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Abstract 
This paper proposes n.eu selecticie color correction, 

ods f o r  d i g i t d  color im.o.ges. uihich d o  n.ot r e p i r e  
m.nskin.g o,f the  correct,ion. nrea.. Th,e m,ost com.m.ondy 
em.1iloyc.d m.ethod cnn. only eflecti,iiely correct pizels 
con.tnini,n.g o'ne of s ix  speci f ic  h. R ,  G. B. C, M ,  Y). En. 
respo n,s e t o  th i s  s i t  unt ion,, th. e ors hnve deli el oped 
t w o  n,ew selectitie color correction. m.eth,ods. th.e HSV 
nrethod n.nd the R GB sti,btmcticie m.ethod, both. of uilrich 
cnn. b p  crpplied t o  nrbi trnry hues uiith,i,n a,n. ndjustcrble 
h u e  rang e .  In. n c t w i d  test i n g  . t h,e m. eth. ods h,a,cie pro - 
duced ezce1len.t resrrlts. ( i d  m.ay be expected t o  m d e  
i t  easier for users to  retou.ch yhotogrci,ph h a g e s .  

1 Introduction 
The rctonchiiig of scaiiiied color pliot.ograp1iic im- 

ages is still often performed using either t,olie repro- 
duction ciirve coiitrol or iiiatris coiiversioii [l]. The 
pro1)lciii in botli techniques. however, is tliat ret,oncli- 
iiig of pixels in one part of an iiiiage can influence 
pixels tlirouglioiit tlie image. To al-oid tlie problem, 
creating an appropriate iiinsk is requirecl. 

Traditionally. tliis clisadrant age has been avoidcd 
by using tlic Six Hues lletliod. in wliicli pixels of G 
specified lincs (R.G,B,C.M.Y) caii be corrected sep- 
arately withont thc iiccd for aiiy maskiiig[2]. Wliilc 
this iiictltotl is very useful. it is severely liiiiitcd Iiy the 
fact tliat only those 6 spccific liues caii be select,ed for 
correction. 

In tliis papcr, tlie authors propose two new sclcctivc 
color correction methods wliicli cliiiiiiiat,e t,liis 1iiiiit.a- 
tioii. and perforiii effectively. 

2 Conventional Six Hues Method 
The coiivciitioiial Six Hues Method is perforiiicd 

in tlic following steps. First, users iiitlicat,e 
wliich of tlie six lilies (R.G,B,C,51.Y) requires pixel 
corrcction. Nest, cliroiiiatic contxibution value 
(dR.dG.tlB.tlC.tlll,d~) for cacli pisel with respect t o  
tlie indicated liue is calculated (see Table 1). Figure 1 
sliows t lie distri1)u t ion of cliroiiiat ic cont ribut.ion val- 
lies for Red liue ( d R )  over RGB color space projectcd 
on a plane vcrtical to tlie Black-m'liite axis. 

Finally. each pixcl valiic is corrected with Eq.( 1). 
(R.G.B) are original pixel values. (R,'.G',B') are out,- 
put pixcl values. (al.a2.a3) are arbitrary eiiliaiiceiiiciit 
factors, ancl dH is tlie cliroiwdic coiit,ribiit,ioii value 
obtained from Talile 1 for select,ed liuc H. 

(1) (h", G', B')  = (8, G. B )  4- dH X ( a l , n2 ,  (d) 
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Figure 1: Distribution of cliroiiiatic contribution val- 
ues for Red liue 

3 Proposed Methods 
While t,he Six Hues iiietliocl is very useful, it 

is severcly liiiiit,ed by t,lie fact, tliat only s i s  hues 
(R,G,B,C,M,Y) arc available for selection. aiid that 
users caiiiiot, select liue range or sat,uratioii range for 
correcting pixels in t,he target image. Tliis makes ef- 
fect.ive correction of arbit,rary liue pixels iiiipossil~le. 

In respoiise t,o this situation, we have developed 
t,wo new selective color correction iiiet,liotls. the HSV 
iiiethod and the RGB sulitractive iiietliod. both of 
wliicli caii be applicd to arbitrary lines. To do this, 
me first exteiided tlie concept of tlie cliroiiiatic coii- 
trilmtioii value to conceive of it as a distance in color 
space. 
3.1 HSV Method 

Tlie first, iiiet.liod me developed was the HSV 
niet,liod, mliicli uses Smith's HSV color coordiiiate sys- 
teiii [3]. Takiiig xlLcaiit,age of the fact that RGB color 
space project,ed on a plane wrt,ical to tlie Black-White 
axis is equivalaiit, t o  the HS (Hue-Saturation) plane iii 
t,lie HSV system, we developed an algorithm for calcu- 
lat,iiig the cliroiiiat,ic coiit.ributioii values for an arbi- 
trary hue. In t,he HSV iiiet,liod. a pisel's chromatic 
contribution value L'h~r.' is calculated with Eq.('?). 
"(111, .~l;iil)'' is HSV values of tlie pixel. .*Hrie" is 
t,lie hue selected for color correction. aiid ' . I I I "  is the 
line range. h i  hr valne is calculated for each pixel. 
aiid t,lie color correct,ioii process is perforiiied using 
t,liis value. 

%, for .I' 2 0 
0, for n. < 0 iohere.pos( .z)  = 
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Table 1: Calculatioii of cliroiiiatic contribution value 

I Area I Coiitlitioii 1 1  dR I dG dB d c C l M  d Y 

I VI I f f  > f5 > c; II K - l j  I U I U I U I J5-CT I U I 

Tlie main advantage of tlie HSV iiietliod is tliat hot11 
“HIIC”  aiid liue raiige “ t i i ”  can be freely selected. 
3.2 Compatibility of the HSV Method 

Xow suppose tliat Hue is O(c1eg.) aid t i l  is GO(deg. ) ,  
and 111. sl .  1’1 are HSV values of pixels for which ( R  > 
C; > B )  aiitl tliat are in area I as indicated Fig.1 and 
Tablc 1. In such a case, 

with the Six Hues Method 

G - B  
R - B  

h l  = - x GO( (leg.)  

R-13 
R 

s 1 = 

(3) 

(4)  

if1 = R. ( 3 )  

aiid tlic HSI’ chromatic coiitriliutioii value hr,. will be 

11.1.~. = R - G. (6) 

This rcsiilt is that calculated for tlR in area I by tlie 
Six Hues iiictliotl (see Table 1). With appropriate pa- 
ramrtcrs. tlicii the HSV iiietliod can perform the saiiie 
correction as tlie Six Hues method for the otlier 5 liiies, 
too. Tlic fact shows that the HSV iiietliod is obvionsly 
coiiipatilile with tlic Six Hiies iiietliod. 
3.3 RGB Subtractive Method 

Tlie RGB subtractire iiietliod iises tlic differciice 
betwecii each pixel’s RGB valiie and a reference RGB 
value “X”. This refereiice RGB value X = (YO,  go, b o )  
is a color selected by the iiscr for a target correction 
color. In the mctliod, the chromatic contriliutioii value 
“11.1.2” to an RGB pixel ( r , g . b )  is calculated as fol- 
loms. First. ( d ~ .  (19. d b )  is obtaiiicd through the fol- 
lOlVi1ig equations: 

(ro’ ,  go/, bo’) = (r0.  go, b o )  - / ) l i t >  ( r0 ,  go, b o )  
(t*’,g’.b’) = ( r . g . b )  - t H i t / ( Y , g , b )  

( d r .  fly. f l b )  = ( Y O ’  - I/. go’ - g’, bo’ - b’) (7) 

S c s t ,  ‘~dt~iu,rl’’ and ‘-dtnn.r2” arc calculated using 
(h. dg. r lb ) .  

fltllc/.rl = ~ 7 f c / . r ( ~ . ’ o s ( r l Y ) . p O “ ( ‘ l g ) , p o “ ( ‘ l b ) )  (8) 
rl m rr 1.2 = tu n n. ( e9 ( (lv ) . ti eg ( dg ) . t i  eg ( (11,) ) ( 9) 

wl1erc. 

h.r2 is obtained through the following eqiiations, 
where T i /  is a weighting value. An 1 1 . ~ 2  value is calcu- 
lated in each pixel, aiid tlie color correctioii process is 
performed using this value. 

D = d l i i a x l  + rlt12nr2 (10) 
11.1.2 = 1.0 - 11- x D (11) 

Tlic advaiitage of the RGB sulitractirc iiietliod is 
that correcting color can lie select cd lip RGB values 
(not hue). Therefore, only pixels of liigli saturation or 
low saturation can lie corrected. 
3.4 Compatibility of the RGB Subtrac- 

tive Method with the Six Hues 
Method 

It is sliowii hellom tliat tlic RGB subtractive 
iiietliod is coiiipatiliile with Six Hues iiietliod. Sup- 
pose that reference RGB values X is (rO.gO.110) = 
( l , O , O ) ,  aiitl \I’ is 1.0. Tlie RGB cliroiiiatic contri- 
bution 11.1.2,. in pixels where R > C; > B is calculated 
as f0llOMR 

(r’ ,g’,b’) = ( R - B . G - B . 0 )  (12 )  
D = l . O - R + G  

1 1 . ~ 2 , .  = R - G 

This value is equal t,o dR in area I (Table 1) for the 
Six Hues iiietliod. Using appropriate paraiiieters, tlie 
RGB siibt,ractive iiiethod can also perform tlie same 
correction as t,lie Six Hues iiietliod for tlir otlier 3 hues. 
In otlier mords, t.lic RGB sulitractive iiietliotl is also 
compatilile witli the Six Hues method. 
3.5 Distribution of the Chromatic Contri- 

bution Values 
Figure 2 coiiiliares chroiiiat.ic contribution value 

distri1iut.ioiis for t,he conventional iiictliotl with those 
of the proposed methods, ancl also slioi~s contours of 
cliroiiiat,ic contriliutioii values. The results for ( l i ) , (c l )  
and ((11) show that, tlie proposed iiietliods ciiii lie es -  
pect,ctl t,o perform with the same effectiveness as t,he 
Six Hues iiietliod mheii tlie six pre-dctcrmiiied hues 
(R,G,B,C,M,Y) are selected. On tlic otlier liaiid. t,lie 
results for (c2),(c3),(d2) and ( d 3 )  show tliat tlic pro- 
posed methods can be applied t,o arbitrary lines. over 
an arbit,rary raiige by parameter adjustiiieiit. 

4 Experiment 
0, for .r 2 0 The two proposed methods mere applied to scveral 

-x, for .I- < 0 photograph images. Figure 3 shows results for the 
,r .  for n‘ > 0 
0. for 7 0 5 w ( * l . )  = pos( . r )  = 
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RGB subtractive iiictliod. iii ndiicli tlie red liat color 
in tlie origiiial iiiiage (a) lias lieen altered to green. 
As caii be seen in tlie middle photo ( I I ) ,  which shows 
correction pcrforiiicd with tlie conventional method. 
tlic sliiii color was altered aloiig witli that  of tlie liat. 
Hon.cvcr. in tlir plioto on tlic riglit (c),  wliicli slioms 
tlie correction performcd mitli tlie proposecl RGB su1)- 
tractive nictliotl. tliis problem did not occur. 

Figure 4 slioms results for tlie HSV method, that  
is an iiiiage proccssiiig example in wliicli tlie color of 
the rii1il)er raft in tlie origiiial iiiiage (a) is altered 
to  orange. 4 s  caii be seen, in tlie upper right plioto 
(1)). wliicli shows correction performed witli t lie con- 
veiitioiial method, tlie color of tlie water was altered 
aloiig with tliat of the raft. However. in tlie lower 
photo (c).  nrliicli shows correctioii performed with tlie 
proposed HSV iiietliod. tliis problem did iiot occur. 
Tlie liiic of tlir origiiial raft is aliont 48 degree, and 
tliat of tlic water is about 62 degree. Because both of 
tlie liiies place arouiid Yellow hue ( G O  degree), it is im- 
possible to  correct only tlie raft usiiig tlie coiireiitioiial 
iiietliod. 

5 Conclusions 
Tlie proposed iiietliods do iiot require iiiasliiiig of 

t,lie area t,o lie corrected, and tliis makes it easy to  
retoucli pliot.ograph images. Tlie esperiiiiciital results 
obt,aiiied from several photograph images are escel- 
lent,. Color alt,erat.ioii qiiality is smooth and natural. 
Moreover, the proposed methods have tlie iiiiportaiit 
advantages tliat unlike t lie coiiveii ti oiial iii et 11 o cl. ar- 
bitrary hues can be corrected over an arbitrary range. 
Tlie proposed selective color correction iiiethods all- 
pear t,o I x  estreiiiely proniising for iise in various h a g -  
iiig syskiiis. 

References 
I11 

121 

[31 

J .A. C.Yule, “Principles of Color Reproduction”. 
Joliii M’iley & Sons, (1967) 

.J.Tajima, “Principles of Color Iiiiage Reprotluc- 
tion”, hIaruzeii(i1i Japaiiese).pp.i1-~4 (1996) 

A.R . Siiii t 11, 
“Color Gaiiiut Transformation Pair\”. Coiiipiiter 
Grapliics. vo1.12, 111x12-19 (1978) 

(el) Distribution d h r  : HSV method 
(Hoen, m=60deg.) 

(dl)  Distribution o I h d :  RGB methad 
(rO,gO.h0)=(1,0,0) W = l  

(rZ) Mrvibotion o f h x :  HSVmDthod 
(Hue=JO. m=sode&) 

(d2) Msvibntlon oIhx2 : RGB method 
(rO.gO,hO)=(l, 0.5, 0) W=l 

(c3) Distribution o r b :  HSV method 
( H o ~ 3 0 .  m=30deg.) 

(d3) Diskibution d h x 2  ! RGB method 
(rO.gO,hO)=(0.8,0.4. 0) W=2 

Figure 2: Distribution of the chromatic contribution values 
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Figure 3: Results of  color correction using R G B  subtractive method 

Figure 1: Results o f  color correction using HS\' method 
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