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PREFACE

The work reported was performed as part of Phase 1I of a project to
develop a color measuring system to be used for instrument judgment of
color of textile fabrics procured by the Defense Department. The heart
of the system is a spectrophotometer to be controlled by a computer that
also performs required colorimetric calculations.

Phase I was limited to an evaluation of commercially available spec-
trophotometers, each with a small microprocessor. The evaluation was per-
formed under Contract DAAK6(0-77-C-0093 by Rensselaer Polytechnic Institute
and published as NATICK/TR~79/044, All three instruments evaluated were
judged capable of meeting the color requirements. Because the system
also must be capable of measuring infrared reflectance, however, one of
the three instruments was dropped from further consideration in the syse
tem development.

The purpose of Phase 1I was to design the color measurement system
to meet the needs of the program. One step in the design was the de-
velopment of a mathematical means for expressing acceptability of slight
deviations from standard shade. This work was performed under Contract
DAAK60-78-C-0084 by Lehigh University and published as NATICK/TR-80-0036.
A second step was development of a rigid system calibration procedure,
which is the subject of this report. The work was performed under Con=
tract DAAK60-79-C-0096 by Clemson University. The third step under Phase
11 was design and procurement of a prototype, two-unit system.

Support of the program was provided by the Manufacturing Testing
Technology program. The Project Officer throughout both Phase I and
Phase II was Alvin O. Ramsley; Alternate Project Officer was Therese R.
Commer ford.

The project officers acknowledge with thanks the constructive
suggestions made by the Committee on Color Measurement of the National
Research Council., Committee members are David L. MacAdam, Chairman,
Ellen C. Carter, Franc Grum, Robert F. Hoban, Michael E. Breton and
John J. Hanlon.
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STANDARDIZATION PROCEDURE FOR TWO INSTRUMENTS FOR COLOR MEASUREMENT

Introduction

The U.S. Army Natick Research and Development Laboratories entered into a
contract with Clemson University to have a method developed for the standard-
ization of color measuring instruments. This is one part of the longer range
program to evolve an inspection procedure for the acceptance of the color of
military fabrics through instrumental measurement rather than by visual es-
timation. Although there are several problems to be solved before a reliable
procedure is achieved, two of the major aspects of the project have been in-
vestigated under contract and reported separately. 1In one of these contracts
Billmeyer and Alessi addressed the general reliability of commercial color
instruments, and in the other one Al}eg and Yuhas developed the mathematics
of the color acceptability criteria. ? The present work covers a third
aspect which involves the technique that would be used to assure reliability
of the instrumental measurement through proper calibration.

Instrumentation used in study

Two instruments were used to develop and test the standardization pro-
cedure. Both instruments are commercially available and had been investigated
in an earlier contract and had been found in the main to be suitable. One in-
strument is the Hunter D54 spectrophotometer (Christie agd McConnell, 1977)
and the other is the Diano Match~Scan spectrophotometer, Except for the
fact that both instruments involve integrating spheres and diffuse poly-
chromatic illumination, the optical arrangement of the two is quite different.
Nevertheless, the measurement data obtained in this study with both instruments
were quite comparable although they were not exactly interchangeable. No
attempts were made to introduce adjustments to compensate for these small
differences in results.

The Hunter spectrophotometer was loaned to Clemson by Natick Laboratories
for the purpose of this study. It consisted of three interconnected units:
a measuring head, power supply, and a microprocessor push-button controller.
In order to collect the large amount of statistical data required in this work,
the instrument controller was interfaced to a General Automation SPGC=16/45
minicomputer. On occasions when graphical data were needed, the spectro-
photometer was connected to a Tektronik 4662 plotter. The SPC=16 was pro=-
grammed in Fortran to aid in the data collection and the standardization
test procedure.

l. F. W, Billmeyer, Jr. and P, J. Alessi (1979, '"Assessment of Color-
Measuring Instruments for Objective Textile Acceptability Judgement'
Technical Rgport NATICK/TR-79/044, U.S. Natick Research and Development
Command, Natick, MA 01760, March 1979.

2., E., Allen, and B. Yuhas (1980), "Investigations to Define Acceptability
Tolerance Ranges in Various Regions of Color Space,' Technical Report,
NATICK/TR-80/036, U.S. Army Natick Research and Development Command,
Natick, MA 01760, September 1980.

3. J. S. Christie, and G. McConnell, Color 77, p. 309, Adam Hilger Ltd.,
Bristol, England, 1977.
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The Diano Match-Scan spectrophotometer is part of an integrated instrument
computer system called the Match-Mate 3000. The instrument is entirely computer=-
controlled which means that special test programs were written in Fortran around
operating software that was furnished by the manufacturer. The Tektronik 4662
plotter was also interfaced to the Match-Mate 3000 system for drawing special
graphs.

Basic calibration methods

Spectrophotometric reflectance data are the basic measurements used for
calculating color difference values which in turn express the acceptability of
the color of test materials compared to established standards. Therefore, it
is necessary to evolve a method that would establish with a fair degree of
certainty that the instrumental measurement is reliable in order that a high
degree of confidence can be placed on tests performed with the equipment.

Such a premise infers that the instrument is set up for operation and then
checked according to prescribed methods. It must be relative to some
accurately known set of data. If these data are based on fundamental
measurement of wavelength and spectral power, then this is an absolute
method, Alternatively, the values of a set of calibrating materials can be
known relative to a master set of similar materials; when the instrument is
performing satisfactorily, the results obtained on a specific set of materials
will be within specified tolerances. This is a relative calibration method.
In this application, long term repeatability of measurements of a given in-
strument and reproducibility of measurements between locations are of para-
mount importance, therefore, the relative calibration method is followed in
the present study.

Wavelength scale calibration has been done for many years on several
commercial spectrophotometers using the well-known absorption maximum of the
Corning 5120 didymium glass. Gibson, and Keegan found that several maxima
can be used with spectrophotometers having a constant bandwidth in the range
between 2 and 10 nm; this gffers a method for checking spectrophotometers
that have such resolution. Although the Match~Scan can be calibrated with
didymium, this procedure is inappropriate for the D54 instrument which has a
bandwidth that changes from 12 nm at 400 nm to 18 nm to 700 nm, making the
didymium filter less suited to this purpose. This is shown in Figure 1.
Venable and Eckerele (1979) have described a more advanced method for whve=
length calibratign with a didymium filter which is suitable for any wave=-
length bandpass.

4. K. S. Gibson, and H. J. Keegan, J. Opt. Soc. Am. 31, 462 (194l1).

5. W.:H. Venable, Jr., and K. L. Eckerle, (1979), "Didymium Glass Filters for
Calibrating Wavelength Scale of Spectrophotometer~SRM 2009, 2010, 2013 and
2014,'" NBS Special Publication 260-66, National Bureau of Standards,
Washington, DC 20234.




An alternative method for wavelength calibration was described By7
Van den Akker and adapted for the D54 instrument by Stanziola et al. ’
It requires pairs of glass filters having spectrophotometric curves that
cross at a determinable wavelength. 1In the region of the crossing, it is
best that the transmission curves be approximately linear. Two sets of
filters have been useu to check the wavelength scales around 440 nm and
390 nm which presumes to cover the limits of the visible spectrum. The
Van den Akker method is applicable to both the D54 and Match-Scan; curves
obtained with each instrument are shown in Figures 2 and 3.

There are caveats to the crossing=filter method. Individual sets of
filters give particular wavelength crossings which are dependent as well
upon bandwidth and instrument geometry. Different values for the inter=-
section wavelength will also be obtained depending upon what wavelength
increment is used to interpolate among the transmission measurements for
each pair of filters. The crossing wavelength can be computed with data
from any wavelength interval according to the following formula:

-t

X=1 (t3-t1)/(t2+ t

- ta) +W

3 1

where,
X is the crossing wavelength
I is the wavelength increment

t.,s t. are the transmittances for the first filter at wavelength, W,
and wavelengthy W + I, respectively

t,s t, are the transmittances for the second filter at the same wave=-
lengths as the first filter

W is the first wavelength

A 10-nm increment is preferred because it is a normal mode of operation
for the D54 instrument and this makes for a convenient procedure. Hunterlab
makes their determinations at l-nm intervals, which give slightly more variable
data (see below) than with 10=nm intervals. There is a small difference in the
crossing wavelength dependent upon the wavelength increment, but as long as the
same procedure is used at all times, the resulting values should be consistent.

Another method based on mercury emission lines is suited to the Match-Scan
instrument but not the D54. The Match-Scan is provided with a Stand-Alone

6. J. A. Van den Akker, J. Opt. Soc. Am. 33, 257 (1943).

7. R. Stanziola, B. Momiroff, and H. Hemmendinger, Color Research Application
4, 36 (1979).




Program (SAP) which allows for single-beam radiometric measurements at 0,2-nm
intervals. The output of a mercury arc lamp can be scanned around the emission
peaks at 404.7, 435.7, 546.1, 557-578 to determine whether the instrument wave-
length scale is correct. This has been done with the Match-Scan and the results
are shown in Figure 4. Although the instrument has not been reset to the correct
wavelength, the wavelength error is repeatable over a six-month period indicating
that reproducible measurements can be achieved,

The D54 is routinely calibrated by the manufacturer, Hunterlab, using a
series of figters of known spectral transmittance values for corresponding
wavelengths, Diano, on the other hand, calibrates the Match-Scan using the
didymium filter absorption points. However, the purpose of this procedure is

. to recognize whether an instrument is performing in the same way that it had

- been when it was put into service. To that end a simple wavelength check 1is

| made with the transmittance of an anber filter at about the middle of the
visible spectral range.

Several methods have been cited for wavelength checking but there are not
generally accepted methods for establishing the validity of the photometric
(reflectance or transmittance) scale for a spectrophotometer. In cooperation
with the National Bureau of Standards we have developed a set of four neutral
gray glass filters of ascending transmittances from about 0.5% to 31%. These
were measured on the NBS high-accuracy spectgophotometer at 511 nm, which is
in an area of relatively flat transmittance. Since the high-accuracy spectro-
photometer will give transmittance values at least more precise than any
commercial instrument, it was felt that these filters would serve as a good
reference for both instruments in this study,

The measurements obtained on the instruments are given in Tables 1 and 2.
It will be noted that l-nm data obtained with the D54 are slightly less con-
sistent than data obtained with the Match~Scan. For reasons not known, these
data are not in keeping with the 10-nm data obtained on the D54 in other parts
of this study. Although the photometric readings on both instruments are not
equal to those of the NBS, repeat tests done weeks apart indicate that the de=-
parture from the Bureau's values remains constant. One can presume from this
that either the method of measurement in the commercial instruments produges a
specific bias or that the normal standardization methods for these instruments
do not compensate for nonlinearity in the photometric scale. Nonetheless, con-
sistency of results is the overwhelming requirement.

Routine calibration

‘ The calibration method which was finally developed as a result of this ine
vestigation considered that the following criteria were important:

a. Physical samples should be measured on the instrument and should be
stable, easily cleaned, and of a convenient size.

8. See Reference 3.

9. See Reference 5.
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b. Measurements should check the performarre ur the instrument as ‘or
wavelength reliability as well as low range (below 5%) and high range (above
70%) photometric response.

c. Measurements should also check the 100% line and the mid-scale
correction in the reflection mode.

d. A final check should be made of the ability of the instrument
and computer system to give reproducible color difference values on a pair
of samples of known color difference.

e. Backup calibration materials should be available to check the in-
strument wavelength if there are indications of wavelength uncertainty in
the routine test.

These objectives were satisfied by selection of the following materials:

a. A white opal glass, 50 mm square by 10 mm thick which is covered
on back and sides with black paper. See Figures 5 and 6.

b. A Corning 3307 Signal Yellow filter, 50 mm square by 2.3 thick.
See Figures 7 and 8.

¢c. A gray porcelain enamel plaque, 10.7 cm square. See Figures
5 and 6.

d. A pair of tan polyester gelcoat plaques, 7.8 mm square. See
Figures 9 and 10.

e. Four glass filters for wavelength checking. Each is 50 mm square.
These filters were obtained through Hunter Associates Laboratory (the Corning
description is only given for reference).

Blue-Corning 5851, 2.8 mm thick

Green-Corning 4445, 5.0 mm thick

Yellow=-Corning 3387, 3.0 mm thick .
Red=Corning 2424, 3.1 mm thick

Six sets of these calibration materials were obtained and checked for
similarity. Only one set of materials was used throughout this study; in-
dividual values for the remaining five sets are given in Table 3 of .this
report.

In order to establish the range of expected values that would be ob-
tained when the calibrating materials are measured on each instrument, two
Fortran programs were written to assist in the collection and evaluation of
the resulting data. The programs are the same in principle, but since each
instrument operates differently and is interfaced to its own computer, small
changes were made to fit each case. QMSTAT is the program used with the
Diano Match-Scan and its Digital Equipment Company LSI-1l computer and
QMSTALl is used with the Hunter D54 spectrophotometer and the General
Automation SPC-16 computer.




A S

The procedure used for the calibration samples with the Match-Scan, made it
simple to measure the samples in sequence:

Opal glass

Amber filter

Gray porcelain enamel tile
Standard tan plastic
Sample tan plastic

Each sample was carefully washed with a 1% solution of Sparkleen (Fisher Scientific
Company), rinsed with distilled water and carefully dried with Kimwipes. This was

done before every measurement.

In the case of the D54 instrument, a procedure that includes instrument setup
was added:

Set up D54 for transmittance:

a. Press "TRANS" button
b. Block beam with black cardboard and press "ZERO"
c. Insert white tiie and press "'STDZ"

Measure Amber filter
Set up D54 for reflectaance:

a. Press "R-SIN" button

b. Place black trap over port and press 'ZERO"
c. Place white tile over port and press "STDZ"
d. Place gray tile over port and press '"“STDZ"

Measure Opal glass

Measure Gray porcelain enamel tile
Measure Standard tan plastic
Measure Sample tan plastic

Both QUMSTAT and QMSTAl programs provide the necessary prompting so that the
operator follows the proper sequence. In the QMSTAT program the paired white opal
glasses are assumed to be approximately matched, and all of the subsquest measures
are corrccted to a value which compensates for any mismatch. A set of measurements
and calculations for both instruments are given as Figures 11 and 12. Note that
all spectral data lists the results of a single measurement, the average of two
measurements and the average of ten measurements. Based on these data and the
calculated standard deviation (sigma), it was concluded that the average of two
measurements was suitable. Since we were not able to actuate the D54 through
the program on the SPC=16 computer, we were obliged to operate the spectropho-
tometer through the keyboard and collect the resulting data through and ASCII
interface to the computer, This was accomplished by first pressing the '"READ"
button; then when the "BUSY'" light went out, the "10 NM'" button on spectrophoto-
meter console and the '"RETURN'" on the computer keyboard were pressed simultaneously.

10




A "PAUSE'" was built into the computer program to allow for these operations to
take place. Figure 12 shows that the ten repeat measurements were made with a
PAUSE between each set. Analogous data to those shown for the Match~Scan in
Figure 11 were obtained for the D54 instrument. In preparing Figure 12, the
intermediate PAUSE statements have not been shown.

Working Calibration Method

The statistical studies with the two instruments were carried on for
several months to establish a long term record of performance with the calibrating
materials. Based on these experiments, two new programs QMSTAN for the Match-Scan
and QMSTANH for the D54 were written to serve as a ''fail-safe' calibration pro-
- cedure that will not permit operation of the instrument if it fails within the
3 limits set for each material. Again there are some differences between the in-
struments in the procedure itself as well as the specific limits set for each
material. Figures 13 and 14 give a diagram of the information needed to effect
the calibration of each instrument. Figure 15 shows a set of data obtained
with the Match-Scan and Figure 16 shows a set of data obtained with the D54
spectrophotometer.

Observations

Table 3 summarizes the values obtained with each set of materials that are
tecommended for standardization of any spectrophotometer similar to the D54 or
Match~Scan. The tolerances given in the Table reflect the experience obtained
from this study. In the main, the tolerance that were determined for acceptable
instrument performance in the QMSTAN and QSTANH programs are similar, since both
instruments performed in a comparable manner. The data that were obtained on
Set #l were specifically determined on both instruments at 76° + 1°F.  All of
the other data were obtained on the Match=Scan.

Slightly larger tolerances are given for the D54 than the MatcheScan, which
allows for the change in transmittance when the D54 is operated at 84°F.  Ex-
periments were repeated twice gith the temperature in the Clemson Color Science
Center laboratory raised to 84 F., When this was done, the transmittance of the
amber filter as measured by the D54 was slightly lower than typical results ob=
tained at 76°F. The measurements performed on the Match=Scan at the same time
did not show any difference between the two temperatures. If one can assume

’ that the transmittance of the amber filter 1s approximately linear between 520
and 530 nm, 1% change in transmittance is equivalent to a 0.63 nm wavelength

‘ change. Therefore, the tolerance of 0.3% is equivalent to about 0.19 nm for

| the D54 and 0.13 for the Match-Scan. No statistically significant color
d1fferences were determined for the gwn plastic samples when the data obtained
at 76°F were compared to those at 84°F.

This document reports research undertaken in
cooperation with the US Army Natick Re-
search and Development Command under
Contract No. ~29-C-00 %% and has
been assigned No. NATICK/T R-__J_—J_O%L
in the series of reports approved for publica-
tion.
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Table 2. Transmission Data on NG=4 and NG=5 Neutral Gray Filters
Calibrated by National Bureau of Standards at 511 nm;
Measurements at lenm intervals.
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% Transmittance

wavelength in nm

Transmission curves of didymium filter for Hunter D54 and Match-Scan
instruments.

Figure 1,
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% Transmittance

Wavelength in nm

Figure 2, Match=Scan wavelength calibrating filter transmission curves.




Figure 3.

Havelength in nm

Hunter D54 wavelength calibrating filter tranemissien eurves.
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Mercury emission lines on the Match-Scan instrument.

Figure 4.
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Figure 5. Reflectance of opal and gray porcelain siles with Matche-Scan.
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Figure 6. Reflectance of opal and gray porcelain tiles with Hunter D564,
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Figure 7. Transmittance of amber filter with Match=Scan.




Figure 8.

Wavelength in nm

Transmittance of amber filter with Hunter D54,
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% Reflectance

Wavelength in nm

Figure 9. Reflectance curves of a pair of tan specimens with the MatcheScan.




Figure 10.

Havelength in nm

Reflectance curves of a pair of tan specimens with the Hunter D54,
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+R GMSTAT
DATE: 10/11/80

§ REGIN WITH SAMFLE NO.?(2-5) 2
. MEASURE: WHITE TILES INSERT SAMPLE THEN HIT RETURN
' PAUSE -~
- w/L FIRST AVUG OF 2 AVG OF 10 SIGMA
- 400 99 .56 99 .56 99,60 0.046
- 410 99,64 99 .66 99,62 0.037
420 99,70 99.67 99.63 0.039
430 99,49 99.66 99,62 0,044
440 99.66 99,66 99.63 0,029
450 99.61 99,61 99,62 0.024
460 99,67 99.65 99,63 0.030
470 99 .66 99,63 99.62 0.027
480 99 .59 99 .61 99 .64 0.032
490 99,63 99,62 99.63 0.013
500 99 .63 99.61 99 .60 0.013
510 99,59 99,58 99.59 0.018
52 99.59 99,58 99,59 0.014
530 99.61 99,59 99.60 0.019
540 99.57 99,59 99,60 0.020
550 99.62 99,61 99,59 0.022
560 99 .59 99,60 99,57 0.023
570 99 .57 99.57 99.59 0.013
580 99.61 99.61 99.59 0.024
590 99.58 99,59 99,640 0.021
600 99 .59 99 .60 99 .60 0.020
610 99,63 99,63 99 .62 0.023
620 99.58 99.60 99,61 0.023
630 99,42 99,61 99,62 0.025
640 99,57 99.58 99,63 0.028
| 650 99.66 99.67 99.66 0.021
660 99 .65 99.66 99,66 0.020
‘ 670 99,70 99,70 99.68 0.030
| 680 99 .74 99,72 99.71 0.041
690 99 .63 99.68 99,69 0.041
700 99 .74 99.72 99.72 0.048
710 99,79 99,80 99,77 0,049

Figure 11. Statistical study for Match=Scan.
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MEASURE ¢

FAUSE -~

W/L
400
410
420
430
440
450
460
470
480
490
500
910
520
530
540
550
560
570
580
$90
600
610
620
630
640
650
560
670
4680
690
700
710

Figure 11.

FIRST
3.99
3.53
3.52
3,94
4,88
6,44
8.73

11.84
15.92
21.01
26.81
32,80
39.17
45,61
51.84
57.48
62.54
66.88
70,43
73,27
735.52
77.14
78.28
79.06
79.45
79.84
79 .94
79.94
79.69
79.50
79.11
78.49

AMEBER FILTER

AVG OF 2 AVG OF 10

3.98

3.54

3.53

3.94

4.88

6.44

8.74
11.895
15.91
21.01
26.81
32.81
39.18
45,63
51.83
57.49
62,53
66,86
70.43
73,27
75.51
77.13
78.27
79.07
79.63
79.84
79.96
79.95
79.71
79.47
792.08
78.33

INSERT SAMFLE THEN HIT RETURN

3.98
3.53
3.52
3.95
4.88
6.44
8.74
11.86
15.90
21.01
26.81
32.82
39.20
45.62
. 51.82
57.51
62.535
66.84
70.43
73.28
75.49
77.11
78.28
79.08
79.59
79.85
79.97
79.93
79.73
79.47
79.07
78.54

SIGMA
0,009
0,007
0.007
0.005
0.005
0,006
0.005
0.007
0.009
0.008
0.010
0.010
0,012
0.011
0.007
0.013
0.014
0.022
0.015
0.024
0.017
0.019
0.015
0,027
0.017
0.016
0.016
0.025
0.029
0.034
0.031
0.028

Statistical study for Match=Scan (continued).




it e o

MEASURE ¢ GRAY FORCELAIN

PAUSE --

W/L FIRST
400 42.05
410 44.43
420 44 .42
430 44,23
440 44,07
450 44.02
4460 43.98
470 43.97
480 44,00
490 43.96
500 43,92
510 43.95
520 43,95
530 43,95
540 43,91
550 43,81
560 43.63
570 43.49
580 43.35
590 43,27
600 43,23
610 43,25
620 43.35
630 43.39
640 43.48
650 43.47
660 43.54
470 43,55
680 43,61
690 43.80
700 43.83
710 44,06

AVG OF
42,07
44,39
44,45
44,24
44,08
44,03
44,00
43,97
43.98
43.98
43,93
43,94
43,97
43,95
43.90
43.80
43.63
43.49
43.35
43,26
43,23
43.25
43,35
43.42
43.47
43.48
43,52
43.33
43,62
43.78
43.87
44,05

2

4

INSERT SAMPLE THEN HIT RETURN

AVG OF 10
42,07
44,40
44.446
44,24
44,10
44.03
44.00
43,98
43.97
43 .97
43,95
43.94
43,97
43,95
43.89
43.80
43.65
43.48
43,35
43,26
43,22
43,25
43,34
43.40
43,46
43.49
43.52
43.55
43.64
43.77
43.86
44,02

SIGHMA
0.028
0.024
0.016
0.020
0.012
0.01?
0.011
0.013
0.012
0.010
0.010
0.007
0.016
0.011
0.012
0.016
0.010
0.009
0.011
0.013
0.010
0.011
0.015
0.017
0.011
0.017
0.014
0.016
0.015
0.008
0.020
0.023

Figure 11, Statistical study for Match=Scan (continued),
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MEASURE: STD TAN FLASTIC INSERT SAMFLE THEN HIT RETURN
FAUSE ~-
MEASURE ! SFL. TAN FLASTIC INSERT SAMPLE THEN HIT RETURN
FAUSE -~
STh ONE X= 0.4249 Y= 00,4023 Z= 00,2605
ST AV2 X= 0.4249 Y= 00,4023 Z= 00,2605
ST AV10 X= 0.4248 Y= 0,4022 Z= 00,2605
STn SIG X=0.00003 Y=0.00002 Z=0.00003
SPL ONE X= 0.4050 Y= 0.3801 Z= 0,2459
SFL AV2  X= 0.4030 Y= 0.,3800 Z= 0,2459 |
SFL AV10 X= 0.4048 Y= 0.3799 Z= 00,2459 |
SFL SIG X=0.00010 Y=0,00010 Z=0.00007
STD ONE LXx= 69.63 AX= 6.80 Bx= 19,91
STD AV2  LXk= 469.63 Ax= 6.79 Bx= 19.91
STD AV10 LXx= 69.63 AX= 6.79 Bx= 19.91
ST SIG Lx= 0,002 AX= 0.006 Bx= 0,004
SFL. ONE Lx%x= 68,03 AX= 7.76 B¥= 19,57
SFL AV2  LXx= 68.02 AX= 7.76 Bx= 19,57
SFL AV10 Lx= 68.01 Ax= 7.75 Bx= 19.56
SFL SIG Lx= 0,007 A= 0.004 Bx= 0,008
ONE DL= 1.61 DC= 0.94 DE= 1.86
AV2  TiL= 1.61 DC= 0.95 DE= 1.87
AV10 DL= 1.62 DC= 0.94 DE= 1.87
SIG DL= 0,006 IC= 0,013 DE= 0,014
STOP ~-
Figure 11. Statistical study for MatcheScan (continued).
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2$2MSTAL

DATEs 10/14/80
REGTN WITH SANPLE NOJ?2(1=8)

71

1. ON HUNWTER PRESS “TRANS",PUT WHITE TILE OVER PORT,
BLOCK BEAM WITH BLACK CARDSOARD
RETOVE 2CARNDBOARD
"STDZ". AFTER "STANDARDIZED" .PRINTS OUT ON HUNTER,
4o PRESS "ASCII", THEN "2®

2.
3. PRESS

PRESS nZEROW,

RETURN OGN SPC=16 CONSOLE

AVG GF 2 AVG OF 10
3097 :

3.50
3,90
. . 4 .‘8

6.27
B8.57
11.48
15.45
20,46
26,02
32.16
1,72
45.02
51.16
56,92
61.9¢&
65233
- 70,14
72.79
75.20
17.19
78425
79.01
19,64
80.14
80.16
79.04
79.96
79.56
79.52
79,06

S, PRESS
PAUSE
?
MEASUREs AMBER FILTER
PAUSE
wrl FIRST
£00 3.9
410 350
420 3.50
439 ‘390
A 4,82
450 6.39
410 1§.48
480 15,48
490 20,46
500 26.02
510 32.18
520 .72
530 45,02
540 5118
550 56,92
€sC 6!.9%
570 66.33
H6O 70.14
590 72.79
600 75s2C
610 T1:.19
620 18.24
630 77.CO
610 19.64
€50 £€2,13
€20 5015
&70 79.74
680 719,96
€93 79.96
700 79,52
10 79.04
Figure 12,

Statistical study for Hunter D54,

INSERT SAMPLE,PRESS READ ON HUNTER,THEN 10K4

+ 3496
3.5}
3.50
3.89

6.39
8.57
11.48
15,46
20,45
26.02
32.16
33.70
45,03
51.15
56.90
61,95
65,33
70.12
72,78
75.19

17.19
78,24

18,99
79.65
80.12
80.15
19.95
7¢.97
19.23
79.50
79.06

30

SIGMA
0.019
0,010
0,005
0.010
0,004
0. 004

« 005

J006
0,008
0.010
0,006
0,014
0,013
0,013
C.013
0.014
0,014
0.015
0.015
0.015
0.015

o
»

¢ o o o 0,0 o
9990039880
WOQS=QQO0OYO~

D000 O0O0000 00




[ .

v e

ik RFUOVE AMBER FILTER%#&
1. ON HUNTER, PPESS ®R-SIN“ PUT ZERO TRAP OVER PORT
2. PRESS "ZERO", PUT WHITE PORCELAIN OVER PORT
. 3. PRESS »STDZ PUT GRAY PORCELAIN OVER PORT.
4. PRESS "STDRZ", AFTB? "STANDARDIZED" PRINTS OUT ON nuu‘tsa.
5. PRE35 RETURN ON SpC-16 CO! HSOLE

PAUSE
141
- WFASURES THITE TILE INSERT SAMPLE,PRESS READ ON HUNTER,THEN ICi .
?-. ) :
W/L FIRST -~ AVG OF 2 AVG OF 10 SIGMA
400 95.64 95.63 95757 0,050
420 04.95 94.94 94,95 0,012
430 95.71 95,70 95,7 0.011
440 96.32 96.32 96, 33 -.0s012
450 96.95 Q4,794 26,95 0.014
4£60 97.42 97,42 97.41 0.019
470 °7.7 97.71 97.69 0,018
480 97.93 97.92 97.92 0.012
490 98.12 98,12 98,12 0.012
500 95.21 98,20 98,22 0.019
510 98,20 98,21 98,22 0.013
520 98.26 98,26 o8, 26 0,006
530 93,49 98.49 98,51 0.019
540 98,33 98.'33 98.35 0.'020
550 98.35 98,35 98,36 0.0t0
5460 90,24 98,24 98,24 0,019
570 93,34 98,33 98, 34 o.o!t
£80 93.27 98s26 98.27 0,011
590 - 98.45 98,45 98,46 0.013
600 98,16 95.14 98.14 0,014
610 98, 14 98,14 98,15 0.019
620 98,08 98.06 98.06 0,013
630 93.16 08.14 98.14 0.016
640 98,18 98,17 98,18 0.009
650 98,15 98.14 98.17 o.018
660 ¢8.09 98.08 9810 0015
670 98.19 98,19 98,20 0.011
68C 97.97 97,97 97.97 0,007
690 98 .21 98,21 - 98,20 0.007
700 98. 11 93,10 98,10 . 0.014
710 97,94 07.94 97.98 0.028

Figure 12. Statistical study for Hunter D54 (continued).
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WOASURTE GOAY PORCELAIN

~ sy
4 oaaa

t./L

400
410
420
430
440
450
460
470
480
490
5G0
510
520
520
540
550
560
570
530
590
600
610
620
630
640
650
660
670
620
690
700
710

Figure 12,

FIRST
39.25
41.76
42,20
42,19
42.31
42,47
42.70
42.68
12.76
42.84
42.87
42,87
43,01
43.04
42,92
£2.85
42.68

42,42
42,28

42,28
42.14
42,14
42,10
42,25
42,23
42, 33
42,39
42,37
42,53
42,65
42,80
42,86

AVG OF 2 AVG OF 10

39.25
41.75
42.'9
42,19
42,31
42,47
42,70
42,68
42,76
42,84
42,86
42,87
43,01
43,03
42,92
42,85
42,63

42,42
42,28

42,28
42,14
42,14
42,10
42.25
42,23
42,33
42739
42,37
42.53
42,65
42,80
42,86

3%.25
41.77
42,21
42,19
42,32
42,48
42.72

42.69

42,76
42,84
42,85
42,87
43,01
43,03
42,93
42.86
42,68
42,4

42.2

42,29
42,14
42,13
42,11
42,26
42,23
42,34
42,40
42,37
42,55
42,66
42,79
42.87

~

) .
Q00O QOO0

- atas O =

3
=W OO O~

(e]eYoXeNoloNole)=]

gg

Statistical study on Hunter D54 (continued).
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int:aSUREs ST, TAN PLASTIC INSERT SAMPLE,PRESS READ ON HUNTER,THEN 10NM
PALSE

MUASYRE: DL UL FLASTIC  INSERT G LE(PRISS READ O HUFTER,TUCN 1o
- 2
PAUSE

&) Ala Xe 0.4127 Y= 00,3201 2= 0

2500
STD SN0 K= 00402y Y GJ37211 2= 0.2500
o7z SIG X=D,.00622 Y=0,00002 Z=0.C0000
i CFE . X= 0.3927 Y= 0,.3639 Z= 00,2358
AN fNZ 0,3728 Y= 0,2670 7= 0,2Z258
Sl AVIO Z- L2200 V= 0,2691 2= 0,2357%

orl SIG X Q-03057 Y=0.00008 £=0,C000%

5T OHir Lx= 68,83 ak= 6.60 bx= 20,27
LTH AVZ Lw= 2.83 on= 6.06! b*= 20,27

OYL AVI0 Le= (8,83 ak= 6.060 bx= 20,23

STD Sio L LJ.CO1 e 0,007 Lt 0,105

soe. N e AT G201 anm Te54 b 19,3
S, V3 L LTI et 7.54 bis= 12,606
S» SN LY feali AUw Tev” e 192,60

(_;:)
w
o
o
>
o
o
~
o)
’
)
[ ]
(@]
.
'S
it
o
.
I
~
!

I ONE DL P02 0 N2 nE= 1,806
;1\1'2 !‘] ,.! 17 [ 2 ULJ 1-85

AVIC L I 62 1L 90 Bli= 1.85

SIG W 0,006 §.7 0 a22 it 0,023

Figure 12, Statistical study of Hunter D54 (continued).
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—3 RUN WHITE OPAL

[WITHIN TOLERANCE AT 540 NM?|

[WASH TILE Je&- NO vizs
—3 RUN AMBER FILTER fe-

WASH FILTER 420 660 520 RUN CALIBRATING
FILTERS

r NQwe— NO NO J
YEQ\\\\\\\\jjslc////xﬁs

— -5 RUN GRAY PORCELAIN
| wash TiLES
L

HITHIN TOLERANCE AT 540 NM§

NO ‘/////XES
RUN STD TAN PLASTIC |
RUN SPL TAN PLASTIC
: |

COLOR DIFFERENCE WITHIN TOLERANCE?

LA TILES e o

0K TO RUN Ts$?§]

Figure 13, Schematic of standardization of MatcheScan.
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SET UP D54
FOR TRANSMITTANCE

5 RUN AMBER FILTER J—

[withIN TOLERANCE? ]

WASH F[LTER[ 420 660 520 RUN CALIBRATING
- NO NO NO FILTERS

SET UP D54 FOR
REFLECTANCE

—{RUN WHITE OPAL]

WITHIN TOLERANCE AT 5207

‘NASH TILE L" NO YES

!

| RUN_GRAY PORCELAIN

H

—lWITHIN TOLERANCE AT 520%

JWASH TILE P‘ NO YiS

RUN STD TAN PLASTIC SAMPLE
RUN SPL TAN PLASTIC SAMPLE

[COLOR DIFFERENCE WITHIN TOLERANCE?]

WASH TILESJFf NO YES

,,,,, .

OK TO RUN TESTS FOR 2 HOURS

Figure 14. Schematic of standardization of Hunter D54.
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DATES: 1/25/81

BEEGIN WITH SAMFLE NO.?(1-5) 1
MEASURE S WHITE TILES INSERT SAMFLE THEN HI™ FRFTURN AFTER FAUSE
AT 540 NM UFFEv LIMIT 99.62 LOWER LIMIT 99.48
FAUSE —-
W/l FIRST AVG OF 2
%40 ??2.54 99.53
MEASURE ¢ AMBER FILTER INGERT SAMFLE THEN HIT RETURN AFTER FAUSE

Al A20 NM UFFER LIMIT 3.53 LOWER LIMIT 3.47
Al %520 NM OUFPFER LIMIT 39.27 LOWER LIMIT 38.92
AT 60 NM UFFER LIMIT 80.09 LOWER LIMIT 79.85

L. FAUGE
F
W./L. FIRST AVG OF 2
420 3.49 3.49
G20 37.15 39.16
HED 80.00 79.%26

MEASURE S GRAY FORCELAIN  INSERT SAMFLE THEN HIT RETHRN AFTER FAUSE
AT 540 NM UFFER LIMIT 44,00 LOWER LIMIT 43,80
FAUSE -

Wl FIRST AVG OF 2
G540 43,92 43.94

MEASURES STD TAN FLASTIC INSERT SAMFLE THEN HIT RETHRN AFTER FAUCE
COLOR DIFF. UFFPER LIMIT 1.94 LOWER LIMIT 1.84

MEASUKE: SFL TAN FLASTIC INSERT SAMFLE THEN HIT RETURN AFTER FAUSE
FAUSE ~~

AVG OF 2 DL= 1,60 DC= 0,97 DE= 1,87
STOF —-

Figure 15. Standardization test for Match-Scan, typical eutput from QMSTAN
computer program.




2S08TANH
DATE:  1/27/31

1::—f\z\| .-1"P!l. SIHF\Y « u,\.? (‘__r;)

7

. 0O D54 PRESS MASCIT ouT*, THEN "0, THEN WTRANG*

] pIT WHITE PORCELATI OVER POART,
1 JLOCK BTAN WITH BLACY CAOROARD
2. PRESS WOEROM. HEADVE CARDBOARD .
2, PrTis NGTOZN, AFTER "STANDARDIZEDY PRINTS OUT ON D54
A, DpIITSS O MASCIIM, THEN nou
5. DRES5 MRETURIN® O SPC=16 CONSOLE PRINTER
DAUSE
?
MEASUDT: AMAER FILTOR INSERT SAMDLE N D543

AFTE2 A PAYSE 1S PRINTED, PRESS “AQEADY OH DS

AETER RELL RINGS, PRESS MI10MMM AND “AETURNY AT SAVE TIME
AT 429 8V UPPER LIIT  3.51 LOWER LIMIT 3.45
AT 527 1 UPDPER LTIYIT 33,86 LOWER LIYIT 38,50
AT 6579 00 UPPER LIMIT 80,32 LOWER LINMIT 80.08

PAUST
?
PAUSE
?
/L FIRST AVG OF 2
420 3.49 3.49
520 3R.76 38.74
660 80.20 80,20
*xk QTIVE AMBER FILTER*wx
1. 0 234, PRESS MASCITU,THEN "O",THRN #R-GINU/ PUT ZiT2) T 0

2. POTSS MZERAN, PUT RHITE PORCELAIY NVER PORT
3. PUS35 MSTHZ0, PUT GRAY PORCELALL OVER PFO&T
4. PRE55 "STHZM, ARTER WSTANDARDIZEN" PRINTS QUT ON 954,
6. PPESS WASCIIM, THEH n2v
6. BiEs3 URETURNY O SPC=16 CONSOLE PRINTER
PAUSE '
2

VEASURE: WHITE TILSE INSERT SAYPLE IN D543

AFTERY ALPAUSE 15 PRINTED, PRESS “REAN" ON 154

AFTEY BELL RINAS, DRESS w1l AND "RETURUY AT SAME TIE
AT 54 NM UPDER LIMVIT 99,46 LOUER LINIT 05,26

pPAUSE

?

PALSEH

?
W/1. FIRGT AVG OF 2
540 98, 40 98.40

Figure 16. Standardization test for Hunter D54, typical output from
QSTANH computer program.




MFEASURES GRAY PORCELAIN © IHSERT SAMPLE IH D543
ATTER A PAUSE IS PRINTED, PRESS “READ" 01 N54
ARETER BELL RINGS, PRESS "10uMt AND YRETURN" AT SAME TIME
AT 27 0 ygpoel LIMIT 43,056 LOWER LIKIT 42.86
PAUSE '
?
PAUEE
?

WL FIRST AVG OF 2
540 42,92 42,92
MFAGYYEE ST TAN PLASTIC  INSERT SAMPLE IN D543
AFTE2 A PAUSE IS PRINTED, PRESS "READ" ON D54
AFTZR BELL RINGE, PRESS winiM" AND YRETURNY" AT SAME TIME
PCSLQR DIFFERENCEY UPPER LIMIT 1,93 LOWER LIMIT 1.83
AUOD
PAUSE

?
MEASUREs SPL TAH PLASTIC INSERT SAMPLE Il D543
AFTER A PAUSE IS5 PRINTED, PRESS "READ" ON N54
AFTZw BELL RINGS, PRESS #"10WMM AND YRETURN" AT SAME TIME
PAUSE '
"

PAUSE
?

0lr M= 1.63 IC= 0.88 DE= 1.85.
AV2 L= 1,52 DC= 0.87 DE= 1.84

*ex(00 TO “AKE MEASUREMENTS%*%
STOP

Figure 16. Standardization test for Hunter D54 (continued).
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2$0STANH
NAT=r  1/27/81
BEGIH WITH SAMPLE 10,2 (1-5)

|l

1. 01 154 PRESS BASCIT ouTY, THEN “0O¥, THEN HTRANS®
PUT WHITE PORCELAIN OVER PORT,
BLGCK BEAM WITH BLACK CARDBOARD
2. PRESS "ZEROY, RTIOVE CARNBOARD
3. PDESS uSTOZw, AFTER 45 TA"D’\?DI?I-')" PRINTS OUT ON D54
4, P55 “59(71“ TiEN wom
5. PAESS SRETURN® 4N SPC-lﬁ CONSOLE PRINTER
PAUSE
?

NEQ"”- AMPER FILTER ITNSERT SAMPLE IN D543
AFTER A PAUSE 1S PRINTED, PAESS WikRAD® 0 D54
AFTEQ BELL RINGS, PRESS "ioM{" AND "QLETURN" AT SAME TIYE
AT 427 1M UPPER LIYIT 3.51 LOWER LIMIT 3.45
AT 527 1M UPPER LIMIT 38,86 LOWER LINIT 38.50
AT 453 Pt UPPER LI™IT 89,32 LOWER LIMIT 80.03

DAUST
?
PAUSE
? N
W/l FIRST AVG OF 2
420 3.76 3.77

*AADIADNING AT 4200 IS OUT OF SPECS FOR:sAMBER FILTER
nASH SAMPLE, THEN

MEASURE: AMRER FILTER INSFERT SAMPLE IN Dh4s
AFTEd A PAUSE IS PRINTED, PHESS "READ" ON D54
ASTER DELL DTHRS, PRESS "0 00 URETURN™ AT SAME TIUE
AT 420 W UPPER LIARIT 3.51 LOWER LIMIT 3.45
AT 520 N UPPER LIMIT 38.86 LOWER LIMIT 38.50
AT o067 1 UPPER LTWIT 80,32 LLOWER LIMIT 80.08

PAUSE
?
g PAUSE
?
. W/L FIRST  AVG OF 2
| 420 3.4R 3.48
520 3,74 38,74
660 BN, 14 50,15

whk RV AR FILTER ' _
1. O iy l'~ SO WASCII THEN wOW THEEN “R=5THNe PUT 2Py TRap
2. P7 ? 7o, DUT YWHTITE PORCELATN QvYER 00T

3. PRESS NSTNZN, PUT GRAY PORCELATI OVER PORT

4 P“?% HSTOZM, AFTTR NGTANMARDTZEY PRINTS OUT 0N DS54,

.J) J)

B, DILL O MALCTIY, TUHTH naw
Dh’ 3§ MRETUYRNM ol SPC-1e CONSOLl PRINTER
PAU¢V

Figure 16. Standardization tests for Hunter D54 (continued).
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Appendix A
Computer Program QMSTST for Match~Scan Statistical Study.

FRUGRAM WMDH M
- T0 CALCULATE STATISTICAL DATA FOR A STANDARDIZATION
FROCEDURE AFFLICARLE TO THE MATCH-SCAN

LINK INSTRUCTIONSS

ASS DX1 DK

K OLINK
KOMSTAT=QMSTAT » IXOIMSLTIEy FISNOV.NEW

[ R

OB IRS IR IR IR NI AP I O

DIMENSION AVGNOC(4) yCHF (39 32) 2 N6G(I2) v FACCI LT 2 FACT (B2 9 FL AL T
DIMENSION R(32,10)yRC(32s1352)yRG(I2) s STARCE» 13y2) 9GP (450
DIMENSION TRI(3y1392)yTRIO(Z)»VAL(3)»LISQACI) s AVG(S) s DTV 1)
naTa CMF/0.0191+0.0020,0.0860
Xy 0.0847,0.0088,0.38%4

Xe 0.204550,02145,0.9725 y,,”
Xy 0.3147,0.0387,1.5535 e

Xy 0.3837,0.0621,1.94673
Xy 0.3707+0.0895,1.,9948
Xy 0.3023,0,128251,74%4
X 0.19%6,0,1852,1.3174
Xy 0.,0805,0,2536,0.7721
Xy 0.016210,2391,0.4152
Xr 0.0038,0,4608,0.,2185
Xy 0.037%90,6067,0.1120
Xy 0s1177+0.761850.0607
Xy 0.236%,0,8752,0,0305
Xy 0.3768,0.9620+0.0137
Xy 0.529850,9918,0.0040
Xy 0.70%2,0.997350.0000
Xy 0.878750.9556y0,0000
Xy 1.0142,0.8689,0.0000
Xy 1.118%5,0.777450.0000
Xy 1.124050.6583,0.0000
Xy 1.030%,0.5280,0.0000
! Xy 0.8%63,0.3981+0.0000
Xy 0.6475,0.2835,0,0000
' Xy 0.4216+,0.1798,0.0000
Xy 0.2683+,0.107650,0000
Xy 0.152610,0603,0.0000
Xy 0.,0813,0.0318,0.0000
Xy 0.,0409,0.0159,0.0000
Xy 0.019950,0077,0.0000
Xy 0.0096910.,0037,0.0000
Xy 0.0046+0,0018y0,0000/
DATA DE5/828.1916. 9935, y86E8.91049.11171.91178.91140, 1159, 51C8D
Xy 1094.91078.91049.71077.91044.91040,91000.+'7.4,5957,+084,
Xy ‘?000 78960 ’8760 '8330 78370 ’8000 ’8020 98220'7830 7(‘970 77160 !74:"'0./'

DATA GFL/WHIT »’E TI’»’LES “9” ‘y’AMRE’y 'R FI‘y'LTER " »~’
X ‘GRAY’ »’ FOR’y’CELA’» IN “+’8STD “»’TAN ‘9 ‘FLAS’y "TIC 'y GFL -
X ‘TAN ‘5 ’'FLAS’»’'TIC */

DATA AVGNODFLAST/7ONE “»’AV2 ‘»’AV10’» 'SIG y'STD *y SFL 7,

100 FORMAT(’ DATE! ‘I2+2(7/ 91I2))
150 FORMAT( ‘% BEGIN WITH SAMFLE NO.?(2-8) 965"
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C200

I00
400
450
500
&00
450
700

750

QL0

8O

9GO

LOO0

1020

1030

1035
1040

1100

Appendix A (continued)

FORMAT ¢ OMEASURE ! “4A4y 7 INSERT SAMFLE THEN HIT RETURN'/)
FORMATC(IG,3F10.2,F10.3)

FORMAT(IHO»2(2XsA4)y " X='9sF744y 7 Y="3F7.4y7 ZI="3F7.4)
FORMATCIHO»2(2XsA4) s’ X="9F7:09 7 Y='pF2.Gy7 Z='9F7.5)
FORMAT (Y W/L 725Xy "FIRST 14Xy “AVG OF 272X "AYG OF 107+ 4Xy "C10MG
FORMATCLHO» 2(2XsA4) s 4 LX="3F7:297 AX="yF7.2+’ BX='yF7.2
FORMATC(LHO s 2(2XvA4) s/ LA="3F7.3y7 AX=’9F7 2" EX='y[7,3)
FORMAT(1HO»A4y * DL=’yF7.2y/ NC='sFT.2y " DE=74F7.2)
FORMAT(1LHO A4y 7 DL="3F7.397 NC=73F7.3y’ DE=’:F7.3)
Call IDATEC(IMsIDYIY)

WRITE(S»100) IMsIDsIY

WRITE(S5y150)

REALN(EGy300) NSAM

g 2000 II=1¢5

IF(IT.EQ. 1) GOTD 960

TFCIT,LT+NSAM) GOTO 2000

I=11T

WRITEC(Sy»200) (SPL(MyI)sM=1r4)

FAUSE

0o 1000 N=1y10

e 980 L=ls32

FACT(L)=1.

CAlLl GMSR(4000,71005100+190+%5091»FACT»RGy (ER)

N 9290 L=l 32

F{LyN)=RG(L)

CaLl. IDLEC1000)

CONTINUE

ITFCILT.4) WRITE(SsS500)

ITFCI.6T.1) GOTO 1100

I 1040 L=1y32

FACL s 2)=0,

FAaC.»3)=0,

DELGQ=0.

no 1020 N=1510

TFANLJER.L)Y FACC(L 1) =R (L. sN)

TFINJLE.2) FAC(L»2)=RLsNIX0.5 + FAC(LY2)
FACCLYy3)=R(LyNIXO.1 + FALC(LY2)

CONTINUE

00 1030 N=1»10
DELSQ=(R(LyN)-FACC(Ly3))X(R(LYN)-FAC(L»3)) - DJELSQ
SIGMA=SQRT(DELSA%0.1111)

WRITE(S300) 3904+LX10y (FAC(L M) s M=1+3)»SIGMA

DO 1035 M=1+3

FAC(LsM)=FAC(LsyM)X%0.01

CONTINUE

GOTO 2000

D0 1140 L=1y32

VAL (2)=0,

VAL () =0,

DELSQ=0.,

DO 1120 N=1y10

IF(NJER.L)Y VAL (1)=R(LyN)I/FAC(L»1)

IF(NEQ. L AND.I.GE.4)RC(Ly1yI--3)=VAL(1)

TF(NJLE2) VAL (2)=R(LyNIXOS/FAC(LYy2)+VAL (D)
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s o

1120

1130

1140
2000
C
ﬁ
¢
[N

2900

270
2980

000
3020

3030

3040
3000

3060

JO65
3068

3070

Appendix A (continued)

TF(N.EQ.2.ANDLTI.GLE.4) RC(L 2y L-Fd=UaL O
ROLyN)=RLsNI/FAC UL+ 3)

VAL (3)=R(LsNIX0,1 4+ VAL (3)

IF(T.6E.4) RC(L23yI-3)=VAL(3)

IF(I.6E+4) RCC(L»3+N»I-3)=R(LsyN>

CONTINUE

ITFCT.GE.4) GOTO 1140

0o 1130 N=1s10
DELSQ=(RLsNI)=-UALIZIDIXRILyN)-VAL (30 ) + LIELSQ
STGMA=SQRT (NELSAX0.1111)

WRITE(S»300) 3204L %10 (VAL (M) e M=1+3)»SIGMA
CONTINUE

CONTINUE

115 THE TRISTIMULUS COUNTER

4 I8 THE AVERAGES COUNTER

K IS THE SAaMPLE NUMBER OF THE FLASTIC CHIFS COUNTIIR
L. 15 THE WAVELENGTH COUNTER

N 2900 1=1+3

TRIO(I)=0,

DD 2900 1.=1s32

TRIO(IN=TRIOQOCI)+100. XCMF(I»L)XDSES(L.)
TH=1./3.

N0 3070 K=1,2

J1=1

13

no 2970 =143

AVG (L) =0,

[0 3050 J=Jd1yJd3

Do 3020 I=1+3

TRICLy JsKDI=0,

ne 3000 L=1.32

TRICTrJeKI=TRIC(T»JrK) 4+ RCOCLy JeKI)XOMF (I LIXDARL)
CONTINUE

TRICIy Iy K =TRICI» JoKY/TRIOCT )

IF(J1.6T.3) GOTO 3020

WRITE(59400) FLAST(R) sAVGNOCI) » (TRI (M JoRK) yM=1937
GOTO 3050

no 3040 I=1+3

AVG(ET)=AVG(I) + TRIC(I»JsKI%XO.1

CONTINUE

CONTINUE

IF(J1.EQ.4) GOTO 3060

J1=4

J3=13

GO0TO 2980

DO 2068 I=1+3

DSQ(I»=0,

0o 3065 J=4913

BSQCI)=(TRICIy HrK)-AVGCIIIX(TRICTI s JyK)-AVG(I)) + DGQCL
NSQCI)=SQART(OSQA(I %0, 1111

CONTINUE

WERITE(Sy450) FLAST(R) »AVGHNDCA) » (NISQCT ) » I=1, 32
CONTINUE

Do 3080 I=1+3

DO 3080 J=1y13

o 3080 K=1,2
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3080

3100
3110

3130
3140
J150

3160

3165
3168
I176

- P

175

3180

3200

3230
3240
3250

Appendix A (continued)

TRICIy Iy RKI=TRICI s JsKIXXTH

ng 3170 K=142

JYd

J33

I 3100 I=1,3

AVG L Y=0,

DO 3150 J=U1»JI3

STARCLy oK) =114, OXTRI(2yJrK)~16.0

STARC2y JryRKI=ZD00 K (TRI (L e JrK)~TRI(25 JsK))
STAR(Zy JoRK) =200, ¥ (TRI(2y JrKI-TRICIs JpK))D
IF(J1.6T.3) GOTO 3130

WRITE(S»600) FLAST(K) s AVGNOC D) » (STAR (M JpK) »if=1+ 3}
GOTO 3150

[0 3140 I=1,3

AVG(D) =AVUG(II4STARCI » J»K)%X0 . 1

CONTINUE

IF(J1I.ER.4) GOTO 3140

Sd1=4

AE=1 3

GOTH 3110

DO 31468 I=1s3

NERCI)=0.

NN 3165 J=4y13X%

DRI =(ETAR Ly JyKI~AVGCIDI )X (ETAR(I» JoK)=-alMid )Y +DSQCIH
DEQRCI) =SART(NSQACIY¥0,1111)

CONTINUE

WRITE(Sy&50) FLAST(K) rAVGNO(4) y (DSQCT) v I=19 52
CONTINUE

J1=1

33X

Nno 3175 1=1+3

AVG(T)) =0,

no 3250 J=J1,J3

00 3200 1I=1+3
STAR(LrJr1)=(STAR(Is»Jr2)-STAR(I o Jds 1) )XK(STAF (19 Jr2)~-STAR(I v s 1))
COC1ly3)=8QRT(STARC(Ly Jy 1))

CH(2y D)=8SORT(STAR(2yJy1)XSTAR(Z2yJy 1) 4+ STARCI v Jr1IXSTAR(3rJr 1))
COC3 sy DD=SAQRT(CD(I, DIXCDLyS) + CI2y DXACD(2y D))
IF(J1.6GT.3) GOTO 3230

WRITE(Sy700) AUVUGNOCJ) » (CL(My J) s M=1+3)

GOTO 3250

Do 3240 1=1.3

AVG(I)I=AVG(I) + CD(IsJ)%0.1

CONTINUE

IF(J1.NEL1) GOTO 3260

J1=4

JX=l 3

GOT(O 3180

Do 3268 I=1,3

D8SQUIN=0.

DO 3285 J=4+13

ISQUIV=(COCI» )-AVGC(I))IR(CII(T» J)-AVG(I)) + DSACI)
DS =SQART(DSQACIIXO.1111)

CONTINUE

WRITE(S»750) AVGNO(4)y (DSQA(M) s M=1»3)

STOF

ENI 44
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Appendix B,

Computer program QMSTAT for Hunter D54 statistical study.

2$COPY DS (CMSTAT) . TY

of
c
Cc

100
150
200

300
350
400
450
500
600
650
700
750

950

PROGRAM QMSTAT L
~—10 CALCULALIE STATISTICAL DATA FOR A STANDARDIZED PRGCEDURE
APPLICABLE TO THE HUNTER DS54P SPECTROPHOTOMETER

DIYENSION AVGNO(4),CNF(3,32),D55(32),FAC{32,3),PLAST(2)

DINMENSION RE32,10),RC(32,13,2),RG(32),STAR(3,13,2),SPL(4,5)

DIMENSTON TRI(3,13,2),TRIO(3},VAL(3),D5Q(3),AVG(3),CD(3,13)

DIVENSION WiL(32)

DATA CME/0.0191,0.,0020,0.0860,0.0847,0.0088,0. 3894
-,0.2045,0,0214,0,9725,0.3147,0.0387,1.5535
-10.3837,0.0621,1.9673,0.3707,0.0895, 1 . 9948
~,0.3023,0.1232,1.7454,0,1956,0.1852,1.3176
-.0.0805,0.2536,0.7721,0.0162,0. 3391 ,0.4153
-10.0038.0.45608,0.2185,0.0375,0.6067,0. 1120

-,0.,1177,0,7612,C.,0607,0.2365,0.8752,0,0305

-,0.3768,0,9620,0,0137,0.5298,0. 9918, 0. 0040
-,C.7052,0.9973,0.0000, 0.8787,0.9556, 0. 0000
-,1.,0142,0,8689,0.0000,1,1185,0,7774,0,0000
=y 1.1240,0. 6533,0.0000,1 0305.0.5280, 0./ 0000
-10.8563,0.3951,0.0000,0.6475,0. 2835, 0, 0000
-,0.4216,0.1798,0. 0000,0.2683,0.,1076, 0. 0000
-,O.1526,0.0603.0;0000,0.0813.0;0318.0;0000
-,0.0409,0,0159,0,0000,0.0199,0,0077,0.0000
-,0.0096,0.0037,0,0000,0,0046,0.0018,0, 0000/
DATA D65/828.,916.,935.,868.,1049,,1171.,1178. 3149..1159..xosu..
~10%4.,1078.41049., 1077 c1044+ 11040+ 11000, s 9644957, ,B86. «
-C00. ,896. ,876.,833.4837.,800.,802,,823,,783.,697,,716.,743.7
DATA SPL/#¥HIT’,”E T1/,7LES 7, 4, ?AMBE”,’R F17,7LTER?,” ’y
~#G22Y7 ¢ POR’, #CELA%, /IN #,#STD /,*TAN #,”PLAS/,’TIC”,’SPL 7,
~#TAN 7 ,7PLAS’,?TIC ¢/
DATA AVGNO.PLAST/ZONE #, #AV2 ' J/AV10?,?S1G*,*STD *,*SPL */
FORMAT(7 DATE? 2,12,2(27#,12)
FOMMAT(# BEGIN WITH SAMPLE No ?(1~5>' 6X) .
FORAT(/# MEASUREt “4A4,# INSERT SAHPLE.PREQS READ ON HUNTER,TH:X
- 12112)
F)v AT(15,3F10.2,F10.3)
MAT(I3,F11.2)
> \1(/222AA4> " Y=, FT7,4,% Y=¢,FT1,4,7 Z=’,F1.4)
)"‘T(/°( 2XA4), 2 X=7, e, 5,7 V-'.F? 5,7 2=*,F7.5)
DRATC2 W/L2,5X, /FIRST, lX.’AVG OF 27,2X,7AVG OF 107,4%,751C14%)
DT/ 2CAXAR) ¢ Lik=? F1.2.7 a%=s FT1.2,7 b¥=’,F7.2)
) 1}\1(/2(2\1\4) ’ L*‘—’ F7 3" a“-’ r? 3.' b*_"F7 3)
YU IAT(/Ad,? DL=’,F7.2,7 DC=’,FT7.2,7 DE=*,F7.2)
FOVINT(/AAS? DL=’1ET7.30¢ DC=/1F7.317 DE=*1F7.3)
c.\xY DATESBCIY,IN,ID)
dRITECS, 10M 1N, 1D, 1Y
WRITT (5, 150)
2IANS, 350) HSAM
IFCGIGAN . GTL L)Y GOTO 950
HRITE, 150)
D0 2000 1I=1.5

"ﬂ —1'71 'ﬂ'Yl ‘n'r

-(
(




Q060

980

935

1000

1020
1030

1035
1049

1100

1120

1130

Appendix B (continued)

IFCIT.LT.HSAN)Y GOTO 2000

1=11

st il Dgatis Lornlrgd sgd=igal

s 1200 N=i,10

PLIGE

Dy 980 L=1,32

SAD(14,350) NWL(L),RG(L)

CHTIHUR

J 935 1L=1,32

(L, iy =RGCL

:)"J.l ‘J(: ( )

LTINS

17 (I.LT.4) "RITE(5,500)

IF(I.GT.1) GOTO 1100

Do 1040 L=1,32

FAC(LL,2)=20

FAC(L,3)=0

DZLS=0,

51020 ﬁ:!,lO

(U.CQ. ) FAC(L, 1)=U(L,N)
(LR, 2) FAC(L,2)=R(L,N)*0.5+ FAC(L,2)

ni%,?;~Q(L,N)*O.I + FAC(L, 3)
1039 il=1,10

‘l')r) =)

<)

(“.

.
'll

CA=ENRT(DELSQ*0. 1111)

: °O+L;?IO

().JO?)3V{ s (FAC(L M) ,M=1,3),SIGMA
J

P SRR (')'\'x"- *—*;J

Ll 1 R

T
»

il &.)l"
il

sye-

FAC(L M)*0,01

e O
V] e~ —
».-:{"J"

(< -2

SO Nl
LT e 3D

s
0D
QO
Q

RS

iMe1.GZeA)RC(L, 1,I-3)=VAL(})

1) VAL(1)=R(L N)/FAC(L,1)

1.A

2) VAL(2)=_(L ,M)*0,5/FAC(L,2)+VAL(2)
') \])0-0\)_-4) ?C(L 2 I 3) vAL\Z)
(L,u)/lAv(L 3)
L H)%0. LHVALL3)
'

) ‘C(L 1 I— ) VA[(3)

- 1-C':. 1) GUTO 1140

ﬁf 1130 =1, 10

Lo (L )= VAL(3) )N (L,N)=VAL(3))+DELSQ
SISMA=SORTNELINAO0. 11 11)

WA=3CHL10

SA=(R(L,iN-FAC(L,3))*(R(L,N)-FAC(L,3)) +DELSQ




2900

29170
2660

3000
3020

303¢C

3040
3050

3065
3068
3070

3030

PR ERSETIC
. . 14;4\:
oo
[ {5 T.:=
JoIs T
{015 TUG
v L el eaking ol
P
S 2008 Bt
TAINI=0
L7 2200 Le
TLIN(I)=T
‘..'_;1-1’30
Do 307C- X
BEY
Jas3
Do 210 1
A03(I)Y=0,
DUO3000 J
o .3020 1
~Trer. v’
--ll\—'v‘-‘
TLO3509 L
A'.-:(I'J'.
Lo R R R NI RN o
[T S S
POV G 54
I?(J!.GT.
LITH(5,
N 3059
3740 1
(1)=AYG

N 065 =

CINIYS(T
nIn(I)=sN

Appendix B (continued)

00 (VAL C1) =1, 3) ,SIGMA

TRISTIMULYS COUNTER
AMTEDA ""'J COUNTER

SA) ”LF {UMBEDR OF THit PLASTIC CHIPS COUNTER
' l\ \’—LT"[ 4 A{ C()UIITER
'
21,32
RIOCIY+1DD,%CHE (I ,LL)*D65 (L)
=],2
=],3
=J1,J3
=1
)=,
=1,32
): TTI(I JyKY+RC(L, J,K)*CHF (I, L)*D65(L)
y=TRI (1, J, 10 /TRIOKI)
2) GOTO 3030

I
1) PLAST(X) JAVGNO(J) 4 CTRI (M, JyK) U=l 43)

~

+TRICI,J,K)%0. 1 i

4) GOTO 3050

4. '3
NI, Jy)=AVG(I)
2THSQ(I*0, 1111

;*(TRI(I.J,K)-AVG(I))+DSQ(I)

T 2 e e e ey 4

‘\\-——-' vr
il (). 50) PLAST(K) ,AVGHO(4) ,(DSOCT),I=1,3)
L"""' v
)"’) I"l,
730N s 13
Lo 7 ZAI
TR ,T, ')=TPI(I JyK)%xTH
: <;7v =0,
H
J_»'.)

D) 5107 I=1,3

&




3100
3110

3130
3140
3150

2160

3165
3108

3170

3175
3180

L3 W
DO C

G w
XTERS

32060

32365
3208

4020

Appendix B (continued)

£50TYy=0,

L. TR Y"‘ J3

-‘).:.‘..’-(’. ) 116 0= T"I( .J'K)-‘().O

'''' "’7.Y Y=, *(T‘T(!,I,K)-TRI(?.J.K))
L D T =200, (T2, J,X)-TRIC3,J,K))

I:’J‘ .-“?..,) 7ata 3130

SO0 PLASTL)Y GAVGHO(T) o (STARCM, JeK) g M=143)
f) "lrﬂ
o “"O I1=1,3

)—4”6!1)+STKDII JeK)*D, 1

Il\ .,-,- vieers

[=:31.50.4) 50T0 3160
T
113
T 21D
T197 T=1,3

JT(.)=D.

L 304T 1=4,13
L (BTARCE 10y =AYG(T ) 1% (STARCT » J K)=AVGC ))4DSQCT 3
;Tnig)-ﬁﬁ"“(WSQ(I)“O 1111)

;wgifgx;, 0) PLAST(X),AVGHO(4), (DSQCI) I=1,3)
e
i3
3200 J=J1,J3
53300 1=1,3
TR, gy DD=(STARCT, J, 2)=STARCI, Jy 1 D) *(STARCT, J4 2)=STAR(I 4 341 )
C30, DESARTSTAR(, 001 ))
T2 )T CTIA(R L DASTAR(2, 4 1)4STARC, I, 1IXSTAR(3, 3, 1)
78200 =001, JIRCDT  JI+CD(2, JI*ED(2,J))
£70L.0T.0) SOTO 3230
I, TODIAVGHOTT), (CD(M, J) yK=1 4 3)
C::’:{‘; 3200

o 3249 1=143
)—f”?(')+CD(I J)*0, 1

vt

7V Y01 GOTO 3260

CA305 T3
S e, D=AYG I )R (DT, J)=AVG(1))+D50( 1)
N3¢ =SOTTINSACIIEN, 1111)

Nyttt g ye.

Lo . sl
IS, T50) AVGIIO (A4 ), (DSANM) 4 1i=1 4 3)

L)




Appendix C

GComputer Program QMSTAN for Standardization Program of Match-Scan,

FROGRAM MSTAN
~==T0 FROVIDE A STANDARDIZATION
FROCEDURE AFFLICAELE TO THE MATCH-SCAN

LEINK INSTRUCTIONS?

ASS DXL DK

R OLINK
KOMETAN=QMSTAN» DXO I MSLIEFISNOV . NEW

DIMENSION CMF(3,32)yDES(32)yFAC(32s3)sFACT(32)

DIMENSTON R(32,100,RE(32y2y2)sRG(32)H»STAR(3+252)ySFL(4+5)
DIMENSTON ULC(E) »OW(E)Y s NM(T) yAC(H)

DIMENSION TRIC(39292)y TRIOCE) s VAL (3)»CNI(3,2)

narta CMF/0,019150.002050.,08640

Xy

Xy

Xy
[ Xy
Ky
X
Xy
Xy
Xy
Yy
X
y
Xy
Xy
Xy
Xy
Xy
X
Xy

“
Xy

W TR e T ST e L

Xy
Xy
Xy
Xy
Xy
Xy
Xy
Xy
Xy
Xy

Ay

T T T e

Xy
Xy

X
X

0.0847,0.0083,0.3894
0:204%590.0214+0,9725
0.3147,0,033751,5535
0.3837,0.06:151.9673
0.370750.08%%91,2948
0.3023,0.1282,1.7454
0.195650.1352+1,3176
0.0805,0,253650.7721
0.,016290.232150.4153
0.0028y0,4408,0.020184
0.0375+0,6067+0.1120
0e1177,0,761850.05607
0.236550,8752+0.030%5
0.376890.9620+,0.0137
0.5298,0.9918,0.,0040
0:.7052,0.7973+,0,0000
0.3787+0.9556»0,0000
1.0142+,0.868%9»0.0000
1.118890.777450,0000
1.1240,0.,46%8350.0000
1.0305,0.528050,0000
0.8563,0.3981,0.0000
0edA475.0,2835,0.0000
0,42316+0.1728,0.0000
0.2683,0,1076:0.0000
D.1524640,0603,0.0000
0.0313+0.0318+0.0000
0,040950.0159,0,0000
0.0199,0,00775,0.0000
Q.0096+,0,0037,0.0000
0.0046,0.0018,0.0000/
0ATA 065/828.9916,9935.9868,91049491171.91178.91149.91159.,1088.

1094.91078451049,91077.+1044.»1040,7+1000.+9964.»257.,+886.
P00r896.9876.9833.5837.5800.9802.y822.9783.98697.171649743./
NATA SEL/7WHIT »’E TI'y’LES ‘¢’ ‘P "AMBE‘» 'R FI'y "LTER " T .
"GRAY "y FOR’»‘CELA "IN /»’STD “9’TAN ‘»'FLAS s 'TIC ’» SFL
‘TAON ‘o 'FLAS »'TIC */
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Appendix C (continued)

L=DFALRSA0; 2=AMBERRA205 2= AMEERRS20 § 4=AMBER®...3 5=GRAYRS405 6=COL DIF

DATA NM/54054205,52016605540/

UATA UL/99.62,3,53,39,.27,80.09544,00,1.94/

DATA QW/99,4893.47,38.92+79.85,43.80,1,84/

(ATA AC/ UFFE’y ‘R LIy MIT “» LOWE’»’R LI’» MIT "/ {

FORMAT (7 DATE: “1242¢7 /%5 12))

FORMAT (7% KEGIN WITH SAMPLE NO.?(1-5)‘,6X)

FORMATCY AT’ 2 T4y NM’»2(1X3A4,F&.2))

FORMAT C(* COLOR DIFF.»2(1X3M4,F6.2))

FORMAT (‘% CHANGE LIMITS? 0=NOi 1=YES’y4X:

FORMAT (2X3A4y 77 )

FORMAT (F7.2)

FORMAT C OMEASURE: * 4A4,

INSERT SAMPLE THEN HIT RETURN AFTER FAUSE’)

FORMAT C O¥KXREADING AT IS,/ NM IS OUT OF SFECS FOR: ‘»4A4,/

WASH SAMFLE, THEN’)

FORMAT (/%%x% COLOR DIFFERENCE I8 OUT UF SFECS‘/ '
WASH FLASTIC TILES, THEN’) ]

FORMAT (155 3F10.2,F10.,3)

FORMAT (7 W/L7 5Ky 'FIRST  y4Xs’AVUG OF 27)

FORMAT(1HO, “AUG OF 2 DL’ sF7.297 DC=/9F7.10:" DE=’'yF7.2) ’

p—

Sty

Call. IDATECIM,IDyIY)

WRITE(S2100) IMyIDSIY

WRITE(Sy 13502

FEAD(S»300) NSAM

DG 2000 I[=1e5

TFCTWNELANDL Y LT NSAM) 6G0TD 2000

WRITE(Sy 200 (SPL(Mr L) s M=1r4)

IFCTWEQLS) G0TO 9275

TFOTWLELZ) K=0

[FCL,GE L3 K=2

TF(TLEG.4) GaTo 9270

WRITE(Sy160) NMOT4K) » (ACIM) yM=193) s UL (T+K 3 = CACIM) » M=4r6) s OW(THKD
TFCTWEQeA) WRITEC(Sy170) (ACCM) 9 M=193)yUL(&Y = tACI(M) yM=456)»0W(S)
WRITECSy175)

READCE»200) TCH

IFCTCHLERLD)Y GOTO 972

WRITECSy180) (AT(M) »M=1+3)

READ(Sy L20) UL CIHK)

WRITE(Sy180) (ACIM) +M=4s6)

READCE s 170) QWCTHK)

TFCTWNEL2) GOTO 979 i
IFO0, LT3 Kokl ;
TFIKWLT.Z2)60TO 945 '
CONTINUE

FAUSE :
0o 1000 N=1,2 j
ng 2680 L=1,32 !
FACT(L.)Y=1, :
Call GMERCA000s710091005150,5,0»1»FACT+RGy IER) i
o 290 L=1s32
ROy NIY=RG(L)D
Call. TOLECLO00)
CONTINUFE
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Appendix C (continued)

LECLoL T o4) WHRITE(DY200)
[FOL.6T.1) GOTO 1100
I 1040 =132
FAC L ey,
D0 1020 N=1:2
TFONGEQ LY FALy Ld=RLyN)
TFAONGLE.2)Y FACCLy2Y=ROLyNI¥O .G 4+ FACCL 2D
CONTINUE
TFCLWNEG15) G0OTO 1030
WRITE(S,300) 3904+L%10y(FACCL s M) v M=142)
TFFACCISy 2) JLTUL (1Y L ANDL FACISy 2) JGT 0WCL ) s GOTD 1050
WRITE(S»210) 5405 (SFL(My1)rM=154)
GATa 9260
DO 1035 M=1,2
FACCL s M) =FACC(LYyMIX0.01
CONTINUE
GATH 2000
no 1500 L=1,32
VAl (20 =0,
0D 1120 M=1,2
TFONLEQ.L) UAL (L) =R{LyN)/FAC (L)
IFINGEQeL AND T GE AR 1 I-3)=VAL (L)
TENGLE2) val (2)=RL+MNIXOH/FACCLy 2)+VAL (20
TFANVEQ.2.AND T.6E.4) RO(L 2y I-3)=0aAL(2)
CONTINUE
LL=l./10+2
IFCI-3> 1140116051500
TFOLEQEORWWEQI3WORLLER.2Z7) 6OTD 1180
GOTO 1500
WRITE(S5y300) Z90+L%10Cy (VAL (M) yM=1,2)
TFAVALC2) JLT UL CLL)) AND L UAL () W GT . OWCLL Y Y GOTA 1500
WRITE(Sy210) Z904LX10y (SPL(MyI)sM=14)
GOTO 940
IF(LNE.13) 60T0O 1500
WEITE(S»300) S40, (VAL (M) sM=12)
TFOUAL ) LT UL (S s ANULVAL (2 BT 0WU(S))Y GOTD 150C
WRITE(Sy210) S5405 (SFPL(Myr3)yM=1+4)
GOTO 960
CONTINUE
CONTINUE
I I8 THE TRISTIMULUS COUNTER
J OIS THE AVERAGES COUNTER
K IS THE SaMFLE NUMEBER OF THE FLASTIC CHIFS COUNTER
LIS THE WAVELENGTH COUNTER
DO 2900 I=1+3
TRIOCI)=0,
DO 2900 L=1y30
TRIOGCII=TRIOCI)+100.XUMF (Tl )¥D6S (L)
TH=1,/3,
no xoho K=1e2
0o 2050 Jatlel
DG 3020 T-143
TRy JyRY20,
no 3000 L=1,32




Appendix C (continued)

THOOQ TRICIy JyKi=TRYICIy S KDY 4 RCCL y Jp KOXEMF (I oL 2005000

3020 THICL s Je k) =TRICLy S B /TRIOCT) [

3050 CONTINUL ‘
. Do 308G I=1ey3
oo 2080 J=1.2
LG 3080 Kl 2

- 30860 TEICT s JyKI=TRI(T » JoK)XXTH
o U0 3150 K=1+2

no 3150 =1y 2 ]

ETARCLy JoRY=11EOUTIRICZy JoKD) 1640 3

STARC2y Jy B =300 X (TRI (L Jo K =~THRI 2y JoK))

E1L5H0 STAR(Z» Sy KI =200 X (TRI (22 Je KD -=TRI (s Js M) )

NS

L4

e 3200 I=1+3 _
200 STARCTLy Jr 1) =(STAR Ly Sy 2)-STARC(TI» Iy I2IX(GTARCTI s de 20 -GTAR I .10 V) 3
COCls J)=5QRT(STARCL s Jr1))
COC2y J)=SART(STAR(2y Je 1XETAR(2yJrl1) + STAR(I» Dy 1IXETARCG e ] 100 }
COCZy D=SART(CHLy DXCDCL s d) 4+ COCZy IXRCICD 9 S
WEITE (S, 700 (CIH(My ) e M=1530
TFCCH(Zy2) LT UL(E) ANDLCL(Z, 25 . 6T.0W(SY) GOTOA000
WETTE (S 22300
NGO Mg
FOTO 9GO
1000 STOR

I




Appendix D

Computer program QSTANH for standardization program of Hunter D54.

PROGRAM QSTANH
~==TO PROVINE A STANDARDIZATION PROCEDURF
APPLICABLE TO THE HUNTER DS5AP SPECTROPHOTOMETER
NIMENSINN AV(I6),AVGHD(4),CN(3,13),CMI:(3,32),N65(32)
DLTENSLON A AN gL 32) W PLASL(2)
JL A0l I HAU e 1 1T qEUA 32 41 342041130 3€) 4P (g2 010}
"I’“”"IP” STARI3, 13,20, TRI(3,13,2),1:110(3),VAL(3)
IATA CHE/ZN, 0191 ,0,.0029,9,08567,0.0847,0,003R,0, 3894
~, 1. 2045,0,0214,0,9725,0.3147,0.0387,1.5535
-, 7.3437,0,05821,1,9673,17.3707,9. fmor,,l 0043
-.N.3923,0,1282,1,7454,0 IOSG.O 1852,1.3176
-,1 N3N5,0.2539,0. 7721 N.N162,0. 2371, 0 4163

0() (4

LN038,0.4603,0,2185,10,0375,0.0057,0.1120
D 1177, 0.75183,N.N607,0,2365,0,8752,0.N305
1.3753,0.05627,1.0137,0.5298,0.,9918,0, 0040
) 7052,0.9973,9.0000,0,8787,0.9556,0, 0000

.N142,0,8589,0, 7000, 1.1185.0.7774,0.0000

.1 1240,0.6583,0.0000,1.0305,0.5280, 0. 0000

-,.).R543,0,3981,0.0000,0,6475,0.2835,0, 0000
—,0.4316.0.1798,0.0000.0.2683.0.1076.0.0003
.,.Ia"é 0,0603,7.0000,0,0813,0.0318,0.0000
2 ).0%79,0.0159,0,0000,0,0199,0.0077,0. 0000

-y 3)76.” N037,0,0000,0,0046,0.0013,0.00007
JATA DGC/B?S..QIé..Q35.,868..1049..ll?l..li?ﬂ..lldo..Ilﬁ@..lnﬂﬂ.,
-1794,,1072,,1049,,1077.,1044,, 1040, ., 1000, ,964, ,957.,88%.,
=07, 398, 4 B76.4R33.,837.,800.,802,,822,,783..,697.,716.,743./
JATA SPL/’/AMBREZ,”R FI1’,”LTER’,” 7,
- FVMIT?,2E TI’,7LE 7,” ’
- /GRAY?,” POR’,’CELA’.,7IN 7,
- #STH 2, TAN 7,’PLAS’,’TIC ~,
- #SPL *,*TAN 2,’PLAS’,’TIC 7/
NeTA AVGNOPLAST/ZONE 2,2AV2 7 ,7AVID?,?S1G #,7STH 2,250 7/
C  1=Aykn 14203 >=AMBERA5 201 3=AMBERAG60 1 4=0PALASA4D $5=GRAYA5A054=CO1 DI+,
| ATA $17/3.48,38,68,80,20,98.35,42.%6, 1 .847
' IATA AVZ0.03,0,18,0,12,0,10,0.10,N,05/
NATA N'M1/420,520, 660,540,540/
100 FORAATC(? DATFES 2,12,2(7/77,12))
120 SORYAT(/Z 1. ON D54 PRESS WASCII oUTY, T.CN now, THEN NTRA L ds)
- PUT WHITF PORCFILAIN OVER PORT,”/
- nanx BEAY WITH BLACK CARDROARDZ/
-4 2, PRESS HZEROM, REMOVE CARNDRNOARDZ/
- 3, PRF"" NSTNHZY, ARTER "STANNARDIZENM PRINTS OUT ON DH47/
-7 4, PRESS MASCIIM, THEN %2 s/
-7 5, PRESS MRETURYM QN SPC=16 CNISHLE PRINTER?)

[}

Q
\J
e

-

® @ @ e o

150 :)?'\1(’ PEGLI WITH SAYPLE NOG? (1-5)7)

170 FOVIAT (/2 k% RVMOVE AMRER FILTEIx* %2/
-4 1, 0N D4, DRESS MASCIIN JTHEH w0 THEN "R=STHN"/
aid PUT ZERO TRAP OVER PORT?/

=7 2, PRESS "ZERo, PUT WHITE PORCFLATN OVER PORT?/
=/ T, DPRESS "‘TD/" PUT GRAY PHORCELATIHN OVE) PORT?/
=/ 4, DPRESS WGTOZN L APFTER MGTANDARDTZEN® DRINUTS OUT Ol D54,
=~/ o, DRESGS MASCTIMN, Tt "?"’/
=7~y DRESGH "Z(VTURN" OH SPC=1a CONSOLE PRIMNTVRY)
J00 JORMAT (/2 MEASURES 24A47 INSERT SAMPLE I NDbdass/

53




Appendix D (continued)

-/ AFTER A PAUSE IS PRIMTED, PRESS "RFAD" 0ON NS47/
-7 AFTER nFLL RINGS. PRESS #INONMU ANND WRETURN® AT SANE Tinrs)
210 FOLAT (/2% 1%READTHNG AT2157HY 1S OUT OF SPECS FORtZ4A4/
_ - WASH SAMPLE, THENZ)
e/u FORMALLY ALZLa g7 N JPPEN L{¢Ife Fo. 2,7 LNMMER LIMIT?,%5,2)
253G Conang it oot DLFFERENCES UkPeER LIRIT/F6.27 LONFK [LINTiI7EA,2)
240 FMAT (/2 x%x COLNDR DIFFERENCE IS OUT 7 SPECS FGiRt 7,4A4/
- WASH TILES, THEN?)
250 EONIAT(V) ‘
300 FO2ATIN,3F10,2,F10,3)
350 EORYMAT (IR, R11.2)
450 FOMIAT(/2C2884),7 X=2FT.5,7 Y=/ ,F7.5,7 Z2=%,F7.5)
500 FORUAT(Z W/1L#,5X, /CIRSTZ,4X,2AVG OF 2°)
700 EONATC/ N, 2 D=’ ,FT7.2,7 DC=4,FT7.2,7 NE=/_F7,2)
800 FORUAT (/72 %%%0K T MAKE MEASUREMENTS*%*%x7)
Call, FREALT
CaLL DATESBCIY,IM,ID)
WRITR(S,100) TH,ID,IY
AAITE(S,150) .
R=AD(5,250) MSAY
SUSAMLGT. L) GOTO 950
WRITE(S,120)
RERINYS
onn 32000 11=1,5
TFCITGLTLHSAY) GOTO 2000
960 [=711
I=(I,HF,2) GOTO 9710
AITE(S, 1T70)
DA'IS=
970 SUT=(5,200) (SPL(M, 1) M=1,4)
K=1
IZ¢I. R 1) K=142
15(1.EN.5) GOTO 978
| 975 JL=53T )+ AV(K)
(3 /=8T(K)=~AV(K)
, [F(T,EN.A4) WRITE(5,230) UL,OW
| I¥([.FQ.,4) GNTO Q78
HAUTE(H,220) NMI(K) UL, OW
IF(I.NE, 1) GOTO 978
IF(K.EN.3) GOTO Q7R
K=X+1
GOTO 975
978 CONTINYE
no 1900 H=t,2
PAUSE
N 9RO L=1,32
WL N =R
HEAD(14,43570) NYLL)YRG(L)
00N COUTINUE
N 985 L=1,32
, DL M) =ROL)
P ik ine
1000 CONTITNUE
[FCILT.4) WRITE(H5,5M70)
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Appendix D (continued)

K=1 :

IF(IHEL 1) K=1+2

N 11an 1.=1,32

YAL(2)=D,

DO 2 W=y 2

IFCILEN. 1) VAL =201,
IFCLEQL T JANTDL TV GE.4) C(L,1,1=-3)=VALL(1)
[FCILLE.2) VAL(2)=R(LN)*0.5+VAL(2)
IFCILLEN, 2. ANN 1,.GE.4) RC(L,2,[=3)=VAL(2)
CONTINUR )

IF(I.GE.4) GOTO 1140

=00+ 10

TFCIMONELNO(K)) 6GOTO 1140

WRITFE(S,300) N (VAL JM=1,2)

[ (ABSIVAL(2)=ST(K)).LT.AV(K)) GOTO 1135
YRITE(S5,210) NMI(K), (SPL{(M,I),M=1,4)

. G0TH 970

IFLILED 1 JANNLK,LT. 3) K=K+1
CONTINUE
o TINUE
I 1S THE TRISTIMULUS COUNTER
J IS THT AVERAGES COUHTER
K IS THFE SAYPLE NUMBER OF THE PLASTIC CHIPS COUNTER
L 1S THE WAVELENGTH COUNTER
Ny 2000 I=1,3
TRIN(I)=0,
N 2900 L=1,32
TRIV(IY=TRIO(I)+100,*CHE (I, L)*N55 (L),
Ti=1.7/3,
DO 3070 K=1,2
M 3070 J=1,2
3

DO 3020 1I=1,

TRI(1,J,1)=0,

DN 3990 L=1,32

TRI(T,J,K)=TRICT 4 J,K)+RCCL y J, K)#CHF (T, L)*NA5 (L)

CONTINNE

T2, J,K)=TRI(T,J,K)/TRIOCI)

{AITE(5,450) PLAST(K) fAVGNOCJ) , CTRI (M, J,K) 4 M=1,3)

CONTIHUE '

T 3980 1=1,3

N 3080 J=1,2

Y 330 K=1,2

TR I, =TRIL, J,K)**+TH

Y 3T K=, 2

Y 37N =12

ST, T, =114 0 TRI(2, T, K)=15,0

SUARC2, 0, =500 % (T (1 3y KD =110 ,.0,50))

STANR T KI=200, % 00T (2, Ty =TT (3, 0,K))

ST

RRTREULe NN P

YY) I=1,3 .

TV T ) R CGTA T, 1, 2 =S TA (T, )y 1)) (STARCT o 1y 2)=5TARCT, 1,1 30

COVE LD =0 CSTANC , T, 1))

CCHy I =BT TAR (D g T DIAGTARCD J g 1) +5TARC3, Ty 1) KSTARC3 I, 1))
55
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Appendix D (continued)

TN(3, JI=SORT(CN(1 ( JI*CNC T 4 JI+CD(2, JI*CTU2, 1))
. WRITR(5, 700) AVGIO(I), (CD(H,J) MH=1,3)
- 3250  COTINUE
[ECANS(CNC3,2)=5T(6)).LT.AV(6)) GOTO 3300
NSAN=4
HHITE(5,247) (SPL(M,4),4=1,4)
GITH 950
3300 GdITR(5,800)
4000  STND
£




