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Calcura - an innovative Al-powered handwritten problem solver
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Abstract— This paper introduces Calcura, an AI- system integrates advanced tools and frameworks to
powered platform designed to simplify and enhance allow users to input handwritten expressions and obtain
math and physics problem-solving through accurate solutions in real time. Calcura addresses the
handwritten input recognition. By leveraging the growing demand for intelligent, accessible platforms that
Google Gemini API, Calcura accurately interprets cater to students, educators, and professionals across
user-drawn mathematical expressions and delivers disciplines.

solutions via an intuitive frontend and a robust

backend. The frontend, developed using React and At the core of Calcura is the Google Gemini API, which
TypeScript, provides an interactive canvas for e€nsures precise recognition of handwritten mathematical
handwritten input, while the backend, built with expressions. The backend, implemented using FastAPI or
FastAPI or Flask, processes images using Pillow and Flask, processes input images using the Pillow library,
performs computations with NumPy and SymPy. while performing mathematical computations with
Supporting operations ranging from basic robust libraries like NumPy and SymPy. On the frontend, a
arithmetic to advanced calculus and physics, Calcura  React-based interface with TypeScript provides an
addresses challenges such as handwriting interactive canvas for input, delivering an intuitive and
variability, real-time feedback, and efficient API seamless user experience. This cross- platform solution
integration. Initial evaluations demonstrate high ensures flexibility and accessibility for users on various
accuracy in recognition and solution delivery. devices.

Designed for students, educators, and professionals,
Calcura bridges traditional methods and digital
innovation, providing an efficient and user-friendly
platform for mathematical problem-solving.

This paper details the architecture of Calcura,
emphasizing its ability to handle a wide range of
computations, from basic arithmetic to advanced
calculus and physics problems. The system overcomes
Introduction key challenges, such as handwriting variation, real-time
feedback delivery, and efficient API integration, to

Mathematics and physics problem-solving have been provide a reliable and effective platform.
fundamental to education and research, requiring
precision and analytical skills to address challenges
across various domains. With the rapid advancements in
technology, traditional problem-solving methods are
transitioning towards innovative, digital solutions that
improve efficiency and accessibility. Among these
advancements, handwritten input recognition has
emerged as a crucial technology, enabling users to
interact with systems naturally, replicating the
conventional pen-and- paper approach. Literature Review

Calcura bridges the gap between traditional problem-
solving methods and modern  technological
advancements. By offering an accessible, user-friendly
platform, it enhances user engagement and productivity.
The subsequent sections of this paper outline the
system’s design, key features, challenges addressed, and
the potential impact of Calcura on mathematical
problem-solving and education.

Calcura is an Al-powered platform designed to  Calcura, an Al-powered platform for handwritten math and
revolutionize the way users solve mathematical and  Pphysics problem solving, addresses the limitations of
physics_related problems by leveraging State_of_the_art traditional dlgltal tOOlS. ThlS I‘eVieW eXamines relevant
artificial intelligence and intuitive user interfaces. The  research to contextualize Calcura's development.
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Handwriting Recognition:

Accurate handwriting recognition is fundamental. CNNs
have proven effective in this area. Malakar et al. [1] and
Majumder et al. [2] demonstrate CNNs' ability to recognize
handwritten words and perform word spotting, relevant to
Calcura's interpretation of mathematical symbols and
equations. Research on multilingual handwriting [3] and
text retrieval from forms [4, 5] further highlights the
challenges and solutions in this domain. Singh et al. [6]'s
work on recognizing legal amounts on checks showcases
real-world applications. Preprocessing techniques like
page segmentation [7] are also important. These studies
emphasize robust feature extraction and model training for
high accuracy.

Real-time Web Application Development:

Calcura's real-time nature requires efficient web
development. While specific citations are missing, Fast API
and WebSockets are commonly used for scalable, real-time
applications. Fast API enables efficient handling of user
requests, while WebSockets facilitate low-latency
communication for a seamless interactive experience.

Frontend Development:

Calcura's user interface likely utilizes React]S for its
component-based architecture, enabling dynamic and
user- friendly interfaces. CSS techniques ensure responsive
and aesthetic design across devices.

Educational Technology:

Leahy et al. [8] discuss the impact of digital tools on
education. Calcura aligns with this by bridging traditional
and modern learning methods, offering a natural way to
engage with math and physics concepts through
handwritten input.

Problem/Solution:

Existing tools often lack the intuitiveness of handwriting.
Calcura addresses this by enabling handwritten input, real-
time feedback, and a user-friendly interface, aiming to
improve productivity and accessibility.

Conclusion:

Calcura's development leverages research in handwriting
recognition, real-time web development, and related fields.
Using Gemini API, Python, Node.js, React, and other tools, it
aims to provide a valuable platform. Its focus on intuitive
interaction and cross-platform compatibility makes it a
promising tool for enhancing learning. Future work can
expand supported notations, refine recognition accuracy,
and improve user experience.

Methodology
System Architecture

Calcura employs a client-server architecture. The frontend,
built with React.js and TypeScript, provides the user
interface and captures handwritten input. The backend,
implemented in Python using FastAPI or Flask, processes
the input, performs handwriting recognition using a the
Google Gemini API, and computes solutions using a
dedicated Math Engine. Communication between the
frontend and backend is facilitated through JSON.

User interacts with Frontend.

Frontend Backend user

Fig.1.1 Architecture of Handwriting Recognition.

Calcura leverages the Google Gemini API for its

handwriting recognition capabilities.
1. Image Preprocessing:

User-drawn input from the canvas is captured as
an image and sent to the backend. The backend
preprocesses the image wusing Pillow (PIL).
Preprocessing steps may include resizing,
normalization, noise reduction, and binarization to
optimize the image for the Gemini API.

2. Gemini API Integration:

The preprocessed image is sent to the Google
Gemini API. Gemini, utilizing advanced deep
learning models (likely including CNNs or similar
architectures), analyzes the image and returns the
recognized mathematical expression in a
structured format (e.g., MathML).

3. Mathematical Computation

The recognized mathematical expression from the
Gemini API is passed to the Math Engine, built
using NumPy and SymPy. NumPy handles
numerical computations, while SymPy performs
symbolic manipulations. The Math Engine
evaluates the expression and returns the solution.

© 2025,IRJET | ImpactFactor value: 8.315

IS0 9001:2008 Certified Journal | Page 1015



’// International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056
JET Volume: 12 Issue: 05 | May 2025 www.irjet.net

p-ISSN: 2395-0072

4. Integration and Data Flow

The frontend captures user input and sends it to
the backend as a JSON request. The backend
preprocesses the image, sends it to the Gemini API
for recognition, performs computations with the
Math Engine, and sends the result back to the
frontend in JSON format. The frontend then
displays the solution to the user.

Modules and Dataflow

This section describes the key modules of Calcura and the
flow of data through the system, providing a detailed view
of the interaction between components.

Frontend Module (React/TypeScript)

The frontend module is responsible for capturing user
input and displaying results. It consists of the following
sub-modules:

1. Drawing Canvas: This manages the user's
drawing input. It captures drawing events,
converts the drawing into a digital image (e.g.,
base64 encoded or Blob format), and transmits the
image data to the backend.

2. Ul Component (Mantine/ShadCN): This provides
the user interface elements, including buttons,
forms, and display areas for results. It leverages a
Ul component library for consistent design and
rapid development.

3. Communication: Handles all communication with
the backend. It serializes requests (including image
data) and deserializes responses (JSON results)
using technologies like fetch or axios.

Backend Module (FastAPI/Flask)

The backend module performs the core processing of
the handwritten expressions. Its sub-modules include:

1. API Endpoint: This defines the API endpoints that
the frontend interacts with. It receives image data
from the frontend and routes it to the appropriate
processing modules.

2. Image Processing (Pillow): This preprocesses the
received image to optimize it for the Gemini API.
Preprocessing steps might include resizing, noise
reduction, and format conversion.

3. Gemini API Integration: Interacts with the Google
Gemini API It sends the processed image to the
API for expression recognition and receives the
results (recognized mathematical expression
and/or solution).

© 2025,IRJET | ImpactFactor value: 8.315

Mathematical Processing NumPy/SymPy):

Performs further mathematical processing if
needed. If the Gemini API returns a recognized
expression, this module can use NumPy (for
numerical calculations) or SymPy (for symbolic
manipulation) to simplify the expression, solve for
variables, or perform other mathematical
operations.

Response Generation Module: This module
formats the results (recognized expression,
solution, and any error messages) into a JSON
object and sends it back to the frontend.’

Dataflow

The dataflow through the system follows these steps:

USERINPUT

v
IMAGECAPTURE

v
REQUESTTRANSMISSION

|
v

IMAGEPREPROCESSING

w
GEMINIAPICALL

v
GEMINIAPIRESPONSE

-
MATHEMATICALPROCESSING

v
RESPONSEGENERATION

v
RESPONSETRANSMISSION

v
RESULTSDISPLAY

Fig.1.2 Dataflow diagram.

Dataflow diagram

1.

User Input: The user draws a mathematical
expression on the frontend's drawing canvas.

Image Capture: The Drawing Canvas captures
the drawing as an image.

Request Transmission: The image data is send to
the backend module’s API Endpoint.

Image Preprocessing: The Image is Processed,
noise is removed.

Gemini API Call: The Gemini API Integration
Module sends the processed image to the Google
Gemini APL
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6. Gemini API Response: The Gemini API returns

the recognized expression and/or solution.

7. Mathematical Processing (Optional): The
Mathematical Processing Module performs

additional calculations if required.

8. Response Generation: The Response Generation
Module creates a JSON response containing the

results.

9. Response Transmission: The API Endpoint
Module sends the JSON response back to the

frontend.

10. Results Display: The Ul Component Module

displays the results to the user.

Results

For the Calcura app using the Gemini API, the input and
output can be defined as follows:

Input Output

Handwritten Mathematical Expressions Instant and accurate solutions to

equations.

Users write arithmetic operations, algebraic equations, or Bxample: 2x +3=7 —x =2
geometry-related problems directly on the screen using touch,

stylus, or mouse input.

Object and Shape Recognition Shape-based calculations such as area

and perimeter.

Users draw shapes like rectangles, circles, or triangles and annotate  Example: Rectangle with length = 5 cm,

dimensions (such as side lengths or radii). width = 3 cm — Area = 15 cm®

Object-Based Queries Contextual information and problem-

solving based on object sketches.

Users sketch recognizable objects (car, tree, ball) and annotate Example: Car sketch with speed = 60
km/h, distance = 180 km — Time = 3

hours

attributes (like speed or gravity).

Drawing a weight in free fall mentioning Earth's gravity. Calculates time or force based on user

input.
Input:

Handwritten Mathematical Expressions:

Users can directly write mathematical expressions on
the screen using touch, stylus, or mouse input.

Examples: Arithmetic operations, algebraic equations, or
geometry-related questions.

Object and Shape Recognition:

Users can draw shapes (like rectangles, circles, or
triangles) and annotate them with dimensions (such as
side lengths or radii).

The app recognizes shapes and contextualizes them for
problem-solving (e.g., area or perimeter calculations).

Object-Based Queries:
Users can sketch recognizable objects such as a car, tree,
or ball.

The app interprets the sketches and provides contextual
information.

For example: Sketching a car and writing "speed = 60
km/h, distance = 180 km" will prompt the app to
calculate the time required.

Drawing a weight in free fall and mentioning.

Earth's gravity can trigger the app to calculate time or
force.

Output:

Solutions for Mathematical Expressions:

Instant and accurate results for recognized equations
and expressions.

Shape-Based Calculations:

Dynamic calculations based on recognized shapes and
user annotations. For instance, drawing a rectangle and
specifying side lengths will provide the area and
perimeter.

Object Recognition Results:

Identifies user-drawn objects (like "car," "tree") and
offers meaningful interpretations, such as physics
calculations for speed, time, or force.

This approach makes Calcura versatile, transforming it
into an advanced tool for educational and practical
problem-solving scenarios.

The development of this solution emphasizes faster
processing, enabling quick interpretation of handwritten
inputs and delivering prompt solutions. Its robustness
ensures adaptability to diverse handwriting styles and
complex notations. With features like multimodal
capabilities, it lays the groundwork for future
enhancements, such as image-based problem input.
Real-time feedback provides instant solutions, and

expanded notation support accommodates a broader
range of mathematical symbols. The intuitive interface
offers a natural and user-friendly handwriting input
method, fostering active learning and engagement with
mathematical concepts. Overall, this innovative solution
transforms math problem-solving, enhancing learning
outcomes in subjects like math and physics while
boosting productivity for students, educators, and
professionals.
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Conclusion

Calcura demonstrates a promising and innovative
approach to the complex problem of interpreting and
solving handwritten mathematical expressions. The
system effectively integrates a user-friendly frontend,
featuring an intuitive drawing canvas for direct input,
with a robust backend processing pipeline. A key strength
of Calcura lies in its leveraging of the Google Gemini AP],
enabling the recognition of intricate mathematical
notations. The crucial preprocessing stage, employing the
Python Imaging Library (Pillow), optimizes image quality
to enhance the accuracy and effectiveness of the Gemini
APL. Moreover, the backend harnesses the power of
NumPy and SymPy to execute precise numerical and
symbolic computations. Efficient communication between
the frontend and backend, facilitated by JSON, ensures a
responsive and interactive wuser experience. This
architecture highlights the significant potential of
combining  cutting-edge APIs  with established
mathematical libraries to develop practical and powerful
tools for mathematical problem-solving.

Future Enhancements

Several avenues exist for extending Calcura's capabilities
and improving its performance. These include:

1.Enhanced Preprocessing: Further research into
preprocessing techniques could yield significant
improvements in recognition accuracy. Exploring
methods like adaptive thresholding, noise reduction
tailored to handwritten input, and skew correction could
be beneficial. Evaluating the impact of these techniques
on Gemini API performance is crucial.

2.Contextual Understanding: Incorporating contextual
understanding of mathematical expressions could
improve recognition and interpretation. For instance,
recognizing the context of a problem (e.g., algebra,
calculus) could help disambiguate similar-looking
symbols or expressions.

3.Accessibility Features: Enhancing accessibility for users
with disabilities is essential. This could include features
like screen reader compatibility, keyboard navigation, and
alternative input methods.

4.Integration with Learning Platforms: Integrating Calcura
with online learning platforms or educational tools could
make it a valuable resource for students and educators.
This could involve developing APIs for seamless data
exchange and incorporating features for assessment and
feedback.
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