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Introduction
The digital scans of double sided documents often suffer from dis-
tortions because the contents on the back side (verso) of the docu-
ment often shows up on the front side (recto) in the scans and vice-
versa either due to transparency of the paper or due to ink-bleeding.
Such contamination in the scans of duplex printed documents called
show-through effect is not trivial and this unwanted artifact needs to
be eliminated. If the texts and images on the documents are not
pure black and white but have varied gray levels, the problem calls
for a rigorous show-through cancellation methods.

Approach
�Degraded scans are assumed to be linear and instantaneous mix-

ing of the contents on the two sides of the original document.
� The show-through effect is given a state-space representation.
� A Dual estimation approach is proposed to cancel the show-

through effect.

Mathematical Section
The scans of the recto and verso pages are assumed to be linear
combination of clean images representing the sides of the duplex
printed document. The show-through effect is thus modeled as
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(1)

z1k: scanned image of one side of the double sided document,
z2k: scanned image of other side of the same document,
A ∈ <2×2: mixing matrix,
x1k: recto of the document,
x2k: verso of the document

The coefficients of matrix A are unknown. z1k and z2k are data,
and x1k and x2k are sources to be estimated from the data when the
mixing coefficients are unknown.
The state-space formulation of (1) can be written as

xk = Fxk−1 + pk−1
zk = Hxk +mk

(2)

The image pixels have been assumed to have temporal correlations
which can be modeled as first-order autoregression.
State-space matrices F and H are unknown.

F = diag (f11, f22) , H ∈ <2×2

The process noise pk−1 and observation noise mk are assumed
additive, white and Gaussian.

pk−1 ∼ N (0,Q) ,mk ∼ N (0,R)

Dual Estimation
Both parameters and hidden states must be simultaneously esti-
mated from only the observed data.
This work applies dual Kalman approach in which two Kalman filters
run concurrently and generate state and parameter estimates.

Figure 1: Dual Kalman

x̂−k : a priori state estimate;
x̂k: a posteriori state estimate;
ŵ−k : a priori parameter estimate;
ŵk: a posteriori parameter estimate;

P−k : a priori state error covariance;
Pk: a posteriori state error covariance;
K: Kalman Gain;
Q: Covariance matrix of the process noise;
R: Covariance matrix of the measurement noise;
P−wk

: a priori state error covariance;
Pwk: a posteriori state error covariance;
Kwk: Kalman Gain;
Qw: Covariance matrix of the process noise;
Rw: Covariance matrix of the measurement noise;

Results

Figure 2: First quadrant: Scanned images ([4]) (top) and clean images (bottom);
Second quadrant: Scanned images ([3]) (top) and clean images (bottom); Third
quadrant: Mixture images (top) and clean images (bottom); Fourth quadrant: Mix-
ture images (top) and clean images (bottom)

Performance Analysis
The performance comparison in terms of mutual information
(though values do not change significantly, it does indicate towards
achieving visually improved images):

Table 1: Similarity measure: Mutual Information

Mutual Info. I II III
Literature 0.2889 ([3]) 0.2340 ([4]) 0.3574 (FastICA)
Proposed 0.2151 0.0615 0.3440

Conclusions
� Linear state-space systems effectively represent show-through.
�Dual estimation approach successfully extracts clean images out

of contaminated scans of double sided documents.
� Two Kalman filters running concurrently estimate clear images

and thus removes show-through.
� An intelligent choice of noise parameters must be made and

proper initialization is required.
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