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1. Introduction

    An intelligent image processing system  for

color universal  design was  developed and  evalu-

ated.  Public signs  and  direction boards must  be

readily  understood  by all people including the

elderly,  people with  color  vision  deficiencies and

people with  vision  injuries. However,  most  of  de-

signers  ate  not  aware  of  these special visual

characteristics.  In addition,  those designs should

be comfortable  for people with normal  vision,  

'fo

support  the designers, we  propose a new  system

in which  visual-modification  can  be automatically

conducted  based on  simulations  of several  vlsual

characteristic$ simultaneously.

2, DichromatVision

     People with normal  color  vision,  called  tri-

chromats,  have three kinds of cones  whereas

people who  cannot  distinguish between specific

color  combinations  caused  by cone  defects or

absence  are diagnosed with color vision defi-

ciencies. About 5%  of males  and  O.2% of  females

have color vision  deficiency in Japan. They

sometimes  face difficulties to perform daily activi-
tie$ due  to confusion  with  their color information
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color  conversion  model

of  dichromats by Brettel

et  al.i} A  color  Q  is

transformed to Qp  in

Protanope or  Qd  in

deuteranope  simulation,

We  modified  luminance

transformation to simu-

late actual  characteris-

tics of  dichromats vision.

w

y

 LL
 

""'X'

 s7snm

Ng.1  Brettel's model  on

dichromat simulation
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3, Age･RelatedChangesofColorVision

    Japan  is the country  with  the highest propor-
tion of  elderly  citizens  aged  65 or  over.  Elderly

have  different visual  characteristics from young

people. For example,  the yel[owing of the crystal-

line lens with  age  decreases the amount  of  light

that reaches  the retina especially  for short  wave-

length lights (blue or  green) as  shown  in Fig,2,

Figure 3 shows  the pupillary area  of  young  (20's)
and  elderly  (70's) as  a  function of  log jlluminance,

indicating that the pupillary area  is quite small  in

the elderly under  low illuminant levei in comparj-

son  with  young people. However, previous study2)

reported  that color appearance  seen  by the el-

derly is radically different from the one  seen  by

young people, suggesting  that a neural  color

constancy  mechanism  is involved in age-related

changes  of human  vision,
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Fig,2 Spectral transmittance  of  human  lens at  several  ages
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fig.3 Pupilary  area's  funetion of  young  and  old  observers
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4. Age-Related Chaages of Spatial Vi$ieft

    Figure 4 skows  that eontrs$t  response

fufictions Qf old and  young ots$ei'ver$.  I'lie vertlcal

axis  repre$ent$  contrast  respofise  P,- ciffr+ved

from a centrast  discriniipatiofi expenment:i  amd

the horlzontal axis  represents  the contrast  of  a

Gabor patch which  vije$ usect  as  vistiai stirnttlu$,

Tb sipmuiate the appefirance  $eeft  by the elderly

for young observers,  vve  have  to cQnveit  the caft-

trast of the image so  a$  to asslgp  the sarae  ceft-

trast re$ponse  fer both observers.  ,A.fi exarnple

was  illu$trateci ln Fig.4 usmg  CE and  Cy. In addi-

tien, we  slmulgted  cataract  vt$ion  by using  spatlal

image fiters.

5, AutomaticReceloringSy$tem

    As  the fgst step  fbr our  system.  we  cietected

IQw-visiblllty regi･ons  itHrnage$ via quantlzeci col-

ors,  cailed  cluster$, givefi by a k-meafis algorithm

Generally, the degrease of  Iuminance eevel is

eaused  by aging,  where  Iow begittnes$ reg-ons

can  be indlstlfigtiishabie frome other$  Ifi waages.

Along  with  this. since  the celer  garnbt of people

with  coior visien deficiencles ls reaucect  to $erne

extent, specific  coior  combinatlens  are  difficult to

be dlstinguished. We  calculated  luminance  dif-

ferences and  color differefices defmed by the

Euclideae cilstance in the CIELAB  color space

betweeB  all clusters  in original  Image  and  $lmLi-

lateci image  Comparing these differefices, we

can  detect lew-visibillty regloms  that should  be

cornpensated,  As  the seeond  $tep, we  recolorect

these low-vislbglty reglons  tc optimai  coloy$.  We

selected  oplimal  celors  that niake  Eumifianee  dlfL

ferences and  cofer dlfferances betweeR

low-vl$ibillty ciusters increa$e  so  as  to emphasize
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celor cclttra$t Morecv'itf, becaL{se vife tntrDduced

a  constraiot  alggrithrn  viflth cclor cofispicuity and

basic eoior categones,  ifife cafi  preserve the  nat-

uralne$$  of tfte ertgmaUraage  (e.g, Flg.5)

6. EvaluatignExpefiment

    T, he restklt$ of  palred-cgrnparisolt evaiuatioe

expijrimw]ts  casried  ouE  tfvlth 8 elctefly 3uislect$

afid  3 subjects  wl{h  coloF  vislon  cietlciencie$ Inctl-

cateci  bettgr visibllity l,n seme  recolored  ir#ages

prod"ced  by Qur  systefr} ever  the arlgiBal ir"ages.

7. Ce#cles$ien

    We  develaped an  Lntelligent  $uppert  zool  ier

color  untversal  cieslgfi by u$ip,g lmage  proces$Ing

techniqtses afid  evalliated  the system  by cofi-

ducUng expemments.  

'rhe
 yestiIts  slipporteci  ti e

feasibilRy ef the s}tstefli.

Ack"vwfedement

Thls woFk  vtfas supperted  by "Eeo-Mo

 Foundaiion"

(lrhe Feunctatiofi fDr Promoting Persoftai Mobiktt"

ana  Ecotogtcal Tran$:)ortaton) frarn 2eW  ta 20'{ 1.

Referegces
1} ff,Breitel et  al / Coor)pLitermed STniijlatlon of  Color

Appearance  for Dlchromazs, j. Opt Soc. Atn. .A., v'ol.IS,

f1997> 26AJ- 2655
tt2}

 KOkaS[nia et al.' C'Acrnpatsr:･zed $ifnulation afid

Chren'}ftric A,daptatlan  Exper}mepts Based ofi a ivlociei

cfAged  liLinaan Leris Opt  Revlevv, Vot,8 c2001} 64-7e

3> K,Iwamoto and  K OkaS:ma EIabofaE'ion af Dyaaip,c

Image  $irnLflator of Oeff.erent 
is'isual

 Characterls"c$,

Ergcpbthalmologicel Soe  eZtlj of  Japan  {2DX.1g.29>  sn

Jeepeiiese

t
 lt'!4= .' .ti vLa:lt  

/Y
 
.,,":.) 'H

 ' i,Itv'/  ,t ir]  a:,,oE'i.'t/.  ,yt

"ie'..1ltt,"..,/,'Ll,:E,f.iv)  Jl-..t"iur,Jio,NgEi[/'ae//"

I /-., tl .'tp"･･tn･}{,:c,) ･}t "I,f,1}ltd:' /i;'{{ }{]c,.l,tt'ee  ul;aset

1 237 ･

NII-Electionic  


