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ABsTrRACT. We focus on building the description structure and system between image
und semantics, and we will fully describe the multi-rnodal information, including the lay-
out structural information, symbol syntaz rules, formula syntactic rules and explanatory
text, and realize the unity ond fusion of the information in different types; we will alse
develop key technologies and reolize the aulomatic sermantic annotation of formulas. The
methods proposed in this peper can reconstruct the maothematical formula and get he ac-
eurote coleulational meaning of mathematical formule, and support the semantic analysis
and advanced application of mathermuatical formula.

Keywords: Mathematical formula, Formula recognition, Multi-modal, Natural lan-
puage processing, Scmantic annotations

1. Research Significance. Multi-modal is a new research field, and the research of
multi-modal is generally focused on solving a certain problem with at least, two modali-
ties of information. There are a lot of mathematical formulas in scientific and technical
literature, mathematical formula is a kind of multi-modal data, and it is the combination
of image, signs and text features. The multi-modal information could complement the
text, which is the main information in the literature, and helps the users to fully under-
stand the knowledge in the scientific and technical literature. Therefore, it becomes one
of the key problems to utilize the multi-modal information more cffectively to help the
computers recognize and understand the mathcmnatical formula, and help the scientific
research personnel to find related knowledge aud understand the meaning and evolution
rules of mathematical formula.

Many processing methods of mathematical formula structure analysis have been pro-
posed over the years, including the formula decomposition methods using layout infor-
mation {image features), and the formula understanding and description methods using
syntax rules (symbol features}, but many of the processing results are not satisfied, and
developing the multi-modal information technology research based on the existing tech-
nology is the general trend. Thercfore, we propose the mathematical formula meaning
extraction theories and methods using multi-modal information processing technology
based on the natural language processing technology.

2. Research Status and Problems Both Domestic and Overseas.

2.1. Research status analysis both domestic and overseas. The research on math-
ematical formula recognition has several stages: (1) Character recognition. (2) Structure
analysis. (3) Combination of character recognition and structure analysis. (4) Local ex-
ploration, such as the combination of multi-modal fusion recognition and the character
recognition, the combination of character recognition and text processing.
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Fi1guRreE 1. The stages and trend of mathematical formula recognition

From the perspective of modality information processing, the rescarch on mathemat-
ical formula recognition has three stages: (1) Single-modal processing, corresponding to
the character recognition. (2) Simple bimodal processing, which combines the character
recognition and structure analysis. (3) Diversified bimodal processing. In this stage of
mathematical fermula recognition research, some bimodal processing methods have been
proposed besides the simple bimodal processing methods, such as the combination of char-
acter recognition and text analysis, the combination of character recognition and speech
recognition, and the combination of structure analysis and text analysis.

The stages and trend of mathematical formula recognition are shown in Figure 1.

In the rest of this chapter, these research stages will be introduced respectively.

2.1.1. Character recognition siage. Character recognition is also called OCR, which is
“Optical Character Recognition”. As a hot domain in rescarch, it has a history of thirty
vears [1,2}, and provides a solid base for the specific symbol recognition in mathematical
formuls. The main difference between and OCR is that the Formula character recogni-
tion technology separates the formula from the text in the article, analyzes the formula
structure and reconstructs it. Other processing steps of formula character recognition are
similar with those steps in OCR system, especially the formula symbol recognition,

2.1.2. Structure recognition stage. Anderson addressed the problem of formula recognition
in his doctoral thesis for the first time in 1968 [3], but he only sketchy described the
concept of mathematical formula recognition, and did not gave the complete theory or test
data. In the following decade, mathematical formula recognition technology developed
slowly because of the complexity of formula, and the limitations of image recognition and
computer technique.

2.1.3. Character recognition and structure recognition stage. Blostein and Grbavee [4]
defined the mathematical formula recognition for the first time, they divided the math-
ematical formula recognition into two stages: symbol recognition and structure analysis.
Belaid and Haton [5] uscd syntactic analysis to analyze the formula more concise; Dimi-
triadis and Coronado [6] designed a mathematical editor; Chan and Yeund [7} designed an
online handwritten mathematical expressions recognition system utilizing the structural
analysis and syntactic analysis.

2.1.4. Application of new technologies. Inoue et al. [8] designed a system based on the
original OCR system to process Japanese documents. Kacem, Belaid and Benahmed
[9] proposed a new solution based on the previous work, and reccived satisfied results.
Chaudhuri and Garain {10] utilized the variance calculation in statistics to detect the
mathematical formula in a line of text.
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2.2. Existing problems. The two-dimensional space structure of the mathematical for-
mulas makes it quite difficult to locate and extract formulas. We can accurately recognize
every symbol in the formula, but we cannot always recognize or extract the whole formula.

These difficulties mentioned above increase the difficulty for mathematical formula
recognition, the existing problems of mathematical formula recognition are as follows:
{1} There is no mature theory system. There is no mature theory system which can fully
satisfy the actual demands in this research field, most existing algorithms either cannot.
get satisfied recognition rate, or have limited formula types and symbols that can be
recognized. (2) The multi-modal information is not fully utilized. The research on multi-
modal is generally focused on solving a certain problem with at least two modalities of
information. Mathematical formula is a kind of multi-modal data, it is the combination of
image, signs and text features. The multi-modal information could complement the text,
which is the main information in the literature, and helps the nsers to fully nnderstand
the knowledge in the scientific and technical literature.

3. Main Research Contents.

3.1. Theoretical and method research of mathematical formula multi-modal
semantic analysis. Analyze the main ficlds, progress and development direction of
muilti-modal research hoth domestic and overseas, and emphasize the integration of multi-
subjects.

3.2, Inherent rule and semantic correlation of mathematical formula multi-
modal features. Discuss the relationship between multi-modal and semantics, find the
semantic correlation between mathematical formula features of different modalities, and
construct a structured semantic description system which foenses on the entities, rela-
tionships and cvents in scientific and technical literature, in order to generate semantic
representation of the mathematical formulas.

3.3. Single mode information analysis and feature extraction. Develep integrate
methads to analyze and extract semantic multi-modal information, and generate effective
analysis and extraction of the multi-modal information in mathematical formulas.

3.4. Multi-modal mathematical formula semantic feature extraction and ex-
pression. Find the statistical relationship between different multi-modal mathematical
formula semantic features based on natural language processing technologies, construct
co-oceurrence matrix of formula multi-modal features to generate isomorphic subspaces
with different data types and reflect, the relevance, and finally generate the expression of
relationship between semantic features of different modalitics.

3.5. Multi-modal fusion and expression model construction based on context.
Develop algorithm which is suitable for fusion and collaborative analysis of mathematical
formula multi-modal information, and generate the fusicn of mathematical formula multi-
modal semantic features and develop theories and the methods to extract features of
mathematical formula multi-modal information.

4. Technical Route and Key Technology. Our research combines every stage of
formula recognition based on natural language processing, and focuses on the effective
fusion theory and methods of text and other information in different processing stages.
This rescarch will develop related key technologies and realize the effective extraction
and indexing of formula meanings. The research programme and overall technical route
are shown in Figure 2, the key research contents are shown in bold and have original
creativity, other rescarch contents mainly utilize the existing research results.

The purpose of mathematical formula recognition is to convert formula images into
cditable formulas in text form by image processing, character segmentation and structure
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FIGURE 2. Research programme and overall technical route

reconstruction. Generally speaking, there are five steps in the conversion from formula
image to formula in text form as follows:
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FiGURE 3. Mathematical formula recognition steps in immage

We take the PDF documents as the example to conduct the research:

(1) The construction methods and realization of mathematical formula comprehensive
knowledge base

Our research mainly develops the construction methods and technologies of formula
structure knowledge base, image feature knowledge base and text feature knowledge base,
and completes the knowledge construction on a certain scale (to support the experiment).

A. Formula stricture knowledge base

Ideas: formula structurc + character feature + formula explanation text feature —
formula structure knowledge basc

Solution: Develop the methods and technologies of formula recognition and extraction
based on the features, extract the markup language format based on XML in the Web
and the editable formula based on the ASCII linear string format, and realizc the auto-
matic construction of formula structure knowledge base, or help the construction of this
knowledge base.

B. Image feature knowledge base

Ideas: character databasc + formula explanation text feature — image feature knowl-
edge base

Solution: The research on character recoguition is relatively mature and the resource
(character database) acquirement is convenient, therefore, based on the existing research,
we focus on the research on the associated relationships between character features and

_
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formula explanation text, especially the relationships and rules between the location in-
formation and the related text. in order to construct the image feature knowledge which
is suitable for formula semantic indexing.

C. Text feature knowledge base

Ideas: character feature + location information + formula structure information + text
feature — text feature knowledge base

Solution: Qur research utilizes the text recognition technology and the features in this
research field to construct the formula text feature knowledge base, we focus on explor-
ing the associated relationships between the explanation text and the formula character
meanings, in order to construct the text feature knowledge base.

{2) Development of multi-modal information extraction and indexing technology

Ideas: Construct the multi-modal features fusion model and realize the core algorithm.

Solution: Aim for the semantic information acquirement, this research combines the
construct process of mathematical formula comprehensive knowledge hase to construct a
description structure and system between image and semantics. We will fully describe
the multi-modal information, including the layout structural information, symbol syntax
rules, formnla syntactic rules and explanatory text, and realize the unity and fusion of
the information in different types.

{3) Development of multi-modal information extraction and indexing technology

[dens: Develop related extraction and indexing tools and rudimentary implement the
antomatic indexing or anxiliary indexing for mathematical semantic.

Sotution: Based on the comprehensive knowledge hase, this research combines the
knowledge construetion technology to develop related tools and realize the auntomatic
indexing or auxiliary indexing for formula meanings in PDF documents, this rescarch will
also realize the supplement and development, of the content in formula comprehensive
knowledge base.

5. Conclusions. We utilize the multi-modal infoermation to acquire and represent the
mathematical formula semantic information for the first time, and research on the multi-
modal scmantic information representation and relations of mathematical formulas, in
order to hmprove the semantic representation of mathematical formula contents and pro-
vide the foundation for knowledge service.

Aimed at the polymorphism of mathematical formula, this rescarch explores the comple-
mentary of multi-modal features, construct a system to present the semantic multi-modal
features of mathematical formula and rcalize the unity and fusion of the information in
different types.

In this paper, we construct a description structure and system between image and
semantics, develop key technologies and realize the automatic semantic annotation of
formulas. The methods proposed in this paper can reconstriet the mathematical formula
and get the accurate calculational meaning of mathematical formula, and support the
semantic analysis and advanced application of mathematical formula.
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