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Abstract A new method based on the Gaussian mixture modeling of neighbor characters is proposed to
extract multilingual texts in images. In the training phase, the Gaussian mixture model of three neighbor
characters is trained from the examples. Then the texts in an input image are extracted in the following
steps. Firstly, the image is binarized using the edge-pixel clustering method and the morphologiesl closing
operation is performed on the binary image, in order that each character in it can be treated as a connected
component. Secondly, the neighborhood of connected components is established according to the Voronoi
partition of the image. Three connected components neighboring with each other constitute a neighbor set.
For each neighbor set, a posteriori pseudo-probability is computed based on the Gaussian mixture model of
three neighbor characters and used to classify the neighbor set as the case of three neighbor characters.
Finally, the text extraction is completed by labeling the connected components as characters or non-
characters with the following rule: if a connected component is included in at least one neighbor set
classified as the case of three neighbor characters, then the connected component is labeled as a character,
or else as a non-character. The proposed method are tested in the applications of Chinese and English text
extraction. In the experiments, the expectation-maximization algorithm is employed to train the Gaussian
mixture model of three neighbor characters. The experimental results of text extraction show the

elfectiveness of the method.

Key words document analysis; optical character recognition {(OCR); text extraction; image retrieval;

Gaussian mixture modeling (GMM)
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Fig. 1 Some results of closing operations with different scales. (a} Original images; (b} The results of closing

operations with scale 1; and (¢} The results of closing operations with scale 2.
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Fig. 2 The illustration of the correspondence between the labeling result in the new binary image and that in the original binary

image. (&) The original binary image, in which three connected components of Chinese character *7L" are labeled as characters

and shown in light grey. because they are contained in the region corresponding with the rectangle in Fig.2{b} and {(b) The new

binary image, in which the connected component of Chinese character ‘IL" is labeled as a character and indicated by the recrangte.
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Fig. 3 Illustration of the first-order neighborhood computation. (a) The text image after closing operation; (b) The Delaunay

triangulation of centroids; and (c} The expanded neighbor sets through joining one by one in the convex hull of the centroid set.
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Fig. 4 [lustration of the second-crder neighborhood computation. {a) The text image after closing operation; (b) The Delaunay
triangulation of centroids; and (c} The expanded neighbor sets after the second-order neighborhood computation.
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Table 1 The Experimental Results

1 KBER
Images for Text Extraction 1Ll 111 LNt INT| P(%) R{%}
Training Images(Enghsh} 445 384 375 29 97.66 - 84.27
Training Imsges{Chinese) 251 224 220 30 98.21 87.65
Test Images 2098 247 240 a8 97.16 B0 .54
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Fig. 3 The extraction results for some test images.
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Research Background

Along with the substantial increase in the use of digital cameras, Web-cams, and camera-enabled mobile devices, camera-based
text and document analysis and recognition is becoming an anractive research ares. The applications include contem-based image
indexing, automatic video logging, capturing and extracting text for storing or translating notices, transforming text to audio for the
visually-impaired, for navigation by reading road signs, and many more.

In camera-based text and document analysis and recognition, text extraction is a key problem, which is very difficult because
text in images has wide variations in direction, color, arrangement, and background. Therefore, most existing methods of text
extraction aim at regular text such as consistent text color and line-arranged text. In order to deal with the complicated cases,
character-relation based approaches seem promising. ’

In this paper, we introduce a novel statistical modeling approach to character-relation based multilingual text extraction. We use
the (Gaussian mixture modeling ( GMM) of three neighbor characters to discriminate between characters and non-characters. The
GMM of three neighbor characters is learned from examples by an expectation-maximization {EM) algorithm. According to this
modeling, each connected component in the image is classified as character to realize the text extraction. Our approach has been
appiied in a demonstration aystem of camera-based text and document analysis and recognition. Its elfectiveness is confirmed by the
experimental results. This work is partially supported by the 973 Program of China (2006CB303105) and the Excellent Young
Scholars Research Fund of Beijing Institute of Technology (2006Y1202).
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