
 

 
heo90−3n

heo90−1a
−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

1 334

0,006
0,301
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)Yu=22

mnu = n = 0,310

mu = 0,498

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 =44,4) [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

ϕ=120’
Law=300cd/m2

heo90−2a
−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

−0,462

0,008
0,230
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)Yu=37

mnu = n = 0,310

mu = 0,595

L* =s(Y/Yn)n−d (Yn=100,Yu=37,s=134,6, n=0,31, d=49,5)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =29,5) [1b]

L*/L* u=g(Y/Yu)n−h (g=r/(r−d)=2,67, h=d/(r−d)=1,67) [1c]
log [(L*/L* u+h) / g ] = n log (Y/Yu) = 0,31log(Y/37) [1d]
ln [(L*/L* u + h) / g] = nln(10) log(Y/Yu) = 0,71log (Y/37) [1e]
(L*/L* u + h) / g ] = en ln(10) log (Y/Yu) = e0,71 log (Y/37) [1f]

application
range

ϕ=120’
Law=1000cd/m2

heo90−3a
−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

0,008
0,317
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)Yu=19

mnu = n = 0,310

mu = 0,471

L* =s(Y/Yn)n−d (Yn=100,Yu=19,s=134,6, n=0,31, d=30,7)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =48,3) [1b]

L*/L* u=g(Y/Yu)n−h (g=r/(r−d)=1,63, h=d/(r−d)=0,63) [1c]
log [(L*/L* u+h) / g ] = n log (Y/Yu) = 0,31log(Y/19) [1d]
ln [(L*/L* u + h) / g] = nln(10) log(Y/Yu) = 0,71log (Y/19) [1e]
(L*/L* u + h) / g ] = en ln(10) log (Y/Yu) = e0,71 log (Y/19) [1f]

application
range

ϕ=120’
Law=200cd/m2

heo90−4a
−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

−0,585

0,018
0,362
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)Yu=11

mnu = n = 0,310

mu = 0,391

L* =s(Y/Yn)n−d (Yn=100,Yu=11,s=134,6, n=0,31, d=19,2)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =59,8) [1b]

L*/L* u=g(Y/Yu)n−h (g=r/(r−d)=1,32, h=d/(r−d)=0,32) [1c]
log [(L*/L* u+h) / g ] = n log (Y/Yu) = 0,31log(Y/11) [1d]
ln [(L*/L* u + h) / g] = nln(10) log(Y/Yu) = 0,71log (Y/11) [1e]
(L*/L* u + h) / g ] = en ln(10) log (Y/Yu) = e0,71 log (Y/11) [1f]

application
range

ϕ=120’
Law=40cd/m2

 

  

 
heo90−7n

heo90−5a
−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

−0,931

0,008

0,448
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)

Yu=22

mnu = 1−n = 0,690

mu = 0,659

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 =44,4) [1b]

dY = [Yn/ ( n s )] (Y / Yn)1−n [2c]
dYu = [Yn/ ( n s )] (Yu / Yn)1−n = 1,4083 [2d]
dY / dYu = (Y / Yu)1−n [2e]
log(dY / dYu) = (1−n) log(Y / Yu) [2f]

application
range

ϕ=120’
Law=300cd/m2

heo90−6a
−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

−1,088

0,009
0,291
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)Yu=37

mnu = 1−n = 0,690

mu = 0,672

L* =s(Y/Yn)n−d (Yn=100,Yu=37,s=134,6, n=0,31, d=49,5)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =29,5) [1b]

dY = [Yn/ ( n s )] (Y / Yn)1−n [2c]
dYu = [Yn/ ( n s )] (Yu / Yn)1−n = 1,4083 [2d]
dY / dYu = (Y / Yu)1−n [2e]
log(dY / dYu) = (1−n) log(Y / Yu) [2f]

application
range

ϕ=120’
Law=1000cd/m2

heo90−7a
−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

−0,885

0,012

0,494
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)

Yu=19

mnu = 1−n = 0,690

mu = 0,655

L* =s(Y/Yn)n−d (Yn=100,Yu=19,s=134,6, n=0,31, d=30,7)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =48,3) [1b]

dY = [Yn/ ( n s )] (Y / Yn)1−n [2c]
dYu = [Yn/ ( n s )] (Yu / Yn)1−n = 1,4083 [2d]
dY / dYu = (Y / Yu)1−n [2e]
log(dY / dYu) = (1−n) log(Y / Yu) [2f]

application
range

ϕ=120’
Law=200cd/m2

heo90−8a
−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

−0,738

0,030

0,641
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)

Yu=11

mnu = 1−n = 0,690

mu = 0,636

L* =s(Y/Yn)n−d (Yn=100,Yu=11,s=134,6, n=0,31, d=19,2)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =59,8) [1b]

dY = [Yn/ ( n s )] (Y / Yn)1−n [2c]
dYu = [Yn/ ( n s )] (Yu / Yn)1−n = 1,4083 [2d]
dY / dYu = (Y / Yu)1−n [2e]
log(dY / dYu) = (1−n) log(Y / Yu) [2f]

application
range

ϕ=120’
Law=40cd/m2

 

 

  

 
heo91−3n

heo91−1a
−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

0,418

−0,003
−0,201
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)

Yu=22

mnu = −n = −0,310

mu = −0,296

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 =44,4) [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

ϕ=120’
Law=300cd/m2

heo91−2a
−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

0,488

−0,004−0,131
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)

Yu=37

mnu = −n = −0,310

mu = −0,302

L* =s(Y/Yn)n−d (Yn=100,Yu=37,s=134,6, n=0,31, d=49,5)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =29,5) [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

ϕ=120’
Law=1000cd/m2

heo91−3a
−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

0,397

−0,005
−0,222
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)

Yu=19

mnu = −n = −0,310

mu = −0,294

L* =s(Y/Yn)n−d (Yn=100,Yu=19,s=134,6, n=0,31, d=30,7)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =48,3) [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

ϕ=120’
Law=200cd/m2

heo91−4a
−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 sensitivity
normalized to (∆Y/Y)uSr /Sru=(∆Y/Y)/(∆Y/Y)u

0,331
−0,013

−0,288
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)

Yu=11

mnu = −n = −0,310

mu = −0,286

L* =s(Y/Yn)n−d (Yn=100,Yu=11,s=134,6, n=0,31, d=19,2)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =59,8) [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

ϕ=120’
Law=40cd/m2

 

  

 
heo91−7n

heo91−5a
−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

−0,418

0,003
0,201
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)Yu=22

mnu = n = 0,310

mu = 0,296

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 =44,4) [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

ϕ=120’
Law=300cd/m2

heo91−6a
−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

−0,488

0,0040,131
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)

Yu=37

mnu = n = 0,310

mu = 0,302

L* =s(Y/Yn)n−d (Yn=100,Yu=37,s=134,6, n=0,31, d=49,5)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =29,5) [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

ϕ=120’
Law=1000cd/m2

heo91−7a
−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)] HAULAB -Y contrast
normalized to (Y/∆Y)uCr /Cru=(Y/∆Y)/(Y/∆Y)u

−0,397

0,005
0,222
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)Yu=19

mnu = n = 0,310

mu = 0,294

L* =s(Y/Yn)n−d (Yn=100,Yu=19,s=134,6, n=0,31, d=30,7)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =48,3) [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

ϕ=120’
Law=200cd/m2

heo91−8a
−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)] HAULAB -Y contrast
normalized to (Y/∆Y)uCr /Cru=(Y/∆Y)/(Y/∆Y)u

−0,331
0,013

0,288
L* TUB/L* TUB,u

=(Y/Y)u
1/ln (10)Yu=11

mnu = n = 0,310

mu = 0,286

L* =s(Y/Yn)n−d (Yn=100,Yu=11,s=134,6, n=0,31, d=19,2)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)

n=79,10, L*u= r−d =59,8) [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

ϕ=120’
Law=40cd/m2
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TUB-test chart heo9; HAULAB, adaptation W Lwu=300, 1000, 200, 40, Haubner (1980) & equations
log[lightness L*, threshold ∆Y, sensitivity ∆Y / Y, contrast Y / ∆Y, normalized for grey U]

http://farbe.li.tu-berlin.de/heo9/heo9l0n1.txt /.ps; only vector graphic VG; start output
see separate images of this page: http://farbe.li.tu-berlin.de/heo9/heo9.htm

see sim
ilar files of the w

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

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

T
U

B
 registration: 20241201-heo9/heo9l0n1.txt /.ps

T
U

B
 m

aterial: code=
rha4ta

 application for evaluation and m
easurem

ent of display or print output


