ' L 001250
IF (ITAL(K) , GE , 10) GO TO 150 . o 001260
r~——f-HRIT€—41,—4001&-4NAHE(Jr—K)v-J--wi'—Z! — - 001279-
s ITALGK) = ITALUK) ¢ 4 B . 0D12s0;
OONE = ,OTRUE. CE L p oL L 001290’
uo_zoo_J--i,-zto , e e o e —001300-
- IF (ITALGDY o LT o 10) DONE = FALSE. | . 001310
" 200 CONTINUE o | 001320
—IF-—(0ONE)—STOP—— — e e e e e 01 330
60 TO 450 < o e o . . 004340
1001 FCRPMATE/ /1%y Iu, 19: | o g S 001250
. gnn ' 2 e e i1 em e e - ___..001370._

..--- Rl it

Vewvss 17,25,57, HANNYLW 000081 LINES PRINTED 77/ END OF LIST /77 10
#¥ve3® 17,25,57,  MANNYLW 000081 LINES PRINTED /// END OF LIST /// 10 22




Appendix D

Program to Randomize the Order of Sample Pairs

(supplied by Dr. Eugene M. Allefl)




' .-'u

A\l

% . “'-‘“““PROGRAH“FUNFER‘TINPUT? OUTPUT, TAPEL)

g : -
.qiC-ufm-wm_-PREPARESaRANDIHIZED LIST OF COMPARISONS FOR THE INSPECTOR - .901820
. L ' ' ~ 001030 ;

| @ﬁiq? DIMENSION NAME (2, 24), ITAL(24) . 001040

" LOGICAL OONE ' - - 601060 |
_ : : . - : ) - " 001070
e .DATA.MANE/. et o . R . L D . L - 001375
L #1002, 8%4%,80ki,1001,7030,7430,7430,7030y 4 : 001089
P +7zgi,auqz,ann3,7zsi,7usz,7000,7000.7052,‘ : _ 081090
:—54-40709.7023,7023,0709,oau7,0979,0979,08n7.-_=;-wﬂ~~w-u_———~n-——~——-001100
. +0866,0650,0650,08€6,0006,0837,0837,0006, : 001110

. +0681,0984,0984 0681 574l 0644,0644,0714 . N ~ 001129
: ia_;»5oan532?,5322,5000,1uun,5310,531u,1000/_¢77w~»-——— : 001130
S T e L | S 001220
PO 00718800 = 82 0 T s I .. 004230
00— ITALA D —=p i e e e ee———001240-
150 K = IFIX(RANF(0,0) * 24, + 1.) ' . . 001250
1F CITAL{X) . GE . 10) GO T0 180 . - - 001260
r;——f+—HRITE—4¢,—1OOIL—JNAME(Jr-KL,—J—;ui,—Z) —— - 001279~
' A - 001280,
.. 001290

D0-200- =1 42— 001300

~ 0 UIF (ITALGD) » LT . 10) DONE = oFALSEe ' . 001310
- 200 CONTINUE I , _ _ 001320

" —IF-(OONE)STOP————— —————— _ 001330
UG TO 450 LT e - - 001340
L1001 FCRMATC//1Xs Iy 19 - o : o 001350
L END-— ;r«\w'in;;; — : S S S 601370 4

oo sepmcpaem i A o ® e s - e pr——

621000
001010

e R

G

[NRRYSN

ST TTALAKY -= ITALUK) ¢ 1

BONE =, TRUE. ™

e
$o0
i

~
/ -
| ]

' eevsr 17,25,57, HANNYLW 000081 LINES PRINTED. /// ENC OF LIST 277 L0 ‘22
axe3s 17,25,57,  MANNYLW 000081 LINES PRINTED 77/ END OF LIST /77 L0 22
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