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Abstract:

Lightness Threshold Evaluation in Visual Color Matching
Wang Zhehong Xu Haisong

( State Key Laboratory of Modern Optical Instrumentation , Zhejiang University, Hangzhou 310027)

For the evaluation of lightness threshold characteristics of the visual color matching the experiment is
carried out. By using cathode-ray tube (CRT)-generated color stimuli under five different gray backgrounds, the
visual color matching is achieved for 19 neutral standard stimuli with their lightness L* ranging from 5 to 95 by the
step of 5 CIELAB unit. Upon the data processing and the analysis of the experimental results, the crispening effect
1 5]

and the Weber's law, which are about the correlation between the visual lightness discrimination threshold of color

stimuli and the lightness of the background, are validated. Furthermore the visual color matching data from the

present experiment are used to evaluate the CIELAB-based related aberration formulae. For the lightness-difference

predicting, the CIEDE2000 outperforms the others, followed by CMC, and with CIE94 and CIELAB the poorest.
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Fig.1 Test stimulus arrangement used in visual color

matching experiment
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Table 1 CIELAB values of background and

standard stimuli

CIELAB L* a* b
5,25,50,75,95 0.11 0. 04
5~95 (AL* = 5) 0.11 0. 04

Background
Standard

2.2 ZWIFE
LI TTRR AT, So Xt IR ST R B AT R AN ES
MR, ZE - BREERFHELT LY 3 min i

BB N AR G B AT 488 R B 1 FrR i B
FIMEFEIHFHEA 1 min WRBENTE. 5EHEBEMN
JEIERFF 4 IE T BE , W88l S B L & B
2 5 A R4 V00 9 v B, 224 A OB T 3 3 A A
R e, KTl REAES AN
LT HAEWNME RS R, M WEE N ICEERE
B ¥R BRI BRI, (BN LR 25 1R B , X At
A 3 IC L B[R] 492 3~5 min, & IR S5 50 VT Bt — 4
Bp 3~4 Xfaff, 7 15~25 min, FEFRLK T
B, B 31 LA A2 A o R 5 5 0 3R 38 A X
PR S DA G L% 3 1 0 B 0300 4B 450 0 ) O R 22 .
BAWEEX BN AL T 2 WILE LK, DIV
PrgeE i IC B E 2 M RIE S R4S R, &
ALY 5 M RBEE .19 MRERIMAE, &
MERLERK, HLE M MEERTEHIT 5X
19X 2=190 M 35 L B 3L % , 2= FR LI i i =1~ A
BB

3 SRR
3.1 URERE

ELBEY LR, R T PR R BE A
P E BT E o g E i WK E R
Luo # Rigg ¥ F ¥ §¢ B ¥ PF {H (Performance
Factor) X% B i e i — B HTE B L, Z 5
Guan 1 Luo JUK HBt#E N PF/3 E™ , KRB N

PF/3 — 100[()/—1) + Vs + ﬁ)‘g] )

A

{cv = 100 \/%Eog —fy,.>2/;?, "
f=2XY./ 21,
—lg %)T’ (3)

X
lg)’:\/% lg—

(X, — FY,)?
V"B_«/NZ - X,FY, ’

=2 7/ IR

Hep N BB GREEIEXN L X MY, 4512
55 1 X LB B X L K B R Y PF/3 HRR
BHE B EZ B R A REN — 3, I PF/3
68 30 BRI EZ A —F MR 30%.

B AP SR UG Fo AR 1R T AR 2 AL
& 1) - E AR R 2 BRAE, 7T DU B A8 3 L
PF/3ERTMMRAER M, 0K 2 Prw. W, BT

@



1276 b =3

¥

#H 26 %

HWMEE WK ESE HEITE 10 4~ PF/3 BAILF .,

L4 R0 3 UG i 4514 °F BT A R 88 A TR 500 /Y
THHEE B, T A B B AR E IS E 4
5 AR Z 0 — B, R PF/3 ER
PrMBEE WMWK ERE, B, S5 AN ERAET
BAWEEN PF/3 EHINFE 3 Fin. W0, iAW
WFEW PF/3MEWAE 1.5~12 ZH, B WEE 2
(YDELERHEN 50 /K PF/3HEN 11,96 2
Sh, AR PF/3 E## 10 LT,

£2 AMARERTHRBEEELEME(PF/3RR)
Table 2 Observer repeatability in terms of PF/3

under five different backgrounds

Background Lightness 5 25 50 75 95
Observer 1 (ZH) 1.55 3.05 3.01 0.88 1.72
Observer 2 (Y]) 3.34 1.43 7.91 3.06 8.99
Observer 3 (XG) 4.75 4.22 1.96 9.40 6.39

Mean 3.48 3.14 5.09 5.69 6.26
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Table 3 Observer accuracy in terms of PF/3

under five different backgrounds

Background Lightness 5 25 50 75 95
Observer 1 (ZH) 2.65 2.00 2.68 1.49 5.6
Observer 2 (Y]) 2.17 2.49 11.96 1.70 3.65
Observer 3 (XG) 2.84 2.90 5.65 3.56 6.33

Mean 2.71 2.63 8.07 2.65 5.53

T AL UG 4R 22 Y 3 R IR 4 A 4K i i
W58 T3 0 WL LI 57 U e B UL 88 3 g0 B IR 2 DU
KR BEIC B L 56 BB KB R A% . SEREA
I & R WA S SC B AT ELER AT A0, B T E A
Bk PR MEAE X R, X R B M ER AR T H R
BT 87 ) AY B BE DL B, BT DA AR S0 A AR
K EWH BT ROy BELE,

3.2 FHRZEMAYLEIE

EFRER L ERS, EREE PHA L R
IR AL RARERNRERERE. HRE
RO R R EE AR, AL B— P HER
B AT RTENERRE, AL W43k, i g
AL/L#FARZE., AL/L AENHBEXEZRNFEM
EW (Weber's law), HFx 4t L AL/L AFH AL
(Weber ratio) , $51A 32 ¥ 8 R &4 W, 72
BKA&METAX 0. 01 AT,

KA SLI P 5 P B BE R ME T R R AR R
4 A B £ 90 5 UG B S 56 B8 AT o L, X R TR —

VE L 2514 (R 48 1 S RAR VI 380 B A R R iy T
B SR ME, 2R 5X19=95 M, IR H
RUHENARMAS R S H, NTNHRB T WE 2 fix
5 RN TARE RFERMFHAL ALY /L FEH
WA L ALy iR .
0.40
035}
030} |

B2 AMARERTHHAL
Fig. 2 Weber ratio under five different backgrounds
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Fig. 3 Crispening effect indicated by lightness threshold under five different backgrounds
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