fiim y
11 © 1

2.1
211 (Water Color)

[1] (Pigment)
(Acacia Tree)

2111
1 4
21111 (Transparent Quality)

21112 (Soft Quality)



2.1.1.1.3
2.1.1.1.4 (Advance, Recede)
2.12 (Digital Camera) (Digital VDO Camera)
2.1.2.1
CCD
CCD
CCD 2
Maonochrome CCD  Color CCD Mosaic Dye Masking

(Pirel) 2]



21211

cch
3]

nfetmNMAMNA

doutlafuuas

wud

2.12.2

A/D Converters

21221

CCD

CCD

CCD

InAou
© SuBidninia
Junsoed

3]

CCD

CCD
CCD



CCD

2.1.2.3 Charge-Coupled Devices (CCDs)

CCDs
CCD
CCD
CcCD (R 3 )
( 1) 2.1 CCD
CCD CCD
(AID  Converters)
1 4]
CCD
Monochrome
CCD Manochrome
2 CCD
2.1.3 (Filter)
Tri Acetyl Cellulose
2
2131

400 - 700



[5]
2.13.2
(subtractive color)
2 3
3
R) + (B+G.C) - | ()
(G) + (R+B.M) ) ()



10

214

(Camera Response / Pixel Value,V) 2.2

Illuminant (IR(A))

ath (o(x)
: .
Vi
e S i) Camera
full response
V)
ar
3 .
Sensor (a(A)
2.2 .
2.2 [6]
IRA) (The spectral radiance of the
illuminant)
i(A) (The spectral reflectance
characterisation of the object surface imaged in a pixel)
o(A) 1 (The spectral transmittance of the optical
system in front of the detector array)
(j)(Ao (The spectral transmittance of an

optical color filter)

a(A) (The spectral sensitivity of the CCD array)



0 255 2.1

V.= ] HA)r(A)o(A)<KA)a(A.)dA. (2.1)
Amin
2.15
[7]
3
2.15.1
2.108.1.1 (Spectral Power

Distribution : SPD)

700
i 16

19 16 i)

560



21512

Body)
SPD
2.15.1.3
(Color Rendering Index)
100
2.1.5.1.4
llluminants)
215141
2,856
2.15.1.4.2
4,874
2.15.1.43
6,774
2.15.1.4.4
4

5,000

(Color Temperature)

(Color Rendering)

19

CIE

100

[8]

100

(Black

(CIE Standard



5,500

6,500

7,500

F4

2.1.6

19
2.152

2.153

2.15.145
F1-F12
6,500

13

1%
16
1h
2,940
F7
(Colorants)
(Sensor)

(Principal Component Analysis : PCA)



2.1.6.1
2.1.6.1.1
Vector Characteristic Vector) (Weight)
b 6 [10]
2.1.6.1.2
Characteristic Roots)
2.16.1.3
{X)
2.2
Xll
X
(Variance), 2
2.3
i (iny
(.-
X M 2.4
0 _E(*pe-xfoj-§)

Xy

14

[9]
(Eigen
(Eigenvalues
(22)
(2.3)
Xy
(24)
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(Covariance Matrix),

2.5
512 S12 Sip
2
S Sis sf sz:p (25)
s\p s2p szJ
2 ith 0=1,2,3__p)
ith jth
L2 8. Ip
L 2.6
Is-fl| =0 (2.6)
1 2.1 2.8
[ -1t =0 (2.7)
=12, 3....P
=[ 1 2-iul
2

weight 2 (9 2 (2
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La22

Z-Scores 2.9
Z.= ;[x-X] 29)
PC1
PG j=12...P
X i=123.. PCj=djLC+ aj2x2+...+ajnxn 11aj2.......a)p
(PC Weight)
2 1 X
( )
_ %1 "10.00"
Ty 10,00

[s} o "07986 06793
L 06793 07343

0.7986-/ 06793
S-/1 V6701 0734 = 0-124963-153200+ /2= ¢
[, = 1.4465 2=0.0864

0.7986-1.4465 0.6793 0"

=11l =
[ -4k, 06793 0.7343-1.4465 jn. 0

A (WRR\
1= 1

[21=0.9538 -0.6478 + 0.6793"2, =0
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121=0.9538 ( /1= 1.4465)

t 1 1.0 ‘0.7236"
_Q 0.9538  0.6902_
2 =0.0864
@=1 (2
_0.6902
07230
(PC Weight)

=l 2 0.7236 -0.6902"
CET T 06902 07236

Z-Score
10.00
10.7

*0.7236  0.6902''10.00-10" "0.48"
-0.6902 0.7236_ 10.7-10 0.51

Z-Score Z, =048 Z2 = 051
Z =1[1=1.4465 22=12=10.0864
2.1.6.2
2.16.2.1

(Covariance Method)



Covariance
2.1.6.2.2
(Correlation Method)
Correlation
2.1.6.3 PCA
PCA Minitab
Scores
(PC Weight [ Coefficients)
Training Set [11] 2.10
[*L =[rLc -[PC_Weight]QV (2.10)
IX L x K Training Set
[ Le
Column
Column
[pc_Weight]Cxv
Column
Column
(Qbservation) Training Set
V (Variable) (
3l 400-700

10
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¢ (Component) (

PCA (Covariance)
Training Set

2.1 2.2

2.1 Score PCA

Example of Scores
PC1 PC2 PC3 PC4 PC5 PC6
-3.642092 -0.323088 0.9867447 0.4277757 0.0558526 0.0614677
-3.529628 -0.721717 085508  -0.02038 0.2494886 0.051381
-2.818031  -1.236692 0.1243723 -0.077403 -0.07618 0.1677764
-2.20347  -1.185575 -0.195236 0.0564828 -0.150035 0.1996601
-2.105646 -1.333783  -0.47857 0.4968026 -0.058438 -0.00378
-1.99895 -1.218461 -0.53587 0.5980487 0.0686414 -0.00492

o o1 B WO N

I -0.931925 0.9063556 0.2444106 05065943 -0.088596 0.0011187
172 -0.859611 1.0519448 -0.25058 0.3239769 -0.20433 0.1340133
173 1553914 1532117 -043537 0.3933787 -0.196951 0.1765111
174 -113097 1.2635391 -0.406906 0.3405726 -0.219106 0.17986
175 -0.760269 090754  -0.39747 0.2133638 -0.194372 (0.1644415
176 -4.672017 1.3803948 -0.570873 0.0092275 -0.02881 -0.078904



400

410

420

430

440

450

650

660

670

680

690

700

2.2

PC1

-0.103835
-0.104433
-0.102971
-0.101525
-0.100135

-0.099588

-0.236051
-0.236337
-0.236065
-0.235333
-0.233114

-0.229746

PC_ eight

PC Weight / Eigen Vector / Coefficients

PC2

0.134621

0.1460604

0.1583796

0.1719878

0.1857468

0.1974433

-0.196487

-0.195736

-0.191468

-0.185846

-0.178685

-0.168858

2.1.7 Wiener Estimation

211 [12]

PC3
-0.20598
-0.225921
-0.242353
-0.250606
-0.248608

-0.237667

-0.065727
-0.090783
-0.112602
-0.128776
-0.140791

-0.149381

GV

20

PCA
PC4 PC5 PC6

-0.177112 0.1355984 -0.296387
-0.170304 0.146819 -0.273652
-0.156004 0.1556233 -0.199916
-0.139485 0.1321163 -0.11391

-0.119217 0.0734063 -0.016137
-0.097477 0.0057808 0.0615059
0.1101762 -0.09463 -0.212356
0.1228282 -0.006918 -0.129437
0.1342038 0.094608 -0.013307
0.1454683 0.1910766 0.1209218
0.1577444 0.2734896 0.2717066
0.1753335 0.3166456 0.430402

Wiener Estimation

(0eg)

(2,11)

2,1.4)

(square error ( ))



2

8 " O es) (Gred - O &) (2.12)
()
G 2.13

G = Rov-Rwl (2.13)
Rov 2.14 2.15

Rwv = (0.a.v) (2.14)

Rw = () (2.15)

V 73
2.1.8 (Tristimulus values)
CIE
[7]

X =kefs(A).R(A) Xio(/l)dA

400

Y=k JLl(a).R(A) 10(a)dA (2.16)

400

Z = k°\s(X).R(X)7zw (X)dX
400
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. 100 o)

m (x)7ym{x)di

XYZ
(A)
R(A)
*loWyl10 0
10
K Y
Y 100
dA
2 XL =X2 Yl =Y2 1 = 72 2
2
2.1.9 XYZ (RGB)RB/ (RGB)dit
(RGB)ght CIEXYZ
[13]
2.19.1 (RGB)RB
XYZ XYZ (linear Equation)
(Matrix Transform) 2.18 XYZ
Normalize 100

RAB  “3.2410 -1.5374 - 0.4986" ~x~
GREB — - 0.9692 18760  0.0416 Y
"RGB_ 0.0556  -0.2040 10570 _ <



(rgh)RB

1
Normalize
2.19.2
(RG'B)R3  Nonlinear Equation 2.19 2.20

(Device Independence, (RGB)R®)
(Device Dependence, (R'G'B)R®)

ros 6 koB  sree —0-00304
= 12.92 X r sros

G 12.92 X 6 sros

= 12.92 « & sros

R srgb

B srgb

] SRGB,G srgb,B srgb) 0'00304
A qes = 1.095X R srBLO2A) - 0.055

ewee = 1.055x € 0/14)--0.005
B'Rcl = 1-055 0,241-0.055
2193 (RGB)R®B 1! (RGB)git
0 255 BTyl 24
)
WDC
KDC

K t=WDC - KDC)XRF®)+KDC
Gm = (IWDC - KDC) X GSRB) + KDC
Bmt = {{WDC - KDC) X B[R®) + KDC

23

(RGB)RB

(2,19)

(2.20)

2.21

(2.21)
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WDC 255 KDC 0
(R'G'B)R3B 8
(RGB)ght 2.22
*g*=((255.0 - 0.0)x Rirg3) + 0.0
G shit = ((255.0 - 0.0) XG[rgn) + 0.0 (2.22)
B*bi, = ((255.0 - 0.0) XB[rgn) + 0.0
2.23
R,bl=255.0 x RRB
Gm,=255.0 XG[rcb (223)
BUiL= 255.0 x B'RGB
(RGB)ait 0
255 RGB
2.1.10 ! (CRT Displays)
' (Opto-Electronics)
(Electrical Signal) (Light Signal)
2
3
(Softcopy Output
Device)

(Secondary storage)  [14]



Emissive Display)
Diode: LED)

Non-Emissive Display)

(Cathode Ray Tube: CRT)
(Electroluminescence: EL)

(Active
(Light Emitting

(Passive
(Liquid Crystal Display: LCD)

(Electro-Chemical Display: ECD)

CRT)
Braun Tube)

2 fL
CRT
2.1.10.1
2.3

(Deflection Electrode)

(Cathode Ray Tube

.. 1897 F.Braun (

, 100 fL
CRT

(Electron Beam)

(Electron Gun)

(Deflection Plate)
2



L‘au:f A:
Nl

&
ualun
AN

FuaIng

2.3 [14]

2.5 2
(Electrostatic - Deflection)

(Electromagnetic Deflection)

(lon Burn)
(lon Trap)

(Bent)

2.1.10.2

26

(Tilted)

10



3
60
1 40
(projector) 200
(Flat CRT ) (Index CRT)
2.1.10.2.1 (Cathode)
Ni Mg Si
Ba, Sr, Ca
800 Ba Ba
Ba
2.1.10.2.2
2.1.10.2.3 (Shadow Mask)
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(Pitch)
' 1 1.0-0.2
(Fe) 15
Bi2) 3
2.1.10.2.4 (Phosphor)
(Phosphor)
80 10/ym
(Pitch) 210jUn ' 4-10 furn
30
(Al
Al
2.1.10.2.5 (Face Plat)
(Pb) (Sr) (Face Plat)
2.1.10.2.6
15 0.25 270X 200

(Pixels) 135 X 1,000



2..10.2.7 L

0.3-0.15
21.10.2.8 f
(Sli)
21.10.2.9
40
3 RGB
)
2.1.102.10
21.102.11

14 40

(Trinitron CRT)

(Projector CRT)

1

(Beam Index CRT)

(Flat CRT)



2111

(Characterisation)

30

(Calibration)

Profile Maker Pro 5.0.1

21111

[13]
2.1.11.2

[16,17]

2.1.12

[18,19]

(Calibration)

(Gamma) Adobe Photoshop

(Characterisation)
RGB
CIEXYZ
Xyz 3

(Color Management)

(Color Matching)
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(Hue Preservation)
(Gradation Preservation)
(Minimum Color Difference)

2.1.12.1 2
2.1.12.11 RGB CMYK
RGB’ C'MYK
(Polynomial Regression) (Matrix) LUT (Look-Up Table)
2.1.12.12 (Profiles)
(Device Dependent Colars) (Device
Independent Colors) CIE  CIELAB CIEXYZ
CIE
[20]

Profile Maker Version 5

2.1.12.2
2.112.2.1
ICC (International Color Consortium)

(Device Profiles)

2.1.122.2 (Color Transformation)
ICC Color
Matching Method (CMM)
Color Sync Adobe
Profile Maker



Intent)

L)
L*c*h

CMYK

32

RGB ( ) CIE L*a*h* | XYZ

RGB ( ) ) CIE L*a*b* | XYZ

CMYK ( ) ) CIE L*a*b* | XYZ
CIE L*a*h* | XYZ

CIE L*a*b* / XYZ  Profile Connection Space (PCS)

2.1.12.2.3 (Gamut Mapping Rendering
PCS
LUT
(C*ah) (h) L*a*h* L*c*h
L*'c*v
[15]

1) Absolute Colorimetric

2) Perceptual Matching

3) Relative Colorimetric

White Point

4) Saturation Preservation

2.1.12.2.4

(Lrath* Lab)
RGB

(Out



2.3

2.1.13

[8]
2.1.13.1 (Examination)
2.1.13.2 (Assessment)
3
2.1.132.1
2.1.13.2.2
CIELAB 2.24

AE*ah=[(AL*)2 +(Aa*)2+(Ab*)2] 2

AL* - L* - L*td
Aa =a*t- a*sd
Ab* = ¥, - b*std
t std

AE*@
AE* 12 1

(2.24)



2.3 AE*d
Ae*,

<0.2
0.2-0.5

0.5-1.5
15-3.0
3.0-6.0

6.0-12.0

>12.0

(Root Mean Square : RMS)

2.25

CIELAB [3]

RS _ (400 ~M00)- + (10 M10) + e (M0~ AT )

Y

RA =
RA -

2.1.13.2.3
AE*a

AE*a

[21]

(2.25)



XYZ L*a*b* L*a*b*

! RMS
2.1.14 (Color Matching)
(Comparison Viewing)
2.1.14.1
2
(Subjective Method)
2
3 [22]
2.1.14,1.1 Pair Comparison 2
2.1.14.1.2 Category Judgment :
3 1
2 3
2.1.14.1.3 Method of Adjustment :
Category Judgment
5
2.1.14.2

2<22 " 34X



2.1.15

36

Hardcopy  Softcopy [23]
2.1.14.2.1 Memory Viewing :

2.1.14.2.2 Successive-Binocular Viewing (SCB) :
Memory Viewing

2.1.14.2.3 Simultaneous-Binocular Viewing (SMB) :

2.1.14.2.4 Simultaneous-Haploscopic Viewing (SMH) :

2.1.14.2.5 Successive-Ganzfeld-Haploscopic Viewing (SCH) :
Simultaneous-Haploscopic Viewing

Successive-Binocular Viewing (SCB)

(Metamerism)



[7]
2115.1
2
2
2.1.15.2
2
2
2.1.15.3
2
2.1.15.4
2
2.1.16 MATLAB

(High-Level Language)

MATLAB
MATLAB

37



MATLAB

2.2
Yokoyama [25]
147
(CCD) 2048 X 2048
(PCA) Wiener Estimation

(AE*4)
1.16

Konig [26]

CCD

CIEXYZ

Daylight

F11

Schmitt [6]

[24]

Multispectral Scanner
16

CIEXYZ



Wratten, Hoffman Schott 3-12
400-750
1,269
RMS Error

RMS Error

37

D65

39
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