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eew40−1a
−2 −1

0,1

  0

  1

  1

 10

  2

100

  3

1000

logY
Y0

1

2

3

L* r,CIELAB relative lightness normalized to the
background lightness L* u,CIELAB

N threshold

Yu=18

L*/L* u=1, mu=1,03

L* u=50, Yu=18

L* = 116 (Y/Yn)1/3 − 16, Yn=100, Yu=18, 1 ≤ Y ≤ 100 [1b]
L* = ku (Y/Yu)1/3 − 16, ku=116 [Yu/Yn]1/3=65,50 [2b]
L*/L* u = [ (Y/Yu)1/3 − 16/ku] / [1 − 16/ku] [3b]

application
range

 
eew40−2a enj81−6n, eew40−4a_m
−2 −1

0,1
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 10

  2

100

  3

1000

logY
Y0

0,5

1

1,5

2

(Y/∆Y) / (Y/∆Y)u YTUBJND contrast
normalized to [Y/∆Y]u,TUBJND

N threshold

YN=3,6 YW=90

Yu=18

(Y/dY)/(Y/dY)u=1, mu=0,30

L* u=508, dYu=0,08, Yu/dYu=222

L* TUBJND= (t/a) ln [ 1 + b·(Y/Yu)] [1h]
a=0,3411t=88,23 t/a=258,6 b=6,141Yu=18 [2h]
(Y/dY) / (Y/dY)u = [ Y / ( 1 + a·Y) ] / [ Yu / ( 1 + a·Yu) ] [3h]
(Y/dY) / (Y/dY)u = [ Y / ( 1 + b·Y/Yu) ] / [ Yu / ( 1 + b) ] [4h]

application
range

 
eew40−3a enf80−2a
−2 −1

0,1

  0

  1

  1

 10

  2

100

  3

1000
logY

Y
 0

 1

 2

 3

(Y/∆Y) / (Y/∆Y)u
CIELAB & TUBJND

CIE -Y contrast
normalized to (Y/∆Y)u

0,60

1,00

1,70

black

white

YN=3,6 YW=90Yu=18

L* r,CIELAB =1, mu=0,77

L* u,CIELAB =49, Yu=18

L* CIELAB =116 (Y/Yn)1/3−16   (Yn=100, 0,89 ≤ Y) [2b]
L* TUBJND= d ln [ 1 + b·(Y/Yu)] d=25,6 b=6,141 [2a]

application
range
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TUB colourimetry with normalization to Y=90, C=YW : YN = 25 : 1
Equations for Yellow (J), Blue (B), White (W), Grey (U), Black (N):
Tristimulus value 
YJ + YB = 66 + 24 = 90  [1]
Chromatic value 
|CAB,2,J| = |CAB,2,B| = 60  [2]
Contrast 
C=YW : YN = 90 : 3,6 
   = 25 : 1 [3]
Chromaticity difference 
cAB,2,J=CAB,2,J / YJ  [4]
cAB,2,B=CAB,2,B / YB  [5]

60
−60

−50    50

CAB,2

0

 

100

Y

50

90

46,8

3,6

J

B

W

N

(CAB,2, Y)
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CIE colourimetry with normalization to Y=100, C=YW : YN = ∞
Equations for Yellow (J), Blue (B), White (W), Grey (U), Black (N):
Tristimulus value 
YJ + YB = 72 + 28 = 100  [1]
Chromatic value 
|CAB,2,J| = |CAB,2,B| = 66  [2]
Contrast 
C=YW : YN = 100 : 0 ∞  [3]

Chromaticity difference 
cAB,2,J=CAB,2,J / YJ  [4]
cAB,2,B=CAB,2,B / YB  [5]
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TUB colourimetry with normalization to Y=90, C=YW : YN = 25 : 1
Equations for Green (G), Magenta (M), White (W), Grey (U), Black (N):
Tristimulus value 
YG + YM = 54 + 36 = 90  [1]
Chromatic value 
|CAB,2,G| = |CAB,2,M| = 60  [2]
Contrast 
C=YW : YN = 90 : 3,6 
   = 25 : 1 [3]

Chromaticity difference 
cAB,2,G=CAB,2,G / YG  [4]
cAB,2,M=CAB,2,M / YM   [5]
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TUB colourimetry with normalization to Y=90, C=YW : YN = 25 : 1
Equations for Cyan (C), Rot (R), White (W), Grey (U), Black (N):
Tristimulus value Ostwald and antagonistic (a) colour
YC + YR = 48 + 42 = 90  [1] Yo + Ya = (47+X) + (47−X) = 90  [1a]
Chromatic value 
|CAB,2,C| = |CAB,2,R| = 60  [2]
Contrast 
C=YW : YN = 90 : 3,6 
   = 25 : 1 [3]

Chromaticity difference 
cAB,2,C=CAB,2,C / YC  [4]
cAB,2,R=CAB,2,R / YR  [5]
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Parame-
ter:  N

0,0 0,2 0,4 0,6 0,8 1,0
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CIE 1931
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620

640
700

495c,E
500c,E

510c,E
525c,E

550c,E
565c,E

name and spectral range
Rm 561_770 Ym 520_770
Gm 475_573 Cm 380_561
Bm 380_520 Mm 573_475
Go 520_570 Mo 570_520

10 optimal colours (o), YW=90, YN=3,6
8 of maximum (m) CAB for D65
in the chromaticity diagram (x, y)
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Ym

max

Go
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Parame-
ter:  Y

0,0 0,2 0,4 0,6 0,8 1,0
0,0

0,2

0,4

0,6

0,8

x

y

CIE 1931

400
450

475

490

495

500

505

510

515
520

525   
535

   
   

550
   

560
   

570
   

580
   

590   
600

610
620

640
700

495c,E
500c,E

510c,E
525c,E

550c,E
565c,E

name and spectral range
Rm 561_770 Ym 520_770
Gm 475_573 Cm 380_561
Bm 380_520 Mm 573_475
Go 520_570 Mo 570_520

10 optimal colours (o), YW=90, YN=3,6
8 of maximum (m) CAB for D65
in the chromaticity diagram (x, y)

D6548

54

66
76

42

41

3523

13

47
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−0,8 0,0 0,8 1,6 2,4 3,2

  0,0

−0,8
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b 2
=

−
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40
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a2=(x−0,110)/y

490

495
500
510

520540560 580 600 620640 700
495c,E

500c,E

510c,E

525c,E

550c,E

name and spectral range
Rm 561_770 Ym 520_770
Gm 475_573 Cm 380_561
Bm 380_520 Mm 573_475
Go 520_570 Mo 570_520
10 optimal colours (o), YW=90, YN=3,6
8 of maximum (m) CAB for D65
in linear chromaticity diagram (a2, b2)

Parame-
ter:  N

max: 490_770
min: 380_490

D65

Cm

RmGm

Mm

Ym

Bm

max

min

Go

Mo
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−0,8 0,0 0,8 1,6 2,4 3,2

  0,0

−0,8

−1,6

b 2
=

−
0,

40
z

/y

a2=(x−0,110)/y

490

495
500
510

520540560 580 600 620640 700
495c,E

500c,E

510c,E

525c,E

550c,E

name and spectral range
Rm 561_770 Ym 520_770
Gm 475_573 Cm 380_561
Bm 380_520 Mm 573_475
Go 520_570 Mo 570_520
10 optimal colours (o), YW=90, YN=3,6
8 of maximum (m) CAB for D65
in linear chromaticity diagram (a2, b2)

Parame-
ter:  Y

max: 490_770
min: 380_490

D65

48

4154

35

66

23

76

13

42

47
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name and spectral range
Rm 561_770 Ym 520_770
Gm 475_573 Cm 380_561
Bm 380_520 Mm 573_475
Go 520_570 Mo 570_520
10 optimal colours (o), YW=90, YN=3,6
8 of maximum (m) CAB for D65
in chromatic value diagram (A, B)

Parame-
ter:  N

max: 490_770
min: 380_490

XYZW=85.53 , 90.0 , 98.0 
A = 2,5 (a − an) Y
B = 2,5 Bc (b − bn) Y
a = a20 [(x−xc)/y]
b = b20 [z/y]
a20 = 1, b20 = −0,4
xc = 0,000, Bc = 1,000
n = D65
CAB,=[A2+B2]1/2     −50     100

A

−100
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name and spectral range
Rm 561_770 Ym 520_770
Gm 475_573 Cm 380_561
Bm 380_520 Mm 573_475
Go 520_570 Mo 570_520
10 optimal colours (o), YW=90, YN=3,6
8 of maximum (m) CAB for D65
in chromatic value diagram (A, B)

Parame-
ter:  Y

max: 490_770
min: 380_490

XYZW=85.53 , 90.0 , 98.0 
A = 2,5 (a − an) Y
B = 2,5 Bc (b − bn) Y
a = a20 [(x−xc)/y]
b = b20 [z/y]
a20 = 1, b20 = −0,4
xc = 0,000, Bc = 1,000
n = D65
CAB,=[A2+B2]1/2     −50     100

A

−100
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name and spectral range
Rm 561_770 Ym 520_770
Gm 475_573 Cm 380_561
Bm 380_520 Mm 573_475
Go 520_570 Mo 570_520
10 optimal colours (o), YW=90, YN=3,6
8 of maximum (m) CAB for D65
in chromatc value diagram (A1, B1)

Parame-
ter:  N

max: 490_770
min: 380_490

XYZW=85.53 , 90.0 , 98.0 
A1 = 2,5 (a1 − a1,n) Y
B1 = 2,5 Bc (b1 − b1,n) Y
a1 = a20 [(x−xc)/y]
b1 = b20 [z/y]
a20 = 1, b20 = −0,4
xc = 0,110, Bc = 1,000
n = D65
CAB,1=[A1

2+B1
2]1/2     −50     100

A1

−100
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name and spectral range
Rm 561_770 Ym 520_770
Gm 475_573 Cm 380_561
Bm 380_520 Mm 573_475
Go 520_570 Mo 570_520
10 optimal colours (o), YW=90, YN=3,6
8 of maximum (m) CAB for D65
in chromatic value diagram (A2, B2)

Parame-
ter:  Y

max: 490_770
min: 380_490

XYZW=85.53 , 90.0 , 98.0 
A2 = 2,5 (a2 − a2,n) Y
B2 = 2,5 Bc (b2 − b2,n) Y
a2 = a20 [(x−xc)/y]
b2 = b20 [z/y]
a20 = 1, b20 = −0,4
xc = 0,110, Bc = 0,800
n = D65
CAB,2=[A2

2+B2
2]1/2     −50     100

A2

−100
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TUB-test chart eew4; Mixture of 4 x 4 images for different applications
This is an example text "case1" for many applications; very short line not allowed

http://farbe.li.tu-berlin.de/eew4/eew4l0na.txt /.ps; only vector graphic VG; start output
see separate images of this page: http://farbe.li.tu-berlin.de/eew4/eew4.htm

see sim
ilar files of the w

hole serie: 
http://farbe.li.tu-berlin.de/eew

s.htm
technical inform

ation: http://farbe.li.tu-berlin.de or http://color.li.tu-berlin.de

T
U

B
 registration: 20230801-eew

4/eew
4l0na.txt /.ps

T
U

B
 m

aterial: code=
rha4ta

 application for evaluation and m
easurem

ent of display or print output


