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PREFACE

The work reported was performed as part of Phase II 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 conmnercially available spec-
trophotometers, each with a small microprocessor. The evaluation was per-
formed under Contract DAAK60-77-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 sys-
tem development.

The purpose of Phase II 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
II was design and procurement of a prototypes 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 0. Ramsley; Alternate Project Officer was Therese R.

Comner ford.

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

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. In one of these contracts
Billmeyer and Alessi addressed the general reliability of commercial color
instruments, and in the other one Alle2 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 add 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 SPC-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.

1. F. W. Billmeyer, Jr. and P. J. Alessi (1979, "Assessment of Color-
Measuring Instruments for Objective Textile Acceptability Judgement"
Technical Report 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 770 p. 309, Adam Hilger Ltd.,
Bristol, England, 1977.
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The Diano Match-Scan spectrophotomecer 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 Vffers 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 wave-
length calibrati n 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 (1941).

5. W.- H. Venable, Jr., and K. L. Eckerle, (1979)1 "Didymium Glass Filters for
Calibrating Wavelength Scale of Spectrophotometer-SRM 2009, 2010, 2013 and
2014,1" NBS Special Publication 260-66. National Bureau of Standards,
Washington, DC 20234.
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An alternative method for wavelength calibration was described ty7
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. In 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
590 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:

X = I (t3-t )/(t2+ t3 - t1 - t4) + W

where,

X is the crossing wavelength

I is the wavelength increment

tl, t 2 are the transmittances for the first filter at wavelength, W,
and wavelength, W + I, respectively

t3, t4 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 1-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).
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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 manufacturerp Hunterlab, using a
series of fi ters 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 is
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 spect5ophotometer at 511 ran, 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 I and 2.
It will be noted that 1-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 produaes 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 in-
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 performar-c ut 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 nm 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 nn 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 nm 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-11 computer and
QMSTAI is used with the Hunter D54 spectrophotometer and the General
Automation SPC-16 computer.

9



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 "TRAVS" button

b. Block beam with black cardboard and press "ZERO"
c. Insert white tiie and press "STDZ"

Measure Amber filter

Set up D54 for reflectance:

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 QMSTA1 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 corrected 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 NW" button on spectrophoto-
meter console and the "RETURN" on the computer keyboard were pressed simultaneously.

10



A 'AUSE" 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
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
recommended 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 #1 were specifically determined on both instruments at 760 + 1F. All of-
the other data were obtained on the Match-Scan.

Slightly larger tolerances are given for the D54 than the Match-Scan, which
allows for the change in transmittance when the D54 is operated at 84°F. Ex-
periments were repeated twice with 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 is 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
differences were determined for the twn plastic samples when the data obtained
at 760F were compared to those at 840F.

This document reports research undertaken in
cooperation with the US Army Natick Re-
search and Development Command under
Contract No. A o-2g- -oa and has
been assigned No. NATICk/TR-1F_2. /Ot_
in the seres of reports approved for pubrca-
tion.
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Table 1. Transmission Data on NG-9 and NG-3 Neutral Gray Filters
Calibrated by National Bureau of Standards at 511 nm; measurements
at 1-ran intervals.
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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 nu;
Measurements at I-nm intervals.
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Y 3( 1,5 ' 5 '3 .5o 3 '1518 31.69'.,"('.'(} z.1 al 5 L€.31 . 62

CO(NTIV ]. r.l -" [ Y./N -I "Y,---. ,..-1.31.61
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.R OMSTAT
DATE: 10/11/80
BEGIN WITH SAMPLE NO?(2-5) 2

MEASURE: WHITE TILES INSERT SAMPLE THEN HIT RETURN

PAUSE --

W/L FIRST AVG 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 99.69 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
520 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 99.60 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 99.62 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: AMBER FILTER INSERT SAMPLE THEN HIT RETURN

PAUSE --

W/L FIRST AVG OF 2 AVG OF 10 SIGMA
400 3.99 3.98 3.98 0.009
410 3.53 3.54 3.53 0.007
420 3.52 3.53 3.52 0.007
430 3,94 3.94 3.95 0.005
440 4.88 4.88 4.88 0.005
450 6.44 6.44 6.44 0.006
460 8.73 8.74 8.74 0.005
470 11.84 11.85 11.86 0.007
480 15.92 15.91 15.90 0.009
490 21.01 21.01 21.01 0.008
500 26.81 26.81 26.81 0.010
510 32.80 32.81 32.82 0.010
520 39.17 39.18 39.20 0.012
530 45.61 45.63 45.62 0.011
540 51.84 51.83 51.82 0.007
550 57.48 97.49 57.51 0.013
560 62.54 62,53 62.55 0,014
570 66.88 66.86 66.84 0.022
580 70.43 70.43 70.43 0.015
590 73.27 73.27 73,28 0.024
600 75.52 75.51 75.49 0.017
610 77.14 77.13 77.11 0.019
620 78.28 78.27 78.28 0.015
630 79.06 79.07 79.08 0.027
640 79.65 79.63 79.59 0.017
650 79.84 79.84 79,85 0.016
660 79.94 79.96 79.97 0.016
670 79.94 79.95 79.93 0.025
680 79.69 79.71 79.73 0.029
690 79.50 79.47 79.47 0.034
700 79.11 79.08 79.07 0.031
710 78.49 78.53 78.54 0.028

Figure 11. Statistical study for Match-Scan (continued).
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MEASURE: GRAY PORCELAIN INSERT SAMPLE THEN HIT RETURN

PAUSE --

W/L FIRST AVG OF 2 AVG OF 10 SIGMA
400 42.05 42.07 42.07 0.028
410 44.43 44.39 44.40 0.024
420 44.42 44.45 44o46 0.016
430 44.23 44.24 44.24 0.020
440 44.07 44.08 44.10 0.012
450 44.02 44.03 44.03 0.01?
460 43.98 44*00 44.00 0.011
470 43.97 43.97 43o98 0.013
480 44.00 43.98 43.97 0.012
490 43.96 43.98 43.97 0.010
500 43.92 43.93 43,95 0.010
510 43.95 43.94 43.94 0.09
520 43.95 43.97 43.97 0*014
530 43.95 43.95 43.95 0.011
540 43.91 43.90 43.89 0.012
550 43.81 43.80 43.80 0.016
560 43.63 43.63 43.65 0.010
570 43.49 43.49 43.48 0.009
580 43.35 43.35 43.35 0.011
590 43.27 43.26 43.26 0.013
600 43.23 43.23 43.22 0.010
610 43.25 43.25 43.25 0.011
620 43.35 43.35 43.34 0.015
630 43.39 43.42 43.40 0.017
640 43.48 43.47 43.46 0.011
650 43.47 43.48 43.49 0.017
660 43.54 43.52 43.52 0.014
670 43.55 43.53 43.55 0.016
680 43.61 43.62 43.64 0.015
690 43.80 43.78 43.77 0.008
700 43.83 43.87 43.86 0.020
710 44.06 44.05 44.02 0.025

Figure 11. Statistical study for Match-Scan (continued).
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MEASURE: STD TAN PLASTIC INSERT SAMPLE THEN HIT RETURN

PAUSE

MEASURE: SFL. TAN PLASTIC INSERT SAMPLE THEN HIT RETURN

PAUSE --

STD ONE X= 0.4249 Y= 0,4023 Z= 0.2605

STD AV2 X= 0.4249 Y= 0.4023 Z= 0.2605

STD AVIO X= 0.4248 Y= 0,4022 Z= 0.2605

STD SIG X=0.00003 Y=0.00002 Z=0.00003

SPL ONE X= 0.4050 Y= 0.3801 Z= 0.2459

SPL AV2 X= 0.4050 Y= 0.3800 Z= 0.2459

SPL AV1O X= 0.4048 Y= 0.3799 Z= 0.2459

SPL SIG X=0.00010 Y=0#00010 Z=0.00007

STD ONE L*= 69.63 A*= 6.80 B*= 19.91

STD AV2 L*= 69.63 A*= 6.79 B*= 19.91

STD AVIO L*= 69.63 A*= 6.79 B*= 19.91

STD SIG L*= 0.002 A*= 0.006 B*= 0.004

SPL ONE L*= 68.03 A*= 7.76 B*= 19.57

SPL AV2 L*= 68.02 A*= 7.76 B*= 19.57

SPL AVIO L*= 68.01 A*= 7.75 B*= 19.56

SPL SIG L*= 0.007 A* = 0.004 B*= 0.008

ONE DL= 1.61 DC= 0.94 DE= 1.86

AV2 DL= 1.61 DC= 0.95 DE= 1.87

AVIO DL= 1.62 DC= 0.94 DE= 1.87

SIG DL= 0.006 DC= 0.013 DE= 0.014
STOP --

Figure 11. Statistical study for Match-Scan (continued).
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7$S"STAI
DATE' 10/14/80
Prrmi WITH4 SAJPT.F PU).'(1-5)

71,

1, ON HUINTER PRESS 10TRANS'1,PLT W1HITE TILE OVER PORT,
BLOCK~ BEAM WIT11 BLACK CARDSOARD

2. PRESS "ZFR10". RF'!0VE 'CART)3OAHD
3. PRdE5S "STDZ."' AFTER "STANDARDIZEDN.PRINTS OUT ON HUNTER,
4. PRESS- "ASCII"; T1:01l ?2n
5, PrESS - RET'JRI 0-11 SPC- 16 CONlSOLE

MEASURE$ AMBER FILTER INSERT SAMPLE9PRESS READ ON HUNTER*'THEN IO0l4
PA USE

i''L FIRST AVG OF 2 AVG OF 10 SIGMA
400 39 3.97- '3*96 0.0o19
410 2.;50 3.51' - 3.51 0.010
4 2 3.50 3.50 3.50 0.,005
e43e .3.90 3.90 3.89 0.01*0

*4.82 .4.082 4.82 O00=4
*150 6.39 6.39 6. 39 0.'004
'160 8.57 8.57 8.57 0 ! 005

"70 11,48 11.48 11.48 0 006
-A8s 15,1. '15.45 15.46 0:008
190 20;46 20.'46 20.45 0.010
500 26.'02 26.02 26.02 0.006
5i 32.18 32.16 32.16 0X) 4

*520 -':P,7? 3R,'72 38.70 0,,0 13
h30 4:),02 45i02 45.03 0.013
54,0 51 116 51.16 51.-15 0.013
550 56.792 56.92 56.90 0.014

61.19r 61 .'96 61.95 0.0O14
5 V' 66.33 66.313 66.'33 0.015
5 8 0 70.14 70.14 70.12 0.015
590 72.79 72.79 72.78 0.1015
6 00 750/20 75.20 75,19 0.015
(110 77 '19 77.19 77.19 0.014
620 78.24 70.25 78.24 0.017
630 79.00 79.01 78.99 0.029
6p40 79.64 79.'64 79.65 0.017

00 0.13 80. 14 80.12 0.019
6,"0 2)15 Or).16 80.15 0.'016
(.70 79.'94 79.94 79. 95 0:011
-680 79.96 79.96 79,97 0.014
.693 79.'96 79.'96 79.9i 0.016
700 79,52 79.752 79.50 01019
710 79.04 79.'06 79.06 0.023

Figure 12. statistical study for Hunter D54.
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*4* RFU()VF AMBER FILTER***
1 .' oN P'JITFR, PRESS mR-SIN",' PUT ZERO TRAP OVER PORT
2. PRESS "ZERO". PUT WHITE PORCELAIN OVER PORT
3. PRESS "STDZ PUT GRAY PORCELAIN OVER PORT.

4. PRESS "STPZ". AFTE! "STANDARDIZED" PRINTS OUT ON HUNTER,
5. PRE3S RETURN ON SPC-16 COINSOLE
PAUSE

F .A:,UREs" i'HITE TILE INSERT SAMPLEPRESS READ ON HUNTERTHEN ION

I/L FIRST AVG OF 2 AVG OF 10 SIGMA
400 95.64 95.63 95'*57 0-1050
410 94.66 94.65 94.63 0.023
420 94.95 94.94 94.95 0.012
430 95.71 95.70 95:71 0.011
440 96.32 96.32 96.33 .0.01 2
450 96.95 94;P4 96.95 0-014
460 97.42 97.'42 97.41 0.019
470 97.71 97;.71 97.69 0:018
.460 97093 97.92 97.92 O'O 12
490 98.12 9812 98.12 0.012
500 98.21 98.20 98.22 0.019
510 98,720 98'21 98.22 0.013
520 98.26 98.26 98.26 0,006
530 98;49 98.49 98.51 0.019
540 98.33 98.33 98.35 0'020
550 98.35 98;35 98.36 0.'010
.560 98.-26 98.'24 98.24 0019 
570 9a.'34 98.33 98.34 0.011
580 93.27 93:26 98.,27 0;01I
590 93 45 98.'45 98.46 0.013
60) 98.16 96.14 98.14 0;014
610 98.14 98.14 98.15 01019
620 98.08 98.06 98.06 0.013
630 93.16 98.14 98.14 0.016
640 98.11 938.17 98.18 0.009
650 93715 980-14 98.17 0,018
660 98.09 98.08 98:10 O:0I 5
670 98.19 98.19 98;20 0.011
680 97.97 97.97 97.91 0.007
690 98.'21 98.21 98.20 0.007
700 98.11 98.10 98.10 0.014
710 97,94 97.94 97.98 0.028

Figure 12. Statistical study for Hunter D54 (continued).
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7.: 6L2AT POR7C2E.Ai INST SA-PLE,PRiii33 REiAD~ ON iU;7E,1,Pai&jv 0

1-L FIRST AVG OF 2 AVG OF 10 SIGMA
400 39.25 39.25 39.25 0.'04 2
410 41.76 41*.75 41.77 0.019
420 42.20 42.19 42.21 0.018
430 42.19 42.19 42.19 0.007
4110 42.31 42.31 42.32 0.007
450 42.47 42.47 42,4 0.014
460 42.10 42,,70 42.72 0.013
170 42.68 42r68 42.69. 012

480 412.76 42.76 42.76 0.'005
490 42.84 42.834 42.84 0.008
50 42.87 42.86 42.85 0.011
510 42.87 42.87 42.87 0.011
520 43.01 43.01 43.01 0.008
530 43.04 43.03 43.03 0.011
540 42.92 42.92 42,93 007017
550 42.85 42.85 42.86 0.019
560 42.68 42.63 42.68 0.006
570 42.42 42.42 42.4j 0.014
580 42:.28 42.28 42.29 0:010
590 42.28 42.28 42.29 0.010
600 42.14 42.14 42.14 0.006
610 42.14 42.14 42.13 DX.013
620 42.10 42.10 42.11 0,011
630 42.25 4.2;25 42.26 OX13
6-,0 42.23 42.23 42.23 0.013
650 42.,33 42.33 42.34 0.6009
660 4?.39 42.39 42.40 00 011
670 42.37 42.37 42.37 0.007
680 42,53 42'53 42.55 0.-009
690 42.65 42:65 42.66 0.012
700 42.80 42.80 42.79 0.010
710 42,86 42.86 42.87 0.015

Figure 12. statistical study on Hunter D54 (continued).
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io- itjk(sL* S, TAN PLASTIC INSERT SAMPLE,'PRESS READ ON HUNTERTHEN 1ONM

PAUSE

;- . .27 1:. 0,C.7J -

(,'I) ..r, X " C.4 12. Y= 0._9, 1 Z= ..) C,,O

S IF '.",0 X= 0.4!2"1 V;-: 0.3711 Z- 0.250n

S, C X- 00003 Y.--O.O(.O02 Z-O.CO002

"A (:'"i X-- Or:) 7 Y=- 0.3639 Z= 0 .2350

.. . 0." '1., Y- 0.690 7= 0.22-55

F:. ,' ViO X- C.,.., 0.2691 0. 2.35

Jj( X 08? Y-:0,0J008 Z = 0O C0 0'
5~ C - ')'.J Q, 0",UM ~.UU(

,J.t) 0 1r L*-:z 66.83 a*= 6.60 i*= 20.27
, T, 'V2 L= 63.S3 - 6.61 b*= 20,27

A') AV'O L' 63.83 a* 6.60 b*= 20.28

srD Jr I.. c. C A Oj -i 0o o. r

S2. iV' 7.54 - I 2.C
, ¢ ,. ,.... fLl'- = 67.20' ,,= 7 5 e'- 1 ,".,

2 ,V2 L " "4 b*= PU).L20 I.I
A V2 ;L- I .,"' , ,> E= 1

AVIG .L 1 62 I ,1 90 I,'= 3.pr

%1; 'i1' 0,'06 .. ,2, ," 0.02"3

Figure 12. Statistical study of Hunter D54 (continued).
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RUN GR Y PITO OPALI

CLRF ENEWITHIN TOLERANCEAT50N ?

K NO YES

RUN AMBER FILTER

[WASH FILTER I  420 660 520 RUCAIRATINGI

NO* NO NO 
TR

t L RUN GRAY PORCELAIN I

I;,ITHIN TOLERACE AT 540 NMI

NO Y S

7RUN STD TAN PLASTIC l

RUN SPL TAN PLASTIC

- I

Figure 13. Schematic of standardization of Match-Scan.
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SET UP D54

FOR TRANSMITTANCE

-47 RUN AMBER FI LTER

R WITHIN TOLEANCE J

FWASH ~ ~RU SPLER TAN PLATI 520ATPLEIRAIN

=- •NO -NO NO- _ ILTERS
YES YES . YES

SET UP D54 FOR

REFLECTANCE

OK =RUN WHITE OPA

EWITHIN TOLERANC T 2?

_WS Tl -- NO YES

I RUN GRAY PORCELAI

{ WITHIN TOLERANCE AT 5201

IWASH TILE _NO YES

RUN__DD TAN PLASTIC SAMIPLE

RUN SPL TAN PLASTIC SAMIPLEI

[o -T RUN TE STS FOR H OURS

Figure 14. Schematic of standardization of Hunter D54.
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DATE: 1/25/81.
BEGIN WITH SAMPLE NO.?(1--5) 1

MLA SURE: WITE TILES INSERT SAMPLE THEN HI- F:FT(IRN AFTER PAUSE
Al 540 NM UPF'PEv LIMIT 99.62 LOWER LIMIT 99.48
PAUISE. -

W/L FIRST AVG OF 2
540 99.54 99.53

MI:.ASLIRE: AMBER FILTER INSERT SAMPLE THEN HIT RETURN AFIER Pf LJSE
hI1 420 NM UPPER LIMIT 3.53 LOWER LIMIT 3.47
Al'; .20 NM UPPER LIMIT 39.27 LOWER LIMIT 38.93
Al 660 NM UPPER LIMIT 80.09 LOWER LIMIT 79.85

* ['fdJ S[ "..

W/ L FIRST AVG OF 2
420 3.49 3.49
520 39.15 39.16
6,, 80.00 79.96

MI SLE: GR AY POFRCELAIN INSERT SAMFLE THEN HIT RE-IRF:N AFTER PAUSE
AJ 540 Ni UPPER LIMIT 44.00 LOWER LIMIT 43,80

W/1.. FIR1S T AVG OF' 2
40 43.92 43.94

ME FARUFE: STE' TAN PLASTIC INSERT SAMPLE T HEN HIT RET11RN AFTER PAUSE
CC) ...F. D I FF. U F,'PE R LIMI'T 1.94 LOWER LIMIT 1484
PAUSE ........

MEASURE: SPL TAN PLASTIC INSERT SAMPLE THEN HIT RETURN AFTER PAUSE
PAUSE ..

AVG OF" 2 DL= 1.60 DC= 0.97 DE= 1.87
STOP ---

Figure 15. Standardization test for Match-Scan, typical output from QMSTAN
computer program.
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?S SMT A N:H

1)ATI:: 1/27/81

ION 1)54 PRF35 "ASC I OUT" , THEN "0", THEN "TIANS"
FJT 'IHITF P02ThL-.I;1 ()VFr P(V2T,
-"LOCI, 57Tt"': BLAC ,C A2 !)71.AW

2. PfT3 1 / 3 2) ?.'VV10V CA!;M0ARD
.< , J7T' FT:R 11SA A;Jr)AhtZ-tY PRINTS OUT N014.

5. P',S 3 '1'?FT1J2N WI SrO- 1 6 CcY,'SOLEi PR I TM-

PAUSE

IiFA TI)! :A It 7 r [:I LTF ItNSFN1T SA"2 PLT- It! D54 :
1:TV A Ph 1JSF IS PQI1 TFD, PRE2SS " iw'kn" WN D5.1

A':TE ;0--TL RUIic; PRES "10ONM" AND 'YETURIN f A~ T ~
AT 42') N1 UPPER IIIT 3.51 L0!.iC IINIT 3.45
AT 5 2) 'P! UPPER -I'iIT 33.P,6 1-WIM) LI"qIT 38.50
AT uprYi:' UPPE9 191T 8.32 1.01NR LT- 80.03

PAUSE

/L P IRST AVG OF 2
420 3.49 .3.49
520 323.76 33.74
66') 80.2?0 80.20

***t~ .) MIRSE[? FILTER***
1 . dl P2 ~~; "ASCII",T1r lEN '"o1 -- P1 ionT"' PTZI'

2. P:13"Z2'. P1UT W"HITE7 PO1)(-'1L Al I MT R POQT
3. P:~ 31 ST~ ,/ PIJT GR AY PORMELA I-IO' dPI
4. P"_ )I;' A ; Tt)Z' to TE. "STAIDARDIZU)" PR1INTS OUT ON --)911
5. P -) -, C "ASCII ", THEN "12"1
6. P: ONTNU 0 SPC-106 CONSOLE P I NTFR

P AU S:

F '-!;1,E WHITE TIL7. INSERT SAMPLE III D54;
tFT AIASE1 PR1INTEP, Plr-nSS "!?EAO" ON D54

A 71:1-1-L RI,1r-11, PW73S " 10!I'" AtnO "RETUIff'l AT SA'HT TIl1E
AT 5-11) ?W UPIUE LI'!IT 99.4,6 LO.IER W'ITQ. 26

PAUSF

W/. FI, il;f AVG OY0F 2
5 4 0 9B. 40 98. 40

Figure 16. Standardization test for IHnter D54V typical output from
QSTAiUI computer program.
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,,FASTJRIz GRIAY POIRCELAIN INSFRT SAPLE -IH p541
A -T U: T. A PUIv;E IS U P'?I ,ITED, PES3 "REA). . r)54
tr:1 f3F.L iI NGS, Pi,',SS "I OW' " AD ".irum" AT SA.E TI;.E

AT '3" I UPPUIr LI'.T 43.06 LMIER LIIT 42.86

PAU. F

VI/L FI PST AVG OP 2
54 0 42.02 42.92
FA:;I,:: STl0 TAtl PLASTIC INSERT SA.PLE IN D541

AFT-) A PAUSE IS PRINTED, PRESS "READ" 0N T54
AF/T::I hELL RI N;', P.Ul-SS " I ONM" AND "RETURN" AT SAME TIME

Cf)I.:Y )I FFERENCE= JUPPER LI?.IT 1.93 LOWER LI:IT 1.83
P A U -37
PAUSE

M t3U ,: SPL TAN PLASTIC INSERT SAIMPLE IN D54t
AFTEi A PAUSE IS PRINTED, PRESS "READ" ON r)54
AFT =-- BELL RINlGS, PRESS "IOW.i!" AND "RETURN" AT SAME TIME

P A US U

PAUSE

"F "L= 1.63 D)C= 0.88 DE= 1.85.

AV2 "L= 1.62 DC= 0.87 DE= 1.84

***o;, TO '.,A!KE ?AEASURE'iElTS***
STOP

Figure 16. Standardization test for Hunter D54 (continued).
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? $ F.\71"A
[)AT'I t 1/27/1
BEGI: W IITH SA.iPLE 10.? (-5)

'I

(),Y ; t5 r _3. "ASCII OUT", T-Ei "0" TIEN "TRANS"

PUT /11TE PMRCELAIN OVER PORT.
(LOCK BEAM WITH BLACK CARDBOARD

2.P,,33 "ZERO". r R'OVE CARD)B)ARD
.3. P. -SS "T-)Z". AFTER "STA~r)AR.DIZEr)" PRINTS OUT ON 0544. P,:-' " *11. (:[ -1,  1,FE: 2"

5. PRESS "RETURN," (.-N SPC-16 CONSOLE PRINTER
PAUSE

4EA1S' J7:"F; FILTER INSERT SA"PIPL IN D54;
Ar'.s A PAUS- IS PINTED, PESS "oFAD" )"I D54
AFTER BELL RINGS, PRESS "ION" A!lrN "RETURM" AT SA'.E TI'.'E

AT -129) N', UPPER LI'IIT 3.51 LO(VER LIMIT 3.45
AT 52) 1i A U!rlPP-R LI'.IT 39.86 LOV,ER LI'.iIT 38.50
AT 660 N" UPPER LI"IT 19.32 LO!';ER LVT 80.03

PAUSF-

PAUSE
7

/ I- FIRST AVG OF 2
42,0 3.76 3.77

*-!,' -AT 42(Y.111 IS OUT OF SPECS FOR:AMBEP FILTER
;,.AS SA'PLF, THEN

....-. A'R ILTFR INSERT SA'iPLE IN 3'541
AiT~a A PAUSE IS PRINTEI)D, PkESS "READ" ON4 D54
A-fE: .- LL RI!!rS, PRESS "1O:' /." %2M "'iRETUtR;i" AT SAMAE TI". F

AT ,' 2!, 1' UPPER LIMIT 3.51 LO'1fR.ILI'IT 3.45
AT 52-" ') W UPPER LI'IT 33.86 LONF-1R LIMIT 38.50
AT 663 ,'!. UPPER LI.lIT 80.32 LONiER LIP'.IT 80.08

f)AU!;I-

PAUSP

W/L FIRST AVG OF 2
420 3.48 3.48
.blr 3T. 74 38.74
660 83.14 $30.15
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Figure 16. Standardizatlio tests for Hunter D54 (continued).
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Appendix A

Computer Program QMSTST for Hatch-Scan Statistical Study.

C.TO CALCULAIL' STATISTICAL.. DATA FOR A STANDARDIZAII(IN
C, PROCEDURE APPLICABLE TO THE MATCH-SCAN

C LINK' INSTRUCTIONS:
C ASS DXi II<

C ~~ I'.IN K
C *VMSr 'AT=O4MSTAT , DXC'*4 MSLIE4v FISNOV. NEW

[ITMENSION AVGNC(4) ,CMF(3v32) ,E65(32-),FAC(371!.-) ,FACI ('.i2) ,F'1I' 
D'IMENSION r(3,1PO) ,RC(32,:L3p'2) PriG(32) vSTAF:(, 13,2)p ,SPL 4 Y.
D)IMENSION TRI(3, 13,2) ,TRIO(3) ,VtL(3) ,L'SQ(3) ,AVG(,A) ,CE V13,

DiATA CMF/0.0191PO.0020,0.0860
XY 0.0847,0,0088,0.3894
XY 0.2045,0,0214,0.9725
Xv 0.-zi.47v0.0387v1.5535
X, 0.3337.0.062.l,1.9673
X, 0.3707,0,0895,1.9948
XP 0. 323Y C.* 2832, 1 7454

Y~ 0. 1956 Y0. 1852Y1 .3176
XY 0.0805,0.2 536,0. 7721.
Xv 0.0162,0.3391,0.41.53
Xs? 0.0036P0. 4608,0.2185
XY 0.0375,0.6067,0.1.120
Xv 0. 1177Y0.7618Y0.060'I
Xy 0.2365,0.0752,0.0305
XY 0.3768,0.9620,0.0137
XY 0.,5298,0. 9918,0.0040
Xv 0.70520.95730.000)
Xv 0.8787Y0.9556Y0.0000
X, 1..0142,0,8689,0.0000
XY 1. 1185Y0.7774P,000)
XY 1.1240,0.6583,0.0000
Xv 1.0305,0,5280,0.0000
X? 0.8563,0.3981,0,0000
Xy 0.6475P0.2835P0.0000
XY 0.4316P0.1798,0.0000
Xv 0.2683Y0.1076,0.0000
XY 0.152690.0603,0.0000
X, 0,06313,0,0318Y0.0000
Xv 0.0409,0.0159Y0.0000
Xv 0.0199Y0.0077,0.0000
Xv 0.009690.0037Y0.0000
XY 0.004690.0018v0.0000/

Xv 900.,896.,876.,833.,837.,800.,802'.,82?.,783.,697.,716. ,7I,3.,

DATA SFL./'WHIT'P'E TI'P'LES 'Y' v 'AMBE' F: F1I' v'L.1[ER
X 'GRAY'Y' F'OR'v'CELA'v'IN 'Y'SUri 'v 'TAN ' v'PLAS' v'TIC, ' iv'Ft '

X 'TAN ','FPLAS'F'TIC '/
DIATA AVGNOPFLAST/'ONE ' v '*AV2 ' , 'AV1O' v'SIG' r 'STDI '41~F.

100 FORMAT(' D'ATE: '12v2('/'v12))
1 0 FORMAT('$ BEGIN WITH SAMPLE NO.?(2--5)',6:.-
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Appendix A (continued)

20 FORBMAT ( /OMLASLIRE: '4A4v ' INSERT SAMPLE THEN HIT RETLJFNI/)
* 300 F0RMA'T( 15v3F1O.2PF1O.3)

40 0 FORMAT( 1H-0v2(2XyA4)v,' X=' ,F7.4, Y=' ,F7.4, ' Z=' ,F?.4)
4 "'. FO(RMAT'(lH0P2(2XyA4)PC X--' F7.5, / Y' FF7.5,' Z:' ,F7.5)
500 F*0FMAIA / W/L.' 95XY 'FRT 4XY 'AVG OF 2'p,2X, 'AVG OF' 10's4P( @, 11
6)00) FRA(1-022,4 L*=' F7#2u' A*' F7.2, ' b',/
615() FO0R M AT(1HFl0 P2 ( 2XPA4) P ' L* =' P FY7. 3, / A * =: 'PFY7# ,! "1 E* =' yF/.)
700C F0R M A T(II 1OA4 P ' El=' ,F 7. 2 / 11 C v ,F7?- :-'9r EE=' r F7. 2)
20 FORMAT(J I0'A4P ' tILz' YF7.3v'/ DC=: PF7.3 / DIE=' ,F7. 3)

CA IL- IDA*TE-(IMt IllyIY)
Wk:J:TE(5v100) IMYIEIY
WRIIE1:.( 5 yIz 10)
FLA*D(5,.;300) NSAM
DO1 2000 f 1 , J~5
iF(II.E0.l) 5010 960
TF( II .LT.NSAM) 501*0 21000

9 96 [ .1 .
WRI'T'E.( 5 P200) (SFL.(M1v I ) vM=1. P4)
UPYA(UJS f'.
D C :10 00 N:--:1 10
DO 983)L''15

9'S f.*fifl7A ( L. 1
CALL. GMSR( 4000Y 7100v l00P 1 r0r5t0? 1 FACT PRGP IER)
DO 990 L::.: .!32

990 F"(U. vN)=RG(. )
CAL .. IDrLE (1.00()

1 000 CO N V 1. N ( JEF.

.I 1 I3 . * 1 ) G00 1 1.0 0
DO 1040 [-.:j y:52

(.*, f y3)=o

f.'0C 1, 02e0 .:: 1 P10
.TFN.E.1FAC(L,1)zR(I ,PN)

IF(N.L.E.2) FAC(L,2)=R(L.vN)*0.5 + FAC(L,72)
FAG (Li 3 ):R(LN)*0. 1 +- FAG(LP3)

102"0 CO NI I NLIE7
DO 1030 N=ltlO

:10 30 1rE:LSO=(R(L-,N)-f 2 AtC(L.,3) )*(R (L.,N)-FAC(L,3) ) - :'IELSQ
SI 1 MA:I3--QR*T ( iELSQ*0. 1f Ill)

WidIf-(5,00)390+-L*10,y (FfC(L PM) ,M=1,P3) P SIGMA
1.10 1035 M-::.1'3

1035 FAC(LPM)=FAC(LyM)*0.01
.1040 GONTrINL)f*

53010 2000
1100 DO 1140 L1,:I32

VAL.. (2 ) =0.
'A.( 3 ) ::::Q

D'EL SO =04
DO. 1120 N::: 1 v 10
IF(N.EQ.1) VAL.(1)=R(LN)/FAC(L,1)

IFN.L:.*2 VAL.(2)=:R(LvN)*0, 5/FAC(L92 )+VAL (2)
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Appendix A (continued)

R CLv N) ::-R~ (L v N) /FAC (L.,v 3)
VAL.(3)zFR(LvN)*0.l +- VAL(3)

-:IFI.GE.4) RCQL.P34-I-3)=L3)

I1120 C 0NTI NtIlF
r.F(TGE. 4) GOTCJ 1140

~~~1:1.130 LS =( Q N ) -- A,()10( yN)- A.( -D IE

WF:I TE (5 P300) 3904+L*10 9 VAL W), M=1 v3) , SIGMA
11 40 CONTINUE

2000 CONTINUE
C 1: 13 THE TRITMLS LUrJ

CJ 1 "3 THE AVERAGES COUNTERC
C K IS THE SAMPI F NUMBIER OF THE F'LA" IC CHIPS CJUNLI::.:

I IS TH E WAVELENGTH COUNTER'
D:O 2900 ]'::: 1. r 3
T R[0 ( I ) --0 .
D ) 0 29 00 IL 1 y 32"

2900 I'F,10 I )--TIO 1 +10 /3F IP *D5L

1 33

293() DO 3050 JK:JJ .

D 0 32 70 1--:1Iy3

DO 3000 I..:l . 32

'1RJ'( JK):TF::l(I ,JvK) + R(,JI)(;F(I,)K.9L
3000) CONTINUE

II::(J1.GT.3) GOTO 3030
WRIrtl (5400) F[..AST'(K) PAVGNO(J) ,(Tf I (MJ*') ,M=1 3)
(3010 3050

3 03( ['DO 3040 I1 :l3
fiV(3(I )=AVG(I) + TRI (I ,JvK)*0. 1

3040 CONTINUE
'Y.)(P CO NTI NU E

IF(J1,EQ.4) 8(110 3060

J~: 1. 4

(3:T0 2980
3060 1*10 3068 I 1 3

[ISO ( I ) -0.
DOC. 3065 J-4P13

1150 ( I) =SORTT (D[SO ( I ) *0, 11 11
3068 CONTINUE'

WR1 7E (5 Y450) .LAST (K) vAVMn (4) P (LISO II, I v ,3
30;10 CONTINUE

M' 3080 I~lP3
[4) 30B0 J!::1,13
P10 3080 KNlP22
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Appendix A (continued)

3080 rR I v ,JYK =TRf I( I ,JtK)***JH
DO 3170 N1,v2

Dif 3100 I=1Y3
3100 AVG,(f I0
311 DO)11 3150 Jr:Jl 43

II:(,J1.GT,3) GOTO 3130
WfRI*TE(5P600) F'LAST(K) ,AVGNO(,J) ,(STARi(MJK) ,ri=1,3)
(30T( 31530

'3 13( D~O 3140 I=1,3
31.40 AV(I)=AVG( I)+STAR(IYJPK)*0.1
31.5I CONTINUE

:F(Ji.E0.4) GOTO 3160

(3dvrOO 31. 10
3:160 DO 316f8 1=1 Y3

r.1"3 (1 10.
['0 3165 .J:=4yl*3

3165 13()(SA(.', )V(I))(TR ,J)-'.h:))+DSO( I)
£180 ( I ) --SORT ( DSQ 1I *0, 11.11.

3168 C 0N TI N U 1.
WRITE(SP650) FLS()A0O4,Dc(I~1~

3170 CO0N TIN UE
J . =1i
J 3:: 3
DO 3175 I=lY3

:7") AVG (I )=O.
I W() DO) 3250 J=41 ,J3

DO) 3200 1=1,3
3.2,00 STA( IJY )(STA1R IJ2)-STR( I PJP1 )*(STAF/eIJ,2)--STAR( I Jj.I)

C(lv(1J)=SQRT(STAR(lPJvl))
CI'1(2J)=SQT(STAR(2,J,1)*STAR(2,J,1) + STAR(3vJr1)*STAR(3PJsj1))
CtI(3,J)=SQRT(CtI(1,J)*Cltl1J) + cI'(2,J)*CD(2vJ))
IF(J1.GT.3) GOTO 3230
WRITE(5Y700) AVGNO(J)?(CEI(MvJ)tM=1,3)
GOTO 3250

3230 DO) 3240 1=1,3
3240( AVG(I)=AVG(l) + CI(IPJ)*0.1
3250 CONTINUE

l:(,j1.NE.1) GOTO 3260
J I=
J3:::13
GUTO) 3160

3260 DO0 3268 I=103
VSQ( I)=0.
DO0 3265 4=4,13

3265 EiS(I)=(CDi(IJ)-AVG(1))*(C:(IJ)-AVG(l)) + rISO(I)
1'S0( I)=SQRT(EIS0( I)*0, till)

3268 CONTINUE
WRIE(5P750) AVGNO(4) , u:'SQ(M ,M1 ,3)

4000 SIOP
ENDI 44



Appendix 8,

Computer pror QIMTAT for Hunter D54 statistical study.

? SCOPY,DrS (rC?ASTAT) ,TY
C PROG3RAM OMSTAT
C -- Wu UALCULAiE STA-TISTICAL DATA FOR A STANDARDIZED PRCEURE
C APPLICABLE TO THE HUNTER D54P SPECTROPH-OTOINETER

DI!-ESSION AVGNO(4) ,CP.F(3,32) ,D65C32),FAC('32,3),PLAST(2)
DI' ''iESION Rt32,10),PC(32, 13,2),RG(32),STAR(3,13.2),SPL(4,5)

DI4ESI 101 ( 132,RI()VAL(3),DSQ(3),AVG(3),CD(3, 13)
DI '41S IO N'L(3 )
DATA C,'iF/0.0191,.0020,0.0860,0.0847,0.0088,O.3894

,0. 2045, 0. 0214, 0. 9725 ,0.-31 47, 0. 0387,1. 5535
.. 3837,*0. 0621, 1. 9673, 0.3707, 0.-0895,1. 9948
0O. 3023,0. 121V, 1. 7454,0. 1956,0.1852,1.3176
0. 0305,0. 2536, 0.'7721, 0.-0 16 20. -339) . 0.'415 3

,0.0038,0.460810.2185,0;0375,0.6067.0. 1120
,0. 1177, 0. 7618, 0.'0607, 0. 2365 ,0.-8752, 0. 0305
,0.3768,0.9620,0.01 37,0.5298,0.9918,0.0040
C,. 7052,0. 9973, 0. 0000, 0.-8787, 0.9556. 0. 0000
1. 014 2,0. 8689, 0.-0000, 1. 1185, 0.7774, 0. 0000

* :,I 12A,0.6533,0.0000,1.0305.0.5280,0.'0000
Oi.3F63,0.39;I1,0.0000,0.6475,0.2835.0.0000
0. 4. 16, 0. 179C, 0. 0000, 0. 2683, 0.-1076, 0. 0000

-0. 1526, 0. 0603 ,0.'0000, 0. 0813, 0.03 18, 0.'0000
,0. 0409, 0.0 159, 0. 00009,0.01l 99, 0. 0077, 0. 0000
0. 0096v0. 0037, 0. 0000, 0.-0046,'0.'0018, 0. 0000/
DATA D65/823.,916.,935.,,868.',1049., 1171.,1178. 1149 1,159,10W-.10

-1094.,0078.,1049.,1077. ,1044.,1040.,1000.,964., 57.,886.,
-900. ,596. ,876.,833.'837.,800.',802.822.9783.,697.,71-6.,743./

DATA SPL/P1iIIT-##'E TI','-LES ',' ,AMBE','JR FI'9,0LTER','l

-'PTANj . I'PLAS','-TIC A/
DATA AVGNO.PLAST/-'OtE 'v,'AV2 ','AVIO','SIC','STD) PV','PL

too F0O1AT( DATE1 -',12,2('P/',12)).
150 FOY).IAT(' BEGIN WI1TH SAMPLE NO.?(l-5)',6X)
200 F)?'6AT(/' 11EASUREt -14A49-1 INSERT SAMPLE9PRESS READ ON HUINTER,TH- ,,

300 F1)? iAT(I5.3F10.2,F10.3)
350 F 07)1 ,AT(I3 F11.2)
'0.00 FhT(1212XA-4),1 X=',r:7.4,-* Y=',F7.4,' Z=',F7.4)
450 FMTC22A)'X=',F7.5,' V=t,F7.5t' Z=,F7.5)
500 F:-2".,7( 1AL'5,'F1RSTt,4X,'A vG OF 2--,2X,'AVG OF l'4,SC'
600 F,);--AT(/2C2XA4),, L*=',F7.2,'* ca*=',F7.2,' b*=',F7.2)
650 f:;T((2A1'L*=',F7.3,' a*-'-,F7.J, ' b*='vF7. 3)
700 F0"'1AT(/A,' T)L=',F7 2,1 DC=',r7 2,' r=9F 7 2)
750 rmA(A4'fL= P'7:3,0 DC= , F7 *3,' DE=1,F7.3)

CAIL DATES!3CY,I I'l, ID)
~~IT(5, 00)III,ID,IY

-150) WSM
1~($AMGT. )GOTO 950

950 DO) 2000 11=1,5
45



Appendix 3 (otinued)

i): 1 003 11=1,10

D') 980 L.=1,32

980 C', :MTIQ-
29315 L=1,32

1000 C.*; 17 N
U?(.LT.4I) 'NRITE(5,5O0)

17 (1. T. 1) COT) 1100
S1040 L= 1,32

FAC(V-, 2 ):=()
-~(, )=0

3 10)20 ;!=I1I10
17(.!71. 1I) FAC(L, 1 )=flCL,fl)
17(:1.1-F.2) FAC(L,2)=(L,N)*Q.5+ FAC(L,2)
r .'(,)::(,)0 -1 + FAC(L,3)

1020 C*w--:;.F

1030 '2L30 )=C( L,,I)-FAC^(L,3))*(R(L,N)-FACCL,3)) +DELSO
313 ~ T7 =fTCLSQO. I II)

;'31711.(5,300) NM,C(FAC(L,M) , H=1 3)SIGA

1035 F:AC(L,'( )=FAC(L,M)*O.O1

*2) 00
1100 11 -14") L=l,32

177 CI. l.1I) VJAL(1I )=f(L,11)/FAC(L, I
I? 'I~ I Atll). I.0'.A)RCCLo 1,I1-3)=VAL(1 I

c;.F.2 'AL(2)=7?(L,!)*0.5/FAC(L 2)+VALC2)

-.A (3")=?(l-,-')*0. +VALC3)

1120 :~
1?C C'1)GOT)14

1130 =,3

1130 ~~ C 10~-A()*f(LJ-A().ES



Appendix B (continued)

-71'11 7Tq(5,30 )II (VAL (:1),1=1 , 3), S IG,',IA
1140 ' -,'-* Jr-
2000
C 1 1. T-: "T.VjTTMLW'. COJ!3TLQ

C ; 5 LE S,:PL LF U.,.2. OF THE PLASTIC CHIPS COUNTER
C .. ......IF.... COUNTER

.. (,I )=0.
"' n')O L::1,37

2900 .. (i)= T IO( I )+10,*CF(I ,L)*D65 (L)
' ./3.
3,7C I1 , 2

2.; 2 7 - I-=1,3

2970 :h1)=1.
2980 .2-.50 J=Jl,J3

3020 1=1 3

3Y) 1.=1,32
... . T'(IJ, K)+iRC(L, JK)*CI.IF( I Lh D65 (k)

3000 .. .3020 -"". .3020 :,: ,j:):T I (1,J,!')/TRIO(1)

I -(J..T.) GOT() 3030
7-. '(.:0 LS ( )AVG140(J), (TR I 0A , J, K), 14-1,3)

.:'100) PL")5"T

3030 5: 3140 1=1,3
AV(i )=AVc(I )+TRI (I,J,K)*O.1

3 0 4 0 C .' T 7 " I-U I ,I
3050 .. ......

1Fc.r:.!n.4) GOTO 3060

d3::l 3
G.C:', 2-920

3060 ' 3"54 3 1=1,3

". .,'6, . , 13
=3...(. , )AV( ) )*(TRI ( I,JK }-AVG(DI))+DSQ(I )

' )-SQT(MSo(I )*0. 1 11)
3069 S... .,:'(5,,'50) PLAST(K),AVG3N0(4) , (SO(1,I-1,3)

3070 C:........ ;rs" 1=1,3

*:3 :2 ;>:1,2
3030 T'" ,1 Ii 3 J, *Ti
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Appendix B (continued)

3100 r N)-=0
3110 113

P YiTO 31 30)

3130 0C T~1,

3140 ) 'C(l) 4STAr(I ,J, K) *0. 1

~ ~)"OTO3160

=) 13

31o TO

317033,).::lJ
32

315r-IST0( J, I 0))J 2

2~~~~ :ZJ~T3A(,,)*STA(2,J,1l)+STA(3,Jg I)*STAR(3.Jl )

1 J: '3;T. ) -,,(TO 3230
E: r79)OAVG!:(0)(J), (CD(04, J) , M I ,3)

323J 329- j=1,3

I 1 ~I) GOT() 3260

3260 :T3

'' ", J 4, 13
326'5 '):C(IJ)-A'/(I)*(C)(,J)-AVG(I ))+DSO(I)

9C )~3~~7()SQ(I ). till

4000 ~ 1 :
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Appendix C

Computer Program QMSTAN for Standardization Program of Match-Scan.

F('RR0AM OMS TAN
.__--TO PROVIDE A STANDARDIZATION

OF'FU'O[CEDUFE APPLICABLE TO TIHE MATCH--SCAN

L. INIK INSTRUCTIONS:
ASS I X1 IK
F F*' I INK

*MTA =N=(4MS TAN, DXO "MSL I, F I SNOV. NEW

DIMENSION CMF(3r32),D65(32.'),FAC(32,3),FACT(32)
DIM FNSION R(32,10) ,RC(32,2,2),RG(32) ,STAR(3,2,2),SF'L(4,5)
DI MENSION (JL(6),OW(6),NM(5), AC(6)
I'MENSI{ON TI'I(3,2,2)wTRI0(3 ),VAL(3),CD(3,2)

DATA '1:MF:/0.0191,0.0020,0.0860
X, 0.0847,0.0038,0.3894
X, 0.2045,.021490.9725
XY 0 3147 0.0337, 1.5535
ti 0v3837,0. 061,1.9673
'r 0 37()7,0. ,895, 1. .9948
Xv 0.3023,0.1282,1.7454
X, 0.1956,0. 1252, 1.3176
Ky 0 0.055, 0. 2536, O. 772'1
Xy 0 01 '.6... .3 91,(O. 41.,,3
X, 0. 0038, 0. 4608,0.2185
X-' 0037,5,0.6067,0.1120
Y 0.11'77,0.76130.0607
X, 0."2365,0. 8752,0. 0305
Xv 0.3768,0.9620,0.0137
X, 0.5298,0.9918,0.0040
X, 0.7052,0.9973,O.0000

X, 0.8787,0.9556,O.0000
X, 1.0142,0.8689,0.0000
X 1.1185,0.7774,0.0000

t 1'240 ?0. 6533, 0. 0000
, '. 0305, 0. 5280,0,0000

X, 0.,8563,, 0.3981,0.0000
X, v 0o.6475 -O0.23315, vO0. ('000
X, 0,4316,0.1798,0.0000

X, 0.2683,0. 1076;0.0000
X, 0.1526-0.060.3,0,0000
Xv 0. 1.3,0 . 031,0 . 0000
X, 0.0409,0.0159,0.0000
X, 0.0199,0.0077,0.0000
X, O.0096PO0037,0.0000
X, 0.0046,0.0018,0.0000/

[DAIA1 1 65/828. v,916. 9 ,35. v,868. v,1049. v,1.171 1 178. ,1149. , 1159. y,10813.
XP I094.,I078.,i049.,I077.,I044.,I040.,I000.,964.,957o,886.

, ()0.,896.,876.p833.,837.,800.,802.,822.,(781- ,697. ,716. ,743./
DAT A SPL/'WHIT' , 'E TI I v'LES I v I e,'AMBE','R FI','LTER','

X 'GRAY', ' POR' , 'CELA' v'IN ",'STD "','TAN ','FIA.S','TIC ' 'SFPL 'v
'X 'TAN 'PLAS' v'TIC 'I
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Appendix C (continued)

'1 1. IJ FA[ [ 540 ;2 =AMB~E:P@420 ; 3 =AMI:EI@520 ; 4AMERL.'..'.. ; 5=GRAYQ@540 ; 6COL [DIF

DATA NM/540,42),520,660,540/
I*A ! UL/99. 62, * 53 ,39. 7,80. 09 44 00, 1 .94/

DAA o 0W/99. 1,v3.47,38.93,79. 85,43.80, I # 84/
DA I' A AC/'UPPE' , 'R LI', 'MIT ','LOWE', 'R LI' ,'MIT "/

[0':0 1rM AT( D ATr-_ 1 "I7 2(' 1, 2 )
1150 I F.MA T( '1$ .GIN WITH S AMPLE NO.?(1-5) ',6X)

6 '.:' 'fr( ' Ar', I, NM' ,2(1X3A4,P:7 ,2) )

0 FRMAT( / COL OR [DIFF.' ,2( 1X3A4,F6.2)
01 F0'.- MAT( '$ CH(ANGE LIMITS7 0=NO; I=YES',4X',
1'1.30 -F1'MAr (2X3A4 ' )
I" 0 I:-ORMAT ( F7. 2)
:00 1_ .C0 I:1OR1 Af ( / OMEAS3UR : '4A4,

X' INS3ERT SAMPLE THEN HIT RETURN AFTER PAUSE')
F FORMT( 'o**:ADING Arf',I5,' M IS OUT OF SPECS FOR: ',4A4,/

X AWASH SAMPLE, THEN'
220 FOl:Mtr(' COLOR DIFFERENCE IS OUT OF SPECS'/

X' WA3H LASTIC TILES, THEN'
o ::0RMA f ( 15 y 3F 10 . '2P 1-10 . 3

V;Oo F:OPMAT( ' WlL' v .SXv ' FIRST' ,4X, 'AVG OF 2')
F 0' FR MAT ( I HO0. 'A VG 60F 2 FI' F7 . 2 P' IC' F7 . D EE ,F .2
CALL IIIATE( IM, ID',Y)

'AP! (510) M, ID'.IY
I1L T (5I :,50 )

FREAI<'D (5,300) NSAM
950 [D 2000 [. 1,5

I *F(.NE. I. *AND. I LT.NSAM) GOTO 2000
"60 WFukI E ( 5, 200) (SPL.(M I) ,M=I,4)

IF( I*Eo5) GOTO 975
,F( . I.LE.2) K-O

I F( .I GE. 3) K=2
IF ( I *E*4 ) rGrTO 970

"15 WRITE(S,160) NM(I+K), (AC(M),M=I,3),UL(I+K>:(AC(M)'M
= 4 '6) POW(I+K)

: I(I.EQ.4) WRITE(5,170) (AC(M),M=I,3),UL(6);( *AC(M),M=4,6)OW()
!W WRITE(5, :1.75)
'i 1:REAl) ( 5,300) I:CH
(1 II- C Q Ri* .0 ) GO.)rO 972

W RIIE(5, 180) (AC(M),M=i,3)
i REA'( ,19() ) UL (1'-fK

F .::IT (5,180) (AC(M) ,M=4,6)
D R:.-A D 5,190) OW( I+K

'> f ... I(INEo#2 ) GOTO 975

iF 1k. *..T .3) GOTO 965

995 CONTINUE
PA U SE
DO LO00 N= ,2
JlO 9)0 L-7:1,32

91,0 rA cT (L-)=; .r

CAlL fMSR(4OOO,71OOOO,,0,5,0,1 ,FACTRGIER)
rio 990 L=Iz.32

CALL IDL.E(1000)
I 000 C ON r NU F
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Appendix C (continued)

J. . L I 4 ) W .I. I L.('.j v -) Q ,

F( I .3T.1) G0T () 11.00
I'd 41040 Lz1 32

1DO. 1.020 N . 2
I F' (N. E 1.) F: C (L. 1) = (L, N)
IF (N.L.[K:2 FAC('L.2)=R(LN)*0,5 - FC(L. v2)

1020 CONTI N UE
IF (I.. NE .,15) GOTO 1030

WJR]TEF(5,300) 390+L*1(), (FAC (L., M) , M=I , j)
IF(FAC(1.5,2).i.T.UL(1).NI.F.,VC(15,2).C;T,0W(1). G' OIL] 10,;,'

WURITE(5,210) 540,(SF'L(M1 ),M=1, 4)
G0f0 96(0

10 0 10 35 .(35 M: 1,2
L10t . I- AC ( L M) ::FAC L ,M )*0 01.
1, 040 CON(1 ]'NLJE

G(OTO 200(.)
110J.0 1:10 15!.j00,. L..= 1. .3 2

I (p) L 12) aDO

D(' :1. :1.20 N 1,2
I F(N.E ( .1I VA L.( 1 R R( L., N)/FAC L, I)

IF (N+ EQ. .1. AN . I .GE 4)RC L, 1 1-3) =VAL( 1)
IF:(N.IIE.2) VAL(2)--.(L,N)*0.5/FC(Ly2)+VL(2
IF:(N .EQ. 2. AND. I .GE. 4) RC (L., 2, I-3 ) =:VAL ( 2)

11 20 CONTINUE
L.IL./1042
1F1-3) 1140,1160,1500

1140 hF L .EU.3.0R.L.E. 13.OR.L..E0.27) 6OTO 1150
GOO 1500

1.150 W ITl:(5,300) 390+L.*10, (VAt.(M),M=1,2)
IF ( V AL (2) . .1, L. (L.L) I AND .VAL (2) GT .OWLL)) 0Th 1500
WRIIE (5y210) 390- L.*10, (Sf". ( M I) ,M=: 1 4
GOTO 9 6 0

1160 IF (L. * NE 15) GOTO 1500
Wf:1.E (5r300) 540v (VAL M) M=1 *2)
IF:(V.. (2) L .UL5).) *Nl5 N tII. C2)V.A.0GWT )) G010 1500
WF".IE(5,210) 540, (SFL.(M v3),M1,4)
(OT O 960

1500 CONi INJE
2000. CONTINUEF

C I IS THE TRISTIMULUS COUNTER
C J IS THE AVERAGES COUNTER
C N IS THE SPLE NJMRER OF THE PLASTIC CHIPS C205NIFR

C L. I S THE WAVELENGTH COUNTER
DO 2900 (.j. ,3
TRIO( I )-0
Dl 2900 L=1,32

2900 TkIO(I )mTRIO( I ) 100 .*CMF( I L)*D65 (L)
TII I' 1.,/3.

li0 3050 K"! 1 r 2
['0 3050 .) l2
1il 3 T 1 , 3
"ll(1 , PK) 0 .

1l1) 3000 L.= I 32
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Appendix C (continued)

:300 TiI(I,.J,Is)=Tki(lJ,N) F Rt(L,J,K)*CMF(I,L::"AS(L)

3020 T' ( I , J, KT) 1FI (. JEI)/TI I()

3050 r: (I) NT I. N U L
DD 30S0 1:.'.L 3
1 0 3080 -J1
DO0 308,0 1\,:::1,. 2

3080 TRI ( vJ, K) RI ( , J, K)**TH
i) 31.5 0 KI::I 2
110 3.l,"/,;0 ...I=1L 2
("T A (F 1.,J K) 11,,. *T 0 : 1" ( 2, J, K ) -1. 6 0

51AR( 2( , K) K500* ( TRI( 1, , ) -T1 -. (2, T F) 
3:1. 1.)( S TA R 3 vJ , K)2O0,0 T R]1(2,JK)-T R (l 3,JK)

IIO 3200 1=.1., 3
0 '0STAR(I,J,)z(STAR( IvJ,2)-STR(I,J,1))*(STARR(I,J,2)-"STAR(T.II

C I ( 1, J ) =SLIRT ( ST R ( :1 , J .)
C(1v,J)=SQRT(STAF(2,Jv I)*STtR(2,J,1) + ST AR(3,J,1.)11,STIST ,,J F")
C13,J)=SQRT(CDI(1,J)*CI(1.,J) J+ C JIC(2,J)*CID(2,J))
WF:' FE (, 5 70 0) C. V M P.J M:=:1. y 3)

1I: I (3,2) .L I UL (6) AfN Li CI(1,2), GT, OW(6)) 60104000
WI:IT (5220)

)000 STO PF
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Appendix D)

Computer program QSTANH for standardization program of Hunter D54.

C PROGRA~i QSTANH
C --- TO PROVI' A STArNA)NTIZATION PROCrr)OPF
C 4?PLl CAM-1: TO THE~ wIUJrfj TE )5.iP sPi-cTW)P1w)rPTrpf

D)P1 FN S 1 ON AV(6),AVCNOC4)4) .Cr)(3, 13) ,CMP(3,32) ,r)65(32)

I~5lo~ ~Vf~U.3, 13,) ,N (3,13,2 ,TIi),V

rAT A c, c/o. o19 91,0 00no2 -1, ). n036v,0o. 08 47, 0. 008-9, 0. 38 94
-,'.2045 , 0. ')?2I4, 0. 972r:, .0. 3147, 0. 03R7, 1 .5535

?,').3l37.0.l',) I, I. 067 3,0. 3707,C). rl95, I.94
-,-.333,0. 1 ?P2, 1. 745.', 0. 1 Q56, 0. 1 R52,1I. 31 76

q3805, 0. 25 3). 0. 772 1. , 162, 0. 331 1 0.4153
-,3.fl3,0. 493 0.2 850.Q3~,0cfl4,0.I 120

-. 7052, 0. 9973,,0. 0000, 0. 8787, 0. 9556 ,0. 0000
-, I.012,036390. 0001 . I 185,0. 7774,0.00fY)

,1. 1240,0. 65833,0.0000. 1 .1)305,0.528r0..0000
-.RY'$3 ,0.31 ,0. 00')(,0r.6475,0.?2835.0. 0000
.4 31 6, 0. 1793, 0. 0')0,0. 26583,0. 1076,0. 000

- .152N6. 0, 060 3, 9. 0000, 0. 08 1 3, 0. 03 19, 0. 0000
-DD'-9,0.01 59,0.0000,r).0199,0.07,1,.00 9

-1 ?.,107Rl., 10.49., 1077. .1044., 1040., 1000. ,964. 957. si886.,
9Q3,96., 876. ,R33., 837., ROO. , 802. 822., 73..697. ,716. .741./

D)ATA SPL/'AIME','R FI','LTER',0' '
- VJ1IT'*,'E TI' q'LE --9, 1-
- 'flN1MY1,1 PO)N','CELA','PJ ',

- STO) ','TAN ','PLASe 'TIC ',
- SPL ','1TAN ','IPLAS','*TIC 1'/

'TXAV3N0,PLAST/'ONF ','AV2 ','AVIO','S!(r; ','ST- ,'S) '.37!
C I =A ' tip )420; )=AM.13ENii52O, 3=A'ABFRft6fl4=(OPAL(t540); 5=rGp4Y')5,40; 6=00i!)PI --

3\,Ti AV/.03,.18,0.12,0.10,0.10,0.05/
N ?11/420, 520,660,540,540/

100 PiAA-iT('* DATE' #,12,2('1/',12))
1 ;-)0 F:)RAT(/'1 I ON r)54 PQESS "ASCII OU!T"1 , T;IFN "0"l, T11 VPA -

-- PUT t1'HTFr PORCFLA IN OVEF? PfONT, '/
91-rLOC!C !AFA'i WIITH r'VA-Cr CA?300\lfl'-/

-2.PIRFS5 "Z'TNO". PE-14()Vt: CkQ1UY1hA0'/
-'3. PRES "STf)7 ". Ar-*TFQ "STkM lAPI)DT F1)" PRPMiNT' OUT ON n5-1,/1

.1 . P!?F5S 11 SCII", TP!-"J 121".'1

.3 . PI?F-%' "PUT; 'I"l ON S"C- I6 Ci'! "P.,1F PN 1 r1FFRN')
1 50 r221AT ( 14 I~I T~i S;A''LF NO. ? (1 -5 )1
170 )2 I(/** N'0VE A'f'1FP4FLE2*

- 1W lN4 134 r)1rS ; " AS;CIP 11 0" ~)',711I " N-S I 4'
-,PUT ZERO( TRAP OVER PO'r r'/

-/ ) R F PSS "1'".PUT [ILIt P'1R k 'A I N Wv:/E. PC)ITO/
-F "*PS "SD~".PTOA ~~ :r. AlIN OVF? OT-

-, .?U V "U* fl> . A1-1779 "STA, V)A11T I Zr-!fl" Pl'I !!TS OUT 01 0 ,'/

-~~~~~~~r - '. E ;WI N "01 P- i es (oi)do P1?. p ' frvii
200 .ON~AT/'MELASUREa 14A4,1 J1$~N 5ATL~ l'i4l'/
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Appendix D (continued)

-,AFTER A PAtJSF IS PRI'ITrEP, PRESS s"RFAfl1 ONh r)54#f/
-,AFTFR 'IFLL ~RINIS, PPRESS 1t)N1111 At-in 11WTURN1" AT SAVT: T1'r')

210 AT'115WIM IS OUT OF SPECS Fof~t'4A4/
N,!ASH- SAM.PLE, 'THF1N1')

e 000 rriS4 . Al' I 4~ 1-14JPEU f"f,F6.29' LVIEI LIMIT',c6.2)
k, A* #r Ii LI, t- r-~II t- r: WC FV LA Ll )lPi(L6 1'F6 2 -1 H 1 11 'PS

2410 r:,.?!AT/**** COLOR, IFFEREINCE IS OUT ,~ SPECS FORIs 1,4A4/
-' NASH TILES, THI-NV)

25 0 :')7A~T (V)
300 F') 'A T (15, 3F 10. 2,. r1.3)

450 F? TXX, X=',F7.5,' Y=',F7.5.' Z=O,F7.5)
500 F-):"1AT( ' WN/1l#,5X,IRPSTP,4X,-AV0 OF 2-')
700 :);(IAT(/k14,' TOL='*,P7.2, ' l=',F7.2,' flE=',F7.2)
800 F1)f-V(AT(C// ***0K To MAKE MEASUREMEN\TS***')

CkLL F)kT1TSF(IY,IM ,ID)
:-2177(5, 100) I~,II

R:'ND(5,250) rISA~4
I~C"1.0. 1)(3rTo 950

;IT" (5, 12 0)

95) T') 2r)00 11=1,5
1. (11 .T.N5.1) (30T() 2000

9160 1=!I
I%(I.tlF.2) GOTO 970

~'BT~e9,170)

K=l

1a(I.F).5 GOTO 978
975 JL-.,7C(K)+AVMK

)=S(K)-AV(K)

1(I.Q.4)GOTO 978

IF(I.W-.1I) OTO 978
IF(K.EO.3) (InTO 0783

GOTO 975
978 CW0fIItF

'M) I 000 !,I= , 2
PA'JSr
IX() 9-90 L.=113?

IHF-0( 14,350) NVIL(L),PG(L)

1000 C01IJF
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Appendix D (continued)

K= 1

1100 T) 1140 L=1,32

VA(I.O.1)'\L =(,)

I(.F-0. 1 .AN7TX*I.1E.4) QC(!L,1 , -3)=VA~L(
IF( 1. LF.2) VAL(2k= )(l.8*.5+VAL(2)

1~(I.G.A) O 1140

IF:P.NE(,%,2)- (K )) OT () 111 3

'T0)P 970)
1135 I;FUl.EO.1 .Ml0r.K,LT.3) K=K+I
11 40 C '4T I N 0F
2000 r"';*T I 11JEF
C I IS ThEF TISTPAUJUS COUNTER
C I IS TWH r:!VFQACES COUPJTER
C K IS TliF SA-v-iPLE NU'1BEIR OF: THE PLASTIC CHIPS COUNtmER
C L IS T H F- AVELENSTH CO)UNTER

T,)) 2900 1=1,3
TRP ( I )=0.
T) 290') 1.=1,32

2900 *T') ( I ) =T1I0( I)+100. *Cf I L) *l65 (L),
T: i-- . /3.
DO( 3070 K=1.2
Y) 3r770 J=1,2
DO 3020 1=1,3
T i I , J,V I)=0.
1Y' 31010 L=1 ,32
T21d1N J, K )=TRI(IU J, C) +.tC(L, J, K *M(I,UI)*065 (L)

3r000, Cl2 4lIINJF
3020 TP-l([I,K')=TPI(IJ,K)/TRIO(I)
C i:rU- 5. 450) PLAST(M), hVONO1(J) (TR IC4, J, K) ,M= 1 3)
3070 CTT I t 1,J'

'10 .3190 1=1 ,3
!),) ll0"') K= I,?2

3080 T.?I (I, ,) =P)I(1IJ, K) **Ti

Dl 17 .1.1,2

L'A ( 2, J, 0)~i 00'. CI, A, I )2I ?,J ))

V? 3.( 1, )tfr )J= ; )O j'?

JC1,(1 N;J~'JIi'?(? :1 ,1 A~ I I): ,(13 , 1, I ) k'; I'AR( 3, .ft)
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Appendix 9 (continued)

---r)(3,J)So?T(C.)(, I J)*Cr,)( I ,J)+rrD(2,J)*Cr)(2..I))

3250 CO' INI13E
Ic(A~S(fl(,2)ST(6).L.AV6))GOTO 33)00

~(7)950)

4000 S TT)
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