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Abstract. Text embedded in images or videos is indispensable to understand
multimedia information. In this paper we propose a new text detection method
using the texture feature derived from text strokes. The method consists of four
steps: wavelet multiresolution decomposition, thresholding and pixel labeling,
text detection using texture features from strokes, and refinement of mask image.
Experiment results show that our method is effective.
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1 Introduction

Text embedded in images or videos is an important cue for indexing multimedia
information. A large amount of research work has been done for text detection in
images or videos with complex background. In [4] by Jain et al, color reduction and
multi-valued image decomposition are performed to convert a color image to a binary
domain, where connected component analysis is employed; Wu et al [10] present a
method of four steps: texture segmentation to focus attention on regions where text
may occur, stroke extraction based on simple edged detection, text extraction and
bounding box refinement; Li et al [6] use a three-layer BP neural network with the
first three order moments of wavelet subbands as the main features; Lienhart et al [7]
propose a text localization and segmentation system, which utilizes a multilayer
forward-feed network with image gradient as input. Chen et al [1] apply edge
information to extract candidate text regions and then employs support vector
machine (SVM) to identify text in edge-based distance map feature space. Ye [11]
first uses edge detection to locate candidate text regions and then verifies candidate
regions by SVM which is trained with features obtained from co-occurrence matrixes;
[9] [5] also use SVM, with the edge gradient and texture as the main features
respectively. Many other methods are surveyed in [9].

In this paper we propose a text detection method based on the texture feature from
strokes. Texture has been used in text detection, for example, in [10] [5]. However, they
applied texture analysis directly on color or gray level values rather than on strokes.
Stroke is one of the most significant features of text, so texture features derived from
strokes should be more effective than those from color values.
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2 Text Detection Using Stroke Texture

The following subsections give detailed introduction to the four main steps of our
method: wavelet decomposition, thresholding and pixel labeling, texture description,
and mask refinement. The example image used for our discussion is shown in Figl
(a). It has been converted into gray; we assume that all color images have been
converted into gray ones. The original color image with detection result is shown in
Figl (b).
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Fig. 1. (a) Example gray image. (b) Original color image with detection result.

2.1 Wavelet Decomposition

Since text usually has different font sizes, the input image should undergo
multiresolution processing through wavelet transformation. For its simplicity and
computational efficiency, we choose Haar wavelet. Detailed wavelet theory is
introduced in [3] [8]. Let F'(x,y)represent the original input image, H, the Haar
transformation kernel matrix, and S, (x, ),S,, (x,y),S,, (x,¥),S, , (x,y) four subband
images. Then the single-level 2D Haar wavelet transformation is defined by the below

equation

[SLL(x,y) Sy (x,y)

F(2x,2y) F(2x2y+1)
=H,FH ,=H H
S (x,y) s,,,,(x,yJ e 2[ } -

FQx+1,2y) FQx+12y+1)

Here , = 1{1 1 } . Substituting it into the above equation, we get

211 -1

S, (x,y) = %[F(Zx,Zy)+ FQx2y+D+FQx+12y)+ FQx+12y+D] (2)
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S,y (x,y)= ;—[F(Zx,Zy) —FQ2x2y+D+ FQx+12y)- FQ2x+12y+1)] 3)

Sy, (x,y) = ;—[F(Zx,Zy)+ FQx2y+1)-FQ2x+12y)-FQ2x+12y+D] @)

Syn(x,y)= %[F(Zx,Zy)— FQx2y+D)-FQx+12y)+ FQx+12y+1] (5)

Considering normalization, we change the coefficient of §, (x,y) as 1/4. At the ith
resolution level (i=base levelJ,J-1,J-2,---), we represent the four sub-bands as
SL (6, y), 81, (x,¥),SL, (x,),8), (x,y), where §! (x,y) is passed down to the (i-1)th
resolution level as the input image and S}, (x,y), S}, (x,y),S},, (x,y) are processed at
the current resolution level to create a mask image as the following subsections
describe.

By the properties of the Haar wavelet, we know that S}, (x,y),Si, (x,y),SL, (x,y)
are respectively sensitive to the vertical, horizontal, diagonal edges of the original
image, and these edges are usually associated with text strokes. Fig2 (a) shows the

wavelet transformation result.

SCHpt
YEONG LAI CHUI

D | el
YEONG LAl CHUI e LR BT

(a) (b)

Fig. 2. (a) Wavelet transformation result. (b) The result of thresholding and labeling. The label-2
pixels are represented with white, the label-1 pixels are represented with gray, and the label-0
pixels are represented with black.

2.2 Thresholding and Labeling

We utilize boundary characteristics for thresholding and labeling, of which detailed
description is presented in [3]. For the subband images S Ouy), St (), Sh, (x,y)

we three-level each one by labeling background regions as 0, transition regions as 1 and
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stroke regions as 2. Then we make minor modifications to transition region labels

according to the following rules.
e For S/ (x,y), we mark the label of a pixel in transition regions as 1.5 if at least one

of its above and below pixels is labeled as 2, trying to restore broken vertical strokes.

e For §! (x,y), we mark the label of a pixel in transition regions as 1.5 if at least one

HL
of its left and right pixels is labeled as 2, trying to restore broken horizontal strokes.

e For §i (x,y),we mark the label of a pixel in transition regions as 1.5 if at least one

HH
of one of its four diagonal pixels is labeled as 2, trying to restore broken diagonal
strokes..

¢ Finally all the labels with the values 1.5 are changed as 2
Fig2 (b) shows the result after thresholding and labeling. This thresholding and

labeling step facilitates the utilization of co-occurrence matrix to describe texture from
strokes.

2.3 Texture Description and Mask Creation

A sliding window of size 8 X 16 is moved over three-leveled
St (x,y),Sh, (x, 9,85 (x,y) images, with vertical overlapping height set to 2 and
horizontal overlapping width set to 4. Based on the labeling of the above subsection, a

co-occurrence matrix is created for each sub-image on S!, (x,v),S5%, (x,y),SL, (x,)

covered by the sliding window. Specifically:

e co-occurrence matrix Mi, is created for St (%,y)s with the position operator as

“one pixel below”, corresponding to vertical strokes,

e co-occurrence matrix M ;,L is created for S;,L (x,y) with the position operator as

“one pixel right”, corresponding to horizontal strokes, and

e co-occurrence matrixes p:

i
i M, are created for §

i (x,y) with position
operators as “one pixel to the right and one pixel below” and “one pixel to the left
and one pixel below” respectively, corresponding to oblique strokes
We create a binary mask image for current resolution level, which is initially set to

black. As the sliding window moves, if the following conditions are satisfied for the

region within the window,
M [2]2]> ¢, // enough vertical strokes

My, 212)+ M}, [2]2]+ My, [2]2)+ M4, [2]2] > ¢, 7/ and other strokes

* t.<entrophy(M,)<t,» // neither too flat nor too coarse
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we consider this region contain text and draw on the mask image a white rectangle of
size equivalent to the sliding window.

After the sliding window completes image scanning, the mask image is finished for
the current resolution level. It is first refined as next subsection describe, then
upsampled (i.e. enlarged) and passed to the upper level recursively, and finally to the
top level, where we get a final mask image. Fig3 (a) shows an unrefined mask image.

2.4 Mask Refinement

As the above description implies, the mask image is not exactly accurate and may
covers a few non-text regions, so we must refine and verify it. The refinement
procedure relies on the observation that text lines usually have a large number of
(nearly) vertical strokes. We first perform canny edge detection on the sub-image of
the input image, which is covered by the corresponding white region on the mask
image. Then we detect vertical lines on these edges with the operator described in [3].
These vertical lines are projected on the y-axis and the y-axis projection profile is
analyzed using the method in [4] to tighten the text covering region in the mask
image. Fig3 (b) shows the refined one of Fig3 (a).

(a) (b)

Fig. 3. (a) An unrefined mask image. (b) The refined image of (a).

3 Experiment Results

We use the same image test set as [Gllavata2], which has 45 video frames extracted
from MPEG-7 videos. These video frames all have a resolution of 384%288 pixels,
and on the whole have 145 human-readable text boxes. The overall result is listed in
Table 1, where recall is defined as the ratio of the number of correctly detected text
lines to the number of all text lines and precision as the ratio of the number of
correctly detected lines to the number of all detected text lines, including false alarms.
The parameters mentioned in subsection 2.3 are set as r, =0.24, r, =0.36, t=1.1
and 7, =1.9 in our experiment.
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Table 1. Experiment result

Window size Recall Precision
H=8,w=16 91.1% 88.9%

Four sample detection images are shown in Fig4.
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Fig. 4. Four images with detection results

4 Conclusion and Future Work

In this paper we propose a text detection method by applying wavelet decomposition
and analyzing the texture obtained from strokes. The experiment results show that the
texture features from strokes are effective for text detection, even our method uses
only a few simple decision rules. In the future, we will introduce machine learning
techniques to further increase the robustness of text detection.
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