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ABSTRACT

Mathematical expressions exist in all kinds of documents. The automatic location , recognition, analysis
and understanding of mathematical expressions are important. Recognition of mathematical expressions
has been an attractive problem for the pattern recognition community. When we meet the mathematical
expressions we can’t recognize them like the way of ordinary text recognitions. We are in urgent need of a
new method to process the mathematical expressions. We should firstly recognize all the symbols which
constitute the expressions and define the composite structures and constrains and relationships of all the
symbols. And we also should distinguish the levels of hierarchy of every symbol and the corresponding
matrices and select the feature items and set the weight numbers. Analytic hierarchy process is caught to
build the expression model. First, the hierarchy model is set up. Second, pairwise comparison matrix is set
up. Then, a series of computer process will be going on including computing the weight vector and
consistency checking and computing combination weight vector and doing combination consistency
checking and constructing the judgment matrix and computing weight vectors. Experience has proved that
this is a proper method to process mathematics expressions.
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1. INTRODUCTION encountered during parsing of the two-dimensional

structure of expressions. [5]This paper reviews the

Mathematical expressions exist in all kinds of
documents. Thus, the automatic location
recognition, analysis and understanding of
mathematical expressions are important [5].

However, because of the many differences
between mathematical expressions and normal texts,
expression processing is far more difficult than
ordinary text recognition [5]. Recognition of
mathematical expressions has been an attractive
problem for the pattern recognition community[1].

There is a wealth of mathematical knowledge
that could be potentially very useful in many
computational  applications[8]. However, the
attempts are attended by the momentous results
only in the image processing as follows. The
document [10] deals with segmentation and
recognition of touching characters appearing in
scanned mathematical expressions. The technique is
based on multifactorial analysis that integrates
several factors determining cut-positions in a
touching character image. The document [1]
suggests a method to deal with the problems such as
enormous uncertainties and ambiguities as

history of mathematical expression image
processing, presents the modules of expression
processing, surveys the primary processing methods
of expression extraction, expression recognition,
expression analysis and performance evaluation,
and gives the perspective of future research
directions.

It was clear at first glance that at present most of
methods of mathematical expressions processing
are based on image processing. This means that
when we meet the mathematical expressions we
can’t recognize them like the way of ordinary text
recognitions and we should think of the
mathematical expressions as images.

We could easily find out the trouble that if we
process the mathematical expressions as images,
recognition rate is an inevitable exist. So many
expressions won’t be recognized correctly. This
can’t clearly meet the development of computer.
We are in urgent need of a new method to process
the mathematical expressions.

The new method establishes the model of the
structure of mathematical expressions and
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distinguishes the levels of hierarchy of every
symbol and the corresponding matrices and selects
the feature items and sets the weight numbers .So
the model of the spatial relationship among all the
symbols on these grounds can be established. At
last, we bring forward the method of processing the
mathematical expressions based on the structures
of symbols and the models.

2. THE RULES OF
DEFINED

EXPRESSIONS

To process the mathematical expressions
correctly, we should firstly get all special symbols
into shape .

Before we establish the model of mathematical
expressions , we should firstly recognize all the
symbols which constitute the expressions. The
symbols that the keyboard has can easily been
judged, while special symbols including complex
symbols are hard to be actually discerned and
distinguished. Each subject has its own special
symbols. Table 1 lists some special symbols of
Mathematics and Physics.

Table I: Special Symbols

Subjects Special symbols
Mathematics L\U\ §
Physics Q\p\A

So we should establish the library of all special
symbols which we may come across.

An expression is expressed by vectors designing
the feature weights as the components. All the
contents should be designed including the
contents ,fonts and characters of all the symbols and
the relations among the symbols. These symbols
include special symbol cluster and normal symbol
cluster. Special symbol cluster means the symbols
which can’t be clicked by the keyboard and normal
symbols means the symbols which can be clicked
by the keyboard.

An expression consists of operators and operands.

We should plan the rules of grammar and call the
corresponding rules of grammar based on symbols
contents. We should settle the combination relations
between symbols and check legalities of symbols.

The priority levels between all operators and the
types of operators should also be defined. The
number of sub-expressions owed by operators is
defined and the composite structures and constrains
of all sub-expressions are defined that are used to

analyze the priority orders between different
operators and smooth ambiguity.

3. ESTABLISHMENT OF THE MODEL

Analytic hierarchy process is caught to build the
model. A detailed description of each of these steps
follows.

1)  First, the hierarchy model is set up. According
to different properties we break every related
factor into several levels from above to blow.
Every factor of same level is subservient to the
factors of higher level and simultaneously
dominates the factors of lower level.

2) Pairwise comparison matrix is set up.
Beginning with the second level pairwise
comparison matrix is set up by using Paired
comparison method and the measure of
comparison from 1 to 9 for every factor of the
same level subservient to the factors of higher
level.

3) To compute the weight vector and consistency
checking. Computing the biggest eigenvalue
and the corresponding feature vector of every
pairwise comparison matrix and consistency
checking by using consistency target, random
consistency target and consistency ratio. If the
inspection has been got past, the feature vector
is the weight vector, otherwise we should
reconstruct the pairwise comparison matrix.

4) To compute combination weight vector and do
combination consistency checking. If the
inspection has been got past, we can make a
decision according to the results showed by
combination weight vector ,otherwise we
should reconsider the model or reconstruct the
pairwise comparison matrixes which have
large consistency ratios.

5) To construct the judgment matrix. One
important characteristic of analytic hierarchy
process is to use the ratio of two importance
degrees to represent the importance degrees of
two corresponding plans.

6) To compute weight vectors. To dip into useful
information from the judgment matrix and
understand the regulation of objects and
provide the scientific bases for a decision,
computing weight vectors of the judgment
matrixes. The calculation methods to compute
the weights of every symbol is to use the
formula as follows:
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) tf (t,d). log(-™ +0.01)
W(t,d) = i (1)

\/Z{tf (t,d).Iog(r:JrO.Ol)}

t

W(t,&) is the weight of symbol t in the level
d. f(t,d) is the frequency of symbol t in the

level d. N is the number of levels. n, is the

number of t in all levels. The denominator is
the normalized factor.

After the above steps, the formula can be
represented as the m*n symbols-formula
matrix:

Am*n = [a ij:I (2)
m is the number of all different symbols
including special symbols of a formula.  ais

the weight value
4. THE SYSTEM DESIGN

This system is designed in three tiers.
e e e =] | 2]~

Contm] Layer

Iodel Layer

Figure 1: The System Architecture

All the system mainly has four files. The file
named button_icon saves the images of buttons.
The file named FFEUnits which saves the classes
which inherit from FFEUnit. The file named
icon_button_skin saves the skins of buttons. The
file named svgs saves the vector graphics designed
for all characters.

The system involves four basic classes: FFEUnit ,
FFEScreen , FFEContainer and FFECursor . All
the subclasses inherited from these classes
constitute the main body of the system , such as
containers and formula modules.

Flex
Formula
Editor

EMFCursor
class

Figure 2: The Relations Of Classes

EMFContainer
class

An expression normally includes many units such
as individual characters or a function. That is as
follow as equation (1):

f)=a+>. (a, 3)
This equation includes two units: individual

character a, and a function Zan .

n=1

To recognize every part of each expression ,we
put all the components of expressions into some
containers and therefore we can recognize all the
expressions via the unified unit. Every expression
can be separated into its components. This way
facilitates the recognition of expressions. Thus ,
every expression has the same layout via containers.
This process is depicted in Figure 3.

(b-c)/(=in d)
=1 = -

==
=

=

Figure 3: The Containers Of The Expression

In Figure 3, we can easily judge that the
expression has two parts: individual character a and
two numbers divided . And we can continue to
separate these parts. The second part can be divided
into the dividend and the divisor. The dividend can
be divided into the minuend (b) and the subtrahend
(c). And the divisor is a sine function .

Through these procedures this expression
become inseparable. For one thing the expression
has two parts which are defined as zero order
containers. Second again, the zero order container
includes two parts and this means (b-c) and (sin d)
are the 1 level containers. It is exactly same analogy
that b and c are the 2 level containers. Thus the final
level containers can be indivisible.
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So each expression can be divided into
inseparable parts and these parts have united units.

Every level container is defined as one instance
object of class FFEContainer . And the component
modules of each container are defined as FFEUnit.

The heritance relationship and the subclasses of
the class named FFEUNit are listed in Figure 4.

Figure 4: The Heritance Relationship And The
Subclasses Of The Emfunit Class

All the symbols of expressions inherit from
FFEUniIt class which sets the coordinate and size
property of every character .

Individual characters inherit from FFESvgChar
class. Combing  characters  inherit  from
FFEComposed class and consist of several
individual units. An individual unit may be an
individual character or a combing character.

The FFEComposed class is equivalent to a
container which has points of resemblance to the
FFEContainer class. Both of them have the function
of update which is used to update the content of
containers .

The FFECursor class is used to save the
information of the cursor such as the start position ,
the end position and the judgments if this is the
selected square. We can make use of this class to
identity the location where we should compile
expressions by a mouse. The selection of cursors is
measured in containers or component modules
units.

FFEScreen class defines a series of operations of
screens . For instance, after selecting contents in the
screen,

5. THESYSTEM DESIGN

The system is developed based on Flex
framework of Flash. The development platform is
Flash Builder 4.5 and the development language is
Actionscript . All the platform which support Flash
player can run this system.

This system is divided into two client ports. The
deployments of both the ports is as follows:

A. the teacher client port:

Because of the webpage method of the teacher
client port , the system is deployed in the client port
as a plugin.

B. the student client port:

The system is also integrated in Flex student
client port. The student client port based on Flex
framework and the editor will enjoy seamless
connection.

VS 6-0)

comman special symbak
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I EEEEE] ==
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Figure 5: The Interface Of The Editor

6. CONCLUSION

This paper reviews the history of mathematical
expression image processing, presents the modules
of expression processing, surveys the primary
processing methods of expression extraction,
expression recognition, expression analysis and
performance evaluation, and gives the perspective
of future research directions. Experience has proved
that this is a proper method to process mathematics
expressions.
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