
 

  

  

 
een80−7n

een80−1a
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  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru3a=0.98  mFru4c=0.98  

Fabc(xr ) + F’cb(xr )

Fabc(xr ) + F’ab(xr )

a=1,00 b=1,00 b/a=1,00 
c=1,00 b=1,00 b/c=1,00 
mR+=0,49 mG−=0,49 mY+=0,98 

range
of office
luminance

N W

een80−2a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru3a=0.98  mFru4c=1.47  

Fabc(xr ) + F’cb(xr )

Fabc(xr ) + F’ab(xr )

a=1,00 b=1,00 b/a=1,00 
c=0,66 b=1,00 b/c=1,51 
mR+=0,49 mG−=0,73 mY+=1,22 

range
of office
luminance

N W

een80−3a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru3a=0.98  mFru4c=1.39  

Fabc(xr ) + F’cb(xr )

Fabc(xr ) + F’ab(xr )

a=1,00 b=1,00 b/a=1,00 
c=0,70 b=1,00 b/c=1,42 
mR+=0,49 mG−=0,69 mY+=1,18 

range
of office
luminance

N W

een80−4a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru3a=0.98  mFru4c=1.3  

Fabc(xr ) + F’cb(xr )

Fabc(xr ) + F’ab(xr )

a=1,00 b=1,00 b/a=1,00 
c=0,75 b=1,00 b/c=1,33 
mR+=0,49 mG−=0,65 mY+=1,14 

range
of office
luminance

N W

een80−5a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru3a=0.98  mFru4c=0.74  

Fabc(xr ) + F’cb(xr )

Fabc(xr ) + F’ab(xr )

a=1,00 b=1,00 b/a=1,00 
c=1,33 b=1,00 b/c=0,75 
mR+=0,49 mG−=0,37 mY+=0,86 

range
of office
luminance

N W

een80−6a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru3a=0.98  mFru4c=0.66  

Fabc(xr ) + F’cb(xr )

Fabc(xr ) + F’ab(xr )

a=1,00 b=1,00 b/a=1,00 
c=1,50 b=1,00 b/c=0,66 
mR+=0,49 mG−=0,33 mY+=0,82 

range
of office
luminance

N W

een80−7a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru3a=1.16  mFru4c=0.85  

Fabc(xr ) + F’cb(xr )

Fabc(xr ) + F’ab(xr )

a=0,84 b=1,00 b/a=1,19 
c=1,16 b=1,00 b/c=0,86 
mR+=0,58 mG−=0,42 mY+=1,01 

range
of office
luminance

N W

een80−8a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru3a=1.16  mFru4c=0.78  

Fabc(xr ) + F’cb(xr )

Fabc(xr ) + F’ab(xr )

a=0,84 b=1,00 b/a=1,19 
c=1,27 b=1,00 b/c=0,78 
mR+=0,58 mG−=0,39 mY+=0,97 

range
of office
luminance

N W

 

 

  

  

  

 
een81−7n

een81−1a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru1a=1.48  mFru2c=1.48  

Fabc(xr ) + Fcb(xr )

Fabc(xr ) + Fab(xr )

a=1,00 b=1,00 b/a=1,00 
c=1,00 b=1,00 b/c=1,00 
mR+=0,49 mG−=0,49 mY+=0,98 

range
of office
luminance

N W

een81−2a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru1a=1.48  mFru2c=2.2  

Fabc(xr ) + Fcb(xr )

Fabc(xr ) + Fab(xr )

a=1,00 b=1,00 b/a=1,00 
c=0,66 b=1,00 b/c=1,51 
mR+=0,49 mG−=0,73 mY+=1,22 

range
of office
luminance

N W

een81−3a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru1a=1.48  mFru2c=2.08  

Fabc(xr ) + Fcb(xr )

Fabc(xr ) + Fab(xr )

a=1,00 b=1,00 b/a=1,00 
c=0,70 b=1,00 b/c=1,42 
mR+=0,49 mG−=0,69 mY+=1,18 

range
of office
luminance

N W

een81−4a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru1a=1.48  mFru2c=1.95  

Fabc(xr ) + Fcb(xr )

Fabc(xr ) + Fab(xr )

a=1,00 b=1,00 b/a=1,00 
c=0,75 b=1,00 b/c=1,33 
mR+=0,49 mG−=0,65 mY+=1,14 

range
of office
luminance

N W

een81−5a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru1a=1.48  mFru2c=1.11  

Fabc(xr ) + Fcb(xr )

Fabc(xr ) + Fab(xr )

a=1,00 b=1,00 b/a=1,00 
c=1,33 b=1,00 b/c=0,75 
mR+=0,49 mG−=0,37 mY+=0,86 

range
of office
luminance

N W

een81−6a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru1a=1.48  mFru2c=0.99  

Fabc(xr ) + Fcb(xr )

Fabc(xr ) + Fab(xr )

a=1,00 b=1,00 b/a=1,00 
c=1,50 b=1,00 b/c=0,66 
mR+=0,49 mG−=0,33 mY+=0,82 

range
of office
luminance

N W

een81−7a

−4 −3 −2 −1   0   1   2   3   4
−3

−2
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  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru1a=1.75  mFru2c=1.28  

Fabc(xr ) + Fcb(xr )

Fabc(xr ) + Fab(xr )

a=0,84 b=1,00 b/a=1,19 
c=1,16 b=1,00 b/c=0,86 
mR+=0,58 mG−=0,42 mY+=1,01 

range
of office
luminance

N W

een81−8a

−4 −3 −2 −1   0   1   2   3   4
−3

−2

−1

  0

  1

  2

  3

xr = log[L/Lu]xu=

Fabc(xr )=achromatic receptor response & calculated
Fabc(xr )=bβ   e

xr /a − e−xr /a

exr /a + e−xr /a = b β tanh[ xr /a]

Fab(xr ) = b β    exr /a

exr /a + e−xr /aFcb(xr ) = b β  − e−xr /c

exr /c + e−xr /c

Fab(xr )

Fcb(xr )

Fabc(xr ) = Fab(xr ) + Fcb(xr )

a=1,00, b=1,00 e=2,7182
c=1,00, β=1,00, examples

WN

mFru1a=1.75  mFru2c=1.17  

Fabc(xr ) + Fcb(xr )

Fabc(xr ) + Fab(xr )

a=0,84 b=1,00 b/a=1,19 
c=1,27 b=1,00 b/c=0,78 
mR+=0,58 mG−=0,39 mY+=0,97 

range
of office
luminance

N W

 

 

V

C

L

M

O

Y

Y

O

M

L

C

V

V C

L M

O Y

Y O

M L

C V

-8
-6

-8
-6

-8
-6

-8
-6

TUB-test chart een8; TUBJND model, lightness Fabc, Fabc,r, receptor responses Fab(R+), 
Fcb(G−), Fab+Fcb(Y+), 2 amplitude modulations of chromatic responses (left & right)

http://farbe.li.tu-berlin.de/een8/een8l0n1.txt /.ps; only vector graphic VG; start output
see similar files: http://farbe.li.tu-berlin.de/een8/een8.htm

see sim
ilar files of the w

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

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

T
U

B
 registration: 20230701-een8/een8l0n1.txt /.ps

T
U

B
 m

aterial: code=
rha4ta

 application for evaluation and m
easurem

ent of display or print output


