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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=

range of office
  luminance

Fab(xr )=achromatic receptor response, TUB model
Fab(xr ) = b e

xr /a − e−xr /a

exr /a + e−xr /a  = b 
p − q
p + q

p = exr /a q = e−xr /a

a=1,00, b=1,00 e=2,718282

F’ab(xr ) = 4b / [a{exr /a+e−xr /a}2]  = 4b / [a{p + q}2]

a=1,00; b=1,00
F’ab(xr )Asymptote

Fab(xr )

m
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=

range of office
  luminance

F1,ar(xr )=F1,ab(xr )/F1,ab(xu)=relative receptor response

F1,ar(xr ) = 2 exr /a

exr /a + e−xr /a  = 2 
p

p + q

xu= 0
p(xu)=q(xu)=1

p = exr /a q = e−xr /a

a=1,00, b=1,00 e=2,718282

F’1,ar(xr ) = 4 / [exr /a+e−xr /a]2 = 4 / [p + q]2

a=1,00; b=1,00
F’1,ar(xr )Asymptote

F1,ar(xr )

m
1,01

=1,97
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=

range of office
  luminance

F2,ar(xr )=F2,ab(xr )/F2,ab(xu)=relative receptor response

F2,ar(xr )=−2 exr /a

exr /a + e−xr /a =−2
q

p + q

xu= 0
p(xu)=q(xu)=1

p = exr /a q = e−xr /a

a=1,00, b=1,00 e=2,718282

F’2,ar(xr )=−4/[exr /a+e−xr /a]2 =−4/[p + q]2

a=1,00; b=1,00
F’2,ar(xr )Asymptote

F2,ar(xr )

m
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=

range of office
  luminance

Fab(xr )=achromatic receptor response, TUB model
Fab(xr ) = b 

p
p + q  + b 

  −q
p + q = b 

p  − q
p + q

p = exr /a q = e−xr /a

a=1,00, b=1,00 e=2,718282

F’ab(xr ) = 4b / [a{exr /a+e−xr /a}2]  = 4b / [a{p + q}2]

a=1,00; b=1,00
F’ab(xr )Asymptote

Fab(xr )

m
1,01

=0,98
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=
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Fabu(xr )=normalized achromatic receptor response
Fabu(xr )= exr /a − e−xr /a

exr /a + e−xr /a +1 = 
p − q
p + q +1 p = exr /a q = e−xr /a

a=1,00, b=1,00 e=2,718282

F’abu(xr ) = 4 / [a{exr /a+e−xr /a}2]  = 4 / [a{p + q}2]

a=1,00; b=1,00

F’abu(xr )Asymptote

Fabu(xr )

m
1,01

=0,98
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=
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Fabu(xr )=normalized achromatic receptor response
Fabu(xr )=

p
p + q +

−q
p + q + 1 = 

p − q
p + q  + 1 p = exr /a q = e−xr /a

a=1,00, b=1,00 e=2,718282

F’abu(xr ) = 4 / [a{exr /a+e−xr /a}2]  = 4 / [a{p + q}2]

a=1,00; b=1,00

F’abu(xr )Asymptote

Fabu(xr )

m
1,01

=0,98
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=

range of office
  luminance

Fabu(xr )=normalized achromatic receptor response
Fabu(xr ) = tanh(xr /a) + 1 = 

p − q
p + q  + 1 p = exr /a q = e−xr /a

a=1,00, b=1,00 e=2,718282

F’abu(xr ) = 4 / [a{exr /a+e−xr /a}2]  = 4 / [a{p + q}2]

a=1,00; b=1,00

F’abu(xr )Asymptote

Fabu(xr )

m
1,01

=0,98
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=
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Fabuc(xr )=normalized achromatic receptor response
Fabuc(xr )=

p
p + q+

−q
p + q +1 = 

p − q
p + q  +1 p = exr /a q = e−xr /c

a=1,00, b=1,00, c=2,00

F’abuc(xr ) = 4 / [{a exr /a+ ce−xr /c}2] = 4 / [{a p + c q}2]

a=1,00; b=1,00; c=2,00

F’abuc(xr )Asymptote

Fabuc(xr )

m
1,01

=0,74
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xr = log[L/Lu]

L u L u=28cd/m2

xu=
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Pab(Lr ,m)=Fab(xr )=achromatic receptor response

Pab(Lr , m) = b 
Lr

m − Lr
−m

Lr
m + Lr

−m  = b exr /a − e−xr /a

exr /a + e−xr /a
m=1/[a ln(10)]
a=1,00, b=1,00
Lr=L/Lu, xr=logLr

P’ab(Lr , m) = b
4

a[Lr
m+Lr

−m] 2 = b
4

a[exr /a+e−xr /a] 2
a=1,00; b=1,00
P’ab= dPab / dxr

P’1_1(Lr )Asymptote
P1_1(Lr )

m
1,01

=0,98
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=
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P1,ar(Lr ,m)=P1,ab(Lr ,m)/P1,ab(Lu,m)=relative response

P1,ar(Lr ,m) = 2
Lr

m − Lr
−m

Lr
m + Lr

−m  = 2 
p

p + q

Lu= 0
p(Lu)=q(Lu)=1

p = Lr
m q = Lr

−m

a=1,00, b=1,00 e=2,718282

P’1,ar(Lr ,m) = 4 / [Lr
m + Lr

−m]2 = 4 / [p + q]2

a=1,00; b=1,00
P’1,ar(xr )Asymptote

P1,ar(xr )

m
1,01

=1,97
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=

range of office
  luminance

P2,ar(Lr ,m)=P2,ab(Lr ,m)/P2,ab(Lu,m)=relative response

P2,ar(Lr ,m)=−2
Lr

m − Lr
−m

Lr
m + Lr

−m =−2
q

p + q

Lu= 0
p(Lu)=q(Lu)=1

p = Lr
m q = Lr

−m

a=1,00, b=1,00 e=2,718282

P’2,ar(Lr ,m) = −4 / [Lr
m + Lr

−m]2    = −4 / [p + q]2

a=1,00; b=1,00
P’2,ar(xr )Asymptote

P2,ar(xr )

m
1,01

=−0,98

N
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=

range of office
  luminance

Pab(Lr ,m)=Fab(xr )=achromatic receptor response

Pab(Lr , m)=b
p

p + q  + b 
  −q
p + q = b 

p  − q
p + q

p = Lr
m q = Lr

−m

a=1,00, b=1,00 e=2,718282

P’ab(Lr ,m) = 4 / [Lr
m + Lr

−m]2  = 4 / [p + q]2

a=1,00; b=1,00
P’ab(xr )Asymptote

Pab(xr )

m
1,01

=0,98
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=

range of office
  luminance

Pabu(Lr ,m)=normalized achromatic receptor response

Pabu(Lr ,m) = b 
Lr

m − Lr
−m

Lr
m + Lr

−m +1 = 
p − q
p + q +1

Lu= 0
p(Lu)=q(Lu)=1

p = Lr
m q = Lr

−m

a=1,00, b=1,00 e=2,718282

P’abu(Lr ,m) = 4 / [Lr
m + Lr

−m]2 = 4 / [p + q]2

a=1,00; b=1,00

P’abu(xr )Asymptote

Pabu(xr )

m
1,01

=0,98
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=

range of office
  luminance

Pabu(Lr ,m)=normalized achromatic receptor response

Pabu(xr )=
p

p + q +
−q
p + q + 1 = 

p − q
p + q  + 1

Lu= 0
p(Lu)=q(Lu)=1

p = Lr
m q = Lr

−m

a=1,00, b=1,00 e=2,718282

P’abu(Lr ,m) = 4 / [Lr
m + Lr

−m]2 = 4 / [p + q]2

a=1,00; b=1,00

P’abu(xr )Asymptote

Pabu(xr )

m
1,01

=0,98
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=
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  luminance

Pabu(Lr ,m)=normalized achromatic receptor response

Pabuc(xr )=
p

p + q+
−q
p + q +1 = 

p − q
p + q  +1

Lu= 0
p(Lu)=q(Lu)=1

m(a)=1/[a ln(10)]
m(c)=1/[c ln(10)]

p = Lr
m(a)q = Lr

−m(c)

a=1,00, b=1,00, c=a

P’abuc(Lr ,m)=4 / [Lr
m(a)+Lr

−m(c)]2 = 4 / [p + q]2

a=1,00; b=1,00

P’abu(xr )Asymptote

Pabu(xr )

m
1,01

=0,98
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xr = log[L/Lu]

L u
L u=28cd/m2

L

xu=
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Pabuc(Lr ,m)=normalized achromatic receptor response

Pabuc(xr )=
p

p + q+
−q
p + q +1 = 

p − q
p + q  +1

Lu= 0
p(Lu)=q(Lu)=1

m(a)=1/[a ln(10)]
m(c)=1/[c ln(10)]

p = Lr
m(a)q = Lr

−m(c)

a=1,00, b=1,00, c=2,00

P’abuc(Lr ,m)=4 / [Lr
m(a)+Lr

−m(c)]2 = 4 / [p + q]2

a=1,00; b=1,00; c=2,00

P’abuc(xr )Asymptote

Pabuc(xr )

m
1,01

=0,74
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TUB-test chart her1; Model of normalized response functions Fab(xr), and Pab(Lr,m) = Pab(xr)
Mathematical calculation of the derivations F’ab(xr), and P’ab(Lr,m), Lr=L/Lu, xr= logLr, m=aln10
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