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ABSTRACT
This paper describes a thresholding method for degraded documents acquired from a low-resolution camera. This technique
is based on wavelet denoising and global thresholding for nonuniform illumination. The accent is put on stroke analysis to
keep useful information more accurately without breaking characters and by reducing the number of overconnected ones. An
improvement of the technique, which uses the thinning algorithm, is thus detailed and a particular attention is given to
use this optimization in the convenient images only. Moreover,
thanks to the wavelet decomposition, complex backgrounds as
well as high frequency noise can be considered. This method
can handle various corpus of images without need of any prior
knowledge of the document image and fine-tuning of parameters.
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1. INTRODUCTION
1.1. Context of Images
As the first step of an entire system for optical character recognition, thresholding is crucial and its success is
preponderant for all other processings. Errors at this point
are propagated all along the recognition system. The challenge to obtain a very robust thresholding method is major.
Actually, after thresholding, several steps are needed such
as skew correction, line and word segmentation, character
segmentation and finally character recognition. If noise is
very present, line or word segmentation could be degraded. In a more intensive way, for character segmentation,
letters can be broken or they can touch because of a bad
thresholding of the document.
In our context, documents are acquired by a digital camera (1280*1000 pixels) and taken by blind or visually
impaired people [5]. All these constraints lead to several
kinds of degradations and especially several irregular or
non uniform degradations, which could not be forecast.
We have no a priori information on pictures and no validation from the user.
Therefore, this context presents a bunch of degradations,
missing in classical scanner-based pictures, such as blur,
perspective distortion, complex layout, interaction of the

content and background, uneven lighting, wide-angle lens
distortion, focusing, moving targets, sensor noise, intensity and color quantization.
Some of these degradations could be corrected thanks to a
robust thresholding which improves the character recognition. Moreover it minimizes the other degradations which
become useless to solve.
Therefore, our main objective is to provide an automatic
thresholding method which improves drastically character
recognition and which is as general as possible to handle a
large and various corpus of images, as those which could
be taken by a blind user.
1.2. A Brief State of the Art
Two modes are usually used for thresholding. The first
one, global thresholding, finds a single threshold for all
image pixels. These methods are mainly general but not
robust. Actually, it is very fast and efficient when the pixel
values of the components and those of the background are
fairly consistent. The other one, local thresholding, uses
different threshold values which are required for different
local areas. These methods are more robust but not as general because of many parameters to tune.
Although many thresholding techniques [15], [7], such as
global [11] and local [8] ones, have been developed in the
past, it is still difficult to deal with images with very low
quality. Meanwhile, in our context, or in general, documents processing systems need to process a large number
of documents with different styles, thus, they require that
whole processing procedure is achieved automatically and
without prior knowledge and pre-specified parameters.
With similar approaches as ours, Sauvola [12] and Chan
[2] processed only uneven lighting in time-domain. Yang
[16] developed a thresholding method based on gradient
with edge preservation on poor quality documents without
complex backgrounds. Seeger [13] created a new thresholding technique for camera images, like in our context, by
computing a surface of background intensities and by performing adaptive thresholding for simple backgrounds. In
wavelet or frequency domains, Zhang [17] and Liu [9]
considered bright objects but not characters, therefore wi-

F IG . 1 – From top to bottom : the original image, the wavelet decomposition with multiple subimages, the thresholding
on the initial image and the thresholding on the reconstructed image
thout stroke analysis. Dawoud [4] used wavelet reconstruction based on an image dependant model for cheques.
Berkner [1] had a technique on wavelet-based denoising,
sharpening, and smoothing in Besov spaces but no compromise is done on stroke analysis.
In this paper, we will present our technique based on
wavelet denoising and Otsu [10] thresholding for nonuniform illumination. A particular interest is given on
stroke analysis to reduce the number of touching characters and to prevent broken ones. Moreover complex backgrounds as well as salt and pepper noise are also considered thanks to the wavelet decomposition.

2. THE THRESHOLDING APPROACH
2.1. Preprocessing
First of all, we apply a contrast-enhancement preprocessing step by using top-hat and bottom-hat filtering.
The top-hat transform is calculated by subtracting the result of morphologically opening the image from the original image and the bottom-hat one by subtracting the original image from the result of morphologically closing the
image.

2.2. Problem of Non Uniform Illumination

An important problem for thresholding methods comes
from a non-uniform illumination which introduces most
of the noise when using only a global method. This bad
illumination appears as wide noisy areas, so we assumed
that the illumination noise has a lower frequency spectrum
than the character one.
We decided to apply an orthogonal wavelet decomposition of the initial image. The wavelet transform splits the
frequency range of the image into equal blocks and represents the spatial image for each frequency block. It offers a
natural framework for providing multiscale image representations that can be separately analyzed. For example,
through a multiscale decomposition, most of the gross intensity distribution can be isolated in a large scale image,
while the information about details and singularities, such
as edges, can be isolated in mid- to small scales. We use
a level 8 wavelet transform using the Daubechies [3] 8
wavelet.
We see very well in the LF7 and LF8 images of Figure 1
the low frequency noise due to the bad illumination. Our
idea was to eliminate all low frequency wavelets except
the first one which is called LF1 and contains anyway the
main useful information.

F IG . 2 – Results with the improvement of the algorithm. From top to bottom : the thresholded reconstructed image, the
mask and the skeleton on the image and the result with the new threshold (the mean gray level values)
The final reconstructed image will be :

Then we use the well-known Otsu [10] method directly on
the reconstructed image and we obtain the binary image.
In Figure 1, we can see the difference between the Otsu
method applied directly on the initial image and on the
reconstructed image.

out to compute the mean which becomes the new global
threshold. Then a simple global thresholding can be computed on the mask.
Nevertheless, this algorithm can be applied only with
thick characters to avoid to break thin characters after
thresholding. For that reason, we need an algorithm to automatically detect thick characters in a text. As the skeleton is already defined, we compute the ratio between the
area of connected components and the area of skeleton to
test the thickness and to apply this improvement or not.

2.3. Problem of Touching Characters

2.4. Problem of Complex Backgrounds

Sometimes for text with thick characters, a few ones touch
each other and must be split to minimize the number of
touching characters.
The main idea is to pick the mean gray-level value of characters. Actually, the gray-level value of a character is homogeneous in the center of the character at least. For blurred or thick characters which become touching ones, the
border of the character has not exactly the same gray-level
value as the center.
We use the skeleton of the thresholded reconstructed
image. The skeleton is the result of the thinning, a morphological operation, in which binary-valued image regions are reduced to lines that approximate the center lines
of the regions, as shown in Figure 2 in the middle inside
characters.
The basic iterative thinning operation [6] is to examine
each pixel in an image within the context of its neighborhood region of at least 3x3 pixels and to “peel” the region
boundaries, one pixel layer at a time, until the regions have
been reduced to thin lines, with a width of one pixel.
A mask with ON-pixels of the binarized reconstructed
image is used in order to keep the noise reduction done by
the wavelet decomposition. The mask is created by multiplying the initial image and the inverse of the thresholded
one. Then, all gray-level values of the skeleton are picked

The background texture or image has some details of quite
the same size and intensity as the characters. As this noise
is in the same frequency domain as characters, it cannot be
removed directly by wavelet decomposition. An example
of this type of noise is given in Figure 3 where the background apples have quite the same characteristics as characters.
An iterative thresholding algorithm, using the Otsu method again, is thus applied directly on the previous mask
and gives better results as we can see on the last picture
in Figure 3. Actually, the mask is composed of two main
gray level classes, the character and the noise. These two
classes can be easily separated by another Otsu thresholding. A complex background does not need to be detected
because when just a simple background is present, it removes only the blurred part around characters, which becomes the second class.

R = LF1 + HF1 + HF2 + HF3 + HF4 + HF5 + HF6 + HF7
+ HF8

2.5. Salt and Pepper Noise
Another problem, very usual in camera-based images, is
due to high frequency salt and pepper noise, appearing in
the HF1 subimage in Figure 1, which can therefore be removed. But as HF1 can contain useful information when
this kind of noise is absent, a detection solution is neces-

F IG . 3 – Improvement by re-applying the Otsu thresholding. From top to bottom : the reconstructed image, the thresholding on the reconstructed image and the iterative thresholding on the mask
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sary by counting the number of very small components.
This type of noise can be seen in Figure 4 and we can
see, in the two images in the middle that using the wavelet
decomposition already performs the thresholding. Nevertheless, on the last picture, the result is better without HF1
subimage. A low-pass filter could also be used but wavelet
decomposition is already performed so the overall computational time is reduced. Moreover, this kind of filter needs
additional parameters (mask size, frequency) and our goal
is to remain as general as possible.
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