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A Bayesian Approach to

Shape from Coded Aperture

When we capture an image with a conventional camera  the size of the blur of an object is related to its distance from the camera. 

If we are able to distinguish the different blur scale, we can reconstruct the 3D structure of the scene. 
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The Bayesian analysis enables us to reduce the estimation of the original sharp image to the local space-varying statistic of the texture.

1. Marginalize the unknown texture f :

• we take into account the statistical variation of the texture

• we incorporate priors information that avoids ambiguities in the solution

• it allows us to bypass the recovery of the sharp texture, without 

restrictive assumptions

• we can concentrate only on estimating depth

2. Filter the input image g with zero mean conditional high-pass 

operators (e.g., horizontal, vertical, and diagonal gradients):

• we assume that the image g is Gaussian distributed 

• the operators are linear

• filtering simplifies the computation of the algorithm

Performance comparison (mean error)

Input image from [3]

Input image Depth map

Depth map (our method)

Symmetric 

mask

Asymmetric

mask

Structure of Np (for d1<d2)

d2d1

∆i ∆j

δji

δij

,

Depth estimation with different masks on the same scenario

[1]

[1]

Lens with 

coded aperture Sensor
Object f

Focal plane
Camera

Image g

Prior work [1,2] has shown that, if we place a mask 

into the lens of a conventional camera, we can make 

the blur scale easier to estimate: this camera system 

is called Coded Aperture Camera.

Currently, there is no universally optimal mask, 

but only masks that are optimal with respect to a specific method. Input image from [1] Depth map (Levin et al. [1])

We focus our study on a generic set of masks made by a small number of apertures

of identical size. Apertures of a large size can be approximated via the union of 

several small apertures.

• What is the advantage?

We can define a neighborhood structure Np for each pixels p in the coded image g

Coded aperture camera [2]

Masks with a small set of apertures

• Why masks with a small number of apertures?

When increasing the number of apertures, the size of each aperture decreases (since 

the camera lens has a finite size).  If the apertures are too small, diffraction will affect 

the depth estimation since the blur scale will be more difficult to estimate.

This simplifies the complexity of the algorithm and allows us to apply a graph cuts based energy minimization. 
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