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Abstract

This paper presents an efficient method for
segmenting text and non text parts of natural real life
images and colored document images using M-band
wavelet packet frames. Various combinations of band
pass channels of M-band wavelet packet frames
represent the image at different scale and orientations
in the frequency planes of YCbCr components of color
images. The scale space feature vector comprises of
the local energy around each pixel at different scales
and segmentation is achieved using fuzzy C-means
clustering. No information regarding font size, scaling
representation, type of layout etc. of the images are
considered in our algorithm.

Keywords-color document segmentation; M-band
packet wavelet ;adaptive basis selection; texture
segmentation.

1. Introduction

Text data present in images contain useful information
for various application domains like automatic
annotation, indexing and structuring of images.
Extraction of text from image having complex
background is a challenging task as the text may be of
different size, language, orientation, color etc.

The common approaches for text detection focus
on text string by using distinct features of text
characters. Enyedi et. al.[1] uses edge detection
algorithm and histogram to localize character
coordinates within the image. Shivkumar et. al[2]
applied different edge detectors to search for blocks
containing most apparent edges of the text character at
a fixed scale and location. Yi el al. [3] developed an
algorithm for the text string detection from natural
scenes.
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Wavelets have been widely used for text and non
text extraction as it provides a representation of an
image that allows information from each scale to be
analyzed separately. Haar discrete wavelet was used
by Lian and Chen [4] for text localization. Acharyya. et.
al. [5] proposed a method using M-band wavelet
transform to segment the text from gray images.
Kumar et. al.[6] used matched wavelet and MRF
model for document image segmentation.

Real life images captured under different imaging
conditions exhibit variations due to illuminations and
scanned documents contain text of different size, font,
languages, orientations etc. Intitutively, the multiscale
nature of the document constituents (characters, lines
etc.) may be captured by using multiscale
representation of M-band wavelet packet transform.

In view of the above facts we propose a method to
extract text and non text part from real life and scanned
document images. Various combinations of the M-
band packet filters decompose the image at different
scales and orientations in the frequency plane. The
filter extracts the local frequencies of the image, which
in essence gives a measure of local energies of the
image over small windows around each pixel. The
algorithm is capable of isolating text and non text
regions in spite of differences in font size, column
layout, orientations, colored text regions with complex
background and overlapping regions.

2. M-band Wavelet packet transform

The purpose of filtering is to transform the edges in a
texture image (comprising of text and non text regions)
into measurable discontinuities. In M-band wavelet
decomposition the signal is decomposed in a set of
independent, spatially oriented frequency channels.



The discrete normalized scaling (¢j’k) and wavelet

(¥, 4, ) basis functions are defined in terms of their

filter responses as

¢, (x)=M""?h (M’ x—k) (1)
and

Vi (x) = Mj/zgj,l (ij —k),

[=12...... M -1

where j and k are the dilation and translation
parameters and 1 = 1,2,...M -1 is the number of

wavelet functions. /1 ; and g, are respectively the

lowpass and bandpass filters of increasing width
indexed by j, which are expanded to satisfy the
quadrature mirror condition (QMF).

In the standard wavelet decomposition method
down sampling by a factor M at each scale is essential
[7]. But these decompositions are not translation
invariant which is required for image analysis tasks. In
the following we give a discrete M-band wavelet frame
(DMbWF) decomposition [9], which is same as the
discrete M-band wavelet transforms (DMbWT), except
that no down sampling is done between levels of
decomposition, resulting into set of bands having same
size of the input image. It is worth mentioning that
there are other alternatives to alleviate this problem of
shift (translation) invariance by wusing complex
wavelets [8].

Let I(x,y)€ [*(R) be a 2D image .Its M-band

wavelet frames can be represented as
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where ¢,=1(x,y)is the original image, * denotes

the convolution operator, A,  (g;,.) and

h iy (g j,l,y) are the low pass (band pass) filter

coefficients along x and y direction respectively. The
number of frequency channels resulting from the
decomposition using the above equations is 16, at the
first level, 4 bands (M=4) along the x-direction and 4

bands (M=4) along the y —direction. c; (x, y) denotes

. Si
low pass or approximate band whereas d ,.’1

corresponds to detail frequency bands at scale
] obtained by band pass filtering along a specific

direction.

M-band  wavelet  packet  transform
(DMDbWPT) is a direct generalization of Discrete M-
band wavelet transform (DMbWT). DMbWPT
recursively decomposes the higher frequency bands
and results in tree structured multiband extension of

wavelet transform. At scale j = J , the input image is
first decomposed into M X M bands using all the
filters hj and g, with /=1,23.....

downsampling. The process is repeated recursively
resulting a tree structure of frequency bands.

3. Proposed methodology

The color image is transformed into YCbCr planes
and each plane is decomposed into a number of
frequency bands wusing M-band packet wavelet
transform  without downsampling (oversampled).
Energy for each channel is then computed followed by
an adaptive basis selection to reduce the dimensions of
the bands. Among various channels, those for which

and without

energy values exceed &, percent of the energy of the

parent band and &€, percent of the total energy of all

the subbands at the current scale are considered for
further decomposition. The analysis is performed up to
the third level of decomposition and this result in a set
of wavelet packet bases. Empirically, we have seen

that a value of &£ =5 percent and £, =70 -80 percent

are good choices for the images we have considered
here. From the selected bands feature image is
generated computing local energy around each pixel
followed by smoothing function. The size of the
window for computing local energy is determined
using a spectral flatness measure (SFM) which is
defined as the ratio of arithmetic mean and the
geometric mean of the Fourier coefficients of the
image. It has been reported in literature that the size of
the neighborhood for computation of localized energy
range from 11x11 to 31x31, while SFM varies from 1
to 0. From the computed feature image feature vectors
are generated. Finally we have used fuzzy C-means
clustering to segment the feature vectors into two
clusters. The detailed algorithm is shown in the figure
1

4. Implementation details
M-band packet wavelet color and texture feature
extraction:

We use a 1-D, 16 tap 4 band wavelet filters with
linear phase and perfect reconstruction property for the
wavelet packet transform of the image. Prior to the
packet transform we decomposed the image into Y, Cb
and Cr planes. This is done to take into consideration
both the color and texture property of the
image.
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fig 1.
M-band Wavelet packet decomposition over the
intensity plane characterizes the texture information,
while the packet decomposition over chromaticity
planes characterizes color.
Local energy estimator:

Local energy of each pixel is computed to capture
the areas in each band where the band pass frequency
components are strong resulting in a high energy
values and the areas where it is weak into a low energy

values. The local energy eng, (X,)) around the each

pixel (X, y) for nonlinearities is given below.

woow

eng, (x,y)=Zth1 (x,y)° €)

m=1 n=1
where w is the window size and R = wXw
and h, (x,y) is the filtered image. The nonlinear

operation is followed by a Gaussian low pass

(smoothing) filter of the form
1

e;(u2 +v2) “4)

H;(u,v)=
2z o

where O determines the passband width of the

averaging window. Formally the feature image

Feat, (x,y) corresponding to the transformed image
is given by

Featkl (x,y)=172 D AT (hy, (m,n)) | ©)

G (m.n)eG,

where I'() is the local energy estimator and G ,

is a GXG window centered at the pixel with the
coordinates (X, ).

Computation of feature and Classification:
The vector of features at different scales taken at a
single pixel in an image is given by

Feati, j)=[Feat(i, j),Feat(i, j),.......Feat (i, J)]

Where 0...k represents the bands and subjected to
fuzzy C-means clustering assuming two clusters one
text and another non text regions.

5. Experiments and comparison
We use ICDAR dataset, document images, colored
advertisements and container label to demonstrate the
performance of our algorithm.

® Structured Document images: Figure 2(a), fig 4(a)
show colored document image. Fig 4(a) shows
combinations of newspaper at different angles.

® Highly unstructured images with overlapping texts:
fig 6(a) and fig 7(a) show the overlapping texts with
complex background.

® Natural scene images: fig 3(a), fig 5(a) and fig, 8(a)
are natural scene camera captured images. Fig 5(a)
and fig 8(a) taken from ICDAR dataset.

P e e e i

(a) (b) (©
fig. 2 (a) Multicolored document image with text of
different sizes. (b) Segmented out text portion.
(c)image portion of the document

(a) (b)
fig 3 (a) signboard image with texts of different
sizes.(b) segmented text portion is highlighted

(a) (b)
fig 4.(a) image of different newspaper at different
angles.(b) segmented out text portion.

PR
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(a) (b)
fig 5.(a) Camera captured natural scene image.(b)
text portion is segmented out.
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(c)

(b)

fig 6. (a) colored image with overlapping text (b)
image portion segmented out.(c) segmented out
text portion.

Lor is lifie:
leave a eradle on the doorstep.

e A e

(a) (b)
fig 7 (a) texts with complex and overlapping
background. (b) Segmented out text portion. (b)
Image portion.

posigrad study ., postigrad study

(a) NG
fig 8 (a) image taken from ICDAR dataset (b)

segmented text.

We have compared our algorithm with the method
developed by Yi et. al. [3].[Fig 9] They also reported
to have a failure is case ligature and multicolored text.
But our algorithm can successfully detect text portion
in spite of the above mentioned limitations. The results
are shown in the fig 10.

6. Conclusion.

We present a wavelet packet based technique for
extracting text having different characteristics. The
comparative results suggest that our algorithm gives
satisfactory performance in case of images having
ligature and multicolored text. We plan to recognize
the extracted text as a further scope of research.

o . |
_— 4 LGGRGARENS
e e =
(a) (b) (©
fig 9(a) text in natural scene.(b) segmented text by
proposed method(c)Segmented text by method in [3].

IMAGIRE

e

(b)
fig 10. (a) segmented out text in.(a) ligature.(b)
multicolored text by proposed method.
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