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Mixing problem

Mixture of the front- and back-page images of a document 
when acquired with a scanner

The mixture is nonlinear and noisy

Five different pairs of mixtures were studied
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MISEP method

Performs nonlinear ICA by minimizing mutual information

Generalizes Infomax in two directions
Allows nonlinear functions in the separation block F
Adaptive output nonlinearities 



Mixing model 
Based on the halftoning process of the printers

The printer produces small black dots
The gray level is given by the fraction of area covered 
by the dots
We model the dots by a random binary variable
With suitable assumptions, a bilinear mixing model 
can be derived
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Inverse (separation) model

F implements the inverse of the physical mixture model

This inverse can be found algebraically

Equations not shown here due to complexity

This inverse has the same four parameters as the physical mixture 
model

These four parameters are what needs to be estimated by the 
MISEP method 



Experiments

The F Block was initialized near the identity 
function

Auxiliary blocks were MLPs with 10 hidden units 
each

MISEP was applied to each pair of mixtures 
during 1000 epochs.

A separation model was trained for each pair of 
mixtures

Training set: 1000 pairs of pixels, randomly selected



Results (1)



Results (2)



Objective quality measures

Three quality measures were computed
Q1 – SNR between extracted and original source

Q2 – Same as Q1, but compensated for possible 
nonlinear intensity distortion

Q3 – Mutual information between extracted and 
original source



Results

MISEP MLP – MISEP using an MLP in the separation block (L.Almeida JMLR 2005)

Nonl. DSS – Nonlinear Denoising Source Separation (M.S.C Almeida ICA 2006)



Conclusions

A physical model for the mixing process of scanned 
images was presented

The inverse model was trained using MISEP (ICA)

The separation quality is better than those obtained with 
previous methods for the same data (according to 
objective quality measures)

The physical model fits the mixture process well

MISEP is appropriate for estimating the model 
parameters
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