ISSN 1000-1239/CN 11-1777/ TP
Journal of Computer Research and Development 44 7  1144~1150 2007

! 100080
100080

[N

yusheng. guo@ia.ac.cn

A Multi-Candidate Mathematical Expression Recognition System

Guo Yusheng' > Huang Lei' and Liu Changping!
U Institute of Automation Chinese Academy of Sciences Beijing 100080

2 Graduate University of Chinese Academy of Sciences Beijing 100080

Abstract A multi-candidate mathematical expression ME recognition system is proposed. The system
includes three main components image preprocessing symbol segmentation and structure analysis. During
the symbol segmentation period a three-stage segmentation method based on dynamic programming DP
is proposed. In the initial segmentation based on DP algorithm the ME image is segmented into several
blocks. In the vertical segmentation each block is segmented into some blobs. In the horizontal
segmentation based on DP algorithm every blob is segmented into symbols. During the structure analysis
period hierarchical structure is adopted to analyze structure of ME. The hierarchical structure analysis
method consists of three steps 1i.e. matrix analysis sub-expression analysis and script expression
analysis. In matrix analysis sub-expression analysis an ME is decomposed into several basic matrixes
basic sub-expressions and some sub-expressions script expressions by reconstructing the ME sub-
expression global structure and then every basic matrix sub-expression is analyzed from bottom to up.
In script analysis a graph rewriting algorithm is adopted to build script relation trees among symbols within
a script expression. A spatial relation model is built to calculate spatial relations’ confidence between two
symbols. The experiments are implemented on a database with 3268 ME images and the results show that

the proposed system works well. Top-1 ME recognition accuracy reaches 78.2 % .
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Fig. 1 ME recognition framework.
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Fig. 2 An example of ME image.
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Fig. 3 Initial segmentation result.
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Fig. 4 Top-1 vertical segmentation result.
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Fig. 7 Top-1 delimiters grouping result.

Fig. 8 Top-1 matrix rows analysis result.

Fig. 9 Top-1 matrix column analysis result.
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Fig. 10 Top-1 matrix analysis results.
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Fig. 15 Scanned image of ME analyzed perfectly.
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Research Background

Optical character recognition OCR  systems for mathematical documents which contain not only ordinary texts but also ME
have been investigated. The development of such OCR provides many merits such as storage size reduction search services and format
conversion. Especially the OCR for mathematical documents is indispensable on digitizing numerous historical mathematical
documents for digital library. In this paper a mathematical expression recognition system is proposed. During the symbol
segmentation period a three-stage segmentation method based on dynamic programming DP is proposed. During the structure
analysis period hierarchical structure is adopted to analyze the mathematical expression structure. Spatial relation model is used to
calculate confidence of spatial relation between two symbols. The experiments were implemented on a database with 3268
mathematical expression images and the results show that the proposed system works well. Up to now the system introduced has
been integrated in a commercial OCR. Our work is supported by the National 863" High Technology Research and Development
Program of China 2006AA01Z153



