2.1

Ccones

2.11

Rods

Illuminant

\\\5/// Observer |
TN P

Object

2.1.1

Subjective



1. HUE
2. VALUE (Lightness)
3. CHROMA (Saturation) (Strength) !

211

(Light source)
(Colored Object)

(Observer)
1)
2
11
(Daylight)
(Scatter)
400
- 700 (1)
400 - 430
” 5 430- 460 3 3 5
” 5 460- 500 ® 7 5
3 » 500-530 2 % 5
3 5 530- 570 3 B 5
5 5 570- 590 ® B 5
' 5 590-620 ® B 5
3 5 620- 700 = ® 5

2111



Visible lighi

Violet Bitte Green Ye”OW nOd
390w 550 600 650 700 700  (nm)
Cosmic|Y-rays | X-rays |Ultra-| | Inlra.red [Micro- ° Radlo
tays violet wave | &
10 107 10! 10 10! 10! 10° (nm)
2.1.1.1

(Spectral Energy Distribution, SED)
2.1.1.2

1= Zenith skylight

> 2 = North skylight

§ 3 = Qvercast sky

< N 4 = and clear sky
; 5= Direct ight

1 1 1 1 1
400 500 500 700
wltnglh, nm
2.1.1.2
2.1.1.2 Zenith

' (North skylight)



1.2

Incandescence

Incandescence

(Tungsten filament lamp)

400 -

(T ungsten - halogen lamp)

700



(Non -

(Visible region)

visible

(Visible light)

traviolet ray)

(Xenon arc lamp)

Felative ene’gy

D65

(Xenon flash

lamps)
e D65
\ e v <
S ver.. BUBUBN R
......... " =
£ s - .. WALAY
o3
A 1 T A
800,

2113

—400- - 600

Wavelungth, min



(Colored object)
Specula reflection

(Opague metal)
Diffuse reflection

(Scattering)
(absorption)
inODONT LIGHT
SPECULAR REFLICTION
IWIHTE HIGHLIGHT)
DIFFUSE REFLECTION
(YELLOW COLON)
SURFACE \/ /
a .
B
O YELLOW PIGMENT
% 0 PARTICLES
0d .
>
(o)
)
2114 Scattering absorption

Diffuse transmission

(Scattering)
Regular transmission



6a

METAL

INCIDENT SPECULAR

DIFFUSE

6c

TRANSLUCENT MATERIAL

SPECULAR
REFLECTION <

N~
INCIDENT

DIFFUSE

REFLECTION

2115 a-d

SPECULAR

Z—> _OFFUSE REFLECTION

|- | == TRANSMISSION

[INCIDENT

6b

OPAQUE NON-METAL
INCIDENT

SPECULAR
DIFFUSE

e e

6d

TRANSPARENT MATERIAL

_ REGULAR
TRANSMISSION

SISO TRANSMISSION




3) (Observerl

‘ (Retina)
2 Rods
cones 3

cones (Optic nerves)

Toex

2.1.1.6
2.1.2
1) Munsell
Albert Munsell .. 1%5
Munsell
3 Hue, Value Chroma 2121
Hue Value ' Chroma Munsell

hue/value/chroma



[I\(’\I\l§ ;‘AYé’,]
ouue [ I u‘]
g \/E‘ YELLOW
GREEN H" =—nUE
BUECK
L e 8 o]
2121 Munsell Color Solid
Munsell hug  R-red, Gr-green
25515 10 5
YR, Y, GY, BG, B, PB, P, RP 2122
nui;
10 YR
25Y
5Y
1.5Y.
10Y
2122 (Hue) Munsell
2122 R (red) 5
yellow-red R 5 RP (Red-purple)
hue
Value 0-10 (clark)
(lighter) (10/) value

(reflectance)

B-blue

YR

13
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Chroma neutral gray (-0) value
Munsell 75R 912
1. Hue75R (Yellow-red)
2. Value 9 (light color)
3. Chroma 2 ( ) saturation
(Pale pink)
Munsell
2.) CIE
CIE Commission Internationale de | 'Eclairage (CIE)
Objective
1.
2.
3.
3
2.1)
(Spectral power distribution) Spectroradiometer
CIE
2.1.1) HluminantA
Incandescence colortemperature 2848°K



2.1.2) llluminantB
|lluminant A filter
Color temperature 4900°K
2.13)  Muminantc

luminant A filter

Color temperature 6700°K
2.1.4) llluminantD
Color temperature D55,
D60,D65 D75
D65: D = Daylight
65 = Color temperature
6500°K
D75:D = Daylight
75 = Color temperature
7500°K
[lluminant D
[lluminant D
Huminant D65

Reiative energy

Goo 000

Wavaloii(jtli, uni

2123 CIE



X2
> Dss Dss
fIE: DSS
= Dys
& Des
Dss
1 1 | 1
400 600 800
Wavelength, nm
2.1.2.4 D55, D65
22)
Spectrophotometer
(Reference) reflectance curve 2.1.2.5
reflectance curve
400 - 700
R ’ j 430 - 460
v " " 500-530

620-700

D75

16



435.8
(Color Match)

2126

2.3)

VWrall
e
o
ot i%>2£»ﬁ_~A\ é)
7_i / X \/ A
/ s
/ W
S
/ \h_—
——— —————] BLACH.
a0 U0
WAYULENG TH (HAROMETERS)
2.1.25 Reflectance curve
2 Wright
400-700

Incandescent
lamp kght

546.1
17

2.1.2.6

i‘ Heduclon scieen
= and suiound

(Color-matching eaperiment)

17

Guild

700



2°1931 CIE Standard Ohserver

|

100

Relative senositivity

CIE Color-matching function curves 3 curves

2121

-
-

-
<

2.1.2.7

fovea

10° CIE Standard Observer 1964

--------- 2° CIE Standard Observer 1931

2° 1931 CIE Standard Observer ~ 10° 1964 CIE Standard Observer

fovea

20

fovea
10°
2 0

)’
CONES
1964
10° 1964 Standard Observer



19

2 - 10 OBSERVER

FOVEA

J

2128 2° 10°

2.13  CIE Tristimulus Values

3 X, Y VA
700 A
X=2SAN)=RAN = xN
Y=2XsSAM=RMN=7FN
400
700
z=2SAN)=RN) =z
doo\W_J L_Y__l \ﬂ—}
[lluminant Sample Eye
X, Y Z CIE Tristimulus values X

Y VA
2.13.1



2
vl
r R - 14,
o % -51.52
wavelength, Wavelength, nm Wavelength, nm
CIC StamJaid source Ojeot 1931 ACstandid ooseivel ACliislimulus valuss
2.1.3.1 CIE Tristimulus Values
2.1.3.1 y Human sensitivity
spectrum CIE Tristimulus values, Y (lightness)

2.4 CIE Chromaticity coordinates

CIE Tristimulus values X, Y
Z
hue, value chroma X, Y Z
CIE Chromaticity coordinates Tristimulus values
X = X
X+Y+Z
y = _Y_,
X+Y+Z
z = Z 1
X+Y+Z
XYz CIE Chromaticity coordinates X y plot
CIE Chromaticity diagram 2.1.4.1
CIE Chromaticity diagram (hue)
(chroma) (value
lightness) CIE Tristimulus values, Y

Xy Y

20



Chromaticity diagram

g
08 / = ) i Lm bl
A
—d
06 - s O TTTy) TInaey] (Rl e
] '::.- &
(e ‘\*','.'.'.__.3'.'..' """
04 b Gs “N'-ﬂ'w ‘“”_. S,
[T 4 = Ll \
LR i \\.? -
et tae
v")" ":' Pops bt /':”"
02—~ i (| LTSN
e Powe
u}\ .‘IJ‘{ s R
i :
m'h -
% 07 01 06
2.1.4.1 CIE Chromaticity diagram

CIE Chromaticity diagram

CIE Chromaticity coordinates (x

170 1

2.14.2

MacAdam Ellipse

o8

y)

CIE
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2142 Chromaticity coordinates

(Just noticeable color difference,j. .d.)
(Green)
(Blue) X,y (Chromaticity coordinates)
Chromaticity coordinates
j. A
Chromaticity coordinates (x, y Y)
215 CIEL*a*b* System
2 CIE Tristimulus

values (X,Y ~ 2)  CIE Chromaticity coordinates (x,y )
CIE Chromaticity coordinates system

CIELAB 1976 color space 2151

White
le-loo

Grey axis
N Yellow

Green _ 2L 2/ hed
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(Color differences)

Chromaticity diagram

24



25
2161

Colour coordinates  CIELAB 76 (D65/10)
SAMPLE X Y Z a* b L C h*
1 YELLOW 62.53 69.06 9.57 -6.7 87.4 86.5 877 94.4
= 443 4430 4893
2 GOLDEN YELLOW ' 52.26 43.36 6.10 315 745 71.8 809 67.1
= 145 5137 4263
3 ORANGE 43.39 31.10 498 46.6 63.6 626 78.9 53.8
= 1.325 5461 3913
4 SCARLET 33.29 20.08 581 599 415 51.9 729 347
= 1.492 5625 3393
5 RED 27,86 14.94 11.65 67.] 10.7 455 67.9 9.1
= 1.986 5116 2744
6 VIOLET 932 1.17 28.82 23.1 -459 322 51.4 296.7
= 1.722 2058 . 1583
7 BLUE 9.00 9.00 37.73 4.0 -51.5 36.0 51.7 2745
= 3.560 1615 .1615
8 BLUE GREEN h.04  8.84 17.40 -25.3 -20.0 35.7 32.2 218.3
= 2.000 1820 .2756
9 GREEN 1730 9.74 -43.7 21.6 48.6 48.7 153.7
= 133 74692
10 YELLOW GREEN 24,84 36,10 7.94 -36.1 58.4 66.6 68.7 121.7
= 922 3606 5241
11 YELLOW BROWN 11,48 10.57 444 11.0 254 .38.8 271.7 .
= 1.214 43343990 08.7
1 6.85 422 112 13.8 315 . .
= 1.560 ii?7? .3664 118509
13 RED BROMN 6.8 5,63 560 13.8 1.9 285 13.9 .
= 1.670 3693 .3161 re
14 GREY. 497 521 571 4 -5 213 .1 308.4
= 2.200 3129 3217
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2.1.6.1 CIELAB Color Differences Equation

dLr = ¥ -L*
dL* = + (Lightness)
dL* = - (Darker)
da* = & -a*
da* =+ (reclder)
da* = - (qreener)
do* = b* -b*
do* =+ (yellowier)
do* = - (bluer)
b*
! Sample
db*
Reference Yellower
""""" R 3
b R . a

2.16.1.1 da*  do* CIELAB
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dL* da*  do*
(Total color
difference, dE*)
dE* = (dL*2+ da*2+ do*) %
dH*  de* 2.16.1.2
Sample =
di® //\\\//
//\ >
\\/\/ dc*\
S A& Yellower
Rclcignéc \ Clearer,brighter
//// Dullcr,Rc\ddcr
2.16.12 dH*  de* CIELAB
dH* = (dE*2-dL*2-dC*) *
dH* dH° dH o+ dH*
t dH - dH
gcx = C* - C*
de* = +
(Brighter)
de* =
(Duller)
dH* yellowier, reader, bluer ~ greener
dH* + hugangle  segment 26.1.13
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,,,,,, h* redder
—_—

AL !
yellower _4’
13\;‘. A
il e \'lddu
LELLOW \ o SN
. \l' ower
ORANGE 2 \
GREEN
, RED a*

\ \ ')"\/ Nz;\-_) bluer

bluer 2.4 s ~—
a\t}‘ \ * redder

....... \ \ il VIOLET /

dddddd

21613 dH* CIELAB
dE* 1-2
(dE*) =
10 dEx* =10
dE* = 1
dex =1
1
2.16.1 CMC (I c) Color Difference Equation
CIELAB
CIELAB
factor
lightness, chrome ~ (L,C  H)
JPC

19 (J & p Coats, 1979) M & s 83A (Mark & Spencer and ICS)  CMC (Color Measuring
Committee, Society of Dyers and Colorists (SDC) ) JPCT9



CMC (L )
CIELAB COLOR DIFFERENCE

(perceptibility) (acceptability)
(depth of shade) ~ oEat
dOLC = 24 de* 2+
®71" !
] ]
L = 0.040975 L*/ (1+0.01765 L*) L*> 16
L= 0511 L*< 16
¢ = 00638c+/(1+0.0131 c*) +0.638
, = C(TH+]-1)
f = gcnanc s 1900}
T = 036+ 04cos(h+35 I hue angle
164° 35°
T = 056+ 10.2 cos (h+ 168) | hue angle
164° 345

1 = lightness weighting term
¢ = chroma  depthof shadeweighting term

1=1 c¢=1
(Perceptibility judgments)
1=2 c=1

(Acceptability judgments)
(dE™)
1=2 ¢=1
CIELAB L* ¢* H*

(hue)

CMC (1x ) (Visual acceptance)
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2.2
(Shade
sorting)
I
2
3

L (Colorimeter Spectrophotometer)

2. (Computer)

3 (Software)
221



3l

) (Light Source)
o) (Wavelength Selector, Monochromator)
o) (Detector)
) (Measuring Geometry)
) (Optical Arrangement)

. ) Measurement mode

Wavelength
Source selector

69‘ h Ja\ J "qus> Dual beam

| \ [ (Mode)
— Detector
\ Sphere
(Geometry)
Monochromatic illumination

(Direct optics)

2211

“Trichromatic Colorimeter”
, Reflectance factors- Rx,RY Rz

Tristimulus valugs (X, Y~ 2)



R,

“Metamerism”

(Reproducibility)

“Spectrophotometer”
“Monochromator”
400- 700 16

“Metamerism”

“Reflectance Spectrophotometer”
“Reflectance Spectrophotometer”
400 - 700
400 - 700



3

2.2.2
6
1) (Light Source)
400 - 700
(Tungsten Lamp) (Tungsten-halogen lamp) Quartz
Tungsten-halogen lamp (QTH) (Xenon arc lamp)

(Non-fluorescent materials)
(fluorescent material )
(Optical brightening agent)
(W)

Incandescent lamp
(excite) v
Reflectance spectrophotometer
2 Xenon flash lamp ~ Tungsten-halogen lamp  Quartz Tungsten-halogen lamp
2221

2221 Xenon flash lamp ~ Tungsten-halogen lamp

1. Xenon flash lamp

2. Tungsten-halogen lamp -

) (Wavelength Selector, Monochromator)
grating



34

Exit slit Monochromatic

light
Lighﬁ source
2.2.2.1 (spectrum)
2.2.2.1 (Polychromatic light)
grating 400- 700
3) (Photodetector)
Photodetector Monochromator
Photodiodes 16 16
32 Photodiodes
(Photodiodes array) 400 - 700
400- 700 Imilliseconds
4. ) (Measuring Geometry!

(Integrating sphere)
(diffuse light)

(Measuring Geometry)



. Diffuse/0° (d/0)
(diffuse light)

Inlegraling
sphere ™~ \

A \

22.2.2 diffuse / 0°

. Diffuse/8° (d/8)
(diffuse light)

80
Gloss Tu;p Measureinent |
d/8
Sample
2.2.23 diffuse / 8°
. 45°0°

45°

35



3

() 45° /0° Directed ()45 10° Circular

Lamp

Measurement

Mensurement

o

Launp

Sample

2224 a-b (@)45° /0 Directed  ()45°/0° Circular

5) (Optical Arrangement)

“Reflectance Spectrophotometer”

2
Monochromatic llumination

Monochromator
Holographic grating Diffraction grating
(Spectrum) handwidth monochromated
light 400 -
700 16 Photodetector

2.2.2.5




source

\ 7 >,
B 0O <==—| monochromator > :: object

4\ ~

: /

(wavelength) A

/
. l//"'\- detector
l

& 1 B (intensity)
(

|
Qata store or display)-q- -

gﬂﬁ 2.2.2.5 LANIITIATUUY Monochromatic Illumination

Polychromatic Illumination

Monochromator Photodetector Photodetector
Monochromator 222.6
SOURCE
DETECTOR
/ !
MONOCHROMATOR :
TO
PROCESSOR
22.2.6 Polychromatic lllumination

Monochromatic Illumination

(Fluorescent materials)

Polychromatic Illumination




6.) Measurement mode

“Reflectance Spectrophotometer’

3

2
6.1) Single beam
Reference (Rw)
(Rg) 400- 700
Single beam
Reset Reference
6.2) Dual beam
Reference
400 - 700
Monochromator Reference
Dual beam
single beam
Dud beam 2
Classical dual beam
detector 1 2.2.2.7A
True dual beam
detector 2
Reference
(Integrating sphere) Direct Sample Imaging (DSI) 2.2.2.71B
single

beam “Reflectance Spectrophotometer”

True dual beam



By
Spﬁ[t?er
From '. 9 ' A . Jurourito B
monochromalor e @9
net-
Flﬂ srene ) .-""6"?'“ r
- 'Y " L3AMPLE BEAM =|
Q Deteclor Dnti\—- @ bg
Semple Relerence :{;%uu mé
)uuv
22.2.1 dual beam

A = Classical dual beam design
B = True dual beam design

Compuler

lens

\\D\ Sl - ~

por!
Diode- )

atroy \ aNn
wtfrirwgﬁ%erglme %%oe r m
rﬁ?'r ap o Core il t
ar||e fi 3

%er wheel ISm
CrOprOCesSor

lronsmission

J

2.2.2.8 True dual beam

3
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Reflectance Spectrophotometer
Xenonflashlamp ~ Tungsten-halogen lamp
Tristimulus values

(400 - 700

D65, TL84, C
d/8, d/0,45 /0

(Reproducibility)
(Repeatability)

Spectraflash 500, Spectraflash 600,

Color-Eye 3000, Color-Eye 7000, Ultrascan (Portable
Spectrophotometer) Microflash  Datacolor, Hunterlab, Macbeth, X-
rite Minolta Portable
Spectrophotometer
2.23
(Color Coordinates) Integrated microprocessor |

“Personal computer” (memory)

“Personal computer”
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224

1
2.
3 (Data coding)
4,
)
6.
1. “Modular” 1
8.
9, FI, F2
Fl
10.
/ uv /
11
1 CIELAB, CMD, FMC-H, HUNTERLAB,
JPC-19
2. PASS/ FALL da, db,de,dH  dE
3 Shade sorting
4,
5. Whiteness  Yellowness index
6. (Dye Strength)



10.
11

12

13

20
10.

Metamerism

N—

10° Observer

42

YR, %T, T/
lighter / darker, weaker / stronger
D65, ¢, A, TL84

(Tolerance)

% /

(Shade Library)

(Manual Aid)

(Performance Factor)
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McDonald 1R. (1976)

McDonald. R. and McKay.D . (1976)

KIS

Park. J. and Thompson , T M .(1963)

Kuehei. RG(1975I



Mackin.JF. (1975)

Allen .E .(1978)

Metamerism
4
datacolor International ( 2000)
DCI Match
Algorithmic hybrid

(25441

(2539)

SPSS

44



(Macro)

(2537)

DBMS

(Table)
( Module)

97
Database Management System
” (Database Object)

(Query) (Form)

( Report)

45
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