T &
j('D
3.9
o
8 3
.9
: -~
==
3%
=
o°
>
=0
=
o

dny Jo sp uieg-ny 1y
INLH9T3A/QTIaep uleg-nyiaqe}//

=
H
w
o
[EEY
~
©
N
o
&
l
L
Q
o
=
Q
=.
=

Ritp:/ffarbe.i tu-berlin.de/DET6/DEI6LONP. PDE /.PS
N: no 3D-linearization (OL) in file (F) or PS-startup (S), page 1/1

Transformation between theJudd tristimulus and opponent values
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Transformation between theJudd tristimulus and opponent values

Data se&. Richter,PhD thesis, University of Basel (Switzerland), 1969, pagq 81. Data se«. Richter,PhD thesis, University of Basel (Switzerland), 1969, pag
For the antagonistic spectral elementary colours For the antagonistic spectral elementary colours
Ag= 475 NmAg= 502 nmA = 574 nmAg= 494c nm Ag= 475 NmAg= 502 nmA, = 574 nmAg= 494c nm
the coordmatezi (i=1 to 3) are used instead of modern coordingt@sh. modern caordmatésa b are used instead &f(i=1 to 3).
Linear model equations between spectral colour values in both directions: Linear model equations between spectral colour values in both directions:
XM by bu bys0 X\ 00,0000 1,0000 0,00000 [X(A)D O(\) O by by, by XA)D 00,0000 1,0000 0,00007 (RA)I
XANE [y by, by FAC= 02,9797 -2,6662 —0,09600 [YA)I (1) Da(\) O= by; by, byy A= 02,9797 -2,6662 —0,09600 YA (1)
XA by by, by0 NI 50,4139 1,4571 —2,40460 CZA)D Ob(A)O [by; by, by0 2N 30,4139 1,4571 —2,40460 CAA)D
XA @yy a, a0 XA 00,9093 0,3338 ~0,0133X(A)0] XN Ry ay, a0 O(A)0 00,9093 0,3338 -0,01331 (\) O
DYONC= [By1 ags axHXAA)C= 01,0000 0,0000 0,000003(N0  (2) OY(\CE gy app a3 -CA(NC= 01,0000 0,0000 0,00000} CAND  (2)
CAND [Bg; a5 ags) (XA (10,4494 ~0,0574 ~0,41361 XA\ CAND ([Bg; g agsl) (DAL (10,4494 ~0,0574 ~0,41360 [b(A\)DI
The tristimulus valueX;, X, X3 andX, Y, Zneed the same transformations. The tristimulus valuek, A, B andX, Y, Zneed the same transformations.
The unnormalized purity datgandb, are deflned in LabMUN 1969 as follows:| The unnormalized purity datgandb,are defined in LabMUN 1969 as follows:|
a=XIXEXIxy () b EXY XXXy XF1XgXg (5) a=XY=xy (3) b=-ZIY=-2ly " (4) =1-x-y )
The unnormalized punly dagandb are defined in LabMUN 1969 as follows:| The purity data andb are defined in LabMUN 1969 as follows:
= [(Dp1-D59xH Dy gy +hydlly 8, =[(by by (Dyy-byg)y+bydlly
=(3,075%-2,5708-0,0960)§ () =(3,075%-2,5708-0,0960)) (©)
b, =[(bsy~bse)x+(bsz—bay+bsdly by=[(bg1~bs)x+ (D3~bagy+baglly
L (1.350643,8615-5.4048) @ =(1,8006:+3,8617-2,4046)y 10
DE160-7N DE160-7N
Transformation between theJudd tristimulus and opponent values Transformation between theJudd tristimulus and opponent values
Data se&. Richter,PhD thesis, University of Basel (Switzerland), 1969, pagq 81. Data se«. Richter,PhD thesis, University of Basel (Switzerland), 1969, pag
For the antagonistic spectral elementary colours For the antagonistic spectral elementary colours
Ag= 475 NmAg= 502 nmA, = 574 nmAg= 494c nm o Ag= 475 NnmAg= 502 nmAy = 574 nmAg= 494c nm
the coordinateg; (i=1 to 3) are used instead of modern coordingtash. modern coordinates &, b are used instead &f(i=1 to 3).
Linear model equations between spectral colour values in both directions: Linear model equations between spectral colour values in both directions:
X0 by, by, byg0 XA\)I 00,0000 1,0000 0,00007 (XA)D O O by by, an () 00,0000 1,0000 0,00007 (RA)]
XANE [y by, by A= 02,9797 -2,6662 —0,09603 (YA (1) Da(\) 0= (by; by, byy A= 02,9797 -2,6662 —0,09600 (YA (1)
XN gy by beall AT 20,4139 14571 ~2.40461 [ZN)D Ob(A)O [bay bgp basl) N0 30,4139 14571 ~2,40461 (2N
XA)D Byy a, a0 XA 00,9093 0,3338 —0,0133X(A)0] XN By ay, a0 O(A)0 00,9093 0,3338 -0,01331 ((\) O
DYONC= [By1 ags axgHXAA)C= 01,0000 0,0000 0,00000(N0  (2) OYNCE gy ap a3 -CA(NC= 01,0000 0,0000 0,00000 (AND  (2)
[ZND Rg; agy a3 (AN 0.4494 -0.0574 -0.4136] ({0 [ZM0 (Bg; a3, agel) (b(\D 10,4494 -0,0574 -0,4136] [h(A)
The tristimulus valueX;, X, X3 andX, Y, Zneed the same transformations. The tristimulus valuek, A, B andX, Y, Zneed the same transformations.
The normalized purity da, andb, are defined in LabMUN 1969 as follows: The normalized purity dat, andb, are defined in LabMUN 1969 as follows:
=N A NXIXENXIXG N.=2,8 (3) b=b=XIXxdxy (4) XF=1l-xsx  (5) a=na=nXY=nxly, n=28 (3)  bz=b=XY=xy (4) zF=l-x-y (5)
The normalized purity dan;l andb, are defmed in LabMUN 1969 as follows: The normalized purity dag, andb, are defined in LabMUN 1969 as follows:
3y =nl(Dy1—byg)x (b bzz)}”bzd/y 3, =N(Dy1-Dyg)x+ (by-bagy+bydlly
=2.8(3,075%-2,5703-0,0! =28(3,075%-2,5703-0,0960)y
=(8,611%-7,196%-0, 2588)!/ (6) =(8,611%-7,196%-0,2688)y (6)
by=[(bs;~bsgx+ (bsy—bag)y+badlly by =[(bsy—bsx(Dgy-bag)y+badlly
=(1,9906:+3,861§-2,4046)) (7) =(1,9906+3,861§-2,4046)) )
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Transformation between theJudd purity and chromaticity Transformation between theJudd purity and chromaticity
Data se&. Richter,PhD thesis, University of Basel (Switzerland), 1969, pagq 83. Data se«. Richter,PhD thesis, University of Basel (Switzerland), 1969, pag
For the antagonistic spectral elementary colours For the antagonistic spectral elementary colours
A= 475 NmAg= 502 nmA, = 574 nmAg= 494c nm Ag= 475 NmAg= 502 nmAy= 574 nmAg= 494c nm
the coordinates; (i=1 to 3) are used instead of modern coordingt@sh. modern coordinatds &, b are used instead &f(i=1 to 3).
Relation between opponent and spectral colour values: Relation between opponent and spectral colour values: _
XA)D By; a, ad0 XA\)0 00,9093 0,3338 -0,013TX(A)D XN By a, a0 O(A)0 00,9093 0,3338 -0,01331 O(\) O
OYNC= [By) ap, a5 ¥A\= 01,0000 0,0000 0,00003FMN0  (2) O(AC= [Ry; ap, a5 -[A(\)O= 01,0000 0,0000 0,00007 CAND  (2)
DAND [Bg; a5 ags) (XA (10,4494 ~0,0574 ~0,41361 X4\ CZAND gy g aqyl) (DA (10,4494 ~0,0574 ~0,41361 [b(\)D)
The tristimulus valueX, X, X3 andX, Y, Zneed the same transformations. The tristimulus valuek, A, B andX, Y, Zneed the same transformations.
The unnormalized purity ga? andb,, are defined in LabMUN 1969 as followq: The unnormalized purity da andb, are deflned in LabMUN 1969 as followg:
a=XIXExd (3) X=X (4) XFl XXy (5) a=XIY=xlz (3) b=-2Y=-2y (. Zlxy (5
Use of equations (2) to (5) leads to: Use of equations (2) to (5) leads to:
X0 [By; 3,8, a;3b, X0 XO [y a3, ay3b L0
YC= @y apa, ang ZI[X,D (6) and withk=X/(X+Y+Z) andy=Y/(X+Y+Z) (7) YO= @ aa, a23b D}D (6) and withk=X/(X+Y+Z) andy=Y/(X+Y+2) (7)
20 (Bay 87, asyb, 10X 0 (Bay 2, agzb, 10Dl
X=[ay1+ay,8, 2y b @ +agrag + (81005t A5, H (813t ap5tAgg | ® x—[a,1+a,;3u+a,3b\J/[a,1+a2,+a3]+(a,2+az2+a32)au+(a,3+azg+333)bu] ®)
Y={agr+ag08, +agab M a1 1o +ag + (812t 82+ 8503, (a3t asaby | Y=[B21+a928, +agab M@y r+aprtagrH (a7t p5t 852)3 H(Brstapstagdby]
110158, +0150)/(051+03,3 +a33h,) X=(01+0 8010 ) /(A3 r+a3,A, 0, )
,9093+0,3338,-0,0133,)/(2,3587+0,2764,-0,426%,) ) =(0,9093+0,3338-0,0133)/(2,3587+0,2764,-0,426%,) )
T(“zl*‘“zz%*“zab /(03,3 b, V=0, oo (0 0 )
=(1,000+0,008,+0,000b,)/(2,3587+0,2764 ~0,426%,) (10) =(1,000+0,008,+0,00(h,)/(2,3587+0,2764 ~0,426%,) (10)
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Transformation between theJudd purity and chromaticity Transformation between theJudd purity and chromaticity
Data se&. Richter,PhD thesis, University of Basel (Switzerland), 1969, pagq 83. Data se«. Richter,PhD thesis, University of Basel (Switzerland), 1969, pag

For the antagonistic spectral elementary colours
Ag= 475 NmAg= 502 nmA, = 574 nmAg= 494c nm
the coordinateg, (i=1 to 3) are used instead of modern coordintash.
Relation between opponent and spectral colour values:
XA [@y; a, a0 XA 00,9093 0,3338 ~0,0133X(A)0
OY(NO= [By) ap, a5 ¥A\0= 01,0000 0,0000 0,00003FMN0  (2)
CZAND [Bg; a5 ass) (XA (10,4494 ~0,0574 ~0,41361 X4\
The tristimulus valueXy, X, X3 andX, Y, Zneed the same transformations.
The normalized purity da@, andb, are defined in LabMUN 1969 as follows:
a;=na N XIXEN XX n=2,8 (3) b=b=XIX=xdx, (4) xF1l-x5%  (5)
Use of equations (2) to (5) Ieads to:

(83 8328/n, 230X,
YC= By aypay/n, agsb, DD(,E((S) withx=X/(X+Y+Z) andy=Y/(X+Y+2)  (7)
Z0 @y agyay/ng agsb X!
X=[ay+ay 2N ay )/l aJJ*azﬁazﬂ(ajz*azz*azz)/ Nat@ugtagstaghl (g
Y={ag1+a28: /N3]l 81 1+, 1+ (8124 Bx0+ ) Mg+ (A 3+ 23+ B39) ]

For the antagonistic spectral elementary colours
Ag= 475 NMAg= 502 nmAy= 574 nmAg= 494c nm
modern coordinatds &, b are used instead &f(i=1 to 3).
Relation between opponent and spectral colour values:
XN By a, a0 O(A)0 00,9093 0,3338 -0,01331 ((\) O
O(AC= Ry ag, aps-[A()O= 01,0000 0,0000 0,00007 CAND  (2)
CZAND [Bg; g agsl) (DD (10,4494 ~0,0574 ~0,41360 [b(A\)0)
The tristimulus valuek, A, B andX, Y, Zneed the same transformations.
The normalized purity da@, andb, are defined in LabMUN 1969 as follows:
a;=na=nXY=nxly; n=: (3)  biEb=-ZY=2ly (4) z=1-x-y (5)
Use of equations (2) to (5) leads to:

(311 3328,/n, 230 L
YC= @By, azzaﬁ/n g L D(B) Withx=X/(X+Y+Z) andy=Y/(X+Y+Z)  (7)
Z0 &g agza“/n agab oL o
X[ +ag 2 N g D2y 1+ 2 Hag Bt gt ag NG (g gt dstagdb] (g
Y=[B21+a28,/N+agab )/ a1 1+ 81+ ag1 (81 7800+ 850) /Nt (g 3+ ap3t aga)by]

11018, +0150)/ (05 +033 +a33,) X= (01 +0 010 ) (A3 +Oi 38 Olahy)
,9093+0,1192 -0,0133,)/(2,3587+0,0983,-0,426%,)) ) =(0,9093+0,1192 -0,0133)/(2,3587+0,098%,-0,426%,,) )
T(“zl*‘“z?aﬂ*'“zab (03 1+0l378,+0033,) Y=(0pr+ 02+ 0 pghy)/(Og +03,8,+0lah,)
=(1,000+0,008,+0,0005,)/(2,3587+0,0983,-0,426%,) (10) =(1,000+0,008,+0,0005,)/(2,3587+0,0984,-0,426%,) (10)
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Data se&. Richter,PhD thesis, University of Basel (Switzerland), 1969, pagd 58. Data se. Richter,PhD thesis, University of Basel (Switzerland), 1969, pag
elementary | dominant Judd spectral tristimulus chromatic valueg elementary | dominant Judd spectral tristimulus chromatic valueq
colour wavelength | values RG YB colour wavelength |values RG YB

RGOV B 0] A XN IOV I ) an - b
blue Ag=475nm 10,8267 0,9339 0,0017 0,0000 - blue Ag=475nm 10,8267 0,9339 0,0017 0,0000 -
green Ag=502nm [0,0107 0,0038 0,0005 -1,0000 0,0000] green Ag=502nm 10,0107 0,0038 0,0005 -=1,0000 0,0000]
yellow Ay=574nm 10,1304 0,1124 0,9281 0,0000 1,0000] yellow Ay=574nm 10,1304 0,1124 0,9281 0,0000 1,0000]
red Ag=494c,E nnj0,0028 0,3701 0,2238 - 0,0000] red Ag=494c,E nn|0,0028 0,3701 0,2238 - 0,0000]
There are six equations to calculate the six constagtso byg There are six equations to calculate the six constanto by
XAAg)=ba X(Mg)+hy2(Ag) +p2M5)=0  XdAg)=b31X(N ) +hgY(A) 2N g)=0 &Ag)=by1X(\g)+b¥(Ag) +Dy52Ag)=0  B(Ag)=b3iX(Ng)+h3¥(Ag)+hss2Ag)=0
FANo) b2\ DTN b= TAM)=bss ) DAy V4370 )=L )b\ DTN b ZA)=-1 (A )=b3 KM J#bs M) +h 20y )=1
XMy )= XAy )by ) H2Ay)=0  SfAR)=D3 X(Ag) +bazl(AR) +h35Z(AR)=0 Ay )=b XA )b (M) 022N )=0  b(AR)=b3 X(AR) +b3zf(Ag)+bssZ(AR)=0
Together with the use of the standard equafigi)=y(A) 1) Together with the use of the standard equalign=y(\) 1)
the equations between spectral oponent and tristimulus colour values are: the equations between spectral oponent and tristimulus colour values are:
A0 By, by, by XA)D 00,0000 1,0000 0,00007 (RA)D O(\) O by by, b XA)I 00,0000 1,0000 0,00000 (XA)D
{A)C= [By; by, bysJNC= 02,9797 -2,6662 ~0,09600 (YNT  (2) Ca\) O by by, by Y= 02,9797 -2,6662 —0,0960 [YA)T  (2)
A0 [by; by, b0 2N 30,4139 14571 —2,40460 CAA)D Cb(A\)O by by, by0 NI E0,4139 1,4571 —2,40460 CZA)D
Remark: The weighting ratio in tHG andYBdirection is 2,8:1 or 1:0,3571. Remark: The weighting ratio in tfRG andYBdirection is 2,8:1 or 1:0,3571.
DE161-7N DE161-7N
-1 by 1 2 3 4 ag -1 by _———_ 2 3 4 ay
a:=a,((3,075%
—-2,5703-0,0960)]
Munsell colour b.=b, [(1,9906
: system g +3,8617-2,4046)y]
Chroma-2 colours]
Valuel, 2,5, 8, 9|
9BI5 |2 |Vvaluel a,=1,0,b,,=1,0 Value 1
Munsell colour
system
_ a;=a,,[(3,075%-2,5703-0,0960)y] Chroma2 colours]
be=b,,[(1,9906¢+3,861F-2,4046)y] Valuel, 2,5,8,9
a,, = 1,00,b, = 1,00 3,72,8,b,=1,0
Ag v =475, 503, 574,494¢,E nm Aoy =475, 503,
574, 494c,E nm)|
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Relation between the radial purityp, of Chroma2 and tristimulus value Y Relation between the radial purityp, of Chroma2 and tristimulus value Y

Data se&. Richter,PhD thesis, University of Basel (Switzerland), 1969, pagd 101. |Data se&. Richter,PhD thesis, University of Basel (Switzerland), 1969, pag
Vv Y Xm Ym am bow [xu Yu au by |Pwu Value[sample data surround data purity
1,000(1,210 0,315 0,296 1,060-2,1300,314 0,324 0,310-1,6232,290 VoI w Y A B Yo &u B [Py
5,000(19,7700,314 0,323 0,340-1,640(0,314 0,324 0,310-1,6230,780 1,000[1,210 0,315 0,296 1,060-2,130]0,314 0,324 0,310-1,6232,290
9,00078,6600,314 0,328 0,230-1,550/0,314 0,324 0,310-1,6230,500 2,0003,130 0,314 0,308 0,720-1,900[0,314 0,324 0,310-1,6231,460

logh, p, radial purity of Chromaz2 hue circles. 3,000 (6,560 0,314 0,315 0,560-1,780[0,314 0,324 0,310-1,6231,240
05430 *=(0,9093+0,1194,-0,013%,)/(2,3587+0,0984-0,426%;) (1) 4,000(12,0000,314 0,320 0,430-1,6900,314 0,324 0,310-1,623/0,980

! : y=(1,000+0,008,+0,00(,)/( 2 3587+0,098% -0,426%,) @) 5,00019,7700,314 0,323 0,340-1,640[0,314 0,324 0,310-1,6230,780
0,34+ 2,20 5,570/25,3000,314 0,324 0,310-1,6230,314 0,324 0,310-1,623/0,740
1 F. MJ)=p.(F, M Y(F)" 6,000/30,0500,314 0,325 0,300-1,610[0,314 0,324 0,310-1,6230,690
Pr(F. My)=p, (F, My-y) Y(F)
pi(F. My_,)=2,20 7,00043,0600,314 0,326 0,270-1,59010,314 0,324 0,310-1,623/0,600
00410 n’:fO 341 8,000/59,1000,314 0,327 0,250-1,57010,314 0,324 0,310-1,623/0,540
' " ! 9,00078,6600,314 0,328 0,230-1,550]0,314 0,324 0,310-1,6230,500
For experimental (Ex) surround (bo\d data) ewhall, JOSA 30 (1940) p. 622
§ X=(0ly 108+ D) (Al 330
1 3 10 20 100 Y =(0,9093+0,1198 -0, 0133)n>/(2 356740,0082,-0,426%,) ©
-05 Y=(0or+0op8,+0lpdhy ) (0 0378, Ol dhy)
0,0 0,5 1,0 15 2,0 logY :(1,000+O,00§n+0‘OOOJH)/(Z.3587+O,0985“*0,42691") (10))
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Judd spectral tristimulus and chromatic values! (A), aQ\), b(\) Judd spectral tristimulus and chromatic values| (A), a(A), b(A)
Data se. Richter,PhD thesis, University of Basel (Switzerland), 1969, pagg 27. Data se. Richter,PhD thesis, University of Basel (Switzerland), 1969, pag
1(\), naR), nyb(A) T(A), M), nb(A)
The equations between spectral oponent and tristimulus colour valups are:
4 1000 by hJz byl ur(x)u 10,0000 1,0000 0,0000) CR(A)) 4
Ca) O [By; by, byl NI 02,9797 -2,6662 —0,096011 CY(A)] _
3 T Db(\)C= sy by, bayZA)T= 30,4139 14571 -2,40463 (XA 3 na\) (n=28)
2 2
naph) (n=1
1 D 800) (N=1) i
b(\)
0 0
503nm /574nm 574nm
a(\

-1 -1
-2 The weighting constants in tiRG (a) -2 The weighting constants in tiRG (a)

-3 n,b(A) (ng=1) andYB (b)direction used ame,=1, n,=1 -3 28 andYB (b)direction aren,=2,8,n,=1
” -4 A
s 495c530c567¢ A /nm s nyb(A) (n,=1) 495c530c567¢ A, /nm

400 500 600 700 400 Anm 400 500 600 700 400 Anm
DE161-7N DE161-7N

1

1
TUB-test chart DE16JUDD observer, colorimetric clculations of chromatic values

ndino juiid 13S0 Jo Juswainseaw o} uonesldde

uolrensiBas gNL

Sd’/ 4dd'dN0T19T3d/9T3A-T0L08T0C

[euarew gn.L

Yl=ap02

Data se«. Richter,PhD thesis, University of Basel (Switzerland), 1969
] M Y [0)

-6




