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Relationship between brightnes8*t and luminancelLt as )
function of viewing angle¢ for surround luminance L, =300 cd/m’

Relationship between brightnes®* 1 and luminancelLt as R
function of viewing angle¢ for surround luminance L,=1000cd/m

Relationship between brightnes®* and luminanceLt as R
function of viewing angle¢ for surround luminance L,=300cd/m’

Relationship between brightnes8* 1 and luminancelLt as )
function of viewing angle¢ for surround luminance L,=1000cd/m

B* (L, Ln ) = [CT(®)Ln ~Bo(Ln §)] Lm
BolLn. ) = Cr($)[So(0) + Su($) L]

tm = Laooln)) [1]
(n=0,31, hereL{ = L) [2]

B* (L1, Ln 0) = [Cr(®)Ln ~BolLn $)ILm  (Lm = Laoo/Ln)) [1]
Bo(Ln §) = Cr(®)[So(®) +Su(¢)Lal  (n=0,31, herel{ =Ly) [2]

B*(L7,Ln ) =S Lo, §)Ln —d (Ln, §) Lm = Laoo/Ln)") [1]
Bo(Ln, $) = Cr(9)[So(9) + Su@)Ln]  (n=0,31, herelLT =Lp) [2]

B*(L1.Ln 0) =5 Ln O)Ln —d L, §) Lm = Laoo/Ln)") [1]
Bol(Ln §) = Cr(®)[So(®) +Su(¢)Ln]  (n=0,31, herelT =Lp) [2]

Lo(Ln §) = [So(@) + Sy(@)LAT " (s=black threshold)  [3]|  Le(Ln. $) = [So(6) + Su®)LA ™" (s=black threshold)  [3 Le(Ln, §) = [So(®) + Sy(@)LAT " (s=scaling factor) 3] Leltn $) = [So(®) + SuO)LA " (s=scaling factor) 3

Ln ¢ Cr(®) S Sud) Bo@) B* Ls Lills|lln ¢ Cr(®) So@) Su(9) Bo(¢) B Ls Lils Ln ¢ Cr(®) So@) Su(¢) Bo(@) B*  s@ d©@) [|Ln ¢ Cr(®) S Su¢) Bo(@) B*  s@) d9)
cd/m® degree =100? cd/m? cd/m” degree =100? cd/m? cd/m” degree =100? cd/m” degree =100?
300 10 30,747 0,2730 0,3984 80,18 99,99 22,02 1§1000 10 30,747 0,2730 0,3984 112,66 102,61 65,96 1414|300 10 30,747 0,2730 0,3984 80,18 99,99 180,188|({1000 10 30,747 0,2730 0,3984 112,66 102,61 124,057
300 20 27,971 0,2013 10,3555 63,91 99,99 14,37 2{]1000 20 27,971 0,2013 0,3555 90,28 101,75 43,81 2p87|300 20 27,971 0,2013 10,3555 63,91 99,99 163,916(1000 20 27,971 0,2013 0,3555 90,28 101,75 112,856
300 30 26,235 0,1797 0,3188 53,74 100,00 10,10 21000 30 26,235 0,1797 0,3188 75,92 101,46 30,80 3p4{ |300 30 26,235 0,1797 0,3188 53,74 100,00 153,74 51000 30 26,235 0,1797 0,3188 75,92 101,46 105,855
300 60 23,973 0,1313 0,2657 40,48 99,99 542 5§1000 60 23,973 0,1313 0,2657 57,37 100,97 16,69 84 (300 60 23,973 0,1313 0,2657 40,48 99,99 140,48 4(|1000 60 23,973 0,1313 0,2657 57,37 100,97 96,72 3
300 90 23,415 0,1083 10,2526 37,20 100,00 4,45 6]]1000 90 23,415 10,1083 0,2526 52,88 100,80 13,85 714|300 90 23,415 0,1083 10,2526 37,20 100,00 137,21 3/({1000 90 23,415 0,1083 0,2526 52,88 100,80 94,47 3|
300 100 23,128 0,0747 10,2494 3553 99,99 3,99 741000 100 23,128 0,0747 0,2494 50,82 100,53 12,68 7d@8¢ (300 100 23,128 0,0747 0,2494 3553 99,99 135,533((1000 100 23,128 0,0747 0,2494 50,82 100,53 93,31 3|
300 120 22,969 0,0718 0,2448 34,60 99,99 3,75 791000 120 22,969 0,0718 0,2448 49,51 100,51 11,91 941300 120 22,969 0,0718 0,2448 34,60 99,99 134,603((1000 120 22,969 0,0718 0,2448 49,51 100,51 92,67 3|
hep10-1a hep10-2a hepli-la hepll-2a

Relationship between brightnes8*t and luminancelLt as
function of viewing angle¢ for surround luminance L,=200 cd/m?

Relationship between brightnes®* 1 and luminanceLt as
function of viewing angle¢ for surround luminance L,=40 cd/m?

Relationship between brightnes®* and luminanceLt as
function of viewing angle¢ for surround luminance Ln:200<:d/m2

Relationship between brightnes8* 1 and luminancelLt as
function of viewing angle¢ for surround luminance L,=40 cd/m?

B*(Lt. Ln ) = [Cr(®)Ln ~Bo(Ln §)] Lm
BolLn. $) = Cr($)[So(0) + Su(d) L]

tm = Laooln)) [
(n=0,31, hereL{ =L [2]

B*(L1, Ln §) = [Cr(®)Ln ~BolLn $)ILm  (Lm = Laoo/Ln)) [1]
Bo(Ln §) = Cr(®)[So(®) +Su¢)Lal  (n=0,31, herel{ =Ly) [2]

B*(L1,Ln ) =5 Lo §)Ln —d (Ln, §) Lm = Laoo/Ln)) [1]
Bo(Ln, $) = Cr($)[So(9) + Su@)Ln]  (n=0,31, herelL{ =Ly) [2]

B*(L1.Ln ) =S Lo ®)Ln —d L §) Lm = Laoo/Ln)") [1]
Bo(Ln §) = Cr(®)[So(®) +Su(¢)Ln]  (n=0,31, herelT =Lp) [2]

Le(Ln. §) = [So(®) + Su®)L " (s=black threshold)  [3]|  Le(Ln, ) = [So(®) + Sid) LA ™" (s=black threshold)  [3 Le(Ln 0) = [So(®) + Su@)LM " (ssscaling factor) ~ [3]|  Le(Ln 9) = [So(®) + Si@)LAT " (s=scaling factor)  [3
ln & Cr®) So®) Sid) Bo®) B* L Lillsfltn ¢ Cr®) So@) Su4) Bo@®) B L Ll ln & Cr(0) So®) Sue) Bo@®) B*  s@) d@) |[Ln ¢  Cr(®) So®) Sub) Bod) B*  s@) d(¢)
cd/m? degree =100? cd/m? cd/im? degree =100? cd/m? cd/im? degree =100? cd/m? degree =100?

200 10 30,747 10,2730 0,3984 71,70 98,87 15,35 1§40 10 30,747 10,2730 0,3984 46,83 92,71 3,88 10J]29| (200 10 30,747 10,2730 0,3984 71,70 98,87 204,31 8|(40 10 30,747 10,2730 0,3984 46,83 92,71 336,498
200 20 27,971 0,2013 10,3555 57,02 99,24 9,95 2(]40 20 27,971 0,2013 0,3555 36,83 95,11 2,43 1645|200 20 27,971 10,2013 10,3555 57,02 99,24 185,86 6||40 20 27,971 10,2013 10,3555 36,83 95,11 306,11 6
200 30 26,235 0,1797 0,3188 47,94 99,36 6,99 2§40 30 26,235 0,1797 10,3188 30,96 9590 1,70 23K21|200 30 26,235 0,1797 10,3188 47,94 99,36 174,335||40 30 26,235 0,797 10,3188 30,96 9590 287,115
200 60 23,973 0,1313 10,2657 36,07 99,57 3,73 5§40 60 23,973 0,1313 0,2657 23,14 97,26 0,89 4482|200 60 23,973 10,1313 10,2657 36,07 99,57 159,30 4/|40 60 23,973 10,1313 10,2657 23,14 97,26 262,36 4
200 90 23,415 10,1083 0,2526 33,11 99,67 3,05 6%H40 90 23,415 10,1083 10,2526 21,10 97,80 0,71 5%§©5]|200 90 23,415 10,1083 10,2526 33,11 99,67 155,59 3||40 90 23,415 10,1083 10,2526 21,10 97,80 256,253
200 100 23,128 0,0747 0,2494 31,54 99,76 2,72 7§40 100 23,128 0,0747 10,2494 19,83 98,49 0,60 6%J70{|200 100 23,128 0,0747 0,2494 31,54 99,76 153,68 3|[40 100 23,128 10,0747 0,2494 19,83 98,49 253,113
200 120 22,969 0,0718 0,2448 30,71 99,77 2,55 7§40 120 22,969 0,0718 0,2448 19,29 98,56 0,56 70§18]|1200 120 22,969 0,0718 0,2448 30,71 99,77 152,62 3||40 120 22,969 0,0718 0,2448 19,29 98,56 251,373
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Relationship between brightnes®*t and luminanceLt as
function of viewing angle¢ for surround luminance L,=300 cd/m?

Relationship between brightnes®* 1 and luminanceLt as
function of viewing angle¢ for surround luminance Ln=1000<:d/m2

B* (L1, Ln ) = SLn )L —d (L, §)
BolLn ) = Cr($)[So(0) + Su($) L]

(tm = (Laoo/Ln)"y [1]
(n=0,31, hereL{' = L) [2]

B*(L1, Ln §) = S(Ln, )Ln — d L, §) Lm = (Laoo/ln)") [1]
BolLn 0) =Cr(®)[So(®) + S®)Lnl  (n=0,31, herelT =Ly) [2]

CIELAB lightness L*, tristimulus value discrimination dY,
contrast (Y/dY) and sensitivitydY/Y)

CIELAB lightness for all colours, L* =50 for Y,=18
L* =66 (/Y- 16 (Y,=18, Y>1)

CIELAB lightness L*, CIE tristimulus value discrimination
dYand CIE contrast sensitivity (Y/dY)

CIELAB lightness for all colours, L*,=100 forY,,=100
L* =116 (/Y)Y - 16 (Y,=100, Y>1)

sc=Cr(L,/ Ln)n d=Bo(Ln, ¢)L/ Ln)"(szscaling factor) [3] s =Cr(Ls /Ln)n d=Bo(Ln )L /Ln)"(s=5caling factor) [3 For the grey discrimination we get: . For the grey discrimination we get: .
L & Cr®) S Si0) Bo®) B  s0) d@) [Ln &  Cr®) Si®) Si0) Bo@) B*  s(9) d) dLr/dY = (86Ny) (1/3) (Y/Yy) dLA/dY = (L16y) (1/3) (V/¥p)
cd/m” degree =100? cd/m” degree =100? and for dL*=1 (about 3 threszvat')lds) we can write: and for dL*=1 (abo/ut 3 threshz%ds) we can write:

1
300 10 30,747 0,2730 0,3984 80,18 99,99 30,74 81000 10 30,747 0,2730 0,3984 112,66 102,61 21,16 745 dY =3 (v,/66) (Y/Y,) dv = @, "d116) 1)
300 20 27,971 02013 0,3555 6391 99,99 27,97 641000 20 27,971 0,2013 0,3555 90,28 101,75 19,25 6@419| or log(dY) = log( 3 (¥,/66) ) + (2/3) log{/Yy) or log(dY) = log(3(,29/116) + (2/3) logy)
300 30 26235 01797 03188 53,74 100,00 26,23 541000 30 26,235 01797 03188 7592 10146 18,06 532 herefore in a log-log diagram the slope is (2/3). therefore in a log-log diagram the slope is (2/3).
300 60 23,973 0,1313 0,2657 40,48 99,99 23,97 4{]1000 60 23,973 0,1313 0,2657 57,37 100,97 16,50 395 for the CIE trast vt dfordLr = 1iti lid: for the CIE trast itivit dfordLr =1t lid:
300 90 23415 0,1083 02526 37,20 100,00 23,41 3[1000 90 23415 0,1083 0,2526 52,88 100,80 16,12 3gaq| ' ¢~ contrastsensiivity, and fordl” =1 itis valid: orfhe &Ik contrast sens 'V'l,y3')a"1,3°’ = Litis valic:
300 100 23128 00747 0,2494 3553 99,99 2312 3§1000 100 23,128 00747 0,2494 50,82 100,53 15,92 3499 YidY=(1/3) (66K) (Y/Yy) vidY= (113) (1161, ) Y
300 120 22,969 0,0718 02448 34,60 99,99 22,96 3f11000 120 22,969 0,0718 0,2448 49,51 100,51 15,81 3d4o0g| or log(Y/dY)=log( (1/3) (66¥y)) + (1/3) log¥/Y,,) or log(¥/d¥)= log( (1/3) (116X,"%) + (1/3) logl)
hep10-5a hepl0-6a hepl1-5a, eer30-1n hepll-6a, eer30-2n
: . : N . : " : " . IECSRGB-triangle lightnessT*, CIE tristimulus value discri- IECSRGB-triangle lightnessT*, CIE tristimulus value discri-

Relaglonshlp. be_tween brightnes&*y and IurplnanceL-r_as 2 Relat_lonshlp_ be?‘”ee" brightnes®*r and IumlnanceLT_as 2 mination dY and CIE contrast (Y/dY) sRGB: see IEC 61966-2-1 mination dY and CIE contrast (Y/dY) sRGB: see IEC 61966-2-1
function of viewing angle¢ for surround luminance L, =200 cd/m function of viewing angle¢ for surround luminance L,=40 cd/m _ 12,4 S _ 12,4, S

P ol "q T RN B (oL vy g o R T*sraB,100= 100 {/Yy) is an approximation ofL* || ag T*sraB,100= 100 {/Yy) is an approximation ofL* || ag

(. "'_¢)7S‘( m ®)ln (L,',“' ) _Cm 7(L3°,?/_")n)[ ] (tr. ”'_¢)7S<( m #)Ln (Ln"' ) _Cm 7(L3°r?/_")n) [] sRGB-triangle lightness forachromaticcolours: W sRGB-triangle lightness forchromaticcolours: RGB

BDELS ¢>L —/(I:_T(?;)[EOE¢B) + le(tv)tn]/ } n(n:o,all_, hefreLtT _L")[zsl Bong ¢)L —/CLT(‘g)[ZJE‘l:; + le<¢)tn1/ ) n(n:o,sT_, hefreLlT —Ln)[zj T ea00= 100 (1Y) 24 (Y,=100) T grom.100= 100 ¥V >4(Y,=22(R), =71(G), =07(B))

$c=Cr(be /Lo d=Bo(Ln, §)Ls /L) (s—sca:ng actor) B s=Crls /L) d=Bo(Ln ¢)Lr/Ln) (s—sca*mg actor) [ For the grey discrimination we get: For the discrimination we get:
L ¢ Cr® S Siu6) Bo®) B* @) d@d) [[Ln ¢  Cr(0) So®) Sid) Bo®) BX  s(®) d9) AT sicm 10ddY = (12 YN 2= 0,42 vy 0% AT erm 10ddY = (12:8) ¥ 42= 042 v,y 0%

= ? = ?
cd/m” degree 100 cd/m” degree 1007 and for dT*srgp, 1051 (@bout 3 thresholds) we can write: and for dT*srgp, 105°1 (@bout 3 thresholds) we can write:
200 10 30,747 0,2730 0,3984 71,70 98,87 34,86 8J40 10 30,747 0,2730 0,3984 46,83 92,71 57,42 8fj49 dy=24 (;(/Y )1,4/2,4 dy=24 (;(/Y )1,4/2‘4
200 20 27,971 0,2013 10,3555 57,02 99,24 31,71 6440 20 27,971 0,2013 0,3555 36,83 95,11 52,23 68|79 '_ " '_ n
200 30 26,235 01797 03188 47,94 9936 29,74 5440 30 26235 0,797 03188 3096 9590 4899 5ffgg|O"  109(dY)=109(2,4) + (1,4/2,4) log(/¥r) or  log(dY)=1log(2.4) + (1,4/2.4) 10g(/Yr)
200 60 23,973 0,1313 0,2657 36,07 99,57 27,18 4{]40 60 23,973 0,1313 0,2657 23,14 97,26 44,77 4BJ21| therefore in a log-log diagram the slope is 1,4/2,4. therefore in a log-log diagram the slope is 1,4/2,4.
200 90 23415 0,1083 0,2526 33,11 99,67 26,55 3140 90 23415 0,1083 10,2526 21,10 97,80 43,72 3PJ4Q]| for the CIE contrast sensitivity, and for dT*srgp 10671 for the CIE contrast sensitivity, and for dT*srgp 10671
200 100 23,128 0,0747 0,2494 31,54 99,76 26,22 3§40 100 23,128 0,0747 0,2494 19,83 98,49 43,19 3}|03 Y/dY=(Yn1'4/2"}2,4) (Y/Yn)1/2'4 Y/dY = (Yn1‘4/2"}2y4) (Y/Yn)1/2'4
200 120 22,969 10,0718 0,2448 30,71 99,77 26,04 3440 120 22,969 0,0718 0,2448 19,29 98,56 42,89 36|03 . log(Y/dY)= Iog(Yn1‘4/2"72,4) +1/2,4 log(/Y,) or log(Y/dY)= Iog(Yn1’4/2"72,4) +1/2,4 log(/Y,)
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TUB-test chart hepl; Relationship between brightness B*T and luminance LT as function of
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