Juobgdootdboodguod
Juootbobotgtdboogtbotdbood
Jogootood

goouobbooooooobobog ooob goon

o210 30 250

1 0d0dod

gbobooobooobobobuooobooooobbuoooboooobbon
gooooboooo

gbobooobooobobbooobboobboobbbooobbuooon
gobooobooobboobooobooboboooboobbuooobo
gbobooobooobbooboooobobooobbooobboobooon
gboogobbooobboooboobboobooobooboooooobog
gboboobobooobboobooboboooboobbooobbooon
gbogbooboobuoobuooboobooboobooboobo

gboobobobooboboobooboobobobboboooooboon
gboboobobooobboobbuooobboobboobboobboob
O00OWebOOOOOOOOOOODODODODODODODODOOODOOOOODO
gbobooobooobboobooobooboooobobooboooobob
gboboboooobooobobobobooboobobobooboooooooo
gbobgooobooobbooboobobboobbobbooobbooon
gbobooobooobbooooobobooobbuoobooobbooboo
gboboobobooobbooboobbooboobbooobbooobobog
goboobuoobooboobooon

ooobooooooooooobo LMSOO0O0obOOoOoboo0oooobooboOooon
gbobooobooobobooboooobooobbuooobooboooo
gboboobogobbuooobboobbooobbobboooboooobbog
gbobooobooobbooboobboobboooobobooobboooo
gboogobooboobooboobo

gooobooboboobooooobooboboooboooobobobooo
gboboobobooobooboboobooboboobbooboobooon



gbobooobobobooboboooboooboboobooobooboooo
gbobooboooboboobbooobboobboooobbooobon
gbobooobooobbooboooobboooobobooobboooo
gboboboooobooboboboobobobobooboobobobon
gboobuoobboobuoobobooboobooboooobuobobonog
goboooboobooobooobobooobobooboboooooooobooooo TvV
gboobuoobooboobooboobon
gbobooobooobbooboooobboobobooooobbooobog
gboobuoobuoobogboboobobobooboboboobobobonog
gbobobobooobooobboobbooobooobboobobooon
gobogbuoobuoobuoobuoobuoobuooboobuoobooboooo
gbobooobooobbooboboobboobbobboobbooobbo
gboobuooboboobooboobooboboobobboboobog
gbobooobgobobooboboobooobooobboooboooobob
gobooobooobbooobobooobbooobbooobooboooo
00 (0 HWooOoOOoooOooooooooo SsbooOoooooooooooog
gogno
gboboobooobooobboobbooboobooooboboooobon
gboboooboooboboooobooobbooobooboooobooon
gbooooboogoboboobboobboobooobboobbooboobog
gboobuoobooboobooboobon

5985 O

‘e

Sy

e Y % £ B o> a2 ]
0 ® esgw o 4 5
O O Vi @, O
O] T HwETEwT Q &

Ul oggoooo



2 ODOoobobooboboobbooboboobod

2.1 0JOO0O0O0O

gbobooobooboobbooobboobbboobboobuooon
gbooooboooobobooboboobboobooobboobboooboobog
gbobooobooobboobbboobbooboobooobobobobon
gooobooboobooo

O000D000OMacAdam OO0 [18]0 00000000000 OOODOOOO
goboooboooboobobobooobboobbooobboobboon
00000000000 (0000000000000 O0o0ooOoOOoooooo
0)0000000000000000000oooo00oooooooooooo
googboboboboogbobobooboboboboooobobobo
gobooobooobobooboobboobboooboobboooboobog
gboooboobooboon

gbooboooboobbooobboobbooobooboboooooo
gbooobooo

22 0JO000OO0O0OOO

gobbobuooogbobboooobobbuooooboboooboboogon

221 0000

gbodgboobobobobboobooobboboobooboobobg
gboboobobooobboobooobobooobobbooobbooon
ggboboblocboooobboboooobboboooooon

gboodbs8en0DOD00OD020000000000000000 14em x 14em
oo oboobbboooooooobobobn
0000 CIEXYZODOOOOOOoOooOoOoooooooooooobooooo
O00000D00D0DODODODODODODODODODODOO0O0O0O000O 200000450 (OO
3r000080)I0UO00DOD 103000100000

222 0000

O0OO0OMacAdam OO OO0OD0OOODOOOOD20000000000000
bbb Bsooobooboobooboobobobi1b300bononbo
gbobooobbddyobboo1l1b20000000000000 1600



g 20000

godddgooooboboooooooooobobobooobbobbbbbibo
gbooobooboobooboobo
ooboobooboooboobobceIexyzZoooooooooooooooo
b 1400b00booboobooboobooboobobooboobo
ggboboboogobobobooooobbobuoogobbiobbogo

23 OJU00U0uobouoooooon
231 0O000OO0O0DOOO0ODOODOO

gobooobooobobooboooboooobooobbooboon
gbobooboboooooboboobboooboobobboobooobon
gobodooboooboboobboobboobbbbooboboooboo
gboobobooobboobobooboobboboboboobobooboboboboobon

ar? + by? 4+ c2® +dey + exz + fyz =1 (1)



00000000,00000.,000000000x = (25,y:,2),i=1---n0
000000000000000000000000000

a::(a,b,~-~,f)T 6::(1,1,~-~,1)T (2)

T Y1 A Ty s Yic
Ty Y5 25 TaYa Take Ya22

A= : : : : : : (3>

oooooooooon
Aa =0 (4)

gbooobuoobooboobobobobbobbobbobbobbobbo

a=(ATA)" ATp (5)

23.2 0O0O0OO

gobboobooboobooboobuobobobuoboboboobonbosgnD 4
gbobboobbooobooobbooboboooboobboooboob
gobooobooboobuoobuooboboobobb X+Y+2=1000
O00000 MacAdamOOOODOOOOO0OD 200000000000 B0
goobodoobooobooboooboboobbobboobbuoooon
gboobuooboobuoubbilioboobooboobooboon
gbobobooooobobetovydboboboooooboboboboooboon
gbobooboboosgobooobobooobooobbooboboooon
goooo

xy000000000000000O0000000O00O000O0O00O0O0O0O0O900
goboboooboobooobobuooobooobobuooobooboooo
gboobdoobooboobooboobobbobbobbobbo

3 Uboboboboboboboooud

gbobooobooobooobboobbooobobobooobobooooboon
gooobobobobooobooooooboooobooboboooooobo
gbogoboobooboobon

gobooobobobooobobooobbooobooobuoobobon
gbobooobobbuooobboobboobboobooobbobbon
gobooobooobboobooobbooobboobobboooboo
gbobooobooobboobboboobobooobbobboobboon



a. 53 - ’ a. 93
0.H [ ] L [:-1
a, B 0, Bk
0. el R 0B
oy - a1 -

1 T T “.r

0.1 — e 0.2
-2 3 el b.1
4 ]
T

O3 00b0o00o0on -1- U4 0000000 -1-

0.9

gs ogboobooboobooboobooobg -1-



o o o o
e 3

e ogoboooogon -2- g 70000000 -2-

0.9

s gobbobouoogogboboooooboooog -2-



0.9 T T T T T T T 0.9

0.8 1 0.8

0.7 1 0.7

0.6 [ 1 0.6 [

0.5 1 0.5

0.4 1 0.4

0.3 1 0.3

0.2 1 0.2

0.1 1 0.1

09 000000000000 (0D:0DO0OoDODoO:000)

goooggooooobboobbtoooooooboboodouoooooo
gboboobobooobbooboobboobooboboobooobon
gogdobooobobobobbbbbbbddoodoooooooooooooo
gbooooo
goodgoboooobobobbbbbbbodoooooobooboboaobboo
gbobgooobooobbooooooobooobbooboboobboon
goddgooooooobbbbbuouoooooobboobobboooood
gboobooboobooboobon

3.1 UUubpoooobobobuoooboobod

gobooobooobboobooooboooboboobboobbon
oo0oooobobob000000dd000000000000O

| dz ||*= d2" R(z)dx (6)

000000000000000000000000((0)000000000
Oo00odoooooooooodoobooooooooooooooooan
0000000000 R(x)0200000000000000000000OOO
000 (000D0000)0 R(e),R(y) 00000000000 S,,500000
S;00 S5, 0000

f:5 — S5

00000S 0000 2z000000y=f(x)000000z0y00000O
O0D0O0o0o0oobooboob0.00b00bOoOoooogsS,Ssbogn 0
gbobooobooobbbooobboobboobbooboooobon



goboooooooobobobobooobbooobboOooDb fOooDOoOOoOobOOOn
00000000000000000 ,2,00000000000000C (OO
go0000)000C0O00OO0O0O0OO0O0OOOOoOoOOO SO sSooooo fo
goooo

11,29 €51, y1= f(71),02 = f(x2) €S2 (7)

00000000 #,2,00000 4,5, 000000000000000000
000000000000 (1600000000000000000000000
f0000000000

00000000000000000000000000000000000
0000000000000 00000000000000000000000
000000000000000000000000000000000000
oooooo 7).

0o0o0000o0o S,S00000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000

3.2 00000000

oo0oooooooo ¢, 0000000o0oo0 ¢, 000000 woooag
gogoobogd
w:Cy— Cy: y = w(zr)

D, 0 wOOODOOODODOODOO
dy = Dydx (8)
000000000000000000000000000000000000
Ry (y) = DyRy(x) Dy, (9)

gbooboobooboobon

bbb wdgobobbbuooooboboboooooboooooooobooo
0000000000000 00000O00DO0O0OO0 YYooooooooooo
wOOooooo D, 0000000000 bobobooobobobobobLon
gboobuooboobgooboobooboobooboobon

000000000000 wOO000w'O0000000000000000
00000000000 (D) '0000000000000000000000
00 :=w (x)000000000000O0O0O0OOOOOOOOOOOOOO0
gbooobooboob



4 0O00O0O0O0O0O

goodgogooooobbobbbotooooooboogoooooobn
000000000000 ob0oob0oobo0obooog BrettelOODODODOOODO
goddogooooobbobbbodgoooooobooobobobbbbboo
gbobooobobobooobboobuooobbooboobbooobon
gobobuoooobod

4.1 UO0O0O0OO0O0O0ooboooooon

LM sSoooooooooo0oOoooLMSooogoooooooooooo
gboobuoobuoooo200booooboboobobobooboooonog
gooobbobooboobobboboobobobobooboboboon
gogboobooboobobooboobobobooobobooboooooboo
O000000000Brettel 0000000000000 B0 O0ODOODO
00000000000000000000000000000000 (invariant
hwe) 0000000000000 0O0O0O0OO0OOOOOOOOOOOODODOOOO
oooooooooboooboobobobooLMsSsobooooooooooo
O000o0D pO00O0O0 OO0 FODODOOOODOOOOODOOOODO
O0D00oDoD0oooobboobOon0 A0 475nm OO0 0O 575nm O O O O Brettel
ooooooooobooo0ooobbooooooboboooo oEOODOO AODOO
00000000 (0 10)0000000000000000000000000
0000001020000 LO0O0O0O2020000 MOOOOOOO(DO 10)

1/(1-@)xt

g 10 000oogn U 11: 0o0duogobobuoogon

gogodgooobbbbbobobbbtboddgudoooooooooooon
gooooo

10



0110000000000 Uo00000o0ooUooo
O0oo0dOooooooooOoooOU00UooDoooDOoOooODEOLOOOOO
ggbooboboogobboboooobbboooogoon

0000000000 QUOD00000Q UID0O0N0N0N0NDDNO QYD
goddooogooooouoouooogoooooooolioooobbbboo
gbobooobooooobooboboobobooobooboboobooon
Oo0o0oO0 (1oooo0o00000b000oooooooooooooooo
oo00O0O0O0O0O000000DOOOOOOO0OO0OO0O0Q'DOOODOOOOOg-
ooooooooooboboboboobobooboUuooobwoboooO
gbooobooo

4.1.1 0ODO0OOO0OO0O0ODOOOOO0OO00

gboboboboboobobobbbiobibwbobobOobOoboooboon
gboooboobooboobooobo

Q' = w(Q) =wQ +(1-w)Q (0<w < 1) (10)

Q0 Q00000000 wOO0O0000000000000000000000
000000000000000000000 1000000000000000
000100000000000000(10)0 QDO0000000000000
0000 Q"0000QO0QO000000000000(Q -Q)000 (011
000t000)0w0000000000000000000000000000

Q" = w(@)=Q+w@ -Q) (11)

000000000000 QUDDDNDNDONON0DQEDOO00000N0NNOonOoG.
(@-Q)000O01-wOOOOO0OD0ODODDOODOODOODODODDODODOOOOO
gog

Q" = w@=Q+(1-w)(Q-Q) (12)

0000000000000 DD (12)00000000000000000
000000000 (Q-@)0000000001/(1-w)000000000
000 (0 11)000000000000000000000000000000
00000000 POOOOOOOO0O0O00000000

. 1
P = w(Q=Q+-—=Q-Q) (13)
(1-w)
00 POOOOO (100000000 w(P)=Q00000000 POQOOOO
0000000000000

11



\ \ \ AN
\ \ N

0’ x a,(x 0 P

U 12 000000000000000

4.1.2 000000

gbbogbbuogobbooooos2bbuogbbuoobbidibwbnog
gogo

D,=1-w (14)

00000000000000000000000006,0000000000
0, 0000000000000000000000000000000000
000000000000000000000000000000000000
000 (000900000 (900000

ap = (1 —w)ay, (15)

gboobuoobooboobobbobbobbon

A

Dy=1—w:= (16)

Qo
godoogogoooobbbbbddooooobooooooobobn
gbobooobooobboobooobobooobbooboboobooon
O000000D00DOD0ODOOO0O0O0O0O0O0O000001/1-w)0000000ODOO

4.2 UO00O0O0OOOOQOOObOOOOd

gbobooobgoobbooobboobboooogsgooboooobon
gobooobuooboboooboooobooobobooobooboboon
gboboobobooobbooboboooobbooobboooboboooobob
ooigoooo 6, c,0b0bdb w0 1200000000O0C, 00 0000
C,000y0000000qu(z),0,(y)0 z,y000000000000O00OO

12



gbbogbboas2ugubuoogoouoboogboogboooobooobo

gbooobooo

D@ =25

wQ)D QUIDDODDOOOOOOO
goobooooooooooo e, 0b000bo00obOoobobo0oooDo

Q
Q' =w(@=Q+ [ (- w@)dr (18)

000000000000 (12)0000000000000DOOO0000O
ooooc,boon

—1-w(Q) (17)

1 , Q 1
P=w"(Q)=Q + o mdy (19)
0000000oooooooo0o0oUoo (B¥)ooooooooooooood
goddooobbbobooooodooooooooboobobooobbbbobo
gooog
0oo,c,00000000000000 {xg,z1,20,...; 00000000000

zo = @, Ty = T + o)
0000 o := ay(x),i=1,2,..0000 {2} 0000000000000

0000C, 00000000000 {y,y1,%2,..t000000000 o) =
an(y;),j=1,2,..00000000 {y}00000000000

Yo = Q' Y1 =y; +ald)

0000y, =w(z),k=0,1,2,....
k000000000 w0,000000000000000 o™, o®O00

oooooo

alk)

— agf)

000C, 00000 2, <Q<2;,,0000C,00000y,;<Q<y;00
00C,0k000000000000,C,0k00000000000 o0
0000000000000 00000000000000000000000
00000000000

wy =1 (20)

Q// —

M-

(1 —wi)(@ip1 — ;) = Zag) (21)

~
Il
o
~
Il
o

1

J J
P = Z 1 yj-i-l —Yj) Z (22)
=0 =0

gbobooboooboboooboboobboobboobuoobbooooo
200000000300000000000000O0O0O0O0O0OOOO0O0O 12O

13



5 Loobbuoouon

O000000obO0o0o0oDOo0ooo0ooboOoOO simuation0 OO0 OOODO
oooooooooooooboboo0ooboboo0o0oobobobOdn simulation
gogboboogoooobooo

U 13: 000 simulation 0O 0 14: 000 U 15: 0000

gbooboobon

6 LUUgon

gbbogz220000b0000bboobboobbuoobobooboobooon
gboobooboobon

6.1 U0OOOOoOooooo

Ulegdboboodbooogboogbbodboboobobboobboon
gooobobobooogboboboobooboboboooobobobn
gbogobuoobooilrgboooobooboboobooboobooboob
goodgb1vgbobooooboboboobobobobobobobobo

gdbddooooooooooooooooobobbobobboouooon
gboboobobooooobooobbuooobooboooboobooon
ggbbobooooobbooobbbboooobobooob egonobon
gbobooobooobbooboobboboobobooobboobooon
goodgooooobobbobbbouooooobooooboboouoaad
gbooboobgoob1ivboobboboobboobooboobooboobo
gbooboooooiwooboboboooobobobobuoobobooo
gboobooboobooboobb

gobobooogn

14



0 16: OO0 O 17000

6.2 SDOOOOOODOO

gobooobooobboobooooboooboboobboobbon
oobooobooooooSbooooooooobboOobooooooooooo
ooobOooboooooooboobooooooobooooobooooobooosb
gboboooboooboboobuooboboobuoobbooobooboooo
gbogobooboobobobooboobooboobobwobooobo
gbogbooobooboobuoobuoobuoobuoobg

000000 19000000000000000000OO0 (DDO)ODODoO0oOO
0000000 (00)000o0oooooo0oo02000000ooooooo
00000000000000 (OO0)D0D0OoOO00DO0bOoODOOo0O (Do)oo
gboboooboooooboobooobbuoooobbuooobbooooo
gboogobuooboobooboobooboobooboon

7 g

gboogbgooboobooboobooboboobobooboboon
gbooobuooboobgoobooboobo

goobgoobobooobbooobooobobooboobbooboon
gboboobogoboboooboobooobooboooobooboooo
goooboboboobobobobooobobobooooooboboobob

15



FEHEIC

ngY

B EBLT PP
Bl

MEY  FERIC

mLL |

Fomi |

L |

Hoo |

BLL |

0

18 ShOO0O00oO

g 19: 000

L
55

16

L
35

0 20: 000

L
55




goddogoogooooobboooobbobbbobbbbooooooon
gbooboobbooboobooboobobooboboobuobbobg
goddogogoooobbbbbddooodooooooooooooon
gbobooobooboboooobobobboboobobbooboobbobg
ggbobobooooobobooobbooobobbooobboobbobbod
oooooooooooooboosboooooooooooooboboooooooo
goodogggooooobbobbbbbbbbobobboobbbooaboon
gbooboobooboobooboobobbo
oobooboooooboooboobooopCcOoboboobboOobboOobOoOon
gbobooobooobbooboobbooboobbooobbooobobog
gogogooboboobbbbbbbobobodoogooooooboobn
gbobooobobooobboobooobbooboooobbooobobog
gooogoooboobbobobbbbobooououoouooobobobooooo
gbobooobooobboobboobboobbobboobbobobbon
gogbobobuooooboboooon
gobooobooobboobboobboooobboobboobbon
gogbobobooooobobobooooobobodan

Ooon

1]

Rika Mochizuki, Tatsuya Nakamura, Jinhui Chao, Reiner Lenz, ” Color-weak
correction by discrimination threshold matching”, Proceedings of CGIV2008,
4th European Conference on Color in Graphics, Imaging, and Vision, pp.208-
213, Barcelona, Spain, Jun.9-13, 2008.

Satoshi Oshima, Rika Mochizuki, Jinhui Chao, Reiner Lenz, ”Color repro-
duction using Riemann normal coordinates”, Proceeding of The 2009 Com-
putational Color Imaging Workshop (CCIW2009), Springer Lecture Notes on
Computer Science, St.Etienne, France, 2009.

Ooob0oooboo0o oobo"0oboobooooboboobbooboon
OO0O0"000000000D00D00b0000000ODnOop206, 20060

OoobOooobooo oob’0oboobobooobOoboobbooboo
OO000"002100000000000000000DO00O 020060

Ooob0oooboo0o oobo"0oboobooooboboobbooboon
O"0000000000000D00D0O0O0Op310, 20070

17



(6]

[18]

00000000000 000’0000000000000000000
0000’0000000000000000000000000, Vol.106,
No.610, pp.1-60 HIP2006-1280 20070

00000000000 000’0000000000000000000
0000 -000-00000000000000000000, Vol.9, No.2,
pp.137-142, 20070

OoobOooobooo oob’0oboobobooobOoboobbooboo
OO0O0"00000000000000000000000p225, 20070

Ooob0oooboo0o oobo"0oboobooooboboobbooboon
OOooooobobor’oo 200b00b0bobooooooooooonog
20070

O00000 O0070n color-reproduction and color-perception-correction
for polychromatics”00 230000 0000000000000 00O OO20080

OOoobO00 ooo"bobo0o0ob0oboooboobOoooooobooboo
OO000"000000000000000000D00p236, 20090

000000 oooobooobo’coobobobboobobooooboon
OO00O0Do0DOoD0”’0b0b0b00b0000Oo0oOonDOoDOnDp249, 20090

Hans Brettel, Francoise Vienot, John D. Mollon, ” Computerized simulation

of color appearance for dichromats”, Journal of Optical Society of America,
Vol.14, No.10, pp.2647-2655, 1997.

00 O00’00000000700000019970
000 0(@ID”00 0000000oooooooo?”00oon, 1994.
Manfredo P. do Carmo, ”Riemannian Geometry”, Birkhauser, 1992.

Jinhui Chao, Tkue Osugi, Masaki Suzuki, ”On definitions and construction
of uniform color space”, Proceedings of CGIV2004, The Second European
Conference on Colour in Graphics, Imaging and Vision, pp.55-60, Aachen,
Germany, April 5-8, 2004.

MacAdam, David Lewis, ” Visual sensitivities to color differences in daylight”,
Journal of Optical Society of America, Vol.32, No.b, pp.247-274, 1942.

18



