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Abstract

Mathematics has an important role in person’s life, so solving the mathematical equations is an essential. Solving
mathematical expressions is not restricted to just students but also for mathematicians, physicists and scientists.
Solving the mathematical equations is an interesting process.The traditional method of solving math expressions is
unsatisfactory as the user should learn different rules and approaches for each mathematical equation. Also, these
methods may take long time in complex or obscure problems which makes them subject to user errors and mistakes.
The challenging in mathematical expressions must be written in a specific format, users prefer to write them on paper
as an easy entering way than other computerized tools.This paper used the technology to introduce a new method
over the traditional one using pen and paper. The equation handwriting easiness is blended (merge/integrate) with
the advanced computer technologies speed to solve the equations with flexible robust way. An interface introduces
that allows capturing the equations contained in an image then solving it without making the user dive into the
complex rules. Various types of equations could be entered to this application (linear/nonlinear/quadratic) with
achieving a convenient accuracy 95.7%.

Keyword: Handwritten Equations Pre-processing, Mathematical Expressions Validity, Building a Solver Model,
Convolutional Neural Network (CNN), Sympy

Introduction

Mathematical expressions approximately are used in most scientific fields like Physics, Math, chemistry, etc. So solving
mathematical expressions is not restricted to just students but also for mathematicians, physicists and scientists. And it has
become necessary to find an easy way to solve these equations and mathematical expressions.

The technological approaches face the hardness of in writing the mathematical expressions special format. Most users
prefer to draw expressions by hand as they do with pen and paper [1-3]. Hence, a new system is proposed to allow user
capturing image that contains the mathematical expression and trying to solve it precisely. This will reduce the time required
for solving any mathematical problem that used old fashioned techniques.

Related Work

Other existing systems will be reviewed to get more information about their methods and techniques in solving the
problem and their results. In 2019, Shiyin Wei, Xiaowei Jin and Hui Li [4] have proposed a novel rule-based deep
reinforcement learning (DRL) approach for solving differential equations without any built-in knowledge about the
equations, and the equation is embedded in the network as the critic, which makes sense from a physical point of view. In
2016, Sagar Shinde and Rajendra Waghulade [5] have used the forward back propagation neural network technique or
recognition of handwritten quadratic mathematical equations by considering rectangle with respect to position, edge color,
line width then finding region properties bounding box and centroid for every component. In 2013, Amey Chavan, Asad Naik
[6] have introduced an Android-based system for linear mathematical equations using OCR. Image goes through many stages
for enhancement, such as binarization by Otsu algorithm then text recognition is done by Google Tesseract. After a
confirmation from the user, the detected equation text is solved with parser and grammar rule.

Proposed Solution

The system is divided to four stages, each of them is a prerequisite for the next one. The detailed architecture of the
system of solving handwritten equations is shown in Figure 1.
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Fig 1. The Proposed System Architecture.

Method

Image Pre-processing

The first phase of the proposed system to solve the handwritten equations is the pre-processing. The image pre-
processing is where the binarization and segmentation have been occurred.
1) Image Binarization

In binarization process as Figure 2, As HSV color system has more control on the image colors than RGB. it is used to
detect the range of colors of the expression and apply an in-range mask to get the binary image in both complex and non-
complex backgrounds [7]. Then some dilation / erosion filters to connect gaps between the characters.
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Fig 2. Equation Binarization Process in HSV Color Model

2) [Image Segmentation

In segmentation as in Figure 3, find contours functions are applied to get the minimum bounding box for every contour
of the binarized characters [8] . Then label the segmented characters of the expression corresponds to the position of the
character in the image if it's superscript, subscript, main coefficient or variable.

Fig 3. Equation Segmentation Process
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Classification Modelling

The second phase is recognizing the components of the handwritten equation. Either, classifying of handwritten digits as
integer values in range O - 9 in 10 classes, or symbols used in the mathematical expressions [11-16].

Datasets

Two datasets of handwritten mathematical characters are used in the classification model; Data division into training
and testing sets to adjust the algorithm parameters with overcoming the overfitting problem
1. CHROME (Competition on Recognition of Online Handwritten Mathematical Expressions) [9] provides more than
10,000 expressions handwritten by hundreds of writers from different countries.
2. The MNIST dataset (Modified National Institute of Standards and Technology) [8] [10] is consist of 60,000 small
square images of handwritten single digits between 0 and 9.

Digits Recognition

The convolutional neural network (CNN) is used to classify and recognize the equation characters in the given image as
digits and symbols [16-20]. The CNN input layer in both training and testing phase is a gray scale image with size 32x32 and
the convolutional layer is 5x5 filter. After the convolution of the input image with the filter for each input image a 28x28
feature vector is produced [20-24]. As it is shown in Figure 4, the architecture of CNN has different types of layers, the
description of these layers is as follows:

1. Input layer: it is used to feed the model with the handwritten expression character.

2. Convolution layer: it consists of a set of learnable filters with responsibility of the task of character recognition.

3)  Pooling layer: it is a layer between the convolutional layers to reduce the dimensionality of images by reducing the
number of pixels in the output from the previous convolutional layer without losing important features or patterns.

4)  Fully connected layer: The system may have multiple fully connected layers, this layer has fully connected to ReLU
activation function all activations in the prevision layer.
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Fig 4. CNN Architecture

Equation Solving

The third phase of solving the equation is very important due to two reasons, the first is to identify the validity of the text
string that was entered by the user and the second reason is to work on determining the type of mathematical equation and
solve it then display its result [8]. It contains two main functions which are string manipulation and checking string validity.

String Manipulation

Manipulating the input text is needed to be compatible with the traditional human method in writing the equations. It
is done by translating the special mathematical symbols to words by its name to detect the equation clearly, and deal with
it. The normal handwritten equation actually is three-lines in a single line; main text, superscript and subscript text [25, 26].
In the previous segmentation phase, every segment in the image is labeled by number that determine its position in the line,
1 for superscript text and -1 for subscript text, so string manipulation class convert the three lines to one single line as this
equation 1.

e.g. Zinzl(iz) — Summation (i** (2), (i, 1, n)) equation 1

Check String Validity

Before applying the solution method, the output string that represents the equation must be validated in many form such
as it has No inputs, has unknown character [?, ~] or the equation is wrong or has undefined function [sim(x)], Figure 5 shows
some of these invalid messages for the input equation.
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enter an equation:

y=2x
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[y’ "2x"]]

invalid input

enter an equation:
K?+5
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[['x?45']]

invalid input

sum(x)=
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[[Tsum(x)", "@"]]

invalid input

[sum(x) = O]

tould not solve sum(x)

Fig 5. Invalid Equation Samples
After the equation validation comes the last step in the proposed system in identifying the appropriate solving method
then visualizing the result. Solving the different equation using SymPy library [27] which is a computer algebra system
written in pure python. SymPy allows the user to create and solve complicated math quickly and easily. As it is shown in
figure 6 of solving several given equations.

enter an equation:
x=2%y ;%+y=3

(%", 241, [Mxay', "37]]

[x=2y, x+y=3]

sys= [Eq(x, 2*y), Eq(x +y, 3)]
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Fig 6. Equation Solving Sample
Experimental Results

Based on the following table 1, the highest accuracy is 95 % and the lowest is 85%. The other algorithm yields an average
accuracy of around 91.08% [6][8]. In fact, the experimental results reveal that proposed system outperforms the other
systems in dealing with multiple kinds of mathematical equations. Also with handling the distortion that might be occurs in
the image making the background complex. Figure 8, expresses by graph the relationship between the accuracy of
recognizing the digits and symbols of the expressions and the number of complete passes through the training dataset
(epochs).

Table 1. Comparison between proposed system and other competitor systems
Features Proposed Linear equation solver in Recognition and solution of Handwritten
System Android using OCR Equation Using CNN
Camera Yes Yes Yes
Linear Equations Yes Yes No
Non-linear Yes No Quadratic only

UKInstitute



International Journal of Advanced Science and Computer Applications, 4(1): March 2025

Equations
Complex Yes No No
Background
Calculator Yes No No
Accuracy 95.7% 85% 91.08%
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Fig 7. Training & validation accuracy vs. num of epochs
Conclusion

The main purpose of the system is facilitating the process of solving mathematical equations, and reduce the time
consuming of solving it. As discussed above, there are three stages on the development process of the system. Image
preprocess using most common and efficiently techniques and algorithms to prepare the image. The classification operation
which uses a pre-trained model with Deep learning algorithms to provide a real time characters prediction. Finally, using a
most resent and powerful python library to solve the equation which known as ‘Sympy’. The system can solve different kinds
of equations with complex background by dealing with each line individually. Nevertheless, the multiple line equation image
might cause law accuracy in character detection and in the final result, The system looking forward to overcome such an
issue by improving Character detection techniques. Also, it aims to solve equation of complex numbers.
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