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Abstract

CCD Camera System & & capture 3t image & ®EF
display 32 &Y 1 capture T FA Y HApA 2}
2g< adE AEstdepdt @ zey gt
consumer & camera system & CCD channel spectral
sensitivity 543 0] 217+2) spectral sensitivity(I(A), m(A), s(A))
EAJ# dxstA) @1, linear transform & VA= A Y3t
2 S0 2MH capturing Al ZEAY color error 7} EAY
&4 "o 71E2 CCD Camera System 9lAlE CCD
sensor 2] color AR 9} display 322} color BH o]
&3 AU BAZ color & AT E YPE LS
st o] ¥ HAANE color & IHE AHEY 471 ¢

s

=FAA A SE FiEFL CCD 9 channel

spectral sensitivity 543 3} CIE-color matching function 3}2]
HAE 12stq color & AFAHFLEN color error
ZolEE st AAE 2nUFY color error & HEF
&7 Y3t EAY nAHAEE €3 YT AGFA
IT8.7-2 test chart(283 spectra), Dupont Paint Chips(120
spectra), Mcbeth Color Checker(64 spectra) 2 Natural
Objects(170 spectra) 5 TFFE objects spectra(637 spectra)
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Z& CCD sensor & AME3IT 2t E color & A48}
= Bl wel EF display FAE T8 £YHEHE color
g2k A "k (29 1173 2ol Mosaic Filter ¥ CCD
£ Cyan, Magenta, Yellow, Green & 4 7}#] color pixel Z°]
2o} T full color & FAIUTE &, 3 pixel o] F ANY
color AR Hroll Fn YA Y7] w&o F pixel 9
color AR E ©}&3l color B AFAHEE & F 3l o
t}. 719 WA AdE b color & EFEE sub-
pixel(cy(A), ye(A), gr(h), ma(A))E ol integration © I o
Aol gedt 2P R AHF &9 459 RGB #E ¢
A Gk B o)2jg g gansform o AMRE WEATES
Ab83l  Zb sub-pixel 2] spectral sensitivity curve =
transform 3} A CIE ;(A), é(h), B(?») color matching function
# wjaste] B color AT ALER curve 7} AF
FE Aot d&& & 5 Uk [2® 3] o8& color
error & £017] )8 £ E=EolAM+ Least Mean Square

Fitting ®H(°18} LMSF)Z o] 438 color A7A ¥i1g
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&< AANBA F, Color matching function 2] spectrum

3} CCD sensor & color spectrum &2] HAE Least Mean
Square Fitting 02 AGHFE vFEY color & AT
Aste wyolg.

AN ERDEE ol 43d AT ¢ (), g (),
b’ (\) color 9 spectrum & 71&8l Wi W@t
color matching function ¥} graph J e}/ ©o] ujsdle A
g U 4 Yk [(2¥ 3]

I 22
2.1 71& ¥y

CCD Sensor &= vertical shift register & B3] F71<
pixel &8 @& 29 o= vt F cy() + gr(h), ye(r)
+ ma(h), gr(A) + cy(R), ma(d) + ye(d), cy(A) + ma(p), ye(d) +
gt 28 FE2 2ol ol ojFA &34 AzE
£ o1& (1), (2), 3) ol A& y' ), b’ (), cr'W)E 7
EA |

Y= ma(A) + ye(A)+ gr(A) +cy(1) )
2

cr'(2) = (ma(A) + ye(2)) - (gr(A) + cx(4)) @

cb’(4) = (ye(4) + gr(A)) ~ (cy(2) + ma(A)) &)

olgA BEA y'(A), cb’(A), crMWAEE YCbCr color
space & RGB color space 2 conversion 3] matrix M*
o) 93 ro(d), go(A), bo(A)Z conversion & Fc}.

ole} #@o] @3] color space Tt wMROIFA Hi=
dEddE ol84% 71E WydME CCD 9 channel
spectral sensitivity 541 ®} CIE-color matching function ¥} 2]
BAE ushA ¥S522 Us) B color emor & THE

A Ao
2.2 Least Mean Squares Fit

©]/32 Q] CCD camera 9] spectral sensitivity 54 & V
= (Vi(A), Va(h), Vi(A)), CIE standard color matching function
ol spectrum BEAE X = (r(1), g(A), b)) 2 Hejg
o, CCD camera & Y48 &9} RGB £ 4] BAXL
oS go] Fo|Hr

X=MV 4
o714 M 2 CCD camera 9] spectral sensitivity 54 3}
CIE standard color matching function S 39] A& @A
£ YEHE matrix o). 2t 4@)E ©EF3E CCD
DE7|E A7 gk mepA dy
consumer £ 22 AlE-EH = tiHE2 CCD Camera & ©]
Z18 953 £3= 2 Systematic Color Capturing
Error 7} #AIsHAl Aol ZEFQ] HX¥H EAE B
By A o g AG)9 g LMSF #AAE A}

Camera System &
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[2% 2]9 22 Mosaic Filter 3 CCD sensor 2] Cyan,
Magenta, Yellow, Green 4 71 8] color @ spectrum /482 o}
43 $4 CCD charge transfer 73 2 preprocessing 33
ojAl Aatel LoldE As 26, ), @ g& v
space 2 WEIC) o]FA FA v gL AB5)lA A
43174 "o
_cy(A)+ma(A)+ ye(A) + ge(1)

4 (6)
2

V, =—cy(A) + ma(A) + ye(1) — gr{A) @)

V, = —cy(A) — ma(A) + ye(A) + gr(A) ¥

gleld 9 v ¢ CIE r(d), g(A), b(A) color matching
function X &4¢] @AAE 2(5)of 28} LMSF = ZA}shd
Y, b)), a'(d) AZE 10, é'(l), 1;'0») sz
conversion S FE matrixM & 42 § ok

CCD sensor ¢ &3 A ZE preprocessing &
g olgsled BEld Vv, V, V;AZE oy e @
ANE o8 (), g'R), by G BE 2
T doh olFA s EHL 7IEYYE o4
z84350 B8 CIE r(A), g(A), b(A) color matching
function EA ol B} 2HSA "o

Aoyl o) ATHE r'@), g, b’(A) data o ¢
M), g(A), b data, 7IEFEEZ T 10(1), go(h),
bo(r) data & o}l [29 319 vERRRITE ZH[3]904
A0 4 Aol A+AE data 9 spectral sensitivity 7}
CIE t(A), g(A), b(A) color matching function 2] spectral
sensitivity ol 2ot S & F Ik Ruz 74
Spectrum 9} Amplitude 2}0] White Balance o] 2j ] =}
% BAE0] CIE r(A), g(A), b(A) color matching function
9] Integral Value 9f X A7 E& gc}

r'(2)

(4)
\ 9
g'A)|=M:|V2(A)
b'(A) Vi(4)

2.3 Compute delta E with known reflectance
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Aoyl g8 AME '), g4, b'() data o
performance & #<1 317 A &, T3 Matrix 9
oz} Askd gl 71E whEoz FHA ro(h), go(h),
bo(A) data UIB)] P} CIE r(A), g(A), b(A) color
matching function 2] spectral sensitivity 543 A3 &
g Fete SHNRY) A8 2{PAES ¢
+ AGFA 1T8.7-2 test chart, Dupont Paint Chips, Mcbeth
Color Checker 2 Natural Objects £ ©]&3}) &3t
(2% 4]

RY (r(d)

G|= | g |- R I(2)da (10)
B B(A)

R (A

G |= || &W |-R(A)-1(A)da (1n
B) ¥

R’ ro(A)

G" |= |l go() |- R(A)-I(A)dA (12)
B bo(A)

AE = J(L* -L*,)* +(a* -a*,)’ +(b*, -b*,)* (13)

AE(LMSF) AE(Z1EMH)
4 A
21(13) 21(13)

P r A A

L*,a*b%, L*a*b*, L*a*b*,
X'Y?Z' XYZ X"Y"Z"
R'G'B' RGB R"G"B"

A1) 21(10) 21(12)
[2¥ 4]
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71 98t Zt2t 731§ A XYZ data £ CIE-L*a*b* color
space = conversion 3to] B1A JHTEM T vjWF data
o) AB4& #A 71 A3 CIE rd), g, b(A) color
matching function ¥ 7]& e} T3 A ro(h), god),
bo(A) 2] spectral sensitivity E"E,‘, B =FdqA AN &
2 23la] TaddA r'(), g'R), b’ M) spectral
sensitivity 54 g gAY Mg Tt FH,
Hgd FFUAE FXEAT (29 4904 F AE
£ 3= 33L& TA 315tk M*E RGB color space &
XYZ color space 2 conversion 3= ¥ F matrix 2 CIE ¥
& HAS e, Fike FAg0A AHE-E 210, (1),
(12)9 RV)E
o] F 99 spectral sensitivity ©] I

a3l

ai D

B 9] 1 spectral sensitivity, [(A)E H] 3
CIE-Dgs 28-S AHS

B AGFA 1T8.7-2 test chart ll Dupont Paint Chips

1[’3 Mcbeth Color Checker [Natural Objects
l

Mean

Max

LMSF

Standaard Deviation

[2% S]AE

o]EA F& AE 9] mean %, max 3t ¥ X &
[2R 519 EAISIL. agelA FAEd 5 YR &

=qdA A dnege] AFst &S 9
Ao vl object B AE 9 Mean #o] 3~6 U= <

AT A HA9L¢ BA% 5 9.
. 28 9 u3

=& A AT wE) A capture # color signal
# 71Eegd g AT $Hel sl standard
observer 7} H.9k& w9 color 4139 M3E
color space 91 CIE-L*a*b*JollA vlng ZA3 F iy
spectrum 637 7Rl tHal object A2 EF AAE AN H
A&E & F Aotk ol ¢zko]l CCD camera system &
o] &8 AlEE capture T data E EF display TR oA
HetS 1 capture 3 HALA Y FYARE B} A F3
Bgste gEdtie A& Auigt. F, A%y wo 2
AR AAAE 2 A 2 gAHE
O 2 capture 3+ EF display Z XA display 3t A
T Qzte] =77dE A FAlsitn 2E 5 ok
TARLZE BT FAQFAA display He 44
5.9 spectral sensitivity & CIE r (1), g(A), b(h) color
matching function &] spectral sensitivity &2} AE gtel 3 &
Zold Ikl FHEEY] YE Aoz LA Utk F
B A e o ol ¥ A HolmZ [1Y 5 &
Alg golA 8 ¢ dxe] B =8dA AAG &
12]54 HE Al standard observer 7F =71 A= A
o FA & 5 & FHolth

olg} Zo] £ =&A AXF FndEe 7E 9
W] 2E color camera system 9] Transformation Matrix
E 7td3] W5 o 24 Camera System 9] Color Fidelity
E ARFoR AFAd F Ut
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[1)http://www.ite.rwth-aachen.de/I TE/inhalt/service/
downloads.html

[2] ftp://server.ite.rwth-aachen.de/pub/spectra

[3] Sony ICX220AK data sheet

[4] Colorimetry. CIE Pub. 15.2, 2™ ed., Commission

International de L’Eclairage, Vienna,



