
 

 
het20−3n

het20−1a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

log (L* 85,/L* 85,u) LABJND lightness L* 85 normalized
to the background lightness L* 85,uL*/L* 85,2,u

−0,825

0,257
0,417

mnu = n = 1,000

mu = 0,430

L*/L* u= (t/a) { ln ( 1 + a·Y) − ln ( 1 + a·Yu) } [1a]
L*/L* u= (t/a) { ln [ 1 + b·(Y/Yu)] − ln ( 1 + b) } [1b]
a=0,3411 t=88,23 t/a=258,6 b=6,141 [1c]

application
range

het20−2a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y −1

   0 1

   1 10

   2 100

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

−0,726

0,691

1,380

mnu = 1−n = 0,000

mu = 0,866

L*/L* u= (t/a) { ln ( 1 + a·Y) − ln ( 1 + a·Yu) } [1a]
L*/L* u= (t/a) { ln [ 1 + b·(Y/Yu)] − ln ( 1 + b) } [1b]
normalized tristimulus value Y difference
dY/dYu = (1 + a·Y ) / ( 1 + a·Yu) [3d]

application
range

het20−3a
−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] LABJND -Y sensitivity
normalized to (∆Y/Y)uSr /Sru=(∆Y/Y)/(∆Y/Y)u

0,528

−0,052−0,062
mnu = −n = −1,000

mu = −0,133

L*/L* u= (t/a) { ln ( 1 + a·Y) − ln ( 1 + a·Yu) } [1a]
L*/L* u= (t/a) { ln [ 1 + b·(Y/Yu)] − ln ( 1 + b) } [1b]

tristimulus value Y sensitivity(dY/Y) / (dY/Y)u
 = [ ( 1 + a·Y) / Y ] / [ ( 1 + a·Yu) / Yu ] [3f]

application
range

het20−4a
−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)] LABJND -Y contrast
normalized to (Y/∆Y)uCr /Cru=(Y/∆Y)/(Y/∆Y)u

−0,528

0,052 0,062
mnu = n = 1,000

mu = 0,133

L*/L* u= (t/a) { ln ( 1 + a·Y) − ln ( 1 + a·Yu) } [1a]
L*/L* u= (t/a) { ln [ 1 + b·(Y/Yu)] − ln ( 1 + b) } [1b]

tristimulus value Y contrast(Y/dY) / (Y/dY)u
 = [ Y / ( 1 + a·Y) ] / [ Yu / ( 1 + a·Yu) ] [4h]

application
range

 

  

 
het20−7n

het20−5a
−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

0,301
0,604

mnu = n = 0,434

mu = 0,434

L* =s (Y/Yn)n−d (Yn=100, Yu=18, s=100, n=1/ln(10), d=0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)n=47,48, L* u= r − d) [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

het20−6a
−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

0,392

0,787

mnu = 1−n = 0,565

mu = 0,565

L* =s (Y/Yn)n−d (Yn=100, Yu=18, s=100, n=1/ln(10), d=0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)n=47,48, L* u= r − d) [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

het20−7a
−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

0,568

−0,300
−0,603

mnu = −n = −0,434

mu = −0,434

L* =s (Y/Yn)n−d (Yn=100, Yu=18, s=100, n=1/ln(10), d=0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)n=47,48, L* u= r − d) [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

het20−8a
−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

−0,568

0,300
0,603

mnu = n = 0,434

mu = 0,434

L* =s (Y/Yn)n−d (Yn=100, Yu=18, s=100, n=1/ln(10), d=0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)n=47,48, L* u= r − d) [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

 

 

  

 
het21−3n

het21−1a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

L* 85,/L* 85,u LABJND lightness L* 85 normalized
to the background lightness L* 85,uL*/L* 85,2,u

0,149

1,810

2,617

mu90_4 = 7,806, f90=893, f4=222

mu = 11,800

L*/L* u= (t/a) { ln ( 1 + a·Y) − ln ( 1 + a·Yu) } [1a]
L*/L* u= (t/a) { ln [ 1 + b·(Y/Yu)] − ln ( 1 + b) } [1b]
a=0,3411 t=88,23 t/a=258,6 b=6,141 [1c]

application
range

het21−2a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

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

0,187

4,917

mu90_4 = 0,003, f90=0, f4=0

mu = 0,003

L*/L* u= (t/a) { ln ( 1 + a·Y) − ln ( 1 + a·Yu) } [1a]
L*/L* u= (t/a) { ln [ 1 + b·(Y/Yu)] − ln ( 1 + b) } [1b]
normalized tristimulus value Y difference
dY/dYu = (1 + a·Y ) / ( 1 + a·Yu) [3d]

application
range

het21−3a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 2

 4

 6

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

3,380

0,885 0,865
mu90_4 = −0,000, f90=0, f4=0

mu = −0,000

L*/L* u= (t/a) { ln ( 1 + a·Y) − ln ( 1 + a·Yu) } [1a]
L*/L* u= (t/a) { ln [ 1 + b·(Y/Yu)] − ln ( 1 + b) } [1b]

tristimulus value Y sensitivity(dY/Y) / (dY/Y)u
 = [ ( 1 + a·Y) / Y ] / [ ( 1 + a·Yu) / Yu ] [3f]

application
range

het21−4a
−2 −1

0,1

  0

  1

  1

 10

  2

100Yu=18

logY
Y 0

 1

 2

 3

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

0,295

1,129 1,156mu90_4 = 1,176, f90=250, f4=149

mu = 1,579

L*/L* u= (t/a) { ln ( 1 + a·Y) − ln ( 1 + a·Yu) } [1a]
L*/L* u= (t/a) { ln [ 1 + b·(Y/Yu)] − ln ( 1 + b) } [1b]

tristimulus value Y contrast(Y/dY) / (Y/dY)u
 = [ Y / ( 1 + a·Y) ] / [ Yu / ( 1 + a·Yu) ] [4h]

application
range

 

  

 
het21−7n

het21−5a
−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=18, s=100, n=1/ln(10), d=0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)n=47,48, L* u= r − d) [1b]

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

application
range

het21−6a
−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

2,466

6,131

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

mu = 0,026

L* =s (Y/Yn)n−d (Yn=100, Yu=18, s=100, n=1/ln(10), d=0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)n=47,48, L* u= r − d) [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

het21−7a
−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

3,701

0,500 0,249

mu90_4 = −0,000, f90=0, f4=0

mu = −0,001

L* =s (Y/Yn)n−d (Yn=100, Yu=18, s=100, n=1/ln(10), d=0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)n=47,48, L* u= r − d) [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

het21−8a
−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

1,996

mu90_4 = 0,357, f90=41, f4=10

mu = 0,482

L* =s (Y/Yn)n−d (Yn=100, Yu=18, s=100, n=1/ln(10), d=0)[1a]
L* =r (Y/Yu)n−d (r = s (Yu/Yn)n=47,48, L* u= r − d) [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 het2; LABJND & TUBsRGB colour-difference, CIE 230:2019 & TUBsRGB 2025
log & lin[lightness L*, threshold ∆Y, sensitivity ∆Y / Y, contrast Y / ∆Y, normalized for grey U]
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