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(Gamut Mapping Based on Color Space Division for
Enhancement of Lightness Contrast and Chrominance)
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Abstract

This paper proposes a gamut mapping algorithm based on color space division for cross media
color reproduction. As each color device has a limited range of producible colors, reproduced colors
on a destination device are different from those of the original device. In order to reduce the color
difference, the proposed method divides the whole gamut into parabolic shapes based on intersecting
lightness by the just noticeable difference (JND) and the original device gamut boundary. Dividing
the gamut with parabolic shapes and piecewise mapping of each region not only considers gamut
characteristics but also provides for mapping uniformity. Also the lightness variations are more
sensitive to the human visual system and by using lightness JND it can restrict lightness mapping
variations that are unperceivable to enhance lightness contrast and chrominance. As a result, the
proposed algorithm is able to reproduce high quality images using low-cost color devices.

Key Words : 49 AMY, #% A ¥7F IND(ust noticeable difference), AF8A] B7h 3% oin)

' ER, B40R, FASR BTERATERE [ M=

(School of FElectrical Engineering and Computer

Science, Kyungpook National Univ.) oz 22t Az] 2 ¥y 7SS oAk 1Y oA
* EMR, BEAEBE 75E TBE FE E¥7pA)e] B Pt $9e B3k 7 v
(Department of Computer Engineering, Kyungwoon  HolellAl A&= zhele] Al=jAdg- A7) 93 71¢o)ct
Unive.) £ dFelxE oleh e F3HAQl el A7 ree
BLAT0E2ABHE, TS L 200248A12H ksl 1% 718 dAR, Zzke] et AAjdA &

(613



38

dElis ogae]l Mg Fel7] 97 A ARl d
ATE Fasiicl. ke Algsle et &4 A
258 Ak Hee) Muke Y 5 gly, F9
el ogt odgky}, A7t 7Rl v Al

2 ol FdT Gae] Mz gE Moz A=A
th L F P & e o)FE 7o) ARzt He
2913k W9l = A(color gamut)?] Aolelct 1]

ot
ERE
‘15"5:
il

ne § A7) Adew s Ae Aol
ot Fola, S} Azt Azl ols bAE A

O;

o318}

Aeflriel Mlx #Has & derh k. oleh kol
ZEY 5 s A k] Y& 4oge] pEow A
slo] e Fole FHL AU Aol sl 2
ERAE HEAel et g mues} zUe]
Ale] ApEE A7 ATE Sesisict

e Ak ZA AWF W AR w o A%
glch ApF Wpeke odo wle] Mg ofd |Fow AMy}
& At ovlsla, AW wbe AxE wyow
olg o' Apgat AQEE ek miA AP
upgke- Q7 Azko] A dRske A kA 7R 2%
Q) A, AE, AR AR FollA] o 825 Wl
AWaA Eevtell whet 1A, 23180 3akle] Ao At
Ao ERrl FEy AT F g ARk wE A
A e Bok ol 13k o] Al whes
HaEel Morovic, Hezog, T LeeTo] AMR3E 44
Abd e A AR 24l R AR AR
& FAlol Wstalo] ApElE 2Rl o] AP uby
o Gk HIohe A, A=, AEE FA 27
slo] o] A2 S8k Spauldingoltt Katoh 5]
3290 Ao ApE E AEACE Ay by
dubdom Mo Aok A¥ HE 6] A S 8
Fom vy 4 ek AR apge oo v A
oib Aede] AR wMakshs Hhelc) Ao W)
o REE WSS FA| go} 9] Aoy} mA| @&
Aol A A 227t Folme Aol SRR 4
o] A= FAFL ook b AY ¢ wbEe 9
Aol vt Amzke] Ao, 2H4E ApdE oo
Azt kel A, A2 ude] dyoz Wk
£ ey, vl AY 4= ubHe Ao Aol sbg
At v Y PS5 ol o el wle} Abe}
Hpdolet WY S whm W] A8 ols whye)
745 Aol Bwe fRHAE A9 k] FEE W
Aoz A 2slE 4 3t Fvlstw, 1Y <34

o
g
=3
h=]
©o
=
b
BE

- =
—

T

A= diuleh Ax F4E AT Y I B A9 A

(514)

HRHE

o] Ao] wmEE|R] g Afdle BHAFH 5S¢
AANA He whdo] sirh weby 718 Ao AP
o] dfelrds st e Mo apks £k
7o) b5 ubgel) wls Br} R ARE =E3k
9\)\1-/]_.[2%]

B =R el =elele) 4 A8 94
Azto] AZE Azl RIZRRE Ak AR wA sk,
ot A= QRS wdale =HES) AAgeE AN

Sl 2ake e e e abge Sesioict A

HHQl o) B4 7 Modelixe) dld 4 2A)
2 A1) f3 WA Mg Edsky, 2R 99
of weh 4 rpde] FslE WS Ak =
T A Aol Aoz IR 54L& T F
5 AR HsHES Eolr) A8, Six eSS INDE
A Fgel mqislich H49 Fx INDsF EuE
Aodo] thie AL 7IESE 30 g Ade
vherh olFAl vhd AL Aldel wEkdS s
718 S92 ASEe], ol d9e rHeE Y o
o ARt WS AHSsck

£ =dedke TelA 71ee] Ag AR whist

o
—

So] ANE ¥adeky, MAlAE 43 S 4
37 W e sl ARtk VARIAE d8e
el sl ¥R Aolelde de o) ey

AME HAE At =% AR W 71Ee) A
o AR W F 7P dEAQ) CUSPES) vl atsta,
AT es VAR VIZeME AY o o Aes
At

)l

=4

O. 71&o A4od Apab gty

AR adz A3
I AR ARae WEsie] gt Moo Aok Fo
kel whle] 141 Mo A whfeldh a1 19
@sh (el ek e Am ARe) 1349 Ak uby
< vehligich olelgt Wb Alx ko Aoje)
Aol7l & A4, AEE Zo] AXA Ho] 2R] ke
Ay} sl o] ek 1344 49 aptel o
AL Fusly] 93 upHo R T AN e
ol A2 AL FAle WshTIE whEe 239
Aoy apd wpgolet &k 1% 19] (99 (dE 2
(anchor point)& A8l ko) AxE FAld W3}
A7l ube vehia ek 23 19) ©F He H

YA A} GHatellx F=

A=}



0029 98 BFLBARIGE

XA % L GHor WA ke st
=g BodFy uHCUSP w0 Agel:
Aae A7k FHmuh Axe] Ak [ArE weis)a]
oo}, Yl A Al FHxel A=gd] A=E HF&
Ao Aola} A ArE el 5 gl T3]
Azt 28 19] (e 49 gl Moj Ay= A
aede) HE FAghe T AR whielth o]9)
Yo whHo Al F oA ogakel A dnlz} Yopx]
= FAES op|ditl dubdez 9 aRibe] A9

N

A=

A} AEe] Qlzt Alzbell ZpA ulztEp| wiiel] Ak
e 34 AA A ke A Dok e

j=|

T

g

A e wgE HEol AT BEE W3} XA
do] AMRe SalEks AL 33 Mo Akem B
& 4 9la, & Spauldingol} Katohel] 321 M
A b o] AT o)) Wil Mg
Ak 842 B3R AMgs AY AMke St
A e glovt, ik we wWske Ak Azt
7 AA=EE Bado] glol, AabQl MY apke] 4
3o ofgc).

>

—— Original gamut
=--- Reproduction gamut

(a)

(d)
u (a) 13149 Az

(c)
O% 1 1A, 23 MY AW
A (b) 1349 A=g=E
Lx=50
1-d, 2-d gamut mapping methods. (a) 1-d
chrominance clipping. (b) 1-d chrominance
compression. (¢) CUSP. (d) Anchor point:

B
) CUSP (d) 24:

Fig. 1.

A8 sfE, ge=jax v Ay

(515)

$£39% SPlR F5¥ 39

obs ub So@ e 4 gleh” ¥ 204 A o
Wk gk wphell oigk Age Be Fa QoY 4y
ko] ke Mool AAZLeR AMFsHs AT whyol
a7 29] 49 (Aol BeiAw, 3 dhe] e A
o) ujrgte® grEshs zlo] 1y 29 Y (B)olA
Awsje] A} Mo Hfolr} A G Agole A
o Hho] 43t ARS THAT, A whel Ao]

BE A9l 4% we AR Aol & A
& e

3] 2. Ak upa obE uhy
Fig. 2. Clipping and compression method.

B

A

Al =

(==

0.

OH

7

4o AMpe Sds] Adde 32 GzAe 4

TAEE A BPAL A TR 5 A T 3
oz wWReh, T 29 AA A o o W

sfelo} ghel, oleiat #5 A Bl Hod Ay
Q7re] AR ERel A oA Hxsh]
) de] ARgslE whgele)
4 7 ARE A el A BB PHNE
olg3t W3 LUT(look-up table)}& ol &gt u7h
oz TrEch s wg NS ol s A
Q A g WP A9 B4 ¥ 7Y 4
= wo] Ak olzia S nsks] sAale]
Ho] gololn HIEE Fe w WHoz 4 T
wale 2agic) o
B2 e A 37 Ageht 4 2y Sol el
gt ol AL 4o 2ARE olgd 4 T W
gol} 4 ;o] Fpsel, A% w4 FYwr} B

L o to

[

=
34

ZAeg e glck By whdogE $HA BT x
& B2t a2y ApAA Bt HPE Se] gtk o &

AP B2k e

AP A o]

S30) TR Wae Hx, i
A4 slele) 2w} glol = AlA

'LT
3



40
of &3 A9 52 44 BIY 5 glek =23 )
zo) ohE uzh WS wisf ol A9 Bt
2 7] sygona wike] AHTs A
AAkepo] 7hashs A gl B =dolds AbdA
W7} HpALS ol gsle] A 27k wEke shedet

e AR Pre delE o st
Apd Aol eiAl= wegt wld-oll Po-Chieh Hung
wpgo A 37k oPrglak™ muEie}

[o= =R
e S

xalo] iAo} LUTR ez, o]& AbdA Hiks
) 670 AFHAR ¥AF Aol 13 39 (@t (b
of veht olek

{1,0,0

(a)
& e sdAolA AA 2 () ¥
A WY ARA A (b) 4 AFEAS] A
Hehfl= 4]
Tetrahedral division of subcube. (a) The
location of tetrahedral points in subcube. (b)
Equations of each tetrahedral conditions.

(b)

B ERollde 2UES 4 F7l RGB A 37
Aol albol oJold CIELAB 4 Z7tog w#d o)
sabgF APRA 2R ARSI ¥ 4ellx] AbEA|
B2 uhe wejFr uA 12 & He I3 gl
SHAE sl o H, 27 & ML 3Rk o
AFEAE A gollA et o1F #l8 RGB 4
ZrelA 27k & AHa ApnAle] 7 B ezt

7}E2E 73t RGB 3kl 999 sl
(mgpbpe AFAA 2+ ZARER 7152E T3k
T3 e E A 59 A F3 CIELAB 4
7ol A43re2x (Lpapbp)E 78 4 AUk o] df
9] 71EA o, B, rv RAE FolM 7 & Ak

Bode e

1o o

a ri-vy Ya_7y 73-7g] a1
8| = |zi-8 &-20 83-20 g—g | D
¥ bi-by bi-by b-b b,— by
BZF & o] ApdA Wof &3pr] A% 7EAe o
29} 2% BEHo} Yrk

Hx duleh A P AT A Fb £E 4G MY

el AR FHE A AEE F

(516)

HRHE 7

a=0, 820 =20, and a+p+r =<1 2

A @9 22& HEshY, dele) -t (ogpbp)

= 71 Ale) A 7 AR 249 CELAB 3k
o2 ohge] Ag ol4dkd 1T (Lpapbodts T

e
Lﬂ LI’LQ LZ—LO Lg'—LO a Lo
ay|=| a-a a2 @-a|" @P a9 |(3)

b, b1-by bﬂ1~% IlAba’ 7 by

o ®

a8y N

o g W N 'iiﬂzrv:fg(l;-a; )

A E b*

@, g b

N \\/V
i (L. b))
(o)

a7 4. AE df F A FelA dAzke APHA
(a) RGB 4 %7} (b) CIELAB 4 3%

Fig. 4. Corresponding tetrahedrons in two spaces.
(a) RGB color space. (b) CIELAB color
space.

(a)

ok} AbAl BAke P AbEA 220 fAbeh
A St 49 Aol el 34l CIELABGHS
AR ZAeiS] CMY 4 o2 WHY o, Py
ApAl B7e) AHgET MRSk Ale 2uE w3
A ALe3i AlSA RGB 3t oiAlel CIELAB %2
CIELABg clAlol CMY k& eislsh 41 ek

od

=

m. H|ekst A

Gumut mapping part

Divide regions
based on JND and into
monitor gamut CMY space

RN A Y

Calculate
base vectors

¥
Interpolate pixel

¥
Mapping to
printer gamut
boundary

A|.AL

o

4=

e
Convert
into
CIELAB space

Image Convert

RGB

Image

i cMY

-

Backward
tetrahedral

Forward
tetrahedral

interps

interp

Li‘ih&
color space

CMY
color space

RGB
color space

38 5 4 7 2 A A
Fig. 5. Gamut mapping based on color space division,



20024 98 BFTLBEHE

Aokt A AR; WS Yods Rl Byl
39 W2 ARRE sl "o FA9E el 499
of 99 WE AR palgen sia] apbe) welAd
€ FPRE 2 At w2 dYdlile Ax A
e 0% #RHA = He el dbls s
A Q=T Sk ALY A AP el o’
EE5e a7 Sllxje} At

1 M9 29 7134 44

Aod g Ralr] 918 3= A ¥ INDe} e 4
A9 AR IAHE lEeE do9e FEd ¥
gy 7|E WEelE Al AAE 71F el o
2} B7hE B3l Ze] Mde] AAgtes bt
49e e 71T0] Hie INDE Weber®] 2o
A freg el qizte] Qlxsle Ao pre
2 2] Fmel] A¥AQ wHBAAN) ohel,
E2-Q 229 wld] nlEgchs Aotk = &
Aol =9 Zhwoly, AF9 WIS A2 epd
ot I/} AAEA HE Weberd] 4L et
7o) 13 4 9l

A @

= constant

°lF Az Aol AHF R mzRE FE ARl
Hgale, o]F rlIEeR 4HE E¥A Hok Greg
Ward7} 43S 38 353 = ¥l i3 ]ND=

AL{La)=0.0594x (1.219+ L a ") ** 5)

o} 2k qlelel Flegk Laolde) INDE 4] (5)o)
Ay AL(La)®] goZ & 5 ich

A G)ellM A INDE 7Rk HE AJEel W
e 2t A QRER] Rehe Y WiE R’
F, A=) Ax JE-g FA ARE Bl Q17 A
Ztol Aght Ao APFE FYE = A "ok A
02 3% AHo] e o] ¥ Fdelx] nr}
< IND#HS 7HAA e}l z:ilA e FEal| ¢
& 7]Fo] He AL 7 Yoold F7t HE AHuc}
FE FE e INDER AAYE 4AF NDo}t
U] Aozl qhis e 7|0 AY9E A
Hrl 08 62 ESE FHE INDel 7juls), o)& |
A& 7R d9e BdEe AL HojEc 7
A Pageld F7 =Nl G 3 2)ge 7

(617

$£3I94% SPR #5% 41

£ INDE #HA 3= AT A5 disle g
& dojdint o]FA AAH FES VIEeE HFe
7 s Age) Al Ax AP 2YoR e
A0 HeE g FErh XS WAL o}
e} et

(L= Copn) =45 L it X C* 6)

o

A7 C e H AEZIL, Lo 2 3=
#teloh. A9 el A9e Edhe=s Ay H
wakel A Hee 23 4 gly, EUE o HE
e rpfe] g oz At dANE Y 5
At

2. 4 of 4o H Apbshe by

FEAL HeE NYg Bejsin o H, 4 B4
o] A3t whi= mujele} T o] HAX ¥
oA 7iE WelE AAY 5 glch o] WP} A
Y APFE she 71E HEl7) ok o)FA A
71% 2 49 wte] g Bt shed Ze] A
Aol AAGeR ApteAl "ok 19 604 A|kgE vt
He AR AR L, Z)E el dYe Bt
she WS ¥e Fa vl 289 7] ooy
FEAH 2e 492 A} whks g my, my
o]z, e} Mol AA9} vt HE p, p BT
AAZc) o]F HEIE 7|FoR 49 W] A 1,8
Bk B34S Ax T, BB AMEr dogd=
71€ HEeE AAsle] Bk B3 99d AR 4
oz Apdel wo| &S UAFA 3l Fx o)
o} Ax s dg 5 gk

*
o
=

L*

——fp» Base vector
—— Mapping direction
W Crossing points

=R
Focal point Teoa \\
AR LN ,

\\\ :.\‘ ny’

a3 6.
Fig. 6.

AR A s wz)
Specific mapping direction and interpolation
method.



3. 7]&e] g A AR} uia) Blw

7120] CUSP ypH-S- rlgslo] Mg ARALS 3

Asbg 29 794 RelFa lvh CUSP & AHE-
Pe Atells L AR FFellx] ddiHon HYw A
o] WishFe] Fw= AR Br} =5, ol Wl 1 ¥
kA 3% M JE ARe] wahEe] Ax
Aye] WaEur) 34 He 3L Rl & oY
M2 A9 apge] FUAe] FnEZ| edol GakelA
NE The e A Abge] dofuhs FAIMe]
A =k

3
g

-_—

—> Mapping direction

Large lightness change
rather than chromi;

Anch
poi

Large chrominance change
rather than lightness

- Ln;'g; lightness change
rather than chrominance

c*

12| 7. CUSP {9 54
Fig. 7. CUSP method’s features.

f' (¢3
of

2 ol Al B FAIUE
JoE AE Jug o

Xz he!
FAFlaL AR o 3 4y A Je

[e}

e

P

of
M 12

H

dE HE AEE sl el A=
A & gk

%) 8] sk (A CUSP whiish ikt wie.
2 A e
e ue] Fof

--9 Cusp method
—» Proposed method

—

AT A, A2 A gl cha

(a) (b)

T2 8. CUSP W3t Alekgt whdste] vli (a) 2
A% 4y (b) 2 3=} A 3= Fo

Fig. 8. Compare CUSP method with proposed
method. (a) High chrominance region. (b)
High and low lightness region.

HE dulst Az e AT Y T3 £ A9 A

(518)

HEHE

Iy 8ellM M MY Hd A= A= ¢S o
Moz A AMbe FARE AE, AAHoR JuA
o] gl ¥z @A) e e riEeERt AW

o] olFoix, &9 of Bt gyt 1 Ax FHolA
772t gAjolE Ayt delle £ 4 qloh =3 o
g Hejo] =9 obx] sh}e] ol Qe AL

Abo] FFElng ol Aoy v A3l FAE
op|aHA Erl olof uks Akt Wez ARIE ¢

AyspA = A ez AP AR F P Ak

SRl

A &5 548 7Bk A7k A7 BAL 18
2hEeizl CIELAB A 37kl Wsl=le A2i7h AA)
Hog 7P A "Hohs AL & Az A7l A
A AgEche 2& rlsiAh

Ao} FAAel] W3 5AL E3}=(saturation) 7}
22 %8 ¥ 4 ek ol A9 5k 3t (Cout, Lout)
o] Mo} AMFE (Cganmt_mapped, Lgamut mapped)3k
7] 71719 doz fkdd gk o 23w
£ Hdshr] $7 Ae|h

aL
L=4]

Saturation = 21(5: (7
2 7le719 wsbh Aem 42T A9 Al
TGS ), BAAE el TUARS FAT
= glA= R
V. NE % 1%
Ak WS 7iEe] we wiaslr] sl JdAg
67l b Aol 7 1070 AEE] el

RMSE)| o3t 2xte} 23w g A siglch wgh 19
g gl digt vl A $Psidct. Al 49
AR uhl e v)aE 3 712 Ao AR weE
£ CUSP #he Adgsigict Ay AHesl g
+ A SyncMaster-700p ©]3, AR =ZRIEE LG
Art-jet ZEE]olr}.

L A2 4Y &4

A4 2uejsl ZRe9] H9E deldly] 93l &
=R RGBS} CMYE 7 5174402 6242 7
23 8- 6x6x69 216708 A ANEFE wEe] LUT
Aslgdnt. £5 FYLS DGE FUsAl AH830ck
®UEle] e Z87(colorimeter) S AR}
CIEXYZ A 37klM 4 4E& 4% § (ELAB

o

=




20024 98 BFIBEHE £39%8 SPR F5H

A F7EoZ olfiAlg o)gsle] wgteldch BUEY
Aew= B00Ke T )= =2 A4 A3k

L' =16 AY/Y,) — 16 ®
a" = 500 [AX/X,) — AY/Y,)] )
" = 20 [AY/Y,) — RZ/Z,)] (10
Ry =t 12£50.008856 (1)
=7.787 ¢t + (16/166) 0<¢<0.008856

o714 D66 Fdel i CIEXYZ #ARZEE oh33
Z},

_X. = 95.02, Y, = 100.00, Z, = 108.81 (12)

=g ’Qﬁ% BF ro|z wrag olegt 52
z A= wbgE ol4sld, ¥ FeAl(spectrophoto-
meter) 2 233} CIELAB 3te d4ct

2. A&l djgk RMSER ) E£3l%

Red, Green, Blue, Cyan, Magenta, Yellow<] 67}
Ak dhollA Zh 10709 BEE ARk’ whis CUSP
Hpjo g A AME S 7ol RMSERS 2
=g vlasigdcl Ruy &Y At ZHE £Y
dAte] A QAE FAHoR FHZ Aol @ M F
7kl A2l RMSEolch & =rollie Y25 F3)7] 9
s 4E ,F AH3islch Adel A€ R, G B C,

M, Yo @ 44 o] & 1o vehd givk

ki 1. A% AHE R G B C M YY 4
3

Table 1.R, G, B, C, M, Y's hue plain for
experiment.

Color R G B C M Y

Degrees| 34° | 144° | 296° | 204" | 327" | 102°

a9 99 (@-(Dellxle 4 44EHE R G B, C M,
Yol ohall 10702] <] iAot 2 ofe] Mqe] obd
S 2o Fol AR wF CUSP whell His 107Y
o] NEo) ARt M gE 0] HdwES vag Aol
E 3o Jeht gick A3 Al o Ak W
A7} 7189 CUSP uhiuch o 24 Z& 4 5 ¢l
o} dubd o g Ayl EAEE Azt AlRe] AR|E=
AR 24 4= RS 2+ Stk

(519)

43
E:d 3. Az v
Table 3. Comparison of color difference.
CUSP Hhy Albgk why
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Green 1207 1071
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Mean 1266 1192
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Table 4. Comparison of saturation's standard
deviation.
CUsP ¥l Alrgh v
Red 3T oA -
Green 10.36 6.5
Blue 1801 9.37
Cyan 12.48 1.68
Magenta 175 25
‘ellow 121 65
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