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Abstract

Noises and complex backgrounds often make the
thresholding of degraded document images a difficult job.
In this paper, we propose a new threshold selection
method to handle severely degraded document images.
First, multiscale image description is adopted to analyze
the image edge. From it, edge pixel pair information is
derived and recorded by a graylevel co-occurrence
matrix. An appropriate threshold value is chosen by
measuring the edge pixel pair co-occurrence matrix. The
new method is tested with degraded document images.
The experimental results show it is resistant to noises and
complex backgrounds.

1. Introduction

In image processing, binarization plays an important
role and has attracted much interest for many years. This
operation divides the image into two classes: the objects
and the background. Compared with the grayscale image,
a binary image decreases the storage and computational
cost of subsequent processing. Binarization is usually the
first step in most document image analysis systems. If
poorly  binarized images are used, document
understanding would be difficult or even impossible.
Many threshold selection methods [1-8] have been
proposed which decide the threshold globally or
adaptively. Different kinds of statistical characteristics,
such as maximum likelihood [2], moment [7], entropy [6],
variance between the foreground and background [4], are
adopted for threshold selection. Some comprehensive and
thorough overviews and evaluations about binarization
method can be found in [9-11].

Although many kinds of threshold selection
approaches exist, they seldomly yield satisfactory
binarization result when applied on document images
with noises and complex backgrounds. Even few adaptive
methods may perform good binarization, they are too
complicate and many parameters have to be fine-tuned.
Here we propose a new simple threshold selection
method. Instead of attempting to choose the threshold
based on image histogram information like many other
methods, we select the threshold in terms of multiscale
edge analysis and graylevel co-occurrence matrix. The
method can effectively select a proper threshold even the
image is degraded by noises and disturbing backgrounds.

2. Threshold selection

2.1. Multiscale edge analysis

First, the Laplacian of the image is computed for
locating the edges. For an image I, the Laplacian of I is
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The discretion Laplacian at a point I(x, y) can be
computed as:

Vzl(x,y):1(x—l,y)+[(x+1,y)+](x,y—1)+'
I(x,y+1)—4*1(x,y)

After calculating the Laplacian value on all the points,
we try to find the position where successive pixels have
different signs of the Laplacian values, such as, - and +, +
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and -, - and 0 and +, or + and 0 and -. The two connected
pixels having signs of Laplacian + and — respectively are
called an edge pixel pair and the edges will be located on
these positions according to the zero-crossing edge
detection method. An ideal threshold value should lie
between the graylevel values of edge pixel pair so that
objects and background can be segmented correctly.
Figure 1 illustrates this idea in 1-D case.
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Figure 1. A 1-D step edge and convolution result
with a LoG filter.

As shown in Figure 1, a step edge is formed where
image changes from foreground to background, for
example 1 represents foreground, -1 represents
background. After blurring by the Gaussian kernel, the
Laplacian of the edge will have a positive peak and a
negative peak. There is a zero-crossing on the position 0.
The two points at postions 1 and -1 form an edge pixel
pair, which have different signs of Laplacian value. The
ideal threshold will lie between the graylevels of these
two points. If the threshold exceeds the graylevel of point
1, part of the foreground will be classified as background.
On the other hand, if the threshold is lower than the
graylevel of point -1, part of the background will be
considered as foreground. Hence, the edge pixel pair
information can help us to select a proper threshold.

In general, a document image is often degraded by
noises which may produce the oscillation of the second

derivative of the image. Many pixels related to noises will
be falsely detected as an edge pixel pair, which influences
the estimation of the threshold. It is desirable to suppress
the noises and focus on true character stroke edges. For
this purpose, we lower the image to a coarse scale and
compute the Laplacian on a coarse resolution image. It is
well known that multiscale descriptions of image are very
useful in revealing the different image details [15]. On the
fine scale, we can see more details, also noises. On the
coarse scale, we omit some details and only see some
significant boundaries. For noise suppression, we lower
the image resolution by convolving the original image
with a Gaussian kernel.

Another problem occurs when we analyze the image
on a coarse scale. The location of the boundaries may
shift a little compared with true boundaries on the original
image. Therefore, the edge pixel pairs only produced
from the coarse scale image can not precisely estimate the
threshold of the original image. For accurately locating
the edge pixel pair, we also find those edge positions
from the original image. Comparing the edge positions
detected from the original fine scale image and those
from the coarse scale image, we remove those edge
positions on the fine scale which do not have
corresponding edge points at the same positions or 4-
connected positions on the coarse scale. By this means,
we attempt to reduce the false detection occurred by
noises and acquire the accurate location of edge position.

2.2. Graylevel co-occurrence matrix

We will select a threshold based on the edge pixel pair
information acquired by multscale analysis. In a
document image, the foreground usually contains some
characters which consist of many strokes. Because the
graylevels of these character strokes are similar, after
blurring by point spread function, the pixel values of the
blurred edges for those stroke patterns look very similar
too. Instead, the graylevels related to the noises and
complex background patterns vary considerably.
Therefore, the blurring at the edge of noises and
background will show different pixel values. This makes
the edge pixel pairs related to the character strokes gather
in a narrow interval, and the edge pixel pairs related to
background distribute sparsely.

The graylevel co-occurrence matrix is adopted to
measure the characteristics of the edge pixel pairs. We
use co-occurrence matrix because sometimes information
provided by histograms is not good enough for selecting a
proper threshold, and “In such case, the graylevel co-
occurrence matrix can be an aid to threshold selection”
[14]. The graylevel co-occurrence matrix has been
proposed for threshold selection by many researchers [12,
13], but all the pixels in the image, including noises and
undesired background pixels, are counted in the previous
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works. When there are lots of noises and variation in the
background, the old methods can not give an appropriate
threshold. In our method, only edge pixel pairs are
considered. This information represents the characteristics
of the stroke edges. Hence, our method is accurate and
robust.

First, we give a brief description about the graylevel
co-occurrence matrix. Let m represent the graylevel of
pixel (x, y) and n represent the graylevel of pixel (x- sinf,
y+ cos) of an L-level gray scale image [, 0 <= x <= M-1,
0 <=y <=N-1, and 0 <= m, n <= L-1. Now the elements
of the graylevel co-occurrrence matrix [Cy] for the
direction 6 can be defined as

M-1N-1

Comm = Z ZN(I(x,y):m&](x—siné’,y+cos€):n),

x=0 y=0

where N(-) = 1 if the argument is true, otherwise, N(*)
= 0. [Cq] is an L*L matrix, and the element cg,, gives the
frequency that a pixel having graylevel m is adjacent to a
pixel having graylevel n in direction 6. Usually 0 is
chosen as 0, mw/2, m, 3 w2, which are 4-connected
directions. Considering all these directions, the co-
occurrence matrix is

€] =%<[CO]+[C

z
2

J+[C,1+[C, D).

2

We adopt co-occurrence matrix to analyze the edge
pixel pair. Therefore, only two adjacent pixels which
form an edge pixel pair will be counted in our new
method. The definition of the elements of the matrix will
be modified as

M (J(x,y)=m&I(x—sinf,y+cosf)=n&k... )
Comn = ; por N{] (x,¥),I(x—sin@, y +cosd) areedge pixelpair]

Then we can calculate the edge pixel pair graylevel co-
occurrence matrix [C] as mentioned before.

The edge pixel pair graylevel co-occurrence matrix is
used to select a threshold. Because there are many stroke
patterns which have similar graylevels in the document
image, many edge pixel pairs related to character strokes
will occur in some approximate intervals. However, the
edge pixel pairs related to noises or background will
occur in many different intervals. We want to select a
threshold which will be in the graylevel values of most
edge pixel pairs. Note [C] is a symmetric matrix, we only
consider the upper triangle of the matrix. The threshold T
is chosen as:

t L-1
T= argmax(ZZcm )
0<t<L-1 o met

By this means, the threshold T can separate most edge
pixel pairs. Figure 2 illustrates the threshold selection by
the edge pixel pair graylevel co-occurrence matrix.
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Figure 2. Graylevel co-occurrence matrix, where
t is value of threshold. Select T to maximize the
sum of entries in area S. The T will be between
the graylevels of most edge pixel pairs.

2.3. New algorithm

Now we summarize our new threshold selection
algorithm as follows:

1. Lower the image scale and compute the
Laplacian of the coarse scale image. Find edge
points according to the change of the sign of
Laplacian.

2. Detect edge points in the original fine scale
image. Remove those points which have no
corresponding edge points at the same positions
or 4-connected positions on the coarse scale,
because those points are probably produced by
noises.

3. Get the edge pixel pair related to each edge
point. An edge pixel pair is formed by two pixels
which are near edge points and whose signs of
Laplacian change.

4. Record these edge pixel pairs to a graylevel co-

occurrence matrix C. Select the threshold T as
t L-1

T =arg max(z Zcm’n )

0<t<L-1 m=0 n=t

3. Experimental results

Our method has been tested with 25 document images
which are degraded by noise, low contrast, or complex
background. In Figure 3-4, we show some binarization
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results by our method. For comparison, the results by
Otsu’s method [4], Tsai’s moment preservation method
[7] and Kapur’s maximization of entropy of the image [6]
are also illustrated. Otsu’s binarization algorithm is one of
the most popular globally thresholding methods. It is
simple and easy to implenment. In most simple cases,
Otsu’s method is optimal. Tsai’s moment preservation
and Kapur’s entropy maximization are also frequently
cited. They use different statistical characteristics of the
image.

The results indicate that our method performs well
even when the document images have been degraded by
lots of noises and wundesirable background. The
foreground characters are accurately segmented. From the
images, we can observe the edge pixel pairs related to the
noises and background are very different, but the blurred
edges of strokes have similar pixel values. Therefore, by
considering only those edge pixel pairs which occur
frequently, we can successfully remove the influence of
noises and background.

4. Conclusions

We have proposed a new threshold selection method
for document images based on multiscale and graylevel
co-occurrence matrix. The multiscale analysis is used to
find edge pixel pairs related to foreground strokes. Then
graylevel co-occurrence matrix of the edge pixel pairs is
adopted to determine a proper threshold. Because edge
pixel pairs represent the characteristics of the strokes and
we acquire edge pixel information with noise suppressed,
our method is accurate and robust. Experimental results
show this method performs well even on severely
degraded documents.
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Figure 3. (1) original image, (2)-(5) binarization b ’ i
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