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Motivation
 

Stereo matching is commonly used in production to reconstruct
3D information.

The problems of stereo reconstruction are exaggerated under 
low light conditions when it is necessary to make a combination 
of 3 adjustments:

  1. increase aperture (more defocus)
  2. increase exposure duration (more motion blur)
  3. increase sensor gain (more noise)

In each case, artefacts are introduced or increased, reducing the 
quality of stereo matching

Goal
 

By exploring the space of exposure parameter settings (aperture, 
gain factor and shutter speed) and looking at several 
benchmark reconstruction techniques, we aim to conduct a 
preliminary study into how best to optimise these settings under 
different circumstances to achieve the best reconstruction possible. 
 

Evaluation
  

 We investigate three stereo algorithms:

 - libELAS, 
 - OpenCV Graph-Cut,
 - Patchmatch Stereo

and find that results vary between scenes with a greater depth of
field, scenes containing motion and scenes with high gain due to 
the influence of different sources of noise in each case.

Three example scenes: (a) Static, (b) Motion blur, (c) Noise

While high-ISO settings allow quick exposures, without motion blur, they introduce 
noise that potentially affects reconstruction. Figure shows accuracies and variances 
of the disparity maps within the user-indicated regions, obtained using three different 
stereo reconstruction algorithms (rows), as a function of exposure time and sensor 
ISO. The errors are large because the mean is swayed by some outlier pixels that 
might have a disparity value far from the mean. 

Variance and bias in the reconstructed disparities for three scenes (rows) using each of 
the three algorithms (columns). Each graph plots the variance (dashed lines, left y-scale) 
and bias % (solid lines, right y-scale) against exposure values (computed using Eq. 1). 
Different colors (blue and red) correspond to the two scribbled regions in each image. 
Splines were fit to the points to depict trends. The absence of axis labeling (variance of 
libELAS last two rows) suggests very low values, in the order of 1e^6.

We evaluate the algorithms by comparing the bias/variance of a 
scene's disparity histogram with the exposure value for the scene

                                                 Exposure value formula

                                             Example of region selection

Conclusion
 

Static scenes: It is best to choose the highest gain possible without 
overexposing for better accuracy. For fixed gain, choose medium exposures 
over longer exposures.  
Dynamic scenes: Long exposures with low gain and short exposures with high 
gain are both detrimental to accuracy, with the latter being preferable. A short 
exposure with high gain is preferable. For greater precision, in the absence of 
high-contrast texture, medium gain with longer exposures is preferable.


