
 

 
hep90−3n

hep90−1a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log (L* 80/L* 80,u) HAULAB lightness L* 80 normalized
to the background lightness L* 80,uL*/L* 80,u

−0,964

0,301mnu = n = 0,310

mu = 0,544

L* =s(Y/Yn)n−d (Yn=100,Yu=22,s=134,6, n=0,31, d=34,6)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =44,5) [1b]

L*/L* u=g(Y/Yu)n−h (g=r/(r−d)=1,77, h=d/(r−d)=0,77) [1c]
log [(L*/L* u+h) / g ] = n log (Y/Yu) = 0,31log(Y/22) [1d]
ln [(L*/L* u + h) / g] = nln(10) log(Y/Yu) = 0,71log (Y/22) [1e]
(L*/L* u + h) / g ] = en ln(10) log (Y/Yu) = e0,71 log (Y/22) [1f]

application
range

hep90−2a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log (∆Y/∆Yu) HAULAB tristimulus value difference
∆Y normalized to ∆Yu∆Y/∆Yu

−0,723

0,448
mnu = 1−n = 0,690

mu = 0,689

L* =s(Y/Yn)n−d (Yn=100,Yu=22,s=134,6, n=0,31, d=34,6)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =44,5) [1b]

dY = [Yn/ ( n s )] (Y / Yn)1−n [2c]
dYu = [Yn/ ( n s )] (Yu / Yn)1−n = 1,4084 [2d]
dY / dYu = (Y / Yu)1−n [2e]
log(dY / dYu) = (1−n) log(Y / Yu) [2f]

application
range

hep90−3a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log [(∆Y/Y) / (∆Y/Y)u] HAULAB -Y sensitivity
normalized to (∆Y/Y)uSr /Sru=(∆Y/Y)/(∆Y/Y)u

0,325

−0,201

mnu = −n = −0,310

mu = −0,310

L* =s(Y/Yn)n−d (Yn=100,Yu=22,s=134,6, n=0,31, d=34,6)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =44,5) [1b]

dY / Y = [ (Yn/ ( n s ) ] (Y / Yn)1−n / Y [3c]
(dY / Y)u = [ (Yn/ ( n s ) ] (Yu / Yn)1−n / Yu [3d]
(dY / Y) / (dY / Y)u = (Y / Yu)−n [3e]
log [(dY / Y) / (dY / Y)u] = (−n) log(Y / Yu) [3f]

application
range

hep90−4a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log[(Y/∆Y) / (Y/∆Y)u)] HAULAB -Y contrast
normalized to (Y/∆Y)uCr /Cru=(Y/∆Y)/(Y/∆Y)u

−0,325

0,201mnu = n = 0,310

mu = 0,310

L* =s(Y/Yn)n−d (Yn=100,Yu=22,s=134,6, n=0,31, d=34,6)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =44,5) [1b]

Y / dY = Y / { [ (Yn/ ( n s ) ] (Y / Yn)1−n } [4c]
(Y / Y)u = Yu / { [ (Yn/ ( n s ) ] (Yu / Yn)1−n } [4d]
(Y / dY) / (Y / dY)u = (Y / Yu)n [4e]
log [(Y / dY) / (Y / dY)u] = (n) log(Y / Yu) [4f]

application
range

 

  

 
hep90−7n

hep90−5a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log (L*/L* u) TUBsRGB lightness L*  normalized
to the background lightness L* uL*/L* u

−0,567

0,301mnu = n = 0,434

mu = 0,434

L* =s(Y/Yn)n−d (Yn=100,Yu=20,s=100,0, n=1/ln(10), d=0,0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=47,48, L*u= r−d =47,4) [1b]

L*/L* u=(Y/Yu)1/ln(10) (ln(x)=ln(10) log(x)) [1c]
log(L*/L* u)=(1/ln(10)) log(Y/Yu) [1d]
ln(L*/L* u)=log(Y/Yu) [1e]

L*/L* u= elog(Y/Yu) [1f]

application
range

hep90−6a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log (∆Y/∆Yu) TUBsRGB tristimulus value difference
∆Y normalized to ∆Yu∆Y/∆Yu

−0,739

0,391
mnu = 1−n = 0,565

mu = 0,565

L* =s(Y/Yn)n−d (Yn=100,Yu=20,s=100,0, n=1/ln(10), d=0,0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=47,48, L*u= r−d =47,4) [1b]

dY = [Yn/ ( n s )] (Y / Yn)1−n [2c]
dYu = [Yn/ ( n s )] (Yu / Yn)1−n = 1,0934 [2d]
dY / dYu = (Y / Yu)1−n [2e]
log(dY / dYu) = (1−n) log(Y / Yu) [2f]

application
range

hep90−7a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log [(∆Y/Y) / (∆Y/Y)u] TUBsRGB-Y sensitivity
normalized to (∆Y/Y)uSr /Sru=(∆Y/Y)/(∆Y/Y)u

0,567

−0,300

mnu = −n = −0,434

mu = −0,434

L* =s(Y/Yn)n−d (Yn=100,Yu=20,s=100,0, n=1/ln(10), d=0,0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=47,48, L*u= r−d =47,4) [1b]

dY / Y = [ (Yn/ ( n s ) ] (Y / Yn)1−n / Y [3c]
(dY / Y)u = [ (Yn/ ( n s ) ] (Yu / Yn)1−n / Yu [3d]
(dY / Y) / (dY / Y)u = (Y / Yu)−n [3e]
log [(dY / Y) / (dY / Y)u] = (−n) log(Y / Yu) [3f]

application
range

hep90−8a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log[(Y/∆Y) / (Y/∆Y)u)] TUBsRGB-Y contrast
normalized to (Y/∆Y)uCr /Cru=(Y/∆Y)/(Y/∆Y)u

−0,567

0,300mnu = n = 0,434

mu = 0,434

L* =s(Y/Yn)n−d (Yn=100,Yu=20,s=100,0, n=1/ln(10), d=0,0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=47,48, L*u= r−d =47,4) [1b]

Y / dY = Y / { [ (Yn/ ( n s ) ] (Y / Yn)1−n } [4c]
(Y / Y)u = Yu / { [ (Yn/ ( n s ) ] (Yu / Yn)1−n } [4d]
(Y / dY) / (Y / dY)u = (Y / Yu)n [4e]
log [(Y / dY) / (Y / dY)u] = (n) log(Y / Yu) [4f]

application
range

 

 

  

 
hep91−3n

hep91−1a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

L* 80/L* 80,u HAULAB lightness L* 80 normalized
to the background lightness L* 80,uL*/L* 80,u

0,108

2,000

mu90_4 = 0,937, f90=95, f4=15

mu = 1,313

L* =s(Y/Yn)n−d (Yn=100,Yu=22,s=134,6, n=0,31, d=34,6)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =44,5) [1b]

L*/L* u=g(Y/Yu)n−h (g=r/(r−d)=1,77, h=d/(r−d)=0,77) [1c]

application
range

hep91−2a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

∆Y/∆Yu HAULAB tristimulus value difference
∆Y normalized to ∆Yu∆Y/∆Yu

0,189

2,811

mu90_4 = 0,022, f90=2, f4=0

mu = 0,027

L* =s(Y/Yn)n−d (Yn=100,Yu=22,s=134,6, n=0,31, d=34,6)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =44,5) [1b]

dY = [Yn/ ( n s )] (Y / Yn)1−n [2c]
dYu = [Yn/ ( n s )] (Yu / Yn)1−n = 1,4084 [2d]
dY / dYu = (Y / Yu)1−n [2e]

application
range

hep91−3a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

(∆Y/Y) / (∆Y/Y)u HAULAB -Y sensitivity
normalized to (∆Y/Y)uSr /Sru=(∆Y/Y)/(∆Y/Y)u

2,113

0,628
mu90_4 = −0,000, f90=0, f4=0

mu = −0,000

L* =s(Y/Yn)n−d (Yn=100,Yu=22,s=134,6, n=0,31, d=34,6)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =44,5) [1b]

dY / Y = [ (Yn/ ( n s ) ] (Y / Yn)1−n / Y [3c]
(dY / Y)u = [ (Yn/ ( n s ) ] (Yu / Yn)1−n / Yu [3d]
(dY / Y) / (dY / Y)u = (Y / Yu)−n [3e]

application
range

hep91−4a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

(Y/∆Y) / (Y/∆Y)u HAULAB -Y contrast
normalized to (Y/∆Y)uCr /Cru=(Y/∆Y)/(Y/∆Y)u

0,473

1,591

mu90_4 = 0,290, f90=40, f4=15

mu = 0,407

L* =s(Y/Yn)n−d (Yn=100,Yu=22,s=134,6, n=0,31, d=34,6)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =44,5) [1b]

Y / dY = Y / { [ (Yn/ ( n s ) ] (Y / Yn)1−n } [4c]
(Y / Y)u = Yu / { [ (Yn/ ( n s ) ] (Yu / Yn)1−n } [4d]
(Y / dY) / (Y / dY)u = (Y / Yu)n [4e]

application
range

 

  

 
hep91−7n

hep91−5a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

L*/L* u TUBsRGB lightness L*  normalized
to the background lightness L* uL*/L* u

0,270

2,000

mu90_4 = 0,823, f90=95, f4=24

mu = 1,111

L* =s(Y/Yn)n−d (Yn=100,Yu=20,s=100,0, n=1/ln(10), d=0,0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=47,48, L*u= r−d =47,4) [1b]

L*/L* u=(Y/Yu)1/ln(10) (ln(x)=ln(10) log(x)) [1c]

application
range

hep91−6a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

∆Y/∆Yu TUBsRGB tristimulus value difference
∆Y normalized to ∆Yu∆Y/∆Yu

0,182

2,464

mu90_4 = 0,020, f90=2, f4=0

mu = 0,026

L* =s(Y/Yn)n−d (Yn=100,Yu=20,s=100,0, n=1/ln(10), d=0,0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=47,48, L*u= r−d =47,4) [1b]

dY = [Yn/ ( n s )] (Y / Yn)1−n [2c]
dYu = [Yn/ ( n s )] (Yu / Yn)1−n = 1,0934 [2d]
dY / dYu = (Y / Yu)1−n [2e]

application
range

hep91−7a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

(∆Y/Y) / (∆Y/Y)u TUBsRGB-Y sensitivity
normalized to (∆Y/Y)uSr /Sru=(∆Y/Y)/(∆Y/Y)u

3,697

0,500

mu90_4 = −0,000, f90=0, f4=0

mu = −0,001

L* =s(Y/Yn)n−d (Yn=100,Yu=20,s=100,0, n=1/ln(10), d=0,0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=47,48, L*u= r−d =47,4) [1b]

dY / Y = [ (Yn/ ( n s ) ] (Y / Yn)1−n / Y [3c]
(dY / Y)u = [ (Yn/ ( n s ) ] (Yu / Yn)1−n / Yu [3d]
(dY / Y) / (dY / Y)u = (Y / Yu)−n [3e]

application
range

hep91−8a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

(Y/∆Y) / (Y/∆Y)u TUBsRGB-Y contrast
normalized to (Y/∆Y)uCr /Cru=(Y/∆Y)/(Y/∆Y)u

0,270

1,998

mu90_4 = 0,358, f90=41, f4=10

mu = 0,483

L* =s(Y/Yn)n−d (Yn=100,Yu=20,s=100,0, n=1/ln(10), d=0,0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=47,48, L*u= r−d =47,4) [1b]

Y / dY = Y / { [ (Yn/ ( n s ) ] (Y / Yn)1−n } [4c]
(Y / Y)u = Yu / { [ (Yn/ ( n s ) ] (Yu / Yn)1−n } [4d]
(Y / dY) / (Y / dY)u = (Y / Yu)n [4e]

application
range
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TUB-test chart hep9; HAULAB & TUBsRGB colour-difference, Haubner (1980) & TUBsRGB 2025
log & lin[lightness L*, threshold ∆Y, sensitivity ∆Y / Y, contrast Y / ∆Y, normalized for grey U]

http://farbe.li.tu-berlin.de/hep9/hep9l0np.pdf /.ps; only vector graphic VG; start output
see separate images of this page: http://farbe.li.tu-berlin.de/hep9/hep9.htm
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