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Motivation
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• Long-term goal:  To understand and model the appearance of spatio-chromatic 

images over a wide range of luminance levels (e.g. for retargeting)

Motivation
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First step: Measure spatial contrast sensitivity for three cardinal directions for 

background luminances ranging from  0.02 to 7000 cd/m^2.

Measurement

For 1 cpd: 0.5 deg Gaussian envelope
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HDR Display

15,000 cd/m2 high dynamic range display

Projector-based HDR display consisting of:

•6000 lumen DLP projector with colour wheel removed (effective 18000 

lumen)

•9.7” iPad 3 2048x1536 LCD panel with removed backlight

Specification

•15,000 cd/m2 peak luminance 

•0.01 cd/m2 black level 

•LCD resolution: 2048x1536

•Backlight (DLP) resolution: 1024x768

•Geometric-calibration with a DSLR camera

•Display uniformity compensation

•3D LUT color-calibration with a spectrometer (Specbos 1211)

•Bit-depth of DLP and LCD extended to 10 bits using spatio-temporal dithering
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Experimental Procedure
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Initial “guess” for the QUEST procedure measured using the method-

of-adjustment.
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Results
BG LUM: LOW ----------------------------------------MEDIUM-------------------------------------------- >   HIGH 

Achromatic CSF: Lowpass → bandpass;   Chromatic CSFs: Lowpass

Achromatic

Red-Green

Lime-Violet
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Results ( Mean data with parabola fit; Watson & Ahumada, 2005)

Achromati

c

Red-Green

Lime-Violet

Achromatic CSF: peak sensitivity (ymax) at 20-200, then decreases; fmax increases with increasing bg lum. 

Chromatic CSFs: peak sensitivity (ymax) at higher bg lum (~ 200-2000); decrease  at 7000

Max sf=2

Achromatic

Red-Green

Lime-Violet

BG LUM: LOW ----------------------------------------MEDIUM-------------------------------------------- >   HIGH 
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Lime-VioletAchromatic Red-Green

Contrast sensitivity as a function of spatial frequency
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Lime-VioletAchromatic Red-Green

Contrast sensitivity as a function of background luminance  

Achromatic CSF: peak sensitivity (ymax) at 20-200cd/m^2, then decreases rapidly

Chromatic CSFs: peak sensitivity (ymax) at higher bg lum (~ 200-2000); decrease at 7000cd/m^2
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Comparison with Barten’s model

• A qualitative model relating sensitivity to 

external and internal noises, optical 

modulation function, and lateral inhibition

• The shape of the predicted curve is fairly 

consistent with measured data

• However, the magnitude of measured 

sensitivities are much lower than the predicted 

values

• The model predicts the sensitivity curve to 

flatten out at high luminance levels

• Measured data shows decrease in sensitivity 

after exceeding certain luminance values 

Source: Barten, P. G. (2003, December). Formula for the contrast sensitivity of the human eye. In Image Quality and System Performance (Vol. 

5294, pp. 231-239). International Society for Optics and Photonics.
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Modelling the effect of bleaching

• The fraction of unbleached pigment decrease logarithmically with increasing 

luminance levels which could be linked to the observed drop in sensitivity

Source: Burkhardt, D. A. (1994). Light adaptation and photopigment bleaching in cone photoreceptors in situ in the retina of the turtle.

Journal of Neuroscience, 14(3), 1091-1105
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Modification of Barten’s model

• Barten’s model modulated with the 

bleaching factor function

• The new model mimics the sensitivity 

drop in measured data
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Comparison with Literature
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• We have extended achromatic and 

chromatic contrast sensitivity 

measurements to background luminances  

ranging from 0.02 to 7000 cd/m^2. 

Comparison with Literature
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• We have extended achromatic and 

chromatic contrast sensitivity 

measurements to background luminances  

ranging from 0.02 to 7000 cd/m^2. 

• Consistent with previous achromatic CSF 

measurements (e.g. van Ness, 1991; max 

lum=280cd/m^2), the achromatic CSF is 

lowpass <= 0.2 cd/m^2 and bandpass at 

intermediate luminances. 

Comparison with Literature
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Comparison with Literature
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• The chromatic contrast sensitivity 

functions are lowpass at all luminance 

levels. Our cone contrast sensitivities for 

intermediate luminances are 

commensurate with previous 

measurements (e.g. Mullen, 1985; Kim et al, 

2017). 

Comparison with Literature



Thank you!
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