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Abstract 

The authors havc bccn st.udying color cstimation of 
gray-scale imagc. The prohlcm of this study is defined 
as an ill-posed problem. bccausc a luminancc to  arhi- 
trary color is uniquely fixed but the Illminancr c.orrc- 
sponds t.o plural color-values. In this papcr. tinting- 
componcnt (m whit.c mixed valuc) cst,imat ion mct hod 
from gray-scale imcgc is proposcd based on st.atist ics. 
This mcthod acquires tainting valuc t,hat corresponds t,o 
input luminancc by using t,cndcncy of one color v c ~ t o r ' s  
pair of luminancc and t,int.ing valuc. In this nict.hod, 
a few of samplc imagc could bc  estimate rcscnil~lancc 
under the situat,ion t,hat, appearance probability of any 
color valuc is equal. Thcn, this mrthod is cxpc.c.t.c,d 
t,hc cstimation with higher prccision hy making suit- 
a l ~ l c  adjust,mcnt bascd on the charactcristics of input 
imagc. 

1 Introduction 

Rrst.oring colors of gray-scale iniagcs is t hrorct icxlly 
impossiblc. However, thcrc arc many demands for col- 
oring gray-scale imagc.s such ;ts archeology that hall- 
dlcs a historical phot,ograph, and the field of alnusr- 
mcnt that handles a monochrome movie. and so on. 111 
order t.o satisfy thosc dcma.nds. t.hcrc wcrc sonic, mct.h- 
ods of painting a color a glay-scalc imagc, art.ificially. 
Howcvc~-. t.hcrc wcrc many problems in color decision 
process. The  coloring depends on subjrct.ivity (like a 
memory. an acsthct.ic scnsr) and refcr t o  proscnt color 
phot.o. 

Recently, "COLORIZATION'' has I ~ r c n  studied as  
a trial t o   automat.^ coloring t o  gray-scale irnagcx [1].[2]. 
This is an approach for cstimating colors of uholc in]- 
age by giving some partial color in advance, or by prv- 
scnting similar color imagc. Though some effect ivc rc- 
sults were reported, t,hcse arc not complete aut.olnation 
bccausc it prepares an imagc, or giving a color in ad- 
vance by subjective sense is essential. 

The authors havc hccn proposcd an ol~jcctivc color 
cstimating model usclcss previous informat ion (31 - [5]. 
According t,o Ost,wald color syst,cm, a color can bc cx- 
pressed by the nlixt,urc of whit,c, I~lack and tlic purr 
color. Furthcrmorc, it expects that therc is corrr~lat ion 
in volume of black and whitc empirically with lumi- 
nance. Thcn, the cstimation mcthod of t,hc i~nagc  con- 
sist,ing of t.ri-componcnt,~ were cxamincd by cst.ahlish- 
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ing the following color's int rrprrtation: the shading- 
component means black. t hr, tint ing-component means 
white,, and t h r  purc color cbolnponcnt shows hue. In 
Rrf.[3], an cst imat ion mrt hod of pure color by calculat- 
ing hue that cones with each luminancc bascd on the 
prohahility density was proposcd. In Ref. [5], the cs- 
t imat ion met hod of shading-component was proposed 
11a.scd on t.hc statistical charact.crist.ics. 

In t,his papcr. an cstimation mct.hod of tinting- 
component is proposed. Though the method referred 
t,o shading-component's onc., rcsr~lts were shown not 
satisfied precision t h ~  cttsc, of shading's mcthod and 
causccs a r r  considcrcd. 

2 Establishment of the problem 

In this scction. w(' makr a prohlcm clear in this pa- 
pc'r . 

Lct y bc  a liminancc corresponding t o  a color vector 
(R .  G. B). Thcn. y can 11c dcrivcd by the following 
(,quation: 

From Eq. ( l ) .  to  solvc a color from Iuminancc is an 
ill-posed prohlcm. Hou.c,vc~. colors become shade by 
mixing black, and bright 11y mixing whit.c. It can he 
cxpcc,tcd correlation 1)c.twccn 1)lac.k and whit,c mixt.urc 
and luminancc I~ccausr such a mixt.urc  reflect,^ on lu- 
~ninancc,. Thc  mixing stylv of (prirc. c~)lor + whit,c + 
I~lack) is proposcd a.s Ostu~ald-color-syst.cm. and rcla- 
t ions with addit ivr, mixt urcl of c-olor can bc expressed 
I y  Fig.1. 

Black appears l ~ y  lack of t h r  light, and it can be 
calculatrd a.s 

1 - max(R.  G. B) (2) 

in t h r  Fig.1. In t h r  sanic way. whitc that appcars by 
the samcb quantity rnixturc~ as RGB is shown with 

niin(R. G. R).  (3) 

And a valuc, to  coincidv in the E q . ( l )  bccomcs candi- 
date, of left pr in~ary color bascd on stat.istical estima- 
t.ion of black and ~7hit.r. Thcn. it. can get a purc color 
(huc.) by the ratio of two colors. 

Usually, t,hcrc, is diffuseness of neighborhood pixels' 
color information of imagc and tiiffuse arcas of them 
arc recognized wit,h t.hv human pcrccpt.ion as image 
regions. This not,ion applirs t.o gray-scale imagc. If 
adjacent, pixels' 1uminanc.e docs not. differ suddenly. we 
will rccognizr a an imagc rcgion of gray-scale imagc. 
Without clue except for luminancc, wc will sensuously 
rcxcognizr fixed hue in t.hc rcgion. Therefore, candidate 
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Figure 1 : Definition of t inting-component. Figure 2: Luminance tint frequency table. 

of left primary color valuc rcst,rict, to hue fixed in cach 
region of gray-scale imagc bascd on human perception. 

First of all, high-precision estimating of shading and 
tint ing-component is important getting rare difference 
rcsult in perception. The evaluation of cstimation rc- 
sult depends on a human harmony sense. If it pro- 
cess to gray-scale imagc converted from color image, 
to get "same" or "rcscmhlancc" harmony is desirable 
in comparison between cstimation rcsult and color im- 
age. In Ref. [GI, human recognize difference of lightness 
"same" with 0 - 1.5% and "rcscmblancc"with 5-  15%. 
Therefor. cstimation prccision is rcquircd 36.5(dB) in 
"samc".or 16.5(dB) in "resc.mblancc". In this study, 
mrt hods arc, cstal,lished by using Rcf.[6] as the cvalua- 
t ion base of thc cstimation rcsult to satisfv the bcnch- 
mark of "rcscmblancc" . 

3 Proposal of estimation method 

In rclatcd preceding study [ 5 ] ,  the answcr of shading- 
componrnt was gotten in " rcscmhlancc" . In this pa- 
per. t int ing-component is rst imat cd by referring to t he 
rrlrt hod. 

[Process 21 Setting vote ticket 

Setup of votc tickct uses the following two kinds 
of methods paid attention for validity of cstimation 
rcsult. one sidc is average of corrcsponding tcndcncy, 
other sidc is the most frequent valuc of corrcsponding. 
(Method A) Statistical cxpcctation of 11' for cach y. 
(Method B) hlode of 11' for cach y. 

From Fig.2, statistical cxpcctation of mcthod A is 
computed by 

Here. nk! means frequency of TI' to optional y. 
In thr  rxpcrimcnt. two kinds of c,st iniat,ion rr- 

sult,s arc con~parcd wit.h a correct answcr (t.int.ing- 
componcnt acquired from original color iniagr) t,o 
adopt high precision in t.hc rcsult as a cst,imation 
mct.hod. 

4 Verification of proposal method 

4.1 Specifications of experiment 

3.1 Definition of tinting-component The experiment used images of SIDBA (Standard 
Imagc Data- BAS^)^ . In Fig.3, it is shown that (a )  - 

In Scc,2, inting-componcnt was shown as gray-"ale imagcs uscd in this cxpcrimcnt. and (11) thc 
of whit Fig. that  colors without tinting- answcr of tinting-component extractcd 11.v Eq.(3) frorn 
cornnoncnt arc nurc color or shade color1 . If shading original 

and tint ing-components can bc extracted suitably from 
gray-scalr imagc, rcmainds show pure, color at  most. 
'T1ic.n. marc suitable hue will be cst,imat,cd by Rcf.[3]. Airplane Balloon hlilkdrop Parrots 

F" .- -- 
3.2 Estimation of tinting-component 

In this nancr. cstimation of tainting-comvoncnt is 
A - 

tried bv setting un a votc tickct bascd on the corre- <, . 
sponding of gray-scale picture's luminance and tinting- 
componcnt. The proposed method for cstimation con- Airplanc Balloon hlilkdrop Parrots 

sist of two proccsscs as follows. 

[Process 11 Preparation of corresponding table 

Calcrllatc respectively luminance y by Eq.( l)  and 
tint valuc Ii' by Eq.(3) from cach (R,  G, B) vector, and 
make out luminancc tint tablc (0 < y.14' 5 255 as 
8b1ts ordinary uscd in computer). Figurc 2 shows a 
lliminancc tint table's imagc. 

Color that, mixed black with t,he pure color. 

( 1 ) )  I'intilig c o n ~ p o ~ i ( ~ i t  

Figurc 3: Imagc data for cxpcrimcnts. 
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4.2 Tinting-component extraction 

This cxpcrimcnt verified whcthcr tinting-component, 
was extracted from gray-scalc imagc suitably. Tinting- 
componcnt estimated by using two votc tickct mcthods 
A and B defined in Scc.3 was comparcd with corrcct 
answcr (Fig.3(b)). 

Estimation results arc shown in Tablc 1 with cs- 
timation precision SNR[dB](pp/rms) by 12n.orm to 
tinting-component of the corrcct answcr . Fkom thc 
rcsult, suitablc setup mcthod of votc tickct is different 
for every imagc. 

Tablc 1: Expcrimcntal rcsult.. 
*Nus~..rsrrl vxlucr arr p r r r w ~ , ~ ,  by SNR[dB] (p -p /rnwl  I<, fhc. rurrccf xnrwrr 
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Figurc 4: Estimation valuc in two proposal mcthods. 
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Figurc 5: Luminance histogram of imagcs uscd in cx- 
pcrimcnt. 

5 Considerations 

Parrots 1 1  

In this Section, it consider about thc rcsult of Scc.4. 
The mcthod of setting an suitablc votc tickct is 

different evcry imagc undcr the decision of uniquely 
cstimation valuc from a luminancc. Therefore, it is 
considered that the mcthod depends on histogram of 
gray-scalc imagc. Thcn, it verify cstimation valuc cs- 
tablishcd with both mcthods. In Fig.4, thc graph of 
statistical-cxpcctation and Modc of TI' to y is shown. 
This graph shows that  tinting-ordcr of statistical- 
cxpcctation and modc crosses at  thrcshold y = 114. 

In Fig.5. histogram of samplc imagcs uscd in the cx- 
pcrimcnt is shown. From Fig.5 and Tablc. 1, the cstima- 
tion mcthod for getting high precision is using modc as 
morc pixcls of y 2 114. or using statistical-cxpcctation 
as morc pixels of y 5 114. 

Proposcd mcthod shows that  validity changes by 
pixel's luminancc that composcs an imagc undcr the 
assumption that original color imagc containcs suffi- 
cicnt tinting-component. If thc validity of thc cstima- 
tion mcthod is influenced by luminancc, improvcmcnt 
of morc cstimation prccision is cxpcctcd by changing 
mcthod as dynamically corrcsponding to luminancc, 
rather than cithcr one mcthod is uscd to imagc. Thcn, 
an cxpcrimcnt was madc in thc samc way, changing 

thrcshold in the rangc of 1 5 y 5 255, thc tablc 
that estimate by modc as over the thrcshold. and by 
statistical-cxpcctation as lowcr the thrcshold. A rcsult. 
is shown in Fig.6. From Fig.6. it was found out tha.t, 
cstimation prccision improved about 0.3 - 3.7[dB] by 
the dynamic cst.imat,ion using the t,hrcshold y = 114 
that is changed tinting-order of thc cst.imation valuc 
with Fig.4. At rcst, thc cstimation ta l~ lc  gottcn from 
this consideration is callcd "optimizcd tablc". 

11.8 

Howcvcr, thc rcsult that got from optimized tablc 
docs not rcach rcquircmcnt prccision cxccpt for Milk- 
drop. Thcn, it plots the corrcsponding of luminancc 
tinting valuc, and it was comparcd with the cstimation 
valuc of optimizcd tablc about pixel to each imagc (a)  
and (b) in Fig.3. A rcsult is shown in Fig.7. From Fig.5 
and Fig.7, the imagc that many pixcls' luminancc of 
gray-scale imagc arc distributed in the rangc bcyond 
y = 114, high tinting-value is rcquircd morc than cor- 
rcspondcncc of optimizcd tablc. And, such as Balloon 
and Parrots, because an imagc including many pixcls as 
lowcr tinting-value than the optimization-table's valuc 
(likc a pure color and shade color) docs not rcach a 
rcquircd rcsult. in the premise, the mcthod must cx- 
aminc for cstimation whcthcr givcn gray-scalc imagc 
has enough tinting-value. 

12.8 
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Figurc 6: Transition of prccision by dynamic thrcshold 
changing. 

6 Conclusions 

In this paper, it was proposed the mcthod for 
extracting tinting-component from gray-scale imagc 
using corrcsponding relations with luminancc and 
tint ing-value. 

In this approach, it was proposed how to set up two 
kinds of vote tickets and it got the rcsult that  each cx- 
traction precision dcpcndcd on histogram of luminancc. 
Then. an cstimat.ion mcthod was changed dynamically 
corrcsponding to luminancc. As a result, validity was 
expected wit,h the gray-scale imagc that  had sufficient 
tinting-component as original imagc. And, mcthod of 
estimation t,hat set, t,hc threshold of y = 114 cxtract,cd 
in t he prccision of SNR ... 12.3-22.4[dR], by using Mode 
a< luminancc is under the thrcshold. To cstimat,c in 
higher precision, it. must in~cst~igatc adju~t~mcnt mcth- 
ods corrcsponding t,o the imagc by explaining relations 
hctwccn luminancc and tinting-component using more 
images. 
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