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• Mid band gravity detectors such as the 
MAGIS[1] experiment rely on the imaging of 
the interfering atoms as they fluoresce from 
the excitation imparted by the driving laser. 

• This project presents a novel opportunity to 
develop an imaging system that can not only 
monitor the position of the atom clouds, but 
also capture details of the 3D shape of the 
clouds at different points along the beam line.

• Advantage of using telecentric lenses is also 
probed for such imaging systems.

• The reconstruction problem is set up as an inverse problem in compressive imaging
• 𝐀(𝑥) = 𝑏 is being solved for an underdetermined system, hence priors are used
• Minimize !"| 𝐀 𝑥 − 𝑏 |!! + Γ(𝑥), where 𝐀 is the projection operator and,

•Γ 𝑥 = | 𝐷! 𝑥 |"! for uniform density clouds; want sparse gradients/ uniform densities
•Γ 𝑥 = | 𝐷" 𝑥 |"" or | 𝐷" 𝑥 |"! for smoothly dense clouds; want slowly varying densities

• 2D projections of the clouds can be assumed to 
be true line integrals of the light emitted from 
the cloud along the dimension of the projection.

• 3D reconstruction can be done using iterative 
methods such as ADMM[2] and Conjugate 
gradients. Computational speedups can be 
achieved by restricting to the Visual Hull[3].
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• Simulations of atoms clouds are used to evaluate the reconstruction techniques
• We consider 2 canonical clouds, one each for uniform and smooth density cases

Uniform Cloud with a Cavity Smoothly Varying Density Cloud
𝑥!"#$ 𝐀 𝑥!"#$ = 𝑏 𝑥!"#$ 𝐀 𝑥!"#$ = 𝑏

𝑥"$%&'(!"#%!$) 𝑥"$%&'(!"#%!$)

EE367 / CS448I

Computational Imaging and 
Display, Winter 2020

𝐭𝐞𝐥𝐞𝐜𝐞𝐧𝐭𝐫𝐢𝐜
𝐞𝐧𝐭𝐨𝐜𝐞𝐧𝐭𝐫𝐢𝐜 | 𝑫𝟏 𝒙 |𝟐𝟏 Visual Hull Only | 𝑫𝟐 𝒙 |𝟐𝟏 | 𝑫𝟐 𝒙 |𝟐𝟐 Visual Hull Only

PSNR (25.95
20.90 (16.96

11.76 (33.89
32.08 (29.21

8.956 (18.69
12.49

Recon Err (.0686
.1314 (.1700

.5639 (.0246
.0361 (.0769

2.523 (.1146
.4780

PSNR = 10 log!"( ⁄1 𝑣𝑜𝑥𝑒𝑙#$%& − 𝑣𝑜𝑥𝑒𝑙'#($
)) Recon Err = 0∑ 𝑣𝑜𝑥𝑒𝑙#$%& − 𝑣𝑜𝑥𝑒𝑙'#($

! ∑𝑣𝑜𝑥𝑒𝑙'#($

Visual Hull Visual Hull

ADMM + iso TV ADMM + iso TV Least Squares


