Binarization of Low Quality Text using a Markov Random Field Model
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Abstract
Binarization techniques have been developed in the document analysis community for over 30 years and many algorithms have been used successfully. On the other hand, document analysis tasks are more and more frequently being
applied to multimedia documents such as video sequences.
Due to low resolution and lossy compression, the binarization of text included in the frames is a non trivial task. Existing techniques work without a model of the spatial relationships in the image, which makes them less powerful.
We introduce a new technique based on a Markov Random
Field (MRF) model of the document. The model parameters
(clique potentials) are learned from training data and the
binary image is estimated in a Bayesian framework. The
performance is evaluated using commercial OCR software.

1. Introduction
MRFs and Gibbs Distributions have been used successfully
for image restoration [2]. We believe, that MRF models are
very well suited for modeling text properties, but the models
found in the literature are not rich and do not exploit enough
of the properties of text characters.
Thouin et al. use 3 × 1 and 1 × 3 cliques and energy
functions stimulating horizontal and vertical homogeneous
strokes to restore bimodal text images from low resolution
samples [10]. Cui and Huang use 2 × 2 cliques with similar
energy functions to extract binarized car license plate images from gray scale sequences [1]. Both approaches use a
simple model, where the MRF is used to model the prior for
an MAP estimator which tends to remove simple noise and
augments small straight strokes.
Of course, given all the different possible types of text
in different fonts, sizes, styles, orientations, colors etc., it
is difficult or near impossible to create an exact model of
text which fits all possible text observations. In part, this
is the reason for the simplicity of the existing text models.

However, the fonts of most of the low quality text in video
broadcasts are very simple and without serifs so they remain
readable when rendered at low resolution.
This paper is outlined as follows: Section 2 gives a short
introduction into MRFs and Gibbs Distributions. Section
3 presents the observation model and Section 4 the prior
model. Section 5 explains the annealing process used to
minimize the energy function. In Section 6 we describe the
experiments we performed to evaluate the system and give
some results. Section 7 finishes with concluding remarks.

2. MRFs and Gibbs Distributions
MRF models treat images as stochastic processes. A field
X of random variables Xs1 , Xs2 , .... XsN is a MRF iff
P (X=z) > 0 ∀z ∈ Ω and P (Xs =xs |Xr =xr , r 6= s) =
P (Xs =xs |Xr =xr , r ∈ gs ) where z is a configuration of
the random field, Ω is the space of all possible configurations and gs is the neighborhood of the pixel Xs . In other
words, the conditional probability for a pixel of the image
depends only on the pixels of a pre-defined neighborhood
around this pixel. This neighborhood is defined in terms
of cliques, where a clique is the set of pixels which are
neighbors of the given pixel. It has been proven that the
joint probability density functions of MRFs are equivalent
to Gibbs distributions, i.e. are of the form
π(z) =

1 −U (z)/T
e
Z

where Z is a normalization constant, T is a temperature factor
P which can be assumed to be 1 for simplicity, U (z) =
c∈C Vc (z) is an energy function, C is the set of all possible cliques of the field and Vc is the energy potential defined on a single clique. Hence, the model of the spatial
relationship in the image can be defined in terms of energy
potentials Vc of the clique labelings.
In this paper the MRF models the prior P (z) in a
Bayesian maximum a posteriori (MAP) estimator which de-

termines the binary estimate from a degraded observation:
ẑ = arg max P (z|f ) = arg max P (z)P (f |z)
z

z

(1)

The likelihood P (f |z) depends on the observation and the
noise process. The prior and likelihood models are described in the next two sections.

3. The observation model
The likelihood or conditional density is the probability of
the observation given an estimate. It depends on the observation model assumed for the process. Most approaches
use simple models, e.g. Gaussian noise with zero mean
and variance σn2 and text and background gray values of 0
and 255 respectively, which leads to the probability density
function (p.d.f.)


||z − f ||2
2 −N/2
P (f |z) = (2πσn )
exp
2σn2
where f is the observed gray scale image and z is the estimated binary image. However, in real life this is rarely the
case. Modeling the image degradation this way results in
fixed thresholding with threshold 127.5 if the prior distribution is set to uniform — a method which is not acceptable.
Given a reliable estimate of the text gray value(s), background gray value(s) and the variance of the noise process,
a model assuming Gaussian noise results in the p.d.f.


||c(z) − f ||2
2 −N/2
(2)
P (f |z) = (2πσn )
exp
2σn2
where c(z) is the function delivering the text gray value
for text pixels and background gray value for background
pixels. Unfortunately, estimating the text and background
color (or gray value) is a difficult task and far from trivial.
We performed experiments with an MRF based binarization
scheme using the observation model (2) together with a uniform prior. Due to inaccurate estimates, the results are not
as good as the ones obtained by existing binarization techniques such as Sauvola et al’s method [9]. The goal of our
approach is to improve the classic techniques by using spatial relationships defined in the prior p.d.f. Therefore, as a
desired property, we want the new technique to give at least
the same results as these existing techniques, if the prior
distribution is set to uniform.
Niblack’s binarization method [5] has been used successfully and has performed as one of the best in a well known
survey [7]. Niblack’s algorithm calculates a threshold surface by gliding a rectangular window across the image. The
threshold T for the center pixel of the window is computed
using the mean m and the variance s of the gray values in
the window: T = m + k · s, where k is a constant set to

−0.2. The results are not very sensitive to the window size
as long as the window covers at least 1-2 characters. However, the drawback is noise created in areas which do not
contain any text (due to the fact that a threshold is created
in these cases as well). Sauvola et al. [9] solve this problem by adding a hypothesis on the gray values of text and
background pixels, which results in the following formula
for the threshold:
s
T = m · (1 − k · (1 − ))
R
where R is the dynamics of the standard deviation fixed to
128 and the parameter k is set to 0.5. We incorporate this
method into the observation model for the new technique as
follows:


||z − f + T − 127.5||2
P (f |z) = (2πσn2 )−N/2 exp
2σn2
(3)
Fixed thresholding is replaced by thresholding using the
threshold surface computed by Sauvola’s algorithm. The
last parameter to estimate is σn2 , the variance of the noise
process. If the prior is uniform, then a change of the variance does not effect the result. However, if a non uniform
prior is taken into account, then the noise variance should be
estimated as closely as possible since it controls the weight
between the prior model and the observation model.
We use local statistics of the gray levels of the image to
estimate the noise variance. A window is shifted across the
image and the gray level histogram of the pixels in the window is computed. Then the histogram is separated into two
classes by calculating Otsu’s optimal threshold [6] (which
is equivalent to maximizing the intraclass variance). Finally, the standard deviation of the noise is estimated as
σn = w σic , where σic is the intraclass standard deviation
and w is a weighting factor we fixed to 0.5.

4. The prior distribution
Our prior model is defined on a large neighborhood (4×4
pixel cliques), which makes it more powerful. On the
other hand, simple tabularization of the clique potentials
is not possible anymore, since we would need to specify
the energy potentials for a large number of clique labelings
(2B = 65535, where B=16 is the number of pixels in the
clique). We decided on a different approach, learning the
clique potentials from training data. The absolute probability of a clique labeling θi can be estimated from the frequency of its occurrence in the training images. The probability can be converted into a clique potential as follows:
1
ln(P (θi ))
B
Not all of the theoretically possible clique labelings are
found in the training images, so the question arises how to
Vc (θi ) = −

find the potentials for the missing cliques. One solution has
been proposed by Milun and Sher [4] as an application of
the work of Hancock and Kittler [3]. The probability distribution of the clique labelings θi ∈ Θ is smoothed using the
following function:
X
P 0 (θi ) =
P (θj )pd(i,j) (1 − p)u(i,j)
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where d(i, j) is the number of bits which differ between the
clique labelings θi and θj , and u(i, j) are the number of bits
which are the same. p is the smoothing coefficient, higher
values denote more smoothing.
A typical training document image contains far more
background pixels than text pixels (a typical value is about
1% of text pixels). This leads to very low energy potentials for the cliques containing many background pixels.
We therefore normalized the clique potentials by a term
which only depends on the histogram of the clique. Let
θa be a clique labeling which contains z text pixels and n
background pixels. In an image randomly generated from
a stationary but biased source, which generates text pixels
with probability P (X=0) = α and background pixels with
probability P (X=255) = β, the probability to find θa on a
location is Pi (θa ) = αz β n . Dividing the measured clique
probability by this factor we normalize the energy distribution by increasing the energy of cliques with many background pixels and decreasing the energy of cliques with
many text pixels (assuming that α < β, as it is the case for
document images). The final energy potential is calculated
as follows:
Vc (θi ) = −
P 0 (θj )
θj Pi (θj )

P
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where Z =

Binarize
graylevel

1 P 0 (θi )
1
ln(
)
B
Z Pi (θi )

is a normalization constant.

5. Optimization
To estimate the binary image, equation (1) must be maximized. Unfortunately, the function is not convex and standard gradient descent methods will most likely return a non
global solution. Simulated Annealing has been proven to
return the global optimum under certain conditions [2].
During the annealing process, for each pixel the energy
potential is calculated before and after flipping it. The decision whether to flip the pixel or not is based on the value
q = e−∆/T , where ∆ is the difference of the energy potentials before and after the pixel change. If q > 1 then
the change is favorable and accepted. If q < 1 then it is
accepted with probability q. This prevents the algorithm
from staying in a local minimum by sometimes performing
changes which increase the energy function. The probability q depends on a global “temperature” factor T , which is

Figure 1. The degradation model
slowly lowered during the iterative process making unfavorable changes less and less likely. For the cooling schedule we used the suggestions in [8] (page 356), where the
temperature T is set to T (k) = T (1) · ck−1 where c is a
constant controlling the speed of the cooling process and k
denotes the current iteration. The start temperature must be
sufficiently high to switch to energetically very unfavorable
states with a certain probability. We set T (1) = 2 max(∆)
which allows a change from the clique with lowest temperature (i.e. very favorable) to the clique with the highest temperature with probability 0.61.

6. Experimental Results
To evaluate the performance of our algorithm we binarized
images and passed them to the commercial OCR program
Finereader 5.0. The documents were taken from the Pink
Panther database [12] and the University of Washington
document image collection [11]. We used 13 synthetic
documents (produced with LATEX) as training images and
5 grayscale documents as test documents.
To be able to perform experiments in realistic conditions
we degraded the images. Several theoretical document image degradation models are known in the document image
processing community. However, since we concentrated on
low quality text (e.g. taken from multimedia documents),
we ignored the degradation following from the discretization of the continuous characters, because these effects are
normally overshadowed by the stronger degradations following from the multimedia coding (see Figure 1). To simulate these degradations we down sampled the gray scale
input images by a factor of two and compressed them with
the JPEG algorithm with a quality factor of 75%.
The maximum difference ∆ we calculated from the
clique energy function was 2.5 so we set the start temperature of the annealing algorithm to T (1)=2∆=5. About
10% of all possible clique labelings were found in the
training set, the probability for the others was set to 0
if Hancock/Kittler (HK) smoothing was applied and to
1
2 min(P (θi )) otherwise. We ran the annealing procedure
with 400 iterations and a cooling factor of c=0.97.
Figures 2a and 2b illustrate an example of a character
repaired using the spatial information in the prior. Figure
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Figure 2. Example binarized with Sauvola’s
method (a) with the MRF method (b) The
clique labelings of the repaired pixel(c)
2c shows the clique labelings of the repaired pixel before
(θb ) and after (θa ) the pixel has been flipped. Note, that all
16 cliques favor the change of the pixel.
We performed experiments with HK smoothing parameters p=0 (no smoothing) and p=0.001, and with or without normalization of the clique probabilities by the factor
Pi (θi ). We could not confirm the results of Milun and Sher,
which reported improvements of the results if HK smoothing was applied. On the other hand, application of the normalization step improved the quality of the results.
The OCR experiments have been conducted with two
classes of images: Documents binarized with Sauvola’s
method and documents binarized with the MRF method
(normalization of the clique potentials, no HK smoothing).
As can be seen from Figure 3, the MRF prior is capable of
repairing some damage in the characters. The recognition
rates are 79.0% for Sauvola’s method and 82.0% for the
MRF method. Table 1 gives the results for each document.

7. Conclusion and Outlook
In this paper we presented a binarization technique based
on a probabilistic MRF model. Although the model is very
powerful, the results of the method do not improve existing
techniques significantly. This is partly due to the sensitivity of the method to model parameters (the noise variance)
and to the energy function. We have shown that learning
the clique parameters from training data does not result in
an energy function invariant to changes in the text properties. We nevertheless believe that given the nature of existing binarization techniques further research in probabilistic

(a)

(b)

Figure 3. An example binarized with Sauvola’s
method (a) with the MRF method (b)
Document
Sauvola
MRF

1
77.1
81.0

2
39.8
40.5

3
77.1
87.3

4
99.0
99.3

5
98.7
98.8

Total
79.0
82.0

Table 1. The OCR results
modeling of text is necessary in order to create a deeper
understanding of the properties of text. Our future work
will explore new ways to define the energy potentials of the
model.
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