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Abstract

The symbols and expressions used in math are very important and used in daily routines. It is necessary to
have them in electronic form to access and produce them easily. The goal of this research is to provide a
bridge between the knowledge of the organizer and the user inputs. By making math symbols and
expressions visible to the non-native speakers, this research could introduce them to math notation. The
method is to be recognized mathematical formula as well as symbols (printed or handwritten) based on
feed forward back propagation neural network, support vector machine and K- nearest neighbor classifier.
The noise free clean & clear input image can be obtained in preprocessing. The elements associated with
math equations can be isolated with the utilization of segmentation. Finally feed forward back
propagation neural network, support vector machine and K- nearest neighbor classifier with extracting
static and complex features is used to recognize the expressions and symbols on the handwritten and
printed image too. The receiving operating characteristics (ROC), confusion matrix & overall recognition
system determines the accuracy and efficiency of the proposed system. The recognition of handwritten
mathematical equations, symbols, digits provides a lot of real time applications as well as non-real time
applications and most important application of math equation recognition system is math talk system for
visually impaired people.

Keywords: math symbol, math expression, statistical, complex, ROC, SVM, K-NN, BPNN.
1. Introduction

Since the time of humans, writing has been an integral part of their lives. It is used to archive and preserve
knowledge. The rise of technologies such as electronic and computing has made the automation of
processing tasks, especially reading and research, increasingly difficult. This is of concern to researchers
in fields such as form recognition. The concept of automatic recognition of writing dates back to the
1960s. Its complexity stems from the need to interpret printed text to a machine that can read it. The
recognition of writing is a process utilized to translate printed text into a text that is understandable by a
machine. It does so by sending a text to a machine that can read it. The recognition of writing is usually
related to the mass processing of documents. This library provides a wide range of repetitive tasks that are
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commonly handled by large databases. Some of these include the processing of administrative files,
reading of postal mail, processing of forms, checking bank balances, and searching for information in
archives. It therefore covers large repetitive applications with large databases such as automatic
processing of administrative files, automatic sorting of postal mail, reading of amounts and bank checks,
processing of postal addresses, Processing of forms, keyboardless interfaces, analysis of written gestures,
reading of legacy documents, indexing of library archives and searching for information in databases. The
computerized reading of writing has seen measurable achievement from last couple of years. This is due,
on the one hand, to the many works carried out leading to a variety of different approaches and, on the
other hand, to the performance of computers and current acquisition systems coupled with modern
statistical methods for example hidden markov models, support vector machines and neural networks.
The existence of standard international databases that enable researchers to perform reports on the
performance of their various approaches in handwriting and printing allowed them to easily compare their
results. On the one hand, mathematical notation is an example of a very rich 2D language. On the other
hand, the use of mathematical notations is indispensable in the scientific documentation. a system without
constraints is much more natural to use but much more complex to achieve. The recognition of 2D
languages is a real challenge that requires the marriage of skills from several fields. The proposed system
can be used for scanning and recognizing the mathematics answer sheets in university, blind math
applications etc.

2. Related Works

The recognition of character, symbol and math equations is an integral part of pattern recognition. It is
utilized for recognizing optical character, symbol and expressions recognition. With the help of an image,
an equation can be quickly interpreted to a computer. This technique can be utilized by different
individuals and organizations to interpret math paper reports. Mehmet et al. (2011) represented a
framework for a probabilistic system for recognizing math expressions. The current system can recognize
short expressions in real time. This paper shows how it does so and what its context sensitive grammar
does. “Alvaro et al. (2013) described a utilization of hybrid features which has mixed the online and
offline data. This paper presents a recurrent neural network classifier that is based on a set of features that
can detect different kinds of representations. It was compared to a standard neural network classifier.
Chaturvedi et al. (2014) represented a framework for a pattern recognition system based on a neural
network & an Izhikevich neuron model. This paper compares the feed-forward and the Izhikevich neural
networks for handwritten pattern recognition. “Le et al. (2014) explained the implementation for
identification of online manually written math expressions (MEs) and improvement of structure analysis.
This paper proposes a method to learn and improve structural relations through two SVM models that are
trained without making any heuristic decisions. The goal of this study was to demonstrate how an
improved back propagation can speed up the training process. It allowed the neural network to train with
fewer numbers of epochs. The framework can learn various patterns of the same character if it learns
them under a similar label. Ratnamala S.Patil, Shilpa [39], Document image analysis is a challenging
task that involves recognizing math symbols in a document and ordering the record as non-maths or math-
related documents. This paper proposes a novel method for document classification that takes into
account the statistical features of a document.

Through the qualitative and quantitative analysis, it has been concluded that, in order to properly
recognize complex handwritten math symbols & equations, the researchers need to conduct studies that
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are focused on the various issues that arise when over writing and touching symbols. The literature
survey said that for high recognition rate, multilayer perceptron neural network with back propagation
algorithm, support vector machine and nearest neighbor classifiers are mostly used. Some unique and
weighted features have to extract to get overall good performance, efficiency, throughput and high
recognition rate. The features like width to height ratio, centroid, zoning, boundary box, labeling and
counting total number of elements in the equations, statistical features as well as complex features such as
entropy, skew, kurtosis, variance, mean, standard deviation, number of elements in the equation, labeling
etc. It is necessary to consider sensitivity, specificity, accuracy, precision in the recognition of
handwritten mathematical equations and symbols to get good experimental results with simulation. The
receiving operating characteristics and confusion matrix will be useful for measuring the performance of
recognition in terms of efficiency and throughput.

3. Architecture & Methodology

System architecture involves the flow from preprocessing through recognition. The number of math
symbols viz. sigma, ohm, plus, minus, zero, comma etc and equations viz. convolution summation,
guadratic equation, law of indices, straight line etc have been considered for the testing purpose through
simulation. The various math symbols and equations captured and image which is acquired as an input is
gone through binary and noise reduction techniques. On noise free and clear image, segmentation has
applied by performing some morphological operations and extracting weighted features such as labeling,
counting total number of elements, statistical as well as complex features. Finally support vector machine
and K-NN classifiers has been applied to recognized the input image. The dataset has been created
through various people with the age in between 18 to 60 years and ranging from students, faculties to
banking clerks. It has been observed that there is a remarkable variation due to style of handwriting,
stroke based writing, overwriting and touching or breaking in symbols as well as in equations. The
complete flow of recognition with all details has been mentioned in below fig.1.
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Fig. 1. Architecture & methodology of proposed system

4, Simulation Results & Discussion

The various math symbols and equations are the acquired images one by one as input and gone through
system flow as shown in fig. 1. First of all, math symbol or equation to be recognized is preprocessed to
get noise free clean & clear image. The preprocessor operation is carried out to convert an image into
binary. The operation is done by taking the input image and converting it into binary. The successive
formulary is utilized for the operation of preprocessing.

_(1,ifP(xy) > 1
Bi(x,y) —{ 0,if Pi(x,y),1 }
1)

Where P; = pre-processed and B; = Binary Image.

The row and column sum of the element's location to give the location of the component in the image.
4.1. Segmentation

The process of separating an object from the rest of the equation is known as segmentation. The total
number of elements or objects has been counted. It is shown in fig. 2. Basically it has used for detecting
an object from a background and breaks the image up into segments. Morphological operations are used
to identify and classify objects in an image. Two basic morphological operations dilution and erosion are
used to identify objects based on their shape. It can also detect the object of interest that is closest to the
object.
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Fig. 2. Segmentation (Separation & Labeling)
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4.2. Feature extraction

In order to learn, features are needed to be extracted from the data. This step helps in reducing the amount
of redundant data and accelerates the learning process. The data extraction also helps in reducing the
complexity of the model. Feature extraction is the task of pin pointing the features that will be utilized for
investigation. It helps minimize the amount of data that's needed to build a model. The statistical &
complex features have been extracted from the input symbols or equations to be recognized. Instead of
trying to understand the structure of the texture, they represent it indirectly by describing the distributions
and relationships among the grey levels of an Image. Actually the identification and effectiveness is based
on the extracted features. The statistical and complex features viz. entropy, mean, variance, standard
deviation, skewness, kurtosis, correlation and contrast have been extracted. The results of feature
extraction has mentioned in below table 1.

Table I. Feature Extraction from various math equations & symbols

SI. | Type of | Entropy | Mean | Variance | Standar | Skewne | Kurtos | Correlati | Contras

No | equation or d SS is on t
symbol deviatio
n

1 Convolutio | 5.3152 0.9182 | 0.000208 | 0.07123 | 3.0502 14.809 | 0.1017 692.375
n Sum 3 47 1 6

2 | Quadratic 9.5483 0.9539 | 3.9957e- | 0.04691 | -5.0122 | 43.419 | 0.038443 | 686.113

Equation 9 05 9 6 2
3 Plus/Additi | 0.00894 | 0.9859 | 0.001178 | 0.10211 | O 0 0 682.040
on 88 4 9
4 Zero 0.01813 | 0.9952 | 0.000121 | 0.06127 | O 0 0 676.236
8 1 26 6 7
5 Exclamator | 0.00484 | 0.9949 | 0.000148 | 0.06479 | O 0 0 679.335
y 14 1 44 6 7
4.3 Classifier

There are various classifiers are available in machine learning and most popular classifiers in the case of
pattern recognition are support vector machine & K-nearest neighbor.

The support vector machine is a constitutive part of pattern perception. Its capability to classify future
data makes it an ideal tool for pattern recognition. The various algorithms and models under SVM have
been described for pattern recognition that uses SVM. They proved their efficiency when compared to
other methods. SVM is a method that combines the separation of hyper planes and data points with the
aim of reducing the upper bound of generalized error. It is widely used in pattern recognition. The goal is
to create a hyper plane that maximizes the distance between two class boundaries, with all of the input
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data going to one side of the hyper plane and divide the data into two classes. The points of one class are
on one side of the plane, while the points of the other class are on the other side. SVM classifier is a type
of discriminative algorithm used for complex equations. It is good for both classifications and regression
challenges. A hyper plane is a type of classification that can achieve a maximum distance between the
classes. This ensures that it can detect patterns with high accuracy. This algorithm uses a subset of the
decision function's training points to improve its performance. It does so by acquiring good performance
without having any prior knowledge of the underlying data. SVM is a data-oriented algorithm that
provides maximized margin in data. Its main goal is to separate the data into separate segments.

x € R'@(x) RH @

Where @(x) is kernel function, utilize to get hyper plane. The hyper plane with SVM is shown in below
fig. 3. It is not essential to train the data frequently in SVM. Data is partition in two category as +1 or -1
for 2-D. Also it needs the two hyper planes to separate data points in 3-D data.

4

Fig.3. Hyper plane with SVM

The k-nearest neighbor is simplest machine learning algorithms for classification has been used as the
second classifier in this implementation. Different feature set fed to the k-NN and the classification
accuracy has been determined. The numbers of neighbors (k) for each feature set were varied and the
accuracy of classification has been estimated. K-Nearest neighbor is a supervised learning algorithm
which can be used for classification problems. It works by assuming that every data point falling in the
same class is falling in the same direction. The nearest class to the point that is to be classified is
computed using the Euclidean distance. It’s a good classifier to implement but it can be very slow once
the data gets big enough.
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ROC - SVM

Class 1
Class 2
Class 3
Class 4
Class 5
Class 6
Class 7
Class 8
Class 9
Class 10

True Positive Rate

L '
0.9 1

ol

L L L L L L L
o O.1 0.2 0.3 o.4 0.5 0.6 0.7 o.
False Positive Rate

Fig.4. Receiver Operating Characteristics (SVM as a classifier)

ROC - KNN

True Positive Rate
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Fig.5. Receiver Operating Characteristics (K-NN as a classifier)

The fig. 4 and 5, describes the receiver operating characteristics (ROC) for each & every class of math
expression with the utilization of classifiers such as support vector machine and K-NN have been
represented with true positive rate (TPR) and false positive rate (FPR). Each class of equations showing
dissimilar true positive rate and false positive rate. TP =True Positive - It is an outcome where the
classifier truly forecast the positive class. FP =False Positive — It is an outcome where the classifier
erroneous forecast the positive class.
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Confusion Matrix - SVM
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Ee)

>

N

5996



Sagar Shinde!*, Akil Mulagirisamy?, Daulappa Bhalke?, Lalitkumar Wadhwa*

Confusion Matrix - KNN
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Fig.7. Confusion Matrix with K-NN.

The perception rate is basically relying on the classifier used and features have pulled out. The figure 6
and 7 have explained the confusion matrix with target class and output class with ten classes of equations.
As shown in above figure 5 with SVM, it has been concluded that the precision of class nine is highest
among the other classes of equations while class ten shows lowest precision among the other classes of
equations and in figure 6 with K-NN, it has observed that the exactness of class 6 is more as compared to
other classes but exactness of class 3 is too low. The overall accuracy obtained for proposed approach
with SVM is 88.5 % and with K-NN is 78.4 %.
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Mathematical Expression Detection
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Fig.8. Graphical User Interface (Recognition of math expression)

Entropy = 3934
Mean = 0.93882
Variance = 000017063
Std.Deviation = 0.0691
Skewness = -2 2801
Kurtosis = 14103
Correlation = 0.10432
Contrast = 691.1893

The Equation is Straight Line
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Hand written Symbol Detection
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Exit _
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Fig.9. Graphical User Interface (Perception of math symbol)

The graphical user interface (GUI) is shown above in figure 8 and 9, which denotes the flow from
loading of the input image through classification to get the identification of math equation & symbol. The
bank of handwritten equations or symbols have acquired as a input and cropped it to select particular
equation as per choice and the selected equation has undergone through preprocessing to get noise free
clean and clear image and then passed through segmentation and finally statistical and complex features
are extracted to get classification by using support vector machine & K-NN. The above figure shows the
recognition of straight line equation and plus or addition symbol. Through this GUI, it have been noted
that throughput and efficiency of the proposed system is remarkable.

5. Conclusions

It has observed that the complicated mathematical expressions as well as symbols have been recognized
with remarkable outcomes in terms of efficiency & throughput by extracting the statistical and complex
features with the utilization of support vector machine and K-NN as a classifier. The confusion matrix
shows that the accuracy and efficiency using support vector machine has been more than that of K-NN.
The overall accuracy by utilizing the proposed system is 88.5% and 78.4 % using SVM and K-NN
respectively.
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