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Measurement of the Lightness Contrast Sensitivity of Human Vision
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ABSTRACT: The work aims to study the antagonistic characteristics of human visual receptive field “center-surround”.
Psychophysical experiments were designed to measure the contrast sensitivity data of 5 lightness samples on CIELAB
lightness axis in visual perceptual color space at 11 spatial frequencies. The data collected from the experiments were an-
alyzed by one-dimensional linear regression and principal component analysis, respectively. The functional relation-
ship between different brightness vision, spatial frequency and contrast sensitivity threshold was compared.
One-dimensional linear regression showed that, the contrast sensitivity curves of the five lightness samples
showed band-pass characteristics, and the higher the lightness value, the more obvious the band-pass characteristics.
Principal component analysis showed that, the former two principal components were new variables to describe the char-
acteristics of human visual receptive field. The human vision shows a “center-surround” surrounding tone transfer char-
acteristic at low frequencies of 1~6 cpd. At high frequencies, the brightness CSF of human eyes is similar to brightness
CSF. As the spatial frequency increases, the contrast sensitivity of human vision decreases.
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Fig.1 An example of the test image
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Tab.1 Parameters of testing system
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Tab.2 Display of correction results of the system
miH SoBE Xt e g BiE Gama B
HARE 120 cd/m? 1000 : 1 D65 22
SHINE] 119 cd/m?2 698 : 1 6515 K 2.2
ICC ¥ % AEoa i KW FE2E 1.8 AEos VB E 2 0.66

BERSLIHT, B8 RGEIFHLBCE /NS L E
PRUEZR 0 IE B s 5 SEIe H WoR 2 8 IR IE, R
WEB BoR i) — Bt B 6 24 M08 IE# g
S5, B2 N, &4 N, FERTE 19~22 B 2],
WELH I S EFFIEMITE 1.0 DL, B g
FAE ML Z BT Se 285 2 min (491535 % F1 1 min B9 5535
N, S N L S T N IR B R RO A . A
YO EZ I 8] A # 5k 40 min, R B 2% K 06K K
B> BB vt B ST 510 2 02 LA 2 Ta) 350 [ 7 X L
FEARAL A 7 ABENL R s, WLEEE IE O 1%, 24
K BLAR T A3 W AR 8O0 L B 22 R ESR, E R
bR oAz EUR B 22, M R 40 A shid 56 F % BRI
23 [ AR AB AN A . B A S B0 SR AR LR
21,

1.3 BAEXLEEBRENITE

FH R XoF L R B e S Ay B X L B A 4588 AN TR
W R A B A PR PE K SO S S AN, X
G B RN BE S A A ], Sof ] — B BE Hhoes ] — 2% ]
AT P 6T L AR R B R AN AR [ 1Y o S50 PR 5000
WAL LA T 2 NS8: SRR X HE, 5
5 S TR X5 A Kok [] — 72 [ 431 24 i) 354 Vel 4% v <4 ] 43
AU LU E 22 S HI KR — R, IR 2R
SEMH. SEIEEREN S BTG L 11 SRR,
RARAME 80 TRIEMER, SLH il E Y WML ER 2
4.4x10° 1, S 55200 6 M MEFE R 1 ML,
NILHEATT 528104 YOULEE, SLE0 3 20 J&,
T 5 A B BE Ao (R X B BE RN 23S [R) AR AR Xt BH BE
ST B B A AN [R5 BE X B AU 5
B 3 XoF L B A0 850 %) PR GRS S 6 0 A5 K 30 IR
BARSRA f(i=12-11) £m, 6 (WEEH I
TR LLEEF C; (J =1,2++12) Form , B REXS L BURREE Ny
1/C; .

2 MELERSHESN

21 MEHFEH—ToH

T O TR A BST G I R, TN B 0 R
12311 ASUERE, 5 ASBIEE PO RAT 12x11x5 %
. AR CSF 45 AR 23 [ R FX L
RO B (E 2 NS R BL R, ek o BT aE
SE RN B R B 400, ST CSF AU, SCHk[5—6, 9
— 10709 X L AR PR BORR 7R 2 02 DL 5 B BIOE 20 3R
7N I o 3 LA SR FH AR B ek B Ry ik T R B BT A R
BB M- Y ER A, 25 i 3 [R5 Ak 3 v i e B T 1 ik
TR, AN [ (42 2R FH e 30T R B30k Ji T pR AR E A T4
A, TR LA B X FRE | BRI AT o M S
fiE, Ttz W RGN A 1o, 2
B E I 5T AR J7 15, #6555 R 22 30 i
PRECR A TE X

CS&U):qeq{f;hj+%eq{1;ﬁJ 3)

1 )

Kt SRR CSFy ) R hh L U
H; a1, a2, b1, b2, c1, 2 XRPESEL

2% 3 340 R-square ZHUEAE T pRELS I 1 £ 1)
AR R, LA MW E 2, K 2 f CSF iy B F
S 5T RA G L, T F-XMEME R 95% &
fEIX a2, SEEEE KA/ AR IR IX [ N, % 8]
SERG SRR IS AN B, A 2 A AN 2 LUK
FEBE, SR TP RR, J5 R i
B2 B S L, T LA HLLL 95 % 1Y B 0 IX ) i A5 4k
Tho 5 /N BH BE XS HCABURRE pR KR nT i A A HIR BH AL 0E 1)
2R, EEBINE (KT 6 cpd) , KEH
FEAER TR CSF & Ttm, AMRPLSEXT = BH B (R4
P40 4y BERE J15m, B R RGBT AR 2 T 2 1)




- 254 - % TR 2019410 A
500 F o L0
%0"“:;“r{2;:**:“”*u ——————— OS%Eﬁﬂiﬁqu

r X A= y o m [25vs. X
SRS 125 ‘
400 7 S~ e e 95% B AR X F(£25)
- L ™ X LS50 vs. x
350 [ g TR Ty
Y Ve el N RO ™ e e 95% B {7 X [A](L50)
- s A [75vs.x
2 300 e SN A
g W N RN T e 95% & {5 XIAI(L75)
fie=d -+ L190vs.x
5250 S —— 190
= b oo 93% AR K EI(LIO)
200 [ .

75 (A4 E /epd

B2 5 T2 - 205 X L AR £k

Fig.2 Contrast sensitivity curve of average vision of 5 kinds of lightness
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Tab.3 Parameters of contrast sensitivity function curve of different lightness centers
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L=75 333.9 3.36 4.77 178.7 8.90 9.73 0.997
L=90 422.6 3.25 11.23 0 0 0 0.9965
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Fig.3 Cumulative contribution rate of principal components
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Fig.4 Characteristic of "center-surround" of human
lightness vision
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