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Abstract

Mathematical Expression (ME) is an input to the computers is always a
complex task. The variety of mathematical expressions which includes
factoring formulas, Areas,Quadratic Equations, Arithmetic
Progression,Geometric  Progression,ElementaryAlgebra, Number Theory,
Trigonometric Functions,Geometry ,Differential Calculus, Integration etc. are
the difficult one to provide input as well as to recognize the expression. In
order to recognize any mathematical expression, first we need to perform pre-
processing, segmentation, feature extraction and classification. Most of the
user inputs models are developed for online handwritten mathematical
expressions recognition but very few models were proposed for offline
handwritten mathematical expression recognition. In this paper we have
carried technicalsurvey of existing user input models andbenchmarking of
these models has been performed by identifying its corresponding important
factors. Finally, user input model problems and its challenges have been
discussed thoroughly and its state of art is summarised.

Keywords: User input models, ME recognition, command based, string based,
pen-based, structural analysis.

Introduction

Computer systems and handheld devices are widely used in our day to day life.
Mathematical expression as an input to computers is a difficult and time consuming
because of large set of mathematical symbols.There is a need to digitize mathematical
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expressions into computer systems which are available in the scientific papers,
reports, journals, library books, education systems etc. A variety of tools evolved to
recognize and digitize themathematical expressions.In this paper we have conducted a
comparative study for variety ofuser input models for ME.

A mathematical expression can be given to computer in terms of offline and online
way. Offline means the expression written on paper and scanned expression given to
computer for the purpose of recognition. Online refers to drawing mathematical
symbol through GUI and it is provided using pen or keyboard device.

Types of input Models

There are three types of input models have been observed in our technical
comprehensive survey. They are command-string based, template based and pen
based.Their corresponding literatures with respect to problems and challenges have
been discussed thoroughly and independently.

Command-String Based

MathJournal is the first commercial application for doing mathematics on Tablet PC.It
interprets diagrammatic and graphical representation. It has limited mathematical and
problem solving capabilities. User depends on menus to perform manipulations [21].

XPRESS a novice interface for the real time communication of mathematical
expressions proposed which is a open source AJAX/SVG web based users interface
for expression entry by novices, called XPRESS (Transformation of Pictorial
Representation of Expression Spatial Structure), using this user can quickly layout the
mathematical expression which is converted using TEX spatial analysis
algorithm.This is browser based front end and graphics server. The usability of the
interface will be studied more extensively in a first-year online calculus course in the
next academic year as both an input method for online office hours and for inputting
expressions in online assignments and tests. [13, 3].

INFTY Editor is an integrated OCR system for mathematical documents based on
four procedures these are layout analysis, character recognition and structure analysis
of mathematical expressions, and manual errors. In those procedures, several novel
techniques are utilized for better recognition performance. It is mathematical
document digitization software which is used read mathematical documents and
converts it into XML. INFTY requires about 10 s/page to perform all procedures
(except for the manual error correction procedure) on a desk top PC (Pentium III,
1GHz) and about 20 s/page on a notebook PC (Pentium Ill, 700MHz). The manual
error correction result showed that the operations could be reduced to about 1/3 by the
automatic error correction using the result of the clustering. [4].

Diagram Recognition Application for Computer Understanding of Large Algebraic
Expressions (DRACULAE) takes online input, contains user interface and a third
party symbol recognizer provided by Freehand Formula Entry System(FEES). it deals
with irregular symbol placements, alternative approaches and ambiguous layout,graph
transformation [22].
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EzMath is developed by Dave Raggett and Davy Batsalle, is a mathematical
markup languages used to embed mathematical expressions in Web pages. It focus on
semantics of mathematical notation .The structure of mathematical expression will be
stored by syntax of the markup languages [23].

MathWebSearch 0.4 is a semantic search engine for mathematics, in this, Queries
are constructed via keyboard and templates and Symbol types can be constrained. It
has capability of indexing mathematical content by using formula structure.lt is a
scalable search engine for mathematical formulae over internet[9,10].

Template-based

InftyEditor is software which is used to recognize mathematical expressions. It is
developed in Suzuki Laboratory. This software recognizes scanned images and
outputs the results in IML, LaTex, HR-Tex, XHTML and MS Word 2007 format. It
has a powerful OCR engine which can recognize tables which consists of
mathematical expressions [24].

Mathematica is software for doing mathematics. It support numeric and symbolic
work and has word processing capabilities. In this searching,calculating,performing
complex graphics are much simpler. It supports data, functions, graphics, and
programsare represented in a uniform way as a symbolic expression. The mathemtica
notebook can be linked using mathlink to external program like Fortran 90 and results
are captured using mathelink again to mathematica notebook [25].

Maplesofts maple is a powerful tool for mathematics. It consists of interface can
analyse, explore,visualize and solve mathematical expressions.Maple 2015 has more
than 5000 functions which can handle any type of mathematical expression. It
automatically captures technical knowledge which consists of calculations,
explanatory text and math, graphics, sound and diagrams. Math Equation Editor
where we can express complicated mathematical equations and has over 1000
symbols[25].

LiveMath software allows to create interactive web pages on which the users ,
students can make changes to variables and functions and see results of these
mathematical functions immediately. It consists of palate, interactive window where
user can do dragging and dropping. It supports basic graphing, quadraticformula,
square formula, translations and reflections, different quotient formulas, Product rule,
and Linear transformation[26].

MathType is a intelligent mathematical equation editor designed for PC using
Window of Apple MacOs. It supports for creating complex mathematical equations
and use them into various documents. It consists over 175 templates which include
fractions,radicals,sum,integrals, products,matrices etc. It supports over 214
mathematical symbols and intelligent in understanding mathematics and converting it
into TeX,LaTex, MathML or other textual languages as well as equations can be
saved in WMF, EPS and GIF files [27].

Pen-Based
A Freehand Formula Entry system (FEES) was introduced by Steve Smithies (1999)
as a pen based editor, implemented in C++ and Tcl/Tk. It is distributed under GNU
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Public Licence. This supports entry and editing of mathematical expressions using
pen and tablet.This support automatic interpretation of errors and recognized
expressions are interpretation into LaTex. It is based on existing character recognition
and formula parsing technologies. The time taken to enter, edit, parse and preview the
five expressions ranged from 291 to 503 seconds. An overall recognition rate of 77%
was achieved for the 583 characters entered by all the test users. For a serious user of
the system, taking the time to train the character recogniser is necessary. Once
properly trained; they have found that the character recogniser offers a recognition
rate of over 95%.The future work is refinement,optimization, faster and reliable
parsing techniques and possibility of parsing incomplete expressions.[1, 2, 14]

MathBrush a system for doing math on pen based devices on a table computer ,
recognizes math expressions and support for mathematical transformation and
problem solving using back-end computer Algebra Systems (CAS).Which includes
modules for symbol recognition , semantic analysis and transformation to back end
CAS and interface techniques for interacting with CAS output. The main system
modules that make up MathBrush consist of a user interface, a Character Recognizer
(CR), a Structural Analyzer (SA) that interacts with a Matrix Analyzer (MA), a CAS
interface tool, and finally a mathematics rendering tool. MathBrush has been designed
both to do math and to evaluate different recognition algorithms and semantic analysis
approaches. MathBrush contains several other features of value during mathematical
problem solving. These include plotting, logging features, and the ability to swap
CAS. [5].An Electronic chalkboard (E-Chalk) system is a online multimedia system
for distance teaching. It includes algebraic formula manipulation and function
plotting. SVM s used for classification of MEs. This model contains four symbols
classes :Limit (sum, product or integral) square root, non-scripted (operators, open
brackets and horizontal line) and plain (all other symbols).The formulae recognition
process based on ordering,filtering,data reduction ,smoothing, equation resampling
,scaling and segmentation. A feature vector is constructed over the sequence of
strokes and local features called coordinates, Turing angle, length position, enter of
gravity, relative length, and accumulatedangle. These features are integrated at the
classification stage. This system uses Directed Acyclic Graphs SVMDAG-SVM as
multi-class SVM classifier. The modification one of the Sequential Minimal
Optimization (SMO) algorithm was used to train the classification nodes with the use
of RBF kernel. [4, 6, 7].

Mathpad2 is a system for the creation and exploration of mathematical sketches is
a novel, pen-based modeless gestural interaction paradigm for mathematical problem
solving [7].

MathBox uses interactively showed boxes in which user can write symbol. It is a
pen based interface for inputting mathematical expressions. It reduces the
troublesome task of inputting mathematical expressions with mouse and keyboard. It
skips the recognition of structures of mathematical expressions [15].

AlgoSketch is a pen based application for mathematics for entering and editing
mathematical expressions. It is a paper like environment Mathematical expressions
can be entered anywhere on the page for which recognition and computation feedback
is given real-time (16).
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LipiToolKit (LipiTK) is a general toolkit used for online handwriting recognition
engines. It provides robust implementation of tools, algorithms, scripts and sample
code necessary to support the activities of handwriting data collection, training and
evaluation of recognizers. It focuses of isolated online handwritten shape and
character recognition [18].

JMathNotes is a recognition system uses multi-class support vector machine
(DAG-SVM) classifier using radial basis function (RBF) kernel. This system is
written using java under Gnu public Licence. It has dependencies and it can run on
windows or UNIX environment. The accuracy rate is not available for JMathNotes[6].

The Microsoft TablePC Recognizer is widely used commercial handwriting
recognition engine. It uses very large database collected from variety of writers and a
heuristic to resolve ambiguities between characters. It is designed for text input rather
than mathematical symbols and notation. It uses neural network to identify input at
word level. The accuracy rate is not reported [19].

AlgoSketch is a pen based mathematical expression recognition and it supports
interactive computation. It allow user to enter and edit 2D handwritten mathematical
expressions in the form of pseudo code-like descriptions. This tool can be used for
image analysis and number theoretic calculation problems. It has a preliminary user
feedback system. It supports users which are unknown about advanced programming
languages[20].

Benchmarking of User Input Models(Tools):

Tools/ Transform
Sr. User Structure gzigac_ter To Other ggﬂqneg;ﬁts Automatic Computation of
No. | Input Analysis ecog Language/ ponen Error Correction | ME
nition segmentation
Methods Formats
Pen Based
1 FFES Partially | Yes Latex No gesture-based No
2 Pen_CaIc No No TeX No No yes
Project
Computer
3 MathBrush yes Yes MathML No No Algebra
System (CAS)
4 E-Chalk Yes Yes pdf No No No
5 MathPad2 Yes Yes No No No No
6 MathBox NO YES TeX NO Partially No
7 AlgoSketch Yes Yes No No No YES
8 LipiToolKit | yes Yes No No No No
9 JMathNotes | Yes Yes No N o No No
Microsoft
10 Tablet PC | yes yes No No No No
Recognizer
11 Algosketch yes Yes Yes No No Yes
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Command-String Based
MathJou

1 rnal T™ No Yes No No No Yes
DRACU

2 LAE Yes Yes LaTex No No No

3 XPRESS | yes No Latex No No No

4 INFTY Yes Yes No No Manual No
(offline)

5 EzMath Yes Yes ML No No NA
MathWe

6 bSearch Yes Yes No No No No
0.4

Template Based

1 InftyEditor | Yes Yes II\_/'aI'_I' ex, No Yes No

2 gﬂathema“c Yes | No TeX | No Yes Yes

3 Maple Yes Yes TeX No Manual Yes

4 MathType Yes Yes Yes No Partial No

Computer
5 LiveMath Yes Yes Yes No Yes Algebra
System (CAS)

Essence of User Input Models:

On the basis of analysis so far, here we may conclude that out of twenty five
identified user input models, twelve models deals with pen based recognition of
mathematical expressions, there are seven models which talks about command string
based models and template based models are six. The important factors which
includes category of the tool ( either it is offline or online),structure analysis(possible,
not possible, partially possible),character recognition (yes or No),transformation to
other languages (LateX, pdf,etc.),connected components for segmentation ( yes or
No) ,automatic error correction (yes or No,partially,using bounding box ,manually,
gesture based), recognition time (seconds),future work (given or not given) and
finally computation (Computer Algebra System (CAS), or Not CAS). These factors
are common in pen based, command-string based and in template based user input
models.Essence of these input models have been summarised below.

Essence of Pen Based User Input Models
Every user input model have been benchmarked with set of available and identified
important factors which helps to determine the problems, challenges and its state of
the art. As far as our technical survey is concerned maximum number of models has
been falls in this category and majorly they are with online category.

Structure analysis can be possible in maximum number of models and partially
observed in two models and not possible is observed that is very negligible.In this
models character recognition is possible through almost all models except one.
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Transformation to other languages like pdf, Latexetc. is possible almost 50% out of
identified and analysed user input models. From our study it reveals that connected
component segmentation is not possible in almost all the user input models.We have
focused on auto error correction technique , few models performed it , few are not ,
few models have performed it partially , few models may adapt bounding box method
, few models may depends upon manual technique ,and few may have gesture
technique. In these models recognition time is given in seconds. User input models
may give very less importance to its future work and finally computation is possible
in very less user input models.

Essenceof Command-String Based User Input Models

Command-String baseduser input models have also deals with important factors
which are accomplished in the pen based user input models. As far as our technical
survey is concerned seven models has been falls in this category and majorly they are
with online category.

Structure analysis can be possible in maximum number of models and partially
observed in two models. In not possible criteria is observed that is very negligible. In
this models character recognition is possible through almost all models except two
models.

Transformation to other languages like LateX etc. is possible in almost 70% out of
identified and analysed user input models. From our study it reveals that connected
component segmentation is not possible in almost all the user input models. We have
focused on auto error correction technique; in almost all the user input models is not
having auto error correction technique. In these models recognition time is given in
seconds. User input models may give very less importance to its future work and
finally computation is possible in very less user input models.

Essence of Template Based User Input Models

Template baseduser input models have also deals with important factors which are
accomplished in the pen based user input models as well as in command —string based
user input models. As far as our technical survey is concerned six models has been
falls in this category and majorly they are with online category.

Structure analysis and character recognition and transformation to other languages
is possible in almost all the models.

From our study it reveals that connected component segmentation is not possible in
almost all the user input models. We have focused on auto error correction technigue ,
few models performed it , few are not , few models have performed it partially , few
models may adapt bounding box method , few models may depends upon manual
technique ,and few may have gesture technique. In these models recognition time is
given in seconds. User input models may give very less importance to its future work
and finally computation is possible in very less user input models.
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Conclusion

Ourtechnical comprehensive survey reveals that most of the user input models falls in
pen based category which is compared with command string based and template
based. The category of maximum number of available user input models which are
observed from online model that is compared with offline. Structure analysis has been
achieved 100% in case of template based models and 50% in pen based models as
well as in command string based models respectively. Character recognition and
transformation to other languages is almost achieved in all the models.

Connected component segmentation is achieved negligible in almost all the
models. Automatic error correction is varied model to model that is some time it is
achieved fully, sometimes it is not achieved , sometimes it is achieved partially , few
tools come up with bounding box method , few models depends upon manual
correction and few models with gesture adjustment.

From our above study, we have identified challenges which includes writer
independence in terms of editing and viewing, constraints for writing an expression
on writer, ambiguity in symbol, character recognition due to invariant strokes by user
,connected component segmentation and transformation to other languages which are
not easily understood for a naive user is still exists. This is current state of the art is
summarized for identified user input models.
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