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Inverse problem, Noise free data

Least Squares, Data slightly noisy

Direct Problem

b=Az

z=A-1 b

z=(AtA)-1At b

Deconvolution Minimal Deconvolution Maximal

Find a robust estimator for large kernel inverse problem, by sorting 
error sign of the data (+ or -) and eventually derive a median solution.

Possible with linear 
optimization :

NSS-MIC-2012-Anaheim CA

Zmin
Zmax=Zmin+κψ

SNR= 36.36 SNR= 34.25 (193359)

Median + Smoothing MLEM-OSEM 

SNR= 30.02 SNR= 33.05 (45916)

SNR= 25. SNR= 25.01 (2985 )

SNR= 18.53 (353)SNR= 15. 
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A collimator with large and long hole is animated 
with a linear motion and an orbital motion (around 
the patient).

Straight arrows on the left depict the linear motion. The 
complete acquisition (with 4 angles of rotation) is 
represented in gray scale.

The contact points between the 
data (b) and the minimum solution 
Azmin allows to sort the negative 
errors. The same hold for the 
positive errors with Zmin+κψ

The two solutions Zmin and 
Zmin+κψ, surround the data like 
the slices of bread in a sandwich

Once detected, a negative error, 
bi, is considered as a new 
negative constraints. The linear 
optimization is then performed 
with bi<Azmin                                                                            In our model of large kernel 

tomography, with a simulated Poisson noise, a new algorithm aiming at 
determining the sign of the statistical errors, performs as well as the traditional 
MLEM-OSEM. A neat advantage is observed for MLEM at low signal to noise 
ratio, a slight advantage to the noise sorting at high signal to noise ratio.
Simple hypothesis like surrounding the data by 2 solutions, allows results 
comparable to Bayesian approach.

Detection progression with iterations.

This work is related to 
simulated images. We 
can compare good and 
bad classifications. 

Blue  -- well sorted +
Green –well sorted –
Red   --sorted failure

In this example 76%
 of well sorting.

Acquisition data.

Calculations of 4 angles 
acquisitions with a 
collimator of d=15 and 
p=15 pixels for 64x64 
image matrix lead to a 
transfer matrix of 12792 x 
3196.
Various number of 
acquired photons were 
simulated, from 106 to 
1012. 
Reconstructions were 
stopped at the highest 
SNR for both methods. 
This means 1 to 4 
iterations for noise 
sorting. For MLEM the 
number is given between 
brackets. 
Reconstruction time is 
shorter for MLEM than 
our un-optimized 
program.

Contrary to common L1 or L2 minimization, we do not try to find a solution in the data 
by minimizing the distance between this solution and the data.
Rather, we try 2 solutions (zmin, zmax) which surround the data, and we realize a 
minimization L1 between these 2 solutions.  
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