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Creating Color Scheme for Quantitative Data Using CIEDE2000

TOSHIYUKI MITSUI™  KAZUO MISUE™

Abstract. Many studies have been done on coloration in information visualization. However, to the best of our knowledge, there
is no way that color differences are handled strictly for the creation of color schemes that represent quantitative data. Therefore we
propose a new method of creating a color scheme with even color difference using CIEDE 2000, that is the latest color difference
formula. As CIEDE 2000 color difference formula is more complicated than the CIE 76, it is difficult to estimate the color
difference from the value of the CIELAB color space. In our proposed method, a good color scheme is obtained by searching in
the CIELAB color space using a dynamic model. In our proposed method, a gradation is created based on the given two colors as
a color scheme that is suitable for quantitative data. With this method, it is possible to create a color scheme from all two colors
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that can be represented by RGB, and the visualization designer can examine using various colors.
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Figure 1. Examples of color scheme created by our method
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B 2. F 2 & VR R
Figure 2. Color scheme including blue
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X 4. X 1(B2)% A= "k
Figure 4. Visualization using Fig.1 (B2).

X 5. X 1(C)& AV 7= A4k
Figure 5. Visualization using Fig.1 (C).

458



TEHUEESES A > 25 72 3 > 2018
IPSJInteraction2018

DITN—=TIZENENLANBIR - & - DT T77— 3
YTHD, BYDITN—TIIEEENOEEE~D T TT —
arThhH, INHIXELL L EAELLN—HDEL
FFo®RMT —FORBITHIHAT D52 LR TED, (C)X(A)
w2 OMABEDED Z L TERT 2 Z LR TE, EADH
BRSO BNT —ZORBUFIHTHZ LN TE D, Th
b ORI, 3HITRARTZFIEICBNT, AT %% 50
L, NFETLOKT SM%2s? <0.01, KIE EREHA
1000 [A] & L CHERR L7z, X 3 ICIX(A)EZRIH Lican 71
Ay Tk, KA4ZiEBYEFMLIce— vy 7%, K
512XC)EFIA LI-an Ty LA~y T ERT, FBMTIE
HHN, BENTEBNTHHIO S E I VB IZR < £
EIDOBBENEHR L TWHHIR L2, Zhicky, o
WO DOELANERNT —Z ORBUFIHFETH D Z &35
Zbb,

WA, PERFIETIER LIzl & CIELAB GZE[H DR
2y b ERERRICXEl 725 d, % LT ColorBrewer MOEL
T sPESq I OWVWTHET 5, T 2 E A,
ColorBrewer2.org T® Sequential Single Hue |Z & &7 6
DB (5-class) & . T 6 DR E LK T Az b & ITlER
L7ZEAETHD, K6I1T, FEETORET SO A L
DEFZEZOVTOHRCTRETT, 1T, ThbOlA
BT DS ZR-T, £lo. R2ITITREFIETERL,
WA W E O CIELAB fEZz#B#i+ 25, &b,
ColorBrewer(CB)iZ ColorBrewer O i %, CIELAB(LAB)IZ
CIELAB & 22 fii] & % [#] [ (2 X 8 - 72 Bl 1 % |
ProposedMetho(PM)IZHRRFIETIER LB A it K L T
Do

6 %D &, MOPIETHARTREFIEOSEILIET
WhE<, R1ZRD EREFIETER LB ADRRR
ZORFINRB/NINZ LD, Thblizky, 8%
FIETIER LB, 3 Hi T~ AR R EL Al R S
TN Embind, EUTXE LT ColorBrewer ML,
RRFIEICHRTHEPRE  MERBREORIHRE U,
P KRENL NS Z L, BOEMERE—TRVEND
ZETHY, BFEBRAEOKRTNMN K E T, EO bk #
LL<72>TLEIAMEHLH D,

—FH T 6 LV, IBEFIEOBEDFEEBMOTFIEOE
AUCHRTNSWHANZSH D Z LoD, DFED, B

£ 1. HFE TR LB A ORERRRA DR

Table 1. S, of each color scheme

Red Green Blue Orange | Purple | Grays

CB 4.994 3.916 9.596 7.576 13.37 27.97

LAB 1.598 1.918 4.350 2.094 1.476 11.39

PM 0.929 0.728 0.665 1.009 1.158 2572
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Figure 6. Color difference between adjacent
tone levels of each color scheme.
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Table 2. Color values(CIELAB) of color schemes
made using the proposed method

Color 1 2 3 4 5
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L 96.441 79.224 65.149 52.832 39.775

Green | a -5.737 | -12.215 | -22.783 | -37.053 | -39.563
b 5.911 8.999 14.747 23.267 27.883

L 95.797 76.770 61.180 49.126 33.916

Blue | a 0.268 0.698 1.580 3.132 3.197
b -6.274 | -15.279 | -27.582 | -48.935 | -47.443

L 94.819 78.034 65.243 51.834 | 39.805
Orange | a 4.150 10.528 22.471 32.449 45.545
b 9.472 15.990 30.645 35.263 50.989

L 95.102 74.217 59.975 45.623 26.995

Purple | a 1.622 7.501 21.881 36.142 37.871
b -3.137 | -10.554 | -27.597 | -44.645 | -50.437

L 97.232 72577 53.474 | 36.451 14.68

Gray | a 0.000 0.000 0.000 0.000 0.000
b 0.000 0.000 0.000 0.000 0.000

(4

(5]

(6]

(8

(9

[10]

L. D. Bergman, B. E. Rogowitz, and L. A. Treinish. A rule-based
tool for assisting colormap selection. In Proceedings of the 6th
conference on Misualization’95, p. 118. |IEEE Computer Society,
1995.

M. Wijffelaars, R. Vliegen, J. J. Van Wijk, and E.-J. Van Der Linden.
Generating color palettes using intuitive parameters. Computer
Graphics Forum, Vol. 27, No. 3, pp.743-750, 2008.

M. R. Luo, G. Cui, and B. Rigg. The development of the CIE 2000
colour-difference formula: CIEDE2000. Color Research &
Application, Vol. 26, No. 5, pp. 340-350, 2001.

C. Ware, T. L. Turton, F. Samsel, R. Bujack, and D. H. Rogers.
Evaluating the Perceptual Uniformity of Color Sequences for
Feature Discrimination. In K. Lawonn, N. Smit, and D.
Cunningham, eds., EuroVis Wborkshop on Reproducibility,
\erification, and Validation in Visualization (EuroRV3). The
Eurographics Association, 2017. doi: 10.2312/eurorv3.20171107.
R. Bujack, T. L. Turton, F. Samsel, and C. Ware. The Good, the Bad,
and the Ugly: A theoretical framework for the assessment of
continuous colormaps. |EEE Transactions on Visualization and
Computer Graphics, Vol. 24, No. 1, pp. 923-933, January 2018.

C. C. Gramazio, D. H. Laidlaw, and K. B. Schloss. Colorgorical:
Creating discriminable and preferable color palettes for information
visualization. |EEE Transactions on Visualization and Computer
Graphics, Vol. 23, No. 1, pp. 521-530, 2018.

D. A. Szafir. Modeling color difference for visualization design.
IEEE Transactions on Misualization and Computer Graphics, Vol.
24, No. 1, pp. 392-401, January 2018.

Mokrzycki. W. S, Tatol. M. Color difference Delta E - A survey.
Machine Graphicsand Vision, Vol. 20, No. 4, pp. 383-411, 2011.

460



	confinfo_j: 情報処理学会 インタラクション 2018
	confinfo_e: IPSJ Interaction 2018
	filename: 1P03
	c_date: 2018/3/5
	cprt: © 2018 Information Processing Society of Japan


