
 

 
eeg10−3n eej10−7n

NW-achromatic, and RG- and YB-chromatic thresholds as function of Y
experiments and data: BAM-research report no. 115 (1985), page 72, see
log[∆Y, ∆a·Y, ∆b·Y] https:/nbn-resolving.org/urn:nbn:de:kobv:b43-3350

tristimulus Value threshold ∆Y, see LABJND in TR CIE 230:219

∆b·Y YB-direction
RG-chromaticity threshold  ∆a·Y

∆a·Y RG-direction
YB-chromaticity threshold  ∆b·Y

∆Y NW-direction

∆a = x1 / y1 − x2 / y2
∆b = z1 / y1 − z2 / y2

∆Y=Y2−Y1

Y1 Y2

Yu=18
Yw=90

office-application range
according to ISO 9241-306

∆YW

∆Yu

∆YN

∆YN1

YW=90

Yu=18YN=3,6YN1=0,9

∆Y = s + c Y = 0,017 + 0,0058 Y

∆Y / ∆Yu = (1 + 6,14 Y/Yu) / (1 + 6,14)
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Colour-difference formula LABJND 1985 for near achromatic colours

∆E
*
JND = ∆E

*
85 = A0 [ (∆ Y)

2
+(A3 ∆ a.Y)

2
+(A4 ∆ b.Y)

2
]
1/2

/(A1 + A2
.Y) [1]

a  = x / y     b = − 0,4 z / y [2]

Y  = ( Y1 + Y2 ) / 2       ∆ Y = Y1 − Y2       ∆ a = a1 − a2       ∆ b = b1 − b2 [3]

A1 = 0,0170      A2 = 0,0058 [4]

A3 = 1,0      A4 = 1,8     A0 = 1,5    background D65 [5]

A3 = 1,0      A4 = 1,7     A0 = 1,0    background A [6]

Just noticeable difference (JND) in three colour directions and line elements

A0
. ∆Y  = (A1 + A2

. Y ) in luminance direction WN [1a]

A0
. ∆a . A3

.Y  = (A1 + A2
. Y ) in chromaticity direction RG [2a]

A0
. ∆b . A4

.Y  = (A1 + A2
. Y ) in chromaticity direction YB [3a]

dE*85,L=
__δ
δYL*85=__δ

δY[(A0 / A2) .ln ( A1+A2
.Y )] = A0

. dY/( A1+A2
.Y) [4a]

dE*85,a=
__δ
δaa*85 =__δ

δa [(A0
. A3

.Y. a)/( A1+A2
.Y )]= A0

. da. A3
.Y/( A1+A2

.Y) [5a]

dE*85,b=
__δ
δbb*85 =__δ

δb [(A0
. A4

.Y. b)/( A1+A2
.Y )]= A0

. db. A4
.Y/( A1+A2

.Y) [6a]
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Colour-difference formula LABJND 1985 (JND=just noticeable difference)

∆E
*
JND = ∆E

*
85 = A0 [ (∆ Y)

2
+(A3 ∆ a" .Y)

2
+(A4 ∆ b" .Y)

2
]
1/2

/(A1+A2
.Y) [1]

a  = x / y     an = xn / yn     b = − 0,4 z / y     bn = − 0,4 zn / yn [2]

a"  = an + ( a − an) / ( 1 + 0,5 a − an ) [3]

b"  = bn + ( b − bn) / ( 1 + 0,5 b − bn ) [4]
n = D65 or  A (background)

Y  = ( Y1 + Y2 ) / 2       ∆ Y = Y1 − Y2       ∆ a" = a"1 − a"2       ∆ b" = b"1 − b"2 [5]

A1 = 0,0170      A2 = 0,0058 [6]

A3 = 1,0      A4 = 1,8     A0 = 1,5    background D65 [7]

A3 = 1,0      A4 = 1,7     A0 = 1,0    background A [8]

Just noticeable difference (JND) in four colour directions

∆Y  = const (A1 + A2
.Y ) / A0 in luminance direction WN [1a]

∆a" .Y = const (A1 + A2
.Y ) / (A0

.  A3) in chromaticity direction RG [2a]

∆b" .Y = const (A1 + A2
.Y ) / (A0

.  A4) in chromaticity direction YB [3a]

∆cab" .Y = const (A1+A2
.Y )/(A0

. [A3
2
+A4

2
]
1/2

) in chromaticity direction cab [4a]  
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Colour-difference formula TUBJND 2023 (JND=just noticeable difference)

∆E
*
JND = ∆E

*
22 = A0 [ (∆ Yr)

2
+(A3 ∆ a.Yrc)

2
+(A4 ∆ b.Yrc)

2
]
1/2

/(A1+A2
.Yr) [1]

a =(x−xc) / y,  an =(xn−xc) / yn,  b =−0,4Bcz / y,  bn =−0,4Bczn / yn,  xc=0,11[2]

cab = [(a−an
2
) + (b−bn

2
)]

1/2
,   Yr = Y / Yu,  Yu = 18: tristimulus value of grey[3]

Yrc = Yr − (cab / cab,O)(Yr − Yr,O) cab,O,  Yr,O: Ostwald  chromaticity and Yr[4]

Yr  = ( Yr1 + Yr2 ) / 2       ∆ Yr = Yr1 − Yr2  Yr: relative tristimulus value [5]

A1 = 0,0170.Yu      A2 = 0,0058.Yu  Bc=0,8 (D65), 1 (D50), 2,5 (A)[6]

A3 = 1,0.Yu    A4 = 1,8.Yu    A0 = 1,5.Yu  background D65 [7]

A3 = 1,0.Yu    A4 = 1,7.Yu    A0 = 1,0.Yu  background A [8]

Just noticeable difference (JND) in four colour directions

∆Yr  = const (A1 + A2
.Yr ) / A0 in luminance direction WN [1a]

∆a .Yrc = const (A1 + A2
.Yrc ) / (A0

.  A3) in chromaticity direction RG [2a]

∆b .Yrc = const (A1 + A2
.Yrc ) / (A0

.  A4) in chromaticity direction YB [3a]

∆cabYrc = const (A1+A2
.Yrc )/(A0[A3

2
+A4

2
]
1/2

) in chromaticity direction cab [4a]
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Test chart eeg1; Colour thresholds and colour spaces with Ostwald optimal colours as reference
Line elements for achromatic and chromatic colours for different applications, new TUBJND 2023

http://farbe.li.tu-berlin.de/eeg1/eeg1l0n1.txt /.ps; only vector graphic VG; start output
see separate images of this page: http://farbe.li.tu-berlin.de/eeg1/eeg1.htm

see sim
ilar files of the w

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

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

T
U

B
 registration: 20230701-eeg1/eeg1l0n1.txt /.ps

T
U

B
 m

aterial: code=
rha4ta

 application for evaluation and m
easurem

ent of display or print output


