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Abstract In this paper, we propose a color conversion method for realizing barrier free of color defective vision.
Human beings is perceiving colors by a ratio of a reaction value by three kinds of cones in a retina. The three cones
have different sensitivity to a wavelength of light. Nevertheless, dichromats, who are lacking of a sensitivity of one of
cones, tends to be difficult for discriminating the colors of a certain combination. The proposed techniques make new
images by converting colors for creating perceptible color. Based on confusion loci theory, the proposed technique
realizes the perceptible images for dichromats by changing the confusion colors in several regions of images.
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Fig.2 Spectral sensitivities of the human cones
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Fig.3 Confusion loci in zy diagram
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Fig.4 Loci of confusion loci in a*b* diagram
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Fig.5 Color difference value given by color correction in a*b*
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Fig.6 Color correction by confusion loci in a*b*
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Fig. 7 Color difference value of clusters and minimum value fi
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Fig.8 Change of confusion loci by color conversion

4.2 93 A2RROOSHIE - BIEEER

HT—iliE I & O NBILIEEDS b, BRAZECT
V375 AR LRFIOFEROEEERICANTIC, FERED
BOIREETECLICKD, FOREOBLBUTRRTYT 5%
hWELB. F0H, BOBEZITIMNIC, BRAIKTEN
ZEONHERAN, HofEHOE L DEREZVE, UTOF
BERICXZBEERTIVNENDS.
(1) BOBENRTH S 7 5 A2 k DREB C(Li,ax, bi) »
5, 4.1 TNz AD EZRFEOHBEICE VT T FELE
L, MDY SRAERi(+ k) DREER Ci(L],af,b]) D, BF
ZDOBERETIICKZBE AEL(AD) ZEHT 5.
(2) (1) TEH Uit AE(AD) D55, [A—0 AD flilics
WTRENRENE XS T A XDMERED T min{AEL (AD)}



23 f(AD) LT 3.
(3) (2) TRDBIY fi(AD) DEN AErn A ELRD AD D
wMEZKD, TOEZBEEMEETS.

#%IC 5. THWVWA K 10(a) ISRTEHR Parrots %2, 6 75 A %
ICHBEES K-means 75 AR V5 %iT5. ZOHERICK
Wi8oh3, 577 AXORKROEOMERZEEEREND, %
D5 DDI TR AREBLOMIKDOND, E_AEED
BEETTFIVICEEEE AE,, BXU, i DF57%, RTIC
R BERRAZELCTVWBEOEIZEDEUNDOMD Y S5 X
DELDOREREERNS, FILLEADEERITIIC,
THhEEHALNELIIC, b EERLDENIVEICEET S
KRV fi BERKEL ZZ T D, b ERZADMHEICEET S
cicky, @Rl EIhs bbb,

4.3 EREBESALHS—EROBERE

XHTIE, EEOAHS—ERICBVWT, BEZEOBHEETIV
ORI NBRORIFILEIZ0E, BLU, oy BERL
TRHLNHEREHREOXTHEND, EMERLRPTVHL
EhE¥IET B FHRE, LI, ARERZELCTVWSRAICHT
ZEERERLRERTS. £9, La'b ROERICBIFEZHS—
BIRD I S5 A2 2 JiLE% K-means HEIC K DTS [15]. &
hick b, AMoBHEICRES X5 ICA—RFIGT LICEE S
#EXhs. X, FEHICBI3 752 20KEEAVTE
BEOFEZHFAN, ERLTW3EOEEZS 7 FIEIEEL
RB. Ritlc, BERILIRA—-RAEAOEER UMEEZD
YT LERBILT, BEENERINS. UTICEHENLEF
JEIZ DN TR B,

(Dzy BER EICBWTZED oy B2KD, ThZTho zy 8
B ER T IRAGERAESL.

(2) 2EDRFRERDOIETAE 6 B3R, 0 BB 5AE 0rn UL
Tot &, EREORHLTS.

(3) BAEMRHMOZBICHL, La'b IKEBIFBTLDOEE
AEp &, BEEDBEETTIVTHACThIERIC K EE
AE} ., ZK®, AEp. >Ti B2 AEL,, < T L5 5HBE
DENFEELILE, YT 08I, TRENRTZICLY
hobd, BRAIDHELVEZEDETHS LYIETS.

(4) T5IC, (3) TKDLNI-ADHEAEDLEOHT, EHFLHE
DEFEHICNT S, ZThTNOISRARICBT 2EEROEE
ZRN, LRICEE St ZE@B L ¥, ZOREAGBOHEIED
¥DHH, BREODNEVW—FEZBERTZILELND S L YIS
3. ZYUEEREBATZERGRKRLEOER o'b AERK FICERK
L. a'b" BERICHET 2 ERBROMNBFOBIICERT 2 A
MiC, 4.2 Leh>T AD FEIHEET 5.

5. @ B #

BAGITIE, EROUENRERE LT, S—BEEFILIC
#UTIER 9(a) 12 =T JIS/SCID N3A Elg%, B_fEE
TINCH LTI 10(a) ISRY Parrots 2V 5. £, $56
MPUBHENEFNOEBRE 11 XU 6 75 AZICT K-means
DIAZYTUTEL Ka) BLU K 10(a) Iid, &
FHOBEFMHNERBEE L THB. LFED/STA—XLLT,

£ 1 N3A HgORFAGHEEOEL (B—&F)
Table 1 Color difference of confusion colors

in N3A image(Protanope)

Step | Cluster No.
1 (1,3) 59.3 6.9

AEpq | AEL,, | AET

110.0

% 2 Parrots E{RDOREAGRHEEZOEL FZEE)
Table 2 Color difference of confusion colors

in Parrots image(Duteranope)

Step | Cluster No. | AELqp | AE] , | AE]
1 1.,2) 619 | 136 | 66.53
2 (2,5) 789 | 88 | 925

cosbrn = 0.9,T1 = 30,Tz = 15,AErs = 40,57, = 0.1 28
w5,

FE—BEETNVCEIT Z2AEBROFHRE L ZTOBRIIDONT
ABAT 5. MR JIS/SCID N3A DFEESEEZERILEEN
&I A 2DRKREDOEREGKRE, BERICKDBEShE
U525 1 ORAEREK 8(a) ICRT. BEEDISZH 1
&, UV ERELTHS. LHEMMCIERERICEVWTELZ D
HHTLHNEREIND. ERNIA LB EEROEREE
11ZRY. Step XEBEERFHEDIEF%, Cluster No. ik, B
THECHBNRE LI 7S AZBETHY, EHDESDY
SAZQREREED. —BHD AEL,, &, BEELHEEZO
BEEORAACLZ _BHOBETHS. AE,,, ICHAED
KELE->TWVB T ehbh . EEDOIEERTH B 9(c)
CBEWTERE 9(b) LN, NRY v MERIDGY—<> L
REFMOLEY EDAAJINAREL > TV 3. BAFET
MCBWTERERRIC, BEMKICET 2 RXADEREGROK
ZX 8(b) Iz, BEBRODBRER2ITRT. H—ABICETS
WL EKRIC, B 10(b), (c) &b, BAFLPTVEERSES
T3, &k, RERICIELICAHS—EiRE, EESOKYE
D Web R—VICTHEBI N/,

6. & ¥ U

ARTI, H5—EEHS, BHIELLTVBEET LICHE
HEo THaERITY, ZhEhOBEEORRBRLIIACROR
MALRTUIENEHEL, ARILELWESHOBOERE
WMEEBZTLT, HELRXTVAS—EGREERT 2 FERR
KLT. BON/-RMICERTBMELFETHEH,
EHRICBWLTHMAIEIRET, RV aEUmyEE L.

X [

1] BAGEEZE (R) . BEERLENY RT vy, HERE,
2000

2] PIEZ, AEOAD=XL, HIaHEE, 1998.

(3] KERHE, FkER AHCGRRE, £FEHRKR, 1999.

[4] FMIERERE, PR, “BEOSHRHELGHENVTIV-—ATLE
Yr—vaV E1E, GHOFHEAFOXAAZXL, " Mk
T2, vol.21, no.7, pp.733-745, July 2002.

[5] FSRERE, RS “GROSHHELQHEANUTTIV-—LTLE
Yr—vavE2E, ARMIERTEE, EDLSEHPRA
5007, * #ATZ, vol.21, no.8, pp.909-930, Aug. 2002.

(6] FIRRIERE. . “BEOBHRELAHNNVTIV—LTLEY


研究会temp
テキストボックス


(7

(8

(9]

(10]
(11]
(12]
(13]

(14]

(15]

() BRFHICLZHAS (E—aE)
0 MBEIGHER (N3A)
Fig.9 Results of N3A image

F—avE3E, TRNTONCRRTL T 5o, EDLS
ICERET T XV, » HIlAT#, vol.21, no.9, pp.1080-1104,
Sept. 2002.

G.W. Meyer and D.P. Greenberg, Color-defective vision and
computer graphics display, IEEE Computer Graphics & Ap-
plications, vol.8, no.5, pp.28-40, Sept. 1988.

H. Brettel, F. Vienot, and J.D. Mollon, Computerized simu-
lation of color appearance for dichromats, J. Opt. Soc. Am.
A, vol.14, no.10, pp.2647-2655, Oct. 1997.

F. Vienot, H. Brettel, and J.D. Mollon, Digital video
colourmaps for checking the legibility of displays by dichro-
mats, COLOR research and application, vol.24, no.4,
pp.243-252, Aug. 1999.

C. Rrigden, The eye of the beholder’ -Designing for
colour-blind users, British Telecommunications Engineer-
ing, vol.17, pp.2-6, Jan. 1999.

AE%, GFITY¥ HABHAFHRE, 1993

ZEE—, T4V ZVAS—EHROMAT - FE, REREHAR
£, 2000.

V.C. Smith and J. Pokorny, Spectral sensitivity of the foveal
cone photopigments between 400 and 500 nm, Vision Re-
search, vol.15, pp.161-171, 1975.

D. I. A. MacLeod and R. M. Boynton, Chromaaticity dia-
gram showing cone excitation by stimuli of equal luminance,
J. Opt. Soc. Am., vol.69, no.8, pp.1183-1186, Aug. 1979.
EAERH, 75XZ—HWAP, FHiLHAR, 1999.

iy e ) SRR
(a) JLIEE{S Parotts

(c) RRFEDRZF (B_&E)
10 SAEE{RFER (Parrots)
Fig.10 Results of Parrots image

ft 72

8RR L a"b* RER

BEMNOEERED, AEOMETLE0EVOEEVE—&
TBHEIIC, AEMICBI2EOEBEFEEZEFIGEDT S
X HEINIFAZEML LT, La™b” RERH CIE I
Ko THREETNTVA(11),[12]. XYZ RERHD L'a*b” &
BRADEHUL,

L™ = 116- (Y/Yn)"/® - 16 (A1)
a” = 500 [(X/Xn)"® - (Y/YN)'?] (A.2)
b* = 200 [(Y/Yn)"® - (2/2n)'"°] (A.3)

L&D EHEINS. FETIE, B¢ Des ICEIT 2 =FIBET
5% [Xn,Yn, Zn] = [95.04,100.0,108.89] %/l 3. L'a’b’
KB BMEE, Z@F (L], ai,b]), (L3,a3,b5) & LIt L &,

AEr.s = /(L] — L3)? + (aj — a3)? + (b] — b3)? (A. 4)

iCk DEHENS 1], [12).





