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EXAMPLE 1

s Calculate the trichromatic coordinates x, y, z in the CIE XYZ for a color
sample with tristimulus values X, Y, Z

CREATIVE

X=20 x=7?
Y=40 y=2?
Z=10 z=7?

FAKULTA TEXTILNI TUL



L/
.410

“ALCAM
CREATIVE

Calculations "
R&D "

EXAMPLE 1

FAKULTA TEXTILNI TUL



D,
‘§ .

Calculations JALCAM
CREATIVE ’
EXAMPLE 1
X=20 x=7?
Y=40 y=7?
Z=10 z=7?
= X = 20 = 0 =0,2857
*TXtY+Z 20+40+10 70
o Y — 0 = 0 =0,5714
Y T X¥Y+Z 20+40+10 70
Z 10 0
= 0,1429

T XYY+Z 20+40+10 70
X+y+2z=0,2857+0,5714 + 0,1429 = 1
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x=0,2857
y=0,5714
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L
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CREATIVE

% Calculate the rectangular coordinates L*u*v* in the CIELUV color space for

the sample with the tristimulus values X,Y,Z.
X=25 Xy =94,81

Y=30 Yo =100
Z=18 Z,=107,32

FAKULTA TEXTILNI TUL

L*=7?
ur=7?
v¥*=7?
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EXAMPLE 2
X=25 Xy =94,81 L*=7?
Y=230 Yo =100 u*=7?
Z=18 Z,=107,32 v¥=7?
;o 4X
U = X+15v+3zZ
' = 9Y
"~ X+15Y+3Z
_ 4Xo
Uo = X F15Y,+37,
9Y,

(Y4 —
0 ™ X,+15Y,+3Z,
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EXAMPLE 2
X =25 X, = 94,81 [*= 7
Y =30 Y, =100 y* =
Z=18 Z, = 107,32 vr=?
/ 4X 4-25 0
“ :X+15Y+3Z:25+15-30+3.18:52920:1890
/ 9Y _ 9-30 270
Y SX+15Y+3Z 25+15-30+3.18 529 104
4Xo 4-94,81 379,24
0= X, +15Y, +3Z, 9481+ 15-100+3-107,32 191677 1077
Yo 9-100 900
= 0,4695

V0= X, + 15Y, + 3Z, 94,81+ 15-100 + 3 -107,32 _ 1916,77
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EXAMPLE 2

X=25 Xy =94,81 L*=7?

Y=230 Yo =100 u*=7?

Z=18 Z,=107,32 v¥=7?

L* = 1163\/z — 16
Yo

u* =13L"(u' — up)
v*=13L"(v' — vy)
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EXAMPLE 2
X=25 Xyo = 94,81 L*=7?
Y=230 Yo =100 u*=7?
Z=18 Z,=107,32 v¥=72

L* =116 Y 16 = 116+ 5 16 = 61,6542
B Yo B 100 -

u* =13L"(u' —uy) = 13-61,6542 - (0,1890 — 0,1979) = —7,0675
v =13L"(v' —vg) =13-61,6542-(0,5104 — 0,4695) = 32,7471
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EXAMPLE 3

% Calculate the rectangular coordinates L*a*b* in the CIELAB color space for
the sample with the tristimulus values X,Y,Z.

CREATIVE

X=34 Xo = 94,81 L*=7?
Y =250 Yo =100 a*=?
Z=30 Z,=107,32 b*=7?
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EXAMPLE 3

l 1=903,29(Y/Yy)

L=116(Y/Yy)' " -16

0
0,00262 0,008856
Y/IY,
=10
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Tree-power transformation

1/3
Y Y* = (1)
Yo Yo

— > 0,008856

Linear transformation

Y <0,008856

Y*=7787Y+0 138
Y() Yo

13



Calculations

EXAMPLE 3

Tree-power
transformation

Linear transformation

FAKULTA TEXTILNI TUL

X > 0,008856
Xy ’

Y
—>0,008856
Yy

Z
—>0,008856
Zy

Xi < 0,008856

0
Y
— < 0,008856
Yo

Z
—<0,008856
Zy

S
.‘ ‘ “LCAM

CREATIVE

7= ()"

X*=7787X 10 138
Xo

Y*=17787X 40138
Yo

Z*=17787% 10,138
Zy

14
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L" = 1163\[z — 16
Yo

a* =500-(X*—Y")
b* =200 (Y* — Z*)
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EXAMPLE 3

L* =116 - Y 16 = 116+ >0 16 = 76,0693
B Y, B 100 -

a*=500-(X*—Y")=500-(0,7105-0,7939) = —41,6187

CREATIVE

b*=200-(Y"—Z")=200-(0,7939 —0,6539) = 27,9695
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EXAMPLE 4
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CREATIVE

Calculate the color difference AE*between sample (batch) and standard

using coordinates L*a*b* from CIELAB color space.

Calculate the difference in lightness AL*, in choma AC* and in hue AH* in
cylindrical space CIELCH color space and all differences express

verbally.
= 36,43
a;; = 48,65
b = 24,62

FAKULTA TEXTILNI TUL

L, = 39,80
a, = 48,64
b, = 22,21

AL" =7
AC* =7
AH* =7
AE" =7
Ag*=?
Ab*=7?
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EXAMPLE 4
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. =36,43 L, = 39,80
ast = 48,65 a, = 48,64
f =24,62 b}, = 22,21

AE* = \/(AL*)2 + (Aa*)%+ (Ab*)?2

*x __ ¥ *
AL™ = Lbatch o Lstandard

*

* *
Aa” = Apatch — Astandard

Ab™ = b;;atch — by

standard

4";

CREATIVE

J\LCAM

L )
4
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EXAMPLE 4
L:, = 36,43 L:, = 39,80
a;; = 48,65 a,, = 48,64
b, = 24,62 b:, = 22,21

AL* = L} yoen — Lisandara = 39,80 — 36,43 = 3,37
A = @)ppen — @tandard = 48,64 — 48,65 = —0,01

Ab* = b} pion — b tandara = 22,21 — 24,62 = —2,41

AE* = \/(AL)? + (Aa*)?+ (Ab*)? = /(3,37)% + (—0,01)2+ (—2,41)?
=17,1651 = 4,1431
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CREATIVE ’
EXAMPLE 4
L:, = 36,43 L, = 39,80
a;; = 48,65 a, = 48,64
b, = 24,62 b;, = 22,21

C* = J(a)?+ (b")>

Chaten = | (@harer)+ (D)’ = @B687% (22217 = 53,4709

* * 2 “ 2
Cstandard - \[(astandard) + (bstandard) = \/(48'65)2+ (24"62)2 = 54,5249

AC* = Chpion — Crandard = 53,4709 — 54,5249 = — 1,0541
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EXAMPLE 4
b*
h,, = arctan (E)
happ = arctan (%) = 0,4283
hap st = arctan (%) = 0,4685

Ahab — hab,b — hab,st — 0,4283 — 0,4685 — = 0, 0401
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EXAMPLE 4
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CIELAB Chroma
Coordinates Figure

“A100
Green

FAKULTA TEXTILNI TuL

C Chroma

‘ H Hue

fgeta

Red

.41'0

CREATIVE ALCAM
&b
Angle b* add
0-90° + nic
90— 180 ° + (4
180 -270 ° — (4
270-360° — 2w
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EXAMPLE 4
Ah
AH* =2 -,/C}C, sin( “”)
- /-0,0401
AH® =2 - \/53,4709 - 54,5249 Sln( > ) =-2,1673

AH* = \/(AE)2- (AC*)2-(AL")?
= /(4,1431)2 + (=1,0541)2+ 3,372 = \/4,6972 = 2,1673
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EXAMPLE 4
happ = arctan (421523:%) = 0,4283 -% = 24,5424
hapse = arctan (%) = 0,4685 - — = 26,8423

Ahgp = happ — hapst =-2,2999
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EXAMPLE 4

verbal expression of differences

+ Aa”* redder

- Aa* greener

+ Ab* yellowish

— Ab* bluer

+ AL* lighter

- AL* darker

+ AC* more chromatic, cleaner

- AC* less chromatic

+ AH* change in counterclockwise direction
- AH* change in clockwise direction

FAKULTA TEXTILNI TUL
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+b Yellows
0
CIELAB Chroma A B ¢ civoma
Coordinates Figure 3
H Hue
‘\
2100, wta
Green [EERHIESEEES Red

Lightness

- Black
0

25



Calculations

EXAMPLE 4

@ standard
A sample (batch)

FAKULTA TEXTILNI TUL
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CREATIVE ‘
R&D "
+b Yellow
“100
CIELAB Chroma e C Civoma
Coordinates Figure FiRRERRERERC - K
Hieo! {11 " H Hue
l..
|
T, ucta
Green Red
100
-b Blue
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example i o
FIO0 s G
CIELAB Chroma F oo =+ C Civoma
Coordinates Figure earmEEEEERERCC X
60 1115 " H Hus
'I
’a_l ."&)"'a
Green Red

AH® = 40,5 -2 to green

AH* = —0,5 - to yellow

AH* = +0,5 = to red
100 AH* = —0,5 - to blue

. -b Blue
FAKULTA TEXTILNI TUL 27
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EXAMPLE 5
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s Calculate the CIE whiteness W¢e a CIE tint T¢e (tint) for sample with
tristimulus values.

CREATIVE

X =90 Xo= 94,81 x=?
Y =94 Yo= 100 y=?
Z=105 Z=107,32 Wep=?

Te=?

FAKULTA TEXTILNI TUL
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Calculations

EXAMPLE 5
Weg=Y+800- (xg—x)+1700- (yo — y)

EEEEEEEE

Tcig =900 (xg—x) —650-(yg—y)

B X
*TX¥Y+Z
Y
y

TX+Y+Z

FAKULTA TEXTILNI TUL 29
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EXAMPLE 5
_ 29 — 03114
Y TXFY+Z 90+94+105
__r 0% = 0,3253
Y T X+Y+Z 90+94+105
S R Al = 0,3138
0 X+ Yo +Zg 9481 +100+ 107,32
X, 100
Yo =0,3310

"Xy +Yy+Zy 94,81+ 100+ 107,32
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EXAMPLE 5

WCIE =Y +800- (xo — x) + 1700 - (yo — y)
— 94 + 800 - (0,3138 — 0,3114) + 1700 - (0,3310 — 0,3253)
= 105,6398

Tcip =900 (xg —x) —650- (yg—y)
— 900 - (0,3138 — 0,3114) — 650 - (0,3310 — 0,3253)
=-1,5725
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EXAMPLE 5

TCIE —— 1, 5725

FAKULTA TEXTILNI TUL

y [-]

L
.‘ " ‘.LCAM

CREATIVE

T T T T T

00 01 02 03 04 05 06 0,7 08 09 1,0
x[-]

T T 1

4
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EXAMPLE 6

J/

2 Calculate the difference between the values of the Kubelka—Munk
function for the standard and sample (batch).

Alaégt = 60 (}{) K // j;éit'__
Rb=40% K/Sb:

AK/S§=?
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EXAMPLE 6
K _ (1-Bsp)?
Sst 2Pt
K _ (1-Bp)*
Sh 2Bp
K K K
A==—= ——=
S Sb Sst
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EXAMPLE 6
K 1-— Z (1-0,6)2
S 2 - By 2:0,6
K 1—8,)% (1-0,4)>2
_=( Bb)z( )=0'4500
S5 2 - B 20,4
K K

A—=— —— =045-0,1333=0,3167
5 Sp Su

FAKULTA TEXTILNI TUL
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EXAMPLE 7

J/

s Calculate the excitation (coordinate) purity pg for hue with the
coordinates given in the table together with the white point of CIE D65
(W) and the corresponding purest color of this hue (F,).

CREATIVE

Sample VZ x = 0,4523 y = 0,4567

Pure color F, xp1 = 0,5 yp1 = 0,5

White point W xo = 0,3138 yo = 0,3310
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0,9 -
Yy—Y _a >
PEy = — 7 07
Yr1—Yo b
0,6
X — X a T 05
PEx = -7 -
Xp1— X9 b 04
0,3
PEx = PEy o2

0,1

0,0

00 01 02 03 04 0,5[ | 06 07 08 09 1,0
x -
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_ Y-y _04567-03310
PEy =y —ve  05-03310

_ xox _04523-03138
PEx = — %o 05-03138
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EXAMPLE 8

00

CREATIVE

»  Calculate the maximum wavelength A,.x (nm) of the maximum spectral
density of the emission from an absolute blackbody at 7500 °C from
Wien’s displacement law. The value of Wien’s displacement constant is
b=0,002896 mK.
2 b
max — T
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EXAMPLE 8
7500 °C 17500 + 273,15 = 7773,15 K

b 0,002896

Ao =—= — 37256 - 1077
max =7 = Zoo30E m
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Calculations I

EXAMPLE 8
7500 °C 17500 + 273,15 = 7773,15 K

b 0,002896

Ao =—= — 37256 - 1077
max = = 777375 m

Amax = 3,7256 - 1077m > 3,7256 - 1077 - 10%9 = 372,56 nm

Anarx = 373 nm
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Thank you for attention

Marcela Pechova )
Technicka univerzita v Liberci, Studentska 1402/2, 46117 Liberec, Ceska republika

marcela.pechova@tul.cz



