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Line element, contrast, and lightness
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TUB-test chart een3; Thresholds, cont(&sfL), lightnesd_*, and relations
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with u=logL (L =Iluminance)
Up=logLy (L y=surround luminance)

alk(u-ug)]=1+1/[1+V2ek(U=Uo)]
sub function values:

alk(u-ug) —» +] =1
afk(u-up) = 0] V2
qlk(u-ug) - =] =2
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\Weber-Fechnedaw in CIE 230:2019 for threshold colour differences of Weber-Fechnellaw in CIE 230:2019 for threshold colour differences of ™ . . .
R urace colours and two ranges 0.2 & <land 1, <5 Colour-line element ofStiles Colour-line element ofVos&Walraven
ieWeber-Fechnelaw describes the li ness rithmic function ofL,. ieWeber-Fechnelaw describes the li neks, aslogarithmic function ofL. . .
The Stevendaw describes the |igh‘n9_5&g;\gu.\5 aspo!egtialfunclion ofL,=Y/5. The Stevensaw ibes the light _"Ev:u\e i ion ofL,=Y/5. (1946) with ” colour valueg Lp, M D, ST (1972) with ” colour values Lp, M D ST
IEC 61966-2-1 uses a similar potential functigpc = m Li4/4 IEC 61966-2-1 uses a similar potential functigpc = m I__,1/2v4. K R
The Weber-Fechnelaw is equivalent to the equatioL =cL, [ The Weber-Fechnelaw is equivalent to the linear equatiobit =G;L (=0.1) [1] three separate Co|0ur-resp0nse function three separate Co|0u|'_resp0nse function
Integrationleads to the logarithmic equatidrt: =k log(L,). 2] Integrationleads to the logarithmic equatidrt: =k; log(L) (i=0,1) [2 . .=
Derivationfor AL* =1 leads to the linear equatidry/AL=k=57. 3] Derivationleads forAL* =1 to the linear equatioi; /AL, =k; (ko=46,k;=63) [3] F ( LP) =\ I n ( l + 9 LP) F ( L P) == 2| '\/T_P
For colours in offices thstandard contrast rangeis 25:1=90:3,6. For colours in offices thetandard contrast rangeis 25:1=90:3,6. . . —_
Table 1: CIE tristi value Y, lumi L, and lightnessed * Table 1: CIE tristimulus value Y, luminanceL, and li * F ( M D) :j | n ( 1 + 9 M D) F ( M D) =- 2 j \/—M D
I itimul ffi lati o lati I itimul ffi lati o lati — — N

fn?a‘:tuer) Igﬂjrgu “ Plum i IIiShlness eIiagulllleness Eir?a%lg) ‘I‘;gjl:]rgu o Iulgeinance Simine Ilighlness el?g“f\’liess F ( ST) - k l n ( 1 + 9 ST) F ( ST) == 2 k\/_ST
[CES N I T ) S (R N N T =) Taylor-derivatiogs: J g Taylor-derivatiogs: J g

920 142 5 94 40 \White W 90 142 5 94 44

=185 | =28.25 =50+44_|=klog(5) (baper) =185 | =282'5 =50+44_|=kylog(5) AF(Lp,M D,S—r):—FAL p+—FAM D+—FAS-|- AF(Lp,V D,ST)=—FALP+—FAM D+—FAS-|-

8 282 T 50 Greyz |18 282 T 50 dLp dVp dSt dLp dVp dSt

=klog(1) (paper) =kolog(1) 9i 9| 9k i J K

36 5,6 02 8 -40 Black N 3,6 5,6 0,2 18 -32 = 1 I =

=18/5 | 28215 50-32_[=klog(0.2) (p:;er) =185 [ 28,2/5 50-32 [=kolog(0.2 “1+9L AL PTl +9 AN DT 1+9 AS'I' AF(Lp,Vp,St)==— ALp+=— ANMp+— ASj
For the lightness range between =-40 and 40 the constant ks:40/log(5)=57 For the two lightness ranges itiig=—32/l0g(0,2)=46 an#;=44/log(5)=63. P D ST ‘/—L P \/—M D '\/—ST

‘een30-2n een31-1n een31-2n
F(u) ,impulse rate = impulses /% dF(u)/du ,impulse rate changé »achromatic responsé-description ,achromatic respons&-description
threshgg[rlwrgfuesus/;/] 3 white scalingW sub function q[k(u-ug)] function Q| [K(u=ug)]
- ,JU=UQ

with u=logL (L=Iluminance)

Up =logLy (Ly=surround luminance)

Qmlk(u-up)]= mlﬁ'” alk(u=-ug)]-m

function values withl = m =1:

Qlk(u-ug) - +]
Q[k(u-up) = 0]
Q[k(u-ug) - — o
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,achromatic responseé discrimination
as function of relative light density
h=In H=k(u-ug), In = natural log.
Q’:OldW [IN{1+1/(1+V2H)}]/In V2
==V2/[InV2 (1+V2H)(2+V2H)]

function values:
Q’'[k(u-ug) — +od]

Q'[k(u-ug) = 0]
Q'[k(u-Ug) - —o]

een31-5n

luminance discrimination
possibility L/ AL as function ofH
with: L=10" H=d'=1¢°9€kU~to)
dL/du=In10L dH/du=kH

it follows: L/AL=[kH/(dH In10)]
L

= = constH/[(1+V2H)(2+V2H)]

k(u-ug) — +oo]

d

Q'l

Q'[k(u-ug) = 0]
Q'[

maximum

k(u-up) — = o]
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double line element oRichter

with: k=14 k1 i=1 i=-2
u=logL ug=logL

k(u-uo) |,_ k(u-uo) l:lzeE(u—uo)

een31-7n

H=e

accordingéber-Fechner, Stiles, and Vos&Walraven
Y [0) L

double line element oRichter

(s]0] 60 (2987) for the lighting technology with (1987) for the lighting technology with
50 50 the luminance L=f(Lp, Mp, St) the luminance L=F (Lp, Mp, St)
L L .
40 40 F(L)=J (L/AL) dL (relative L, M, S?) F(L)=J (L/AL) dL (relatlvE L, M, S?)
o o ooy [ OE) (u<uw) F(L)=1Q(H) H=ek(U~Uo)
(L)=iQ( )_{TQ(H) (u>ug) Q(H)=[In{1+1/(1+V2H)}/InV2-1

Taylor-derivations:

_dF, _; 9Q
AF(L)—dLAL— T AH
=—iV2AH/[InV2 (1+V2H) (2+V2H)]
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