QHW Designation: E 2022 — 01

Standard Practice for
Calculation of Weighting Factors for Tristimulus Integration

This standard is issued under the fixed designation E 2022; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

1. Scope tion. An illuminant is a table of agreed spectral power

1.1 This practice describes the method to be used foglistribution that may represent a source; thus, llluminant Ais a
calculating tables of weighting factors for tristimulus integra-Standard spectral power distribution and Source A is the
tion using custom spectral power distributions of illuminants orPhysical representation of that distribution. llluminant D65 is a
sources, or custom color-matching functions. standard illuminant that represents average north sky daylight

1.2 This practice provides methods for calculating tables oPUt has no representative source.
values for use with spectral reflectance or transmittance data, 3-2-3 spectral  power  distribution, = SPD,  B),
which are corrected for the influences of finite bandpass. Ifr—SPecification of an illuminant by the spectral composition
addition, this practice provides methods for calculating weightOf @ radiometric quantity, such as radiance or radiant flux, as a
ing factors from spectral data which has not been bandpad&nction of wavelength.
corrected. In the latter case, a correction for the influence ojl

) < . o Summary of Practice
bandpass on the resulting tristimulus values is built in to the ] ) )
tristimulus integration through the weighting factors. 4.1 CIE color-matching functions are standardized at 1-nm

1.3 This standard does not purport to address all of thewavelgngth intervals. Tristjmulus integratﬁon by multiplication
safety concerns, if any, associated with its use. It is theof abndg(_ed spectral data into sets of weighting factors occurs
responsibility of the user of this standard to establish appro-at 1arger intervals, typically 10-nm or 20-nm; therefore, inter-
priate safety and health practices and determine the applicamediate 1-nm interval spectral data are missing, but needed.

bility of regulatory limitations prior to its use. 4.2 Lagrange interpolating coefficients are calculated for the
missing wavelengths. The Lagrange coefficients, when multi-

2. Referenced Documents plied into the appropriate measured spectral data, interpolate
2.1 ASTM Standards: the abridged spectrum to 1-nm interval. The 1-nm interval
E 284 Terminology of Appearante spectrum is then multiplied into the CIE 1-nm color-matching

E 308 Practice for Computing the Colors of Objects bydata, and into the source spectral power distribution. Each
Using the CIE Systef separate term of this multiplication is collected into a value

2.2 CIE Standard: associated with a measured spectral wavelength, thus forming

CIE Standard S 002 Colorimetric Obseniers weighting factors for tristimulus integration.

4.3 A correction may be applied to the resulting table of

3. Terminology weighting factors to incorporate a correction for the spectral

3.1 Definitions—Appearance terms in this practice are in data’s bandpass dependence.
accordance with Terminology E 284. S
3.2 Definitions of Terms Specific to This Standard: > S|gn|f|.cance gnd .US_e . _

3.2.1 illuminant, n—real or ideal radiant flux, specified by 5.1 This practice is intended to provide a method that will
its spectral distribution over the wavelengths that, in illuminat-yi€ld uniformity of calculations used in making, matching, or
ing objects, can affect their perceived colors. controlling colors of objects. This uniformity is accomplished

3.2.2 source n—an object that produces light or other by providing a method for calculation of weighting factors for
radiant flux, or the spectral power distribution of that light. ~ tristimulus integration consistent with the methods utilized to
3.2.2.1 DiscussioR—A source is an emitter of visible radia- OPtain the weighting factors for common illuminant-observer
combinations contained in Practice E 308.
5.2 This practice should be utilized by persons desiring to
! This practice is under the jurisdiction of ASTM Committee E12 on Color and calculate a set of weighting factors for tristimulus integration
Appearance and is the direct responsibility of Subcommittee E12.04 on Color angyho have custom source. or illuminant spectral power distri-
Appearance Analysis. - ’ -
butions, or custom observer response functions.

Current edition approved June 10, 2001. Published August 2001. - . . .
2 Annual Book of ASTM Standardgol 06.01. 5.3 This practice assumes that the measurement interval is

3 Available from USNC-CIE Publications Office, TLA Lighting Consultants, 7
Pond Street, Salem, MA 01970.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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equal to the spectral bandwidth integral when applying correc- L = (Nr—=2)(r-3 @)
tion for bandwidth. 1 2
6. Procedure -1 -3

6.1 Calculation of Lagrange CoefficienrtsObtain by calcu- Ly = -2 “
lation, or by table look-up, a set of Lagrange interpolating
coefficients for each of the missing wavelengths. (r=2)(r —2)(r)

6.1.1 The coefficients should be quadratic (three-point) in b=—""%6 ®)

the first and last missing interval, and cubic (four-point) in all

intervals between the first and the last missing interval.
6.1.2 Generalized Lagrange Coefficientd agrange coeffi- L = r-1r-2 ®)

cients may be calculated for any interval and number of 2

missing wavelengths by Eq 1:

for the cubic case, and to

(r(r-2

n -
L) = i:lo_Lj ((rrj——rrl,)) for j=0,1,..n (1) b 1 ™
where: L= =90 ®
n = degree of coefficients being 2 2
_ _ pak_:ulateos, _ _ for the quadratic case. In each of the above equations, as
i and] = indices denoting the location  many or as few values afas required are chosen to generate
along the abscissa, the necessary coefficients.
T = repetitive multiplication of

6.1.3.1 Eq 2-8 are applicable when the spectral data are
abridged at 10-nm or 20-nm intervals, and the interpolated
interval is regular with respect to the measurement interval,
presumably 1-nm.

6.1.4 Tables 1-4 provide both quadratic and cubic Lagrange

the terms in the numerator

and the denominator, and
indices of = chosen on the same scale as
the interpolanty the values andj.

6.1.2.1 Fig. 1 assist 'the user in selecting the valueis jof coefficients for 10-nm and 20-nm intervals.
andr for these calculations.

6.1.2.2 Eq1isgeneral and is applicable to any measurement6'2 .Wi.th the Lagrange coefficients pr'ovided, the intermedi-
interval or interpolation interval, regular or irregular. ate missing spectral data may be predicted as follows:

6.1.310 and 20-nm Lagrange CoefficienrtsVhere the

measured spectral data have a regular or constant interval, the
equation reduces to the following: where:

_(r=Dr-2(r-3 2y P = the value being interpolated at interval
-6 L the Lagrange coefficients, and
m the measured abridged spectral values.
Because the measured spectral values are as yet unknown, it
may be best to consider this equation in its expanded form:

POV = 3, Lm ©

Lo

4 Hildebrand, F. B.Jntroduction to Numerical AnalysisSecond Edition, Dover,

New York, 1974, Chapter 3. P(\) = Lgmy + Lymy + Lm, + Lymg (10)
®Fairman, H. S., “The Calculation of Weight Factors for Tristimulus Integra- . . .

tion.” Color Research and Applicatioivol 10, 1985, pp. 199-203. 6.3 Multiply eachP(\) by the 1-nm interval relative spectral

0 1 2 3

A) rrrrrTr————————————
0 07 4 2 3
3 2 7 0
0.7

Note 1—The Values of in Eq 1 are plotted above the abscissa and the valuesatd plotted below for A) the first measurement interval; B) the
intermediate measurement intervals; and, C) the last measurement interval being interpolated.
FIG. 1
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TABLE 1 The Lagrange Quadratic Interpolation Coefficients TABLE 4 The Lagrange Cubic Interpolating Coefficients
Applicable to the First and Last Missing Interval for Calculation Applicable to the Interior Missing Intervals for Calculation of
of 10-nm Weighting Factors for Tristimulus Integration 20-nm Weighting Factors for Tristimulus Integration
Index of Missing Index of Missing
Wavelength Ly Ly L, Wavelength Ly Ly L, Ly
1 0.855 0.190 -0.045 1 -0.0154375  0.9725625  0.0511875  —0.0083125
2 0.720 0.360 -0.080 2 —0.028500 0.940500 0.104500 -0.016500
3 0.595 0.510 -0.105 3 -0.0393125  0.9041875  0.1595625  —0.0244375
4 0.480 0.640 -0.120 4 —0.048000 0.864000 0.216000 -0.032000
5 0.375 0.750 -0.125 5 -0.0546875  0.8203125  0.2734375  —0.0390625
6 0.280 0.840 -0.120 6 —0.059500 0.773500 0.331500 —0.045500
7 0.195 0.910 -0.105 7 -0.0625625  0.7239375  0.3898125  -0.0511875
8 0.120 0.960 -0.080 8 —0.064000 0.672000 0.448000 -0.056000
9 0.055 0.990 -0.045 9 -0.0639375  0.6180625  0.5056875  —0.0598125
10 —0.062500 0.562500 0.562500 -0.062500
1 -0.0598125  0.5056875  0.6180625  —0.0639375
) : . 12 —0.056000 0.448000 0.672000 —0.064000
TABLE 2 The Lagrange Cubic Interpolatlon Coefficients 13 —0.0511875 0.3898125 0.7239375 —0.0625625
Applicable to the Interior Missing Intervals for Calculation of 14 —0.045500 0.331500 0.773500 ~0.059500
10-nm Weighting Factors for Tristimulus Integration 15 -0.0390625 0.2734375 0.8203125 -0.0546875
— 16 —0.032000 0.216000 0.864000 —0.048000
'“%;v(gl g/r']';sr:“g . . . . 17 ~0.0244375  0.1595625  0.9041875  —0.0393125
0 : 2 s 18 -0.016500 0.104500 0.940500 -0.028500
1 -0.0285 0.9405 0.1045 -0.0165 19 -0.0083125  0.0511875 0.9725625  —0.0154375
2 -0.0480 0.8640 0.2160 -0.0320
3 -0.0595 0.7735 0.3315 —0.0455
4 -0.0640 0.6720 0.4480 —0.0560 Colorimetric Observers. Doing so results in the following
5 -0.0625 0.5625 0.5625 -.0625 equation:
6 —0.0560 0.4480 0.6720 —0.0640 q :
7 —0.0455 0.3315 0.7735 -0.0595 = _ 7 N N
8 10,0320 0.2160 0.8640 0.0480 X(MSMP(V) = [X(NSMLolmy + [X (MNSMLLIMy + [X (MNSN)L]m,
9 -0.0165 0.1045 0.9405 -0.0285 + [X (MSN)Lg]mg (12)
where:
TABLE 3 The Lagrange Quadratic Interpolating Coefficients X Q\) = the value of the CIE X COIOr_matChmg func.tlon at
Applicable to the First and Last Missing Interval for Calculation wavelength\, and the calculations are Cameq out
of 20-nm Weighting Factors for Tristimulus Integration. for each of the three CIE color-matching functions,
Index of Missing X Q\)r y Q\)a andz Q\) ) ) ) )
Wavelength Lo Ly L, 6.5 In the four terms on the right-hand side of this equation,
1 0.92625 0.0975 -0.02375 the numerical values of the three factors in the brackets are
; g-ggggg 8';332 —8-82232 known and should be multiplied into a single coefficient. The
4 0.72000 0.3500 —0.08000 fo.urth faptorm, in each of the four additive terms is associated
5 0.65625 0.4375 -0.09375 with a different measured wavelength.
S g-ggggg 8-?%22 —8-12232 6.6 Add all multiplicative coefficients dependent upon each
8 0.45000 0.6400 —0.12000 different measured wavelength_lnto a smgle coef_ﬁment appli-
9 0.42675 0.6975 -0.12375 cable to that wavelength. This results in a single set of
10 0.37500 0.7500 ~0.12500 weighting factors that then will contain one value for each
1 0.32625 0.7975 -0.12375 d | hi h of th I hing f
12 0.28000 0.8400 —0.12000 measured wavelength in each of three color-matching func-
13 0.23625 0.8775 -0.11375 tions. The partial contribution to the tristimulus value at
14 0.19500 0.9100 -0.10500 wavelengthmy, is:
15 0.15625 0.9375 -0.09375
16 0.12000 0.9600 —-0.08000 [(X (Ng)S(No)Lg) + (X (A)SAPLY+ ... Imy = wigmy (13)
17 0.08625 0.9775 -0.06375 i o .
18 0.05500 0.9900 -0.04500 6.7 Normalize the weighting factors by calculating the
19 0.02625 0.9975 -0.02375 following normalizing coefficient:
k= 100 (14)
28Ny (M)

power of the source or illuminant being considered.
6.3.1 It may be necessary to interpolate missing values ofvhere: o _
the source spectral power distributi®@f\), if the source has K = the normalizing coefficient,
been measured at other than 1-nm intervals. S@Q) = the power in the 1-nm spectrum, and

. : : . y(\) the CIE Y color-matching function.
6.3.2 Doing so results in the following equation: 6.8 Multiply the weighting factors bl to normalize the set

SMP() = SMLgmy + SMLMy + SIMLm, + SMLsMs - (11) - to ¥ = 100 for the perfect reflecting diffuser.
6.4 Multiply the weighted power at each 1-nm wavelength 6.9 Correction for Bandpass Dependenreéf it is desired to
by the appropriate custom color-matching function value forcorrect the resulting weighting factors for the bandpass depen-
that wavelength. Using the CIE color-matching functions as amlence of the measured spectral data, apply the following
example, obtain the CIE 1-nm data from CIE Standard S 002,
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correction to the interior passbarfils. where the symbols are the same as those of Eq 16 and the
W, (i) = —0.083 Wy, (i—1) + 1.166 Wy, (i) —0.083 Wy, (i + 1) indexi and = refers to the first and last measured passbands,
(15)  respectively.

where

. . 7. Precisi
W = the indexed weight, recision
¢ = a corrected weight, and 7.1 The precision of the practice is limited only by the
m = a weight calculated without bandpass correction. precision of the data provided for the source spectral power

The index varies from the second measured passband to theistribution. The CIE color-matching functions are precise to

next to last measured passband. The following correctiosix digits by definition. The Lagrange coefficients are precise to
applies to the first and last measured passbhand: seven digits.

W, (i) = 1.166 ‘W, (i)—0.083W,, (i = 1) (16)
8. Keywords

Stearns, E. |. and Stearns, R. E., “Influence of Spectrophotometer Slits on 8.1 color-matching functions: illuminant: illuminant-
Tristimulus Calculations,”Color Research and Applicatiorivol 13, 1988, pp. ’ ’ !

257_259. observer weights; source; tristimulus weighting factors
APPENDIX
(Nonmandatory Information)
X1. EXAMPLE OF THE CALCULATIONS

TABLE X1.1 Spectral Power Distribution of Typical 3-Band Fluorescent Lamp with Correlated Color Temperature of 3000 K (1-nm
measurement interval)

\ SPD \ SPD \ SPD \ SPD \ SPD \ SPD
360 0.004880 450 0.014870 540 0.162400 630 0.111200 720 0.004410 810 0.000000
361 0.004595 451 0.015040 541 0.277600 631 0.102900 721 0.003505 811 0.000000
362 0.004310 452 0.015210 542 0.392800 632 0.094620 722 0.002600 812 0.000000
363 0.020290 453 0.014980 543 0.353900 633 0.062350 723 0.002470 813 0.000000
364 0.036270 454 0.014750 544 0.315100 634 0.030080 724 0.002340 814 0.000000
365 0.047350 455 0.014370 545 0.429800 635 0.027420 725 0.002375 815 0.000000
366 0.058440 456 0.014000 546 0.544600 636 0.024770 726 0.002410 816 0.000000
367 0.031870 457 0.014060 547 0.383500 637 0.023050 727 0.002450 817 0.000000
368 0.005300 458 0.014110 548 0.222500 638 0.021330 728 0.002490 818 0.000000
369 0.004700 459 0.013930 549 0.182100 639 0.020750 729 0.001795 819 0.000000
370 0.004100 460 0.013760 550 0.141700 640 0.020170 730 0.001100 820 0.000000
371 0.003785 461 0.013470 551 0.113500 641 0.019920 731 0.001120 821 0.000000
372 0.003470 462 0.013180 552 0.085290 642 0.019660 732 0.001140 822 0.000000
373 0.003540 463 0.013470 553 0.070050 643 0.019740 733 0.001750 823 0.000000
374 0.003610 464 0.013750 554 0.054810 644 0.019810 734 0.002360 824 0.000000
375 0.003615 465 0.014000 555 0.046030 645 0.019550 735 0.002190 825 0.000000
376 0.003620 466 0.014250 556 0.037250 646 0.019280 736 0.002020 826 0.000000
377 0.004210 467 0.013810 557 0.034310 647 0.019080 737 0.003930 827 0.000000
378 0.004800 468 0.013370 558 0.031360 648 0.018880 738 0.005840 828 0.000000
379 0.005170 469 0.012870 559 0.030480 649 0.030460 739 0.003355 829 0.000000
380 0.005540 470 0.012370 560 0.029590 650 0.042050 740 0.000870 830 0.000000
381 0.005240 471 0.012640 561 0.029650 651 0.034870 741 0.002235
382 0.004940 472 0.012900 562 0.029700 652 0.027690 742 0.003600
383 0.004615 473 0.012640 563 0.029530 653 0.024990 743 0.002500
384 0.004290 474 0.012380 564 0.029360 654 0.022290 744 0.001400
385 0.003750 475 0.011680 565 0.029200 655 0.020120 745 0.002155
386 0.003210 476 0.010970 566 0.029040 656 0.017950 746 0.002910
387 0.003050 477 0.011050 567 0.029500 657 0.019130 747 0.002970
388 0.002890 478 0.011130 568 0.029960 658 0.020320 748 0.003030
389 0.002980 479 0.012680 569 0.029480 659 0.017400 749 0.003615
390 0.003070 480 0.014240 570 0.029000 660 0.014470 750 0.004200
391 0.002795 481 0.019080 571 0.029140 661 0.020750 751 0.003470
392 0.002520 482 0.023910 572 0.029280 662 0.027030 752 0.002740
393 0.002395 483 0.035600 573 0.029390 663 0.022910 753 0.002225
394 0.002270 484 0.047290 574 0.029500 664 0.018790 754 0.001710
395 0.002285 485 0.064030 575 0.040510 665 0.015270 755 0.000855
396 0.002300 486 0.080770 576 0.051530 666 0.011740 756 0.000000
397 0.002420 487 0.082540 577 0.060840 667 0.012890 757 0.000310
398 0.002540 488 0.084310 578 0.070160 668 0.014040 758 0.000620
399 0.002640 489 0.073870 579 0.079050 669 0.013040 759 0.000310
400 0.002740 490 0.063440 580 0.087930 670 0.012030 760 0.000000
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TABLE X1.1 Continued

A\ SPD N SPD A\ SPD N SPD A SPD N SPD
401 0.002845 491 0.059500 581 0.090370 671 0.012230 761 0.000000
402 0.002950 492 0.055560 582 0.092820 672 0.012430 762 0.000000
403 0.062430 493 0.049350 583 0.098470 673 0.011550 763 0.000000
404 0.121900 494 0.043140 584 0.104100 674 0.010680 764 0.000000
405 0.085640 495 0.038320 585 0.102800 675 0.010140 765 0.000000
406 0.049360 496 0.033490 586 0.101400 676 0.009600 766 0.000000
407 0.032040 497 0.030100 587 0.113700 677 0.009705 767 0.000000
408 0.014720 498 0.026710 588 0.126000 678 0.009810 768 0.000000
409 0.009680 499 0.023390 589 0.097210 679 0.010690 769 0.000000
410 0.004640 500 0.020080 590 0.068430 680 0.011560 770 0.000000
411 0.005120 501 0.017300 591 0.085320 681 0.010990 771 0.000000
412 0.005600 502 0.014520 592 0.102200 682 0.010420 772 0.000000
413 0.005835 503 0.012700 593 0.103800 683 0.010040 773 0.000000
414 0.006070 504 0.010870 594 0.105400 684 0.009650 774 0.000000
415 0.006515 505 0.009670 595 0.083490 685 0.012730 775 0.000000
416 0.006960 506 0.008470 596 0.061600 686 0.015810 776 0.000000
417 0.007105 507 0.008350 597 0.064520 687 0.021660 T 0.000000
418 0.007250 508 0.008230 598 0.067430 688 0.027500 778 0.000000
419 0.007345 509 0.007905 599 0.077740 689 0.018370 779 0.000000
420 0.007440 510 0.007580 600 0.088050 690 0.009240 780 0.000000
421 0.007790 511 0.007370 601 0.068570 691 0.008135 781 0.000000
422 0.008140 512 0.007160 602 0.049080 692 0.007030 782 0.000000
423 0.008565 513 0.006895 603 0.047100 693 0.013520 783 0.000000
424 0.008990 514 0.006630 604 0.045120 694 0.020020 784 0.000000
425 0.009260 515 0.006435 605 0.048080 695 0.013810 785 0.000000
426 0.009530 516 0.006240 606 0.051040 696 0.007600 786 0.000000
427 0.009820 517 0.006200 607 0.065430 697 0.005805 787 0.000000
428 0.010110 518 0.006160 608 0.079820 698 0.004010 788 0.000000
429 0.010520 519 0.006355 609 0.231200 699 0.003575 789 0.000000
430 0.010930 520 0.006550 610 0.382600 700 0.003140 790 0.000000
431 0.011280 521 0.006560 611 0.600400 701 0.005040 791 0.000000
432 0.011630 522 0.006570 612 0.818300 702 0.006940 792 0.000000
433 0.020610 523 0.006590 613 0.558200 703 0.008540 793 0.000000
434 0.029590 524 0.006610 614 0.298100 704 0.010140 794 0.000000
435 0.241400 525 0.007150 615 0.223100 705 0.024700 795 0.000000
436 0.453200 526 0.007690 616 0.148200 706 0.039250 796 0.000000
437 0.233900 527 0.008285 617 0.112500 707 0.047360 797 0.000000
438 0.014620 528 0.008880 618 0.076780 708 0.055470 798 0.000000
439 0.014530 529 0.009030 619 0.074490 709 0.047700 799 0.000000
440 0.014450 530 0.009180 620 0.072200 710 0.039920 800 0.000000
441 0.014400 531 0.011460 621 0.075760 711 0.047550 801 0.000000
442 0.014340 532 0.013750 622 0.079320 712 0.055180 802 0.000000
443 0.014430 533 0.018810 623 0.084640 713 0.033360 803 0.000000
444 0.014510 534 0.023880 624 0.089950 714 0.011550 804 0.000000
445 0.014490 535 0.024380 625 0.090240 715 0.007855 805 0.000000
446 0.014470 536 0.024890 626 0.090530 716 0.004160 806 0.000000
447 0.014650 537 0.044580 627 0.085950 717 0.002845 807 0.000000
448 0.014820 538 0.064270 628 0.081370 718 0.001530 808 0.000000
449 0.014850 539 0.113300 629 0.096260 719 0.002970 809 0.000000

X1.1 Table X1.1 gives the spectral power distributionwith the illuminant-color matching function product to form a
(SPD) of a typical 3-band fluorescent lamp with a correlatecsingle weight at a single measurement point. Finally, Table
color temperature of about 3000K. The first step is to multiplyX1.7 shows the resulting weight set for this 3000K source and
each value of the SPD by the appropriate CIE color matchinghe 1964 10° color matching functions. Table X1.7 is compat-
function (Y in this case), wavelength by wavelength, which isible with Tables 5 in Practice E 308. The weights in Table X1.7
shown in Table X1.2 for three spectral regions: near 360 NMihen can be adjusted by the Ste&rbandwidth terms to create
560 nm, and 830 nm. Table X1.3 shows a typical interpolatiory new weight set that is compatible with Tables 6 in Practice

of a measured reflectance curve from a 10-nm reported interv@d 303 These bandwidth corrected data are shown in Table
to the 1-nm interval that matches the SPPDproduct in the

same three spectral regions. Tables X1.4-X1.6 illustrate how
the same measured data, used to interpolate the missing
reflectance data in several different intervals, can be combined
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TABLE X1.2 Product of the SPD Values with a CIE Standard Observer Function (1-nm interval)

N S(\) X'y N S(\) X'y N SINXy
360 0.004880 x 0.00000001340 540 0.162400 X 0.96198800000 790 0.000000 X .00000701280
361 0.004595 x 0.00000002029 541 0.277600 x 0.96754000000 791 0.000000 X .00000658580
362 0.004310 X 0.00000003056 542 0.392800 X 0.97223000000 792 0.000000 X .00000618570
363 0.020290 x 0.00000004574 543 0.353900 X 0.97617000000 793 0.000000 X .00000581070
364 0.036270 x 0.00000006805 544 0.315100 X 0.97946000000 794 0.000000 X .00000545900
365 0.047350 X 0.00000010065 545 0.429800 X 0.98220000000 795 0.000000 X .00000512980
366 0.058440 x 0.00000014798 546 0.544600 x 0.98452000000 796 0.000000 X .00000482060
367 0.031870 x 0.00000021627 547 0.383500 x 0.98652000000 797 0.000000 X .00000453120
368 0.005300 X 0.00000031420 548 0.222500 X 0.98832000000 798 0.000000 X .00000425910
369 0.004700 x 0.00000045370 549 0.182100 x 0.99002000000 799 0.000000 X .00000400420
370 0.004100 x 0.00000065110 550 0.141700 X 0.99176100000 800 0.000000 X .00000376473
371 0.003785 X 0.00000092880 551 0.113500 X 0.99353000000 801 0.000000 X .00000353995
372 0.003470 x 0.00000131750 552 0.085290 x 0.99523000000 802 0.000000 X .00000332914
373 0.003540 x 0.00000185720 553 0.070050 x 0.99677000000 803 0.000000 x .00000313115
374 0.003610 X 0.00000260200 554 0.054810 x 0.99809000000 804 0.000000 X .00000294529
375 0.003615 X 0.00000362500 555 0.046030 X 0.99911000000 805 0.000000 x .00000277081
376 0.003620 x 0.00000501900 556 0.037250 x 0.99977000000 806 0.000000 X .00000260705
377 0.004210 X 0.00000690700 557 0.034310 X 1.00000000000 807 0.000000 X .00000245329
378 0.004800 X 0.00000944900 558 0.031360 X 0.99971000000 808 0.000000 X .00000230894
379 0.005170 x 0.00001284800 559 0.030480 x 0.99885000000 809 0.000000 X .00000217338
380 0.005540 X 0.00001736400 560 0.029590 X 0.99734000000 810 0.000000 X .00000204613
381 0.005240 X 0.00002332700 561 0.029650 X 0.99526000000 811 0.000000 X .00000192662
382 0.004940 x 0.00003115000 562 0.029700 x 0.99274000000 812 0.000000 x .00000181440
383 0.004615 X 0.00004135000 563 0.029530 X 0.98975000000 813 0.000000 X .00000170895
384 0.004290 X 0.00005456000 564 0.029360 X 0.98630000000 814 0.000000 X .00000160988
385 0.003750 x 0.00007156000 565 0.029200 x 0.98238000000 815 0.000000 X .00000151677
386 0.003210 X 0.00009330000 566 0.029040 X 0.97798000000 816 0.000000 X .00000142921
387 0.003050 X 0.00012087000 567 0.029500 X 0.97311000000 817 0.000000 X .00000134686
388 0.002890 x 0.00015564000 568 0.029960 x 0.96774000000 818 0.000000 X .00000126945
389 0.002980 X 0.00019920000 569 0.029480 X 0.96189000000 819 0.000000 X .00000119662
390 0.003070 X 0.00025340000 570 0.029000 X 0.95555200000 820 0.000000 X .00000112809
391 0.002795 x 0.00032020000 571 0.029140 x 0.94860100000 821 0.000000 X .00000106368
392 0.002520 x 0.00040240000 572 0.029280 X 0.94098100000 822 0.000000 X .00000100313
393 0.002395 X 0.00050230000 573 0.029390 X 0.93279800000 823 0.000000 X .00000094622
394 0.002270 x 0.00062320000 574 0.029500 x 0.92415800000 824 0.000000 X .00000089263
395 0.002285 X 0.00076850000 575 0.040510 X 0.91517500000 825 0.000000 x .00000084216
396 0.002300 X 0.00094170000 576 0.051530 X 0.90595400000 826 0.000000 X .00000079464
397 0.002420 x 0.00114780000 577 0.060840 x 0.89660800000 827 0.000000 X .00000074978
398 0.002540 x 0.00139030000 578 0.070160 X 0.88724900000 828 0.000000 x .00000070744
399 0.002640 X 0.00167400000 579 0.079050 X 0.87798600000 829 0.000000 X .00000066748
400 0.002740 x 0.00200440000 580 0.087930 X 0.86893400000 830 0.000000 X .00000062970

TABLE X1.3 Interpolation of Measured Reflectance Factor from a 10-nm Measurement Interval to a 1-nm Interval for the First 10 nm
interval (360 nm to 370 nm), an Intermediate Interval (550 nm to 560 nm), and for the Last Intermediate Interval (820 nm to 830 nm)

N Reflectance Factor N Reflectance Factor \ Reflectance Factor
360 RO 540 RO 790 R4
361 0.855 X RO +0.190 X R1-0.045 X R2 550 R1 800 R3
362 0.720 X RO +0.360 X R1-0.080 X R2 551 -0.029 X RO + 0.941 X R1 +0.105 X R2-0.016 X R3 810 R2
363 0.595 X RO +0.510 X R1-0.105 X R2 552 -0.048 X RO + 0.864 X R1 +0.216 X R2-0.032 X R3 820 R1
364 0.480 X RO +0.640 X R1-0.120 X R2 553 Reflectance Factor 821 0.055 X RO +0.990 X R1-0.045 X R2
365 0.375 X RO +0.750 X R1-0.125 X R2 554 -0.064 X RO + 0.672 X R1 +0.448 X R2 - 0.056 X R3 822 0.120x RO +0.960 X R1 —0.080 X R2
366 0.280 X RO +0.840 X R1-0.120 X R2 555 -0.063 X RO + 0.563 X R1 +0.563 X R2 — 0.063 X R3 823 0.195x RO +0.910 X R1 -0.105 X R2
367 0.195 X RO +0.910 X R1-0.105 X R2 556 -0.056 X RO + 0.448 X R1 +0.672 X R2 - 0.064 X R3 824 0.280x RO +0.840 X R1 -0.120 X R2
368 0.120 X RO +0.960 X R1-0.080 X R2 557 -0.045 X RO + 0.331 X R1 +0.774 X R2-0.060 X R3 825 0.375X RO +0.750 X R1 -0.125 X R2
369 0.055 X RO +0.990 X R1-0.045 X R2 558 -0.032 X RO + 0.216 X R1 +0.864 X R2 - 0.048 X R3 826 0.480x RO +0.640 X R1 -0.120 X R2
370 R1 559 -0.016 X RO + 0.105 X R1 +0.941 X R2-0.029 X R3 827 0.595 X RO +0.510 X R1 -0.105X R2
380 R2 560 R2 828 0.720 X RO +0.360 X R1 —-0.080x R2
390 R3 570 R3 829 0.855 X RO +0.190 X R1 -0.045X R2
400 R4 580 R4 830 RO
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TABLE X1.4 Formation of the CIE Triple Product (Interpolated Reflectance Factor) X (llluminant) X (Standard Observer Function)

Shown for the First 10-nm Interval (360 nm to 370 nm)

Reflectance Factor X S(\)X y X First 10-nm Interval

360
361
362
363
364
365
366
367
368
369
370
380
390
400

(0.004880 X 0.00000001340) X RO
(0.855 X 0.004595 X 0.00000002029) X RO + (0.190 X 0.004595 X 0.00000002029) X R1 + (—0.045 X 0.004595X 0.00000002029) X R2
(0.720 X 0.004310 x 0.00000003056) X RO + (0.360 X 0.004310 X 0.00000003056) X R1 + (—0.080 X 0.004310x 0.00000003056) X R2
(0.595 X 0.020290 X 0.00000004574) X RO + (0.510 X 0.020290 X 0.00000004574) X R1 + (-0.105 X 0.020290x 0.00000004574) X R2
(0.480 x 0.036270 x 0.00000006805) X RO + (0.640 X 0.036270 x 0.00000006805) X R1 + (—0.120 X 0.036270x 0.00000006805) X R2
(0.375 X 0.047350 X 0.00000010065) X RO + (0.750 X 0.047350 X 0.00000010065) X R1 + (-0.125 X 0.047350x 0.00000010065) X R2
(0.280 X 0.058440 X 0.00000014798) X RO + (0.840 X 0.058440 X 0.00000014798) X R1 + (-0.120 X 0.058440x 0.00000014798) X R2
(0.195 X 0.031870 X 0.00000021627) X RO + (0.910 X 0.031870 X 0.00000021627) X R1 + (-0.105 X 0.031870x 0.00000021627) X R2
(0.120 X 0.005300 x 0.00000031420) X RO + (0.960 xx 0.005300 x 0.00000031420) R1 + (—0.080 x 0.005300% 0.00000031420) X R2)
(0.055 X 0.004700 X 0.00000045370) X RO + (0.990 X 0.004700 X 0.00000045370) X R1 + (-0.045 X 0.004700x 0.00000045370) X R2
(0.004100 X 0.00000065110) X R1
(0.005540 X 0.00001736400) X R2
(0.003070 x 0.00025340000) X R3
(0.002740 X 0.00200440000) X R4
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TABLE X1.6 Formation of the CIE Triple Product (Interpolated Reflectance Factor) X (llluminant) X (Standard Observer Function)
Shown for the Last 10-nm Interval (820 nm to 830 nm)

N Reflectance Factor X S\\)X y X Last 10-nm Intervals

790 (0.000000 X .00000701280) X R4

800 (0.000000 X .00000376473) X R3

810 (0.000000 X .00000204613) X R2

820 (0.000000 X .00000112809) X R1

821 (0.055 X 0.000000 X .00000106368) X RO + (0.990 X 0.000000 X .00000106368) X R1 + (—0.045 X 0.000000X .00000106368) X R2
822 (0.120 X 0.000000 X .00000100313) X RO + (0.960 x 0.000000 x .00000100313) X R1 + (-0.080 X 0.000000x .00000100313) X R2
823 (0.195 X 0.000000 X .0000094622) X RO + (0.910 X 0.000000x .00000094622) X R1 + (-0.105 X 0.000000 X .00000094622) X R2
824 (0.280 X 0.000000 X .00000089263) X RO + (0.840 X 0.000000 x .00000089263) X R1 + (-0.120 X 0.000000X .00000089263) X R2
825 (0.375 X 0.000000 X .00000084216) X RO + (0.750 X 0.000000 x .00000084216) X R1 + (-0.125 X 0.000000X .00000084216) X R2
826 (0.480 X 0.000000 X .00000079464) X RO + (0.640 X 0.000000 X .00000079464) X R1 + (—0.120 X 0.000000x .00000079464) X R2
827 (0.595 X 0.000000 X .00000074978) X RO + (0.510 X 0.000000 X .00000074978) X R1 + (-0.105 X 0.000000X .00000074978) X R2
828 (0.720 X 0.000000 X .00000070744) X RO + (0.360 x 0.000000 x .00000070744) X R1 + (-0.080 X 0.000000X .00000070744) X R2
829 (0.855 X 0.000000 X .00000066748) X RO + (0.190 X 0.000000 X .00000066748) X R1 + (—0.045 X 0.000000x .00000066748) X R2
830 (0.000000 X .00000062970) X RO

TABLE X1.7 Final Table of Weights Summing all Coefficients of
Each 10-nm Intervals of the Measured Reflectance Factor

N Wx Wy Wz
360.0 0.000 0.000 0.001
370.0 0.001 0.000 0.003
380.0 0.001 0.000 0.003
390.0 —-0.004 —-0.000 -0.019
400.0 0.053 0.001 0.250
410.0 0.072 0.002 0.343
420.0 -0.071 -0.007 -0.370
430.0 1.868 0.096 9.226
440.0 2.765 0.156 13.733
450.0 0.340 0.051 1.858
460.0 0.445 0.092 2.555
470.0 0.269 0.093 1.715
480.0 0.228 0.461 2.132
490.0 0.244 2.392 3.304
500.0 0.013 0.743 0.676
510.0 0.005 0.399 0.098
520.0 0.023 0.419 0.051
530.0 —-0.232 —0.036 0.039
540.0 7.759 22.891 0.392
550.0 9.035 22.674 0.262
560.0 1.680 2.402 —-0.003
470.0 2.480 3.111 0.006
580.0 8.184 7.581 0.014
590.0 11.055 8.260 0.013
600.0 6.821 4.203 0.006
610.0 31.663 15.566 0.010
620.0 14.219 6.566 0.003
630.0 4.856 1.953 0.000
640.0 1.102 0.427 0.000
650.0 0.742 0.278 0.000
660.0 0.363 0.134 —-0.000
670.0 0.126 0.046 0.000
680.0 0.053 0.019 0.000
690.0 0.036 0.013 0.000
700.0 0.012 0.004 0.000
710.0 0.023 0.008 0.000
720.0 0.002 0.001 0.000
730.0 0.000 0.000 0.000
740.0 0.000 0.000 0.000
750.0 0.000 0.000 0.000
760.0 0.000 0.000 0.000
770.0 —0.000 —0.000 0.000
780.0 0.000 0.000 0.000
790.0 0.000 0.000 0.000
800.0 0.000 0.000 0.000
810.0 0.000 0.000 0.000
820.0 0.000 0.000 0.000
830.0 0.000 0.000 0.000
Sums: 106.229 100.000 36.301
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TABLE X1.8 Final Table of Weights After Applying the Steams
Bandwidth Correction to the Values in Table X1.7

N Wx Wy Wz
360.0 0.000 0.000 0.001
370.0 0.001 0.000 0.003
380.0 0.001 0.000 0.005
390.0 -0.009 -0.000 -0.043
400.0 0.056 0.002 0.265
410.0 0.086 0.003 0.409
420.0 -0.244 -0.016 -1.226
430.0 1.955 0.099 9.649
440.0 3.041 0.170 15.093
450.0 0.130 0.038 0.815
460.0 0.468 0.095 2.682
470.0 0.257 0.062 1.611
480.0 0.223 0.414 2.069
490.0 0.265 1.523 3.619
500.0 -0.006 0.718 0.506
510.0 0.003 0.368 0.054
520.0 0.045 0.459 0.048
430.0 -0.916 -1.977 0.009
540.0 8.316 24.812 0.432
550.0 9.751 24.339 0.273
560.0 1.003 0.661 -0.026
570.0 2.073 2.799 0.007
580.0 8.419 7.896 0.015
590.0 11.645 8.653 0.013
600.0 4.408 2.923 0.005
610.0 35.173 17.256 0.011
620.0 13.548 6.202 0.003
630.0 4391 1.697 0.000
640.0 0.820 0.313 0.000
650.0 0.743 0.278 -0.000
660.0 0.351 0.130 -0.000
670.0 0.112 0.041 0.000
680.0 0.049 0.018 0.000
690.0 0.037 0.013 0.000
700.0 0.010 0.003 0.000
710.0 0.026 0.009 0.000
720.0 0.000 0.000 0.000
730.0 ~0.000 ~0.000 0.000
740.0 0.000 0.000 0.000
750.0 0.000 0.000 0.000
760.0 -0.000 ~0.000 0.000
770.0 -0.000 -0.000 0.000
780.0 0.000 0.000 0.000
790.0 0.000 0.000 0.000
800.0 0.000 0.000 0.000
810.0 0.000 0.000 0.000
820.0 0.000 0.000 0.000
830.0 0.000 0.000 0.000
Sums: 106.229 100.000 36.301
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