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ABSTRACT
Preprocessing is the first step used in all the document image analysis algorithms. A well organized preprocessing
could lead to better results of the analysis. This paper proposes a framework for preprocessing of document image
for analysis. The frame work uses four steps such as color image to grayscale conversion, enhancement of
grayscale image, binarizing the grayscale image and finally removal of clutter-noise. Horizontal and vertical
projections are used to detect possible locations of clutter noise in this work. Then foreground pixels are replaced

by background colored pixels based on the run length. The frame work provided better results for test images.
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I. INTRODUCTION

Document image analysis is promising area of research.

Since two decades, it has attracted lot of researchers to
provide solutions to automation of document processing.
A successful research in this area could lead to paperless
office. Document image analysis mainly deals with
recognition and extraction of textual as well as graphical
components. Text to speech, signature verification, script
identification, detection of name, address, pin-code etc.,
are the applications of document image analysis [1].

Duty noise, poor ink quality, large ink blobs present a
great challenge to document image analysis and demand
the well organized preprocessing steps. This paper
proposes a framework for preprocessing steps. The

framework includes conversions of document image,
enhancement and removal of clutter noise. Generally
clutter noise is an unwanted set of foreground pixels that
appear in margin space of the document images. The Fig.
1 shows sample of document images with clutter noise.
The main contribution of this paper is to propose a simple
and an efficient technique for removal of clutter noise
from the document image. We used horizontal and vertical
projections of document image to detect possible locations
of the clutter noise. Then in the possible location, the
foreground pixels are replaced with background pixels
based on the run length. Rest of the paper is organized as
follows: Section 2 provides literature review, Section 3
details the proposed framework, Section 4 discusses the
results and finally section 5 concludes the work.
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(a) Document 1
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(c) Document 3

Fig. 1 Sample document images with clutter noise
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II. LITERATURE REVIEW

Farahmand et al. [2] discuss about different types
document image noise and provide review of noise
removal methods. Wang et al. [3] presented fast text
detection algorithm for scanned document images. They
used low pass filter in their technique to remove high
frequency noise, morphological operations and edge
detection schemes. Then to enhance the text pixels a
clipping operation is applied on L and C channels of LCH
space.

Khan and Puri [4] presented a study of text detection
techniques for printed documents. Peng et al. [5] delivered
a method to estimate the quality of document using sparse
representation. [6] presents the wuse of sparse
representation for restoration of noisy document images.
Lelore and Bouchara [7] proposed an algorithm for
document image restoration using double thresholded edge
detection method.

Banerjee et al. [8] employed probabilistic context model
for restoration of document images. They integrated
restoration and super-resolution into a single frame-work.
Sgarbi et al. [9] used morphological color operators for
color text restoration. A genetic algorithm for document
image restoration is developed and presented in [10].
Yagoubi et al. [11] presented nonlinear anisotropic
diffusion approach for document image enhancement. This
method helped for better distinguish of foreground and
background of text characters.

A super-resolution technique for text images is proposed
by [12]. The teager filter is used to obtain super-resolution
text. Document image enhancement for Farsi text
documents using logarithm domain is presented in [13].
Tan ans Shen [14] proposed wavelet based technique for
restoration of archived documents. They developed a
method for recovering contents of handwritten documents
by interfering handwriting on the reverse side caused by
seeping of ink.

Balamurugan et al. [15] proposed steerable filters based on
fuzzy unsharp masking. This technique introduces fuzzy
based theory for unsharp masking. Image enhancement
techniques for printed bangle documents are experimented
by Islam et al. [16]. Masood et al. [17] detailed survey of
features that have been used for content based image
retrieval. Nagabhushana et al. [18] present a method for
image reconstruction using wavelets. They propose a new
multi-level wavelet  decomposition  for  better
reconstruction of the images.

Thus many techniques and methods for document image
enhancement and restoration are reported in the literature.
In this work, we propose a general frame work for
preprocessing of the document for analysis. The frame
work includes image conversion, enhancement,
binarization and removal of clutter noise. As a case study
we tested the framework for noisy and degraded document
images of Tobacco 800 database [19].

II1I. PROPOSED FRAME WORK

The Algorithm 1 shows the steps used for document image
noise removal and enhancement. The important operations
required are color image to gray scale conversion, image
enhancement, gray to binary conversion, clutter noise
removal for further processing. These steps are briefly
explained below.

Algorithm -1

Input: Noisy document image
Output: Noise free — enhanced document image

BEGIN

Step 1: if input document image is color image then
Convert the color image to gray-scale image
Endif

Step 2: Enhancement of gray-scale image

Convolve the grayscale image with the mask
shown in fig. 1 and calculate PSNR by using
low-pass, median and wiener filters. Let PSNRI1,
PSNR2 and PSNR3 are PSNR of these filters
respectively.

If PSNR1>PSNR2 and PSNR1>PSNR3
Apply Low-pass Filter

Elseif PSNR2>PSNR1 and

PSNR2>PSNR3

Apply Median Filter

Else
Apply Wiener Filter

Endif

Step 3: Convert grayscale image into binary image.
Step 4: Removal of clutter noise

Find the region of interest for removing clutter
noise using horizontal and vertical projection of
the document image. Then perform the
following in region of interest.

Step 4.1: Remove clutter in horizontal direction.

Count number of continuous black
pixels in horizontal direction.

If count>threshold
Replace black pixels with
background color

Endif

Step 4.2: Remove clutter noise in vertical
direction
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Count number of continuous black

pixels in vertical direction.

If count>threshold
Replace  black
background color

Endif

pixels  with

END

3.1 Color image to grayscale conversion: The captured
document images may be in color format or gray scale
format. In this step, if the input image is a color image, it
is converted to gray scale using weighted sum of Red,
Green and Blue components. The equation (1) shows the
method for conversion.

g(x,y) = 0.2989 X R + 0.5878 X G + 0.1140 x B (1)

Where R, G, B are Red, Blue and Green components of a
color image.

3.2 Enhancement of the grayscale image: Various
techniques for grayscale image enhancement are reported
in the literature. In the proposed method, to enhance the
converted grayscale document image g(x,y), an
averaging(smoothing) operation is applied followed by
unsharp filtering. To obtain unsharp filtered image, the
mask shown in Fig. 1 is convolved with g(x,y). This
results in enhanced details of the edges.

1 [-1]-1
18 -1
1 1]

Fig. 1 Mask for unsharp filter

Then to improve quality of the image, the convolved
output is passed through a suitable filter. The Peak Signal
to Noise Ratio (PSNR) is used as a parameter to decide the
suitability of filter. PSNR is a quality measure of the
image. Higher the PSNR, better is the quality. Hence, in
this step, the filter that provides highest PSNR is selected.
We used three filters namely: a low pass filter, median
filter and weiner filter in the proposed method.

Low pass filter: The low pass filter restores every pixel of
the image with mean of its neighborhood pixels [20].

Median filter: The median filter restores every pixel with
median of its neighborhood pixels. It helps in reducing
pepper and salt noise [20].

Wiener filter: The wiener filter aims to restore the image
such that mean square error between the original and
restored image should be less [20].

The PSNR for an image can be computed using equation

Q).

2
PSNR = 10 x Logloﬁ 2)

Where “R” is the maximum gray level value of an image
and MSE is Mean Square Error between original image
and enhanced image. If I} and I, are the original and
enhanced images of size MxN, the MSE between these
images can be computed using equation (3).

MSE = ——5M SN [ j) — Laap)] 3)
3.3 Grayscale to Binary Conversion: Most of the
document image analysis techniques require a binary
image for processing purpose. Three thresholding methods
namely global, local and adaptive are used for binarizing
the image. Global thresholding depends only on gray
levels of the image. Local thresholding depends on both
gray levels and local properties of the image. However
adaptive thresholding depends on gray levels, local
properties as well as spatial coordinates of the pixels.

From the literature, it is learnt that Otsu[] method provided
better results for grayscale to binary conversion.
Therefore, we used an Otsu [21] method for converting
enhanced gray scale image of the previous step to binary.
The Otsu method, computes the global threshold level to
be used for converting intensity image into binary.
Threshold value lies in the range of O to 1, and this value
can be used for binarizing the image.

3.4 Removal of clutter noise: Clutter is a general term
used to represent noisy or unwanted part of document
image, whose size will be larger than the size of characters
in document image. Clutter noise in document image is
incurred during scanning process. It may be due to gap
between gutter and scanner or distance between paper
edges and bed of the scanner.

As the clutter noise mainly appears at margin area of the
document, we first detect the area of the document
occupied by the text. This helps in finding the region of
interest for clutter removal algorithm to work. To detect
region of interest, the horizontal and vertical projection of
the document for row “I” and column “j” is computed
using equation (4) and (5).

H — Projection(i) = XL, D(i,)) S
V — Projection(j) = ¥V, D(i,)) ®)

Where H and V represent horizontal and vertical
projections of the document image D for i row and j"
column, whose size is MxN. Fig. 2 and Fig. 3 shows
horizontal and vertical projection for a sample document
image. Fig. 3 shows textual area and the region of interest,
that is possible location where clutter noise can incur.
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(b) Vertical projection
Fig. 2 Document Image, Horizontal and Vertical projections

Using horizontal projection and vertical projection, the
text region of the document is detected and this area is
excluded; assuming that it is free from clutter noise. The
continuous sequence of foreground pixels in both
horizontal and vertical direction represents clutter noise.
Hence, we detected such sequence by counting the number
of successive foreground pixels in both the directions. If
this count is greater than the threshold value, they are

replaced with background color of the document.
Threshold value is chosen empirically by conducting the
experiments. In this method we found that threshold value
can be approximately 1.5 times the size of the largest
character in the document. This helps in preserving loss of
details from the printed characters. Equations (6) and (7)
represent the idea of removing clutter noise.
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g(x,y) = background color
g(x,y) = foreground color

(6)
g(x,y) = background color
g(x,y) = foreground color

@)
Where Houye and Vo are count of successive foreground
colored pixels representing clutter noise in the document
image and g(x,y) is restored pixel at location (X,y).

If H.oynt > Threshold {

If Veount > Threshold {

IV. EXPERIMENTAL RESULTS

The proposed method uses document images of publicly
available database Tobacco 800 [19] for testing puropose.
This database is subset of IIT CDIP and has millions of
document images, which is released by Tobacco
companies. In our work, the document images affected by
clutter noise are considered for testing. We also used some
scanned document images from our own database to test
the proposed work.

Results of the algorithm are shown step by step. Fig.3 and
Fig. 4 shows input color document image and its grayscale
converted image. Fig. 5 is the output of un-sharp filter. It
can be observed that, the edges of the characters and other
objects are enhanced. Fig. 6, Fig. 7 and Fig. 8 are the
results of applying low pass, median and weiner filter to
the unsharpened image. Table 1 shows PSNR values with
the three filters.

Table 1. MSE & PSNR with different filters

original image

DRIEF BESCRIPTION ABOUT THE PROIECT ©

CIRCUIT DI

Fig. 3 Input color document image

SI.No Filter MSE PSNR
1 Lowpass 13.7318 36.7875
2 Median 2.2431 44,6563
3 Wiener 1.3907 46.7326

It is found that wiener filter provides lowest MSE of
1.3907 and highest PSNR of 46.7326. Hence the wiener
filter is chosen by the proposed method for filtering. Fig. 9
shows the binarized version of the image obtained using
Otsu method. Finally Fig. 10 shows the document image
after removal of clutter noise. Fig. 11 shows some more
results with only input and output document images
skipping intermediate steps.

BRIEE DESCRIPTION ABQUT TIE PROIECT ¢

CIRCUET

Fig. 5 Unsharped image
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(a) Input Document Imagel (b) Output Document Imagel

(c) Input Document Image2

Fig. 11 Sample results for Tobacco 800 document images
From the results it can be observed that, the document is
free from clutter noise and also its quality is enhanced. An
enhanced document with no noise will help to achieve
better results during document image analysis. Thus
proposed frame work provides a simple approach for
preprocessing of the document images.

V. CONCLUSION

This paper presents a preprocessing framework for
document image analysis. The major steps such as color to
gray scale conversion, image enhancement, binarization
and an idea for removal of clutter noise are included. The
frame work is tested on document images of publicly
available database Tobacco 800. The results of the
preprocessing are promising and encouraging.
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