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Abstract: The Al Powered Smart Vision Calculator is a gesture-based system developed to enhance mathematical
problem-solving without the use of traditional input devices. It employs real-time hand tracking using MediaPipe and OpenCV to
recognize user gestures, which are then interpreted into mathematical symbols through a fine-tuned Gemini-2B model
implemented in TensorFlow. The front-end interface enables users to draw, submit, and solve equations through intuitive hand
movements in the air. This system aims to improve accessibility, support educational engagement, and promote a natural mode
of human-computer interaction. Its accurate symbol recognition, real-time feedback, and seamless integration of Al technologies
establish it as a user-friendly and innovative solution for inter- active learning and creative expression.

Index Terms: Gesture Recognition, Hand Tracking, Mathematical Computation, TensorFlow, MediaPipe, Human- Computer
Interaction, Al in Education

L. INTRODUCTION
With technology becoming increasingly important in how we interact with tools in learning and creation environments, conventional
means of entering and solving mathematical equations tend not to excite users sufficiently. The demand for more intuitive,
interactive, and efficient means of solving mathematical equations increases, particularly for learners and working professionals who
depend on technology to make complicated operations easier. Conventional input tools such as keyboards and computer mice fail to
allow creativity and natural interaction with digital tools. The Al Powered Smart Vision Calculator seeks to turn this on its head
by providing a hands-free mathematical equation solution using gesture detection. By integrating hand gesture tracking with symbol
recognition using Al, the system enables users to naturally and intuitively interact with the digital workspace. Employing
technologies such as OpenCV and MediaPipe for real-time tracking of the hand, combined with TensorFlow for precise symbol
recognition, the Al Powered Smart Vision Calculator facilitates an even smoother and interactive process of solving problems.
This revolutionary platform enables users to trace mathematical symbols and equations on the air with their hands, which are
immediately translated into precise calculations. By doing away with the necessity of conventional input methods, the Al Powered
Smart Vision Calculator promotes greater concentration on problem-solving while offering an innovative, interactive learning
environment. It is tailored to accommodate various levels of users, ranging from students to teachers, promoting greater interaction
with mathematical concepts.
The main goal of the Al Powered Smart Vision Calculator is to design a smart, intuitive platform that combines gesture recognition
and powerful Al models. By solving equations in real-time, hands-free, the system offers a convenient method of solving
complicated equations without the use of conventional tools. This project is a fine example of gesture-based interaction potential in
the field of education, providing a creative solution that combines technology, mathematics, and creativity without a hitch.

1. LITERATURE REVIEW
This section presents relevant prior research that has in- fluenced the development of the Al Powered Smart Vision Calculator. Each
work contributes technical insights or reveals limitations that informed the system’s design and functional goals.
Chen et al. [5] propose a real-time egocentric fingertip detection system using convolutional neural networks (CNNSs) for air-writing
applications. Their method enables users to draw characters mid-air with high detection accuracy in con- trolled settings. However,
the system struggles with variability in lighting conditions and diverse hand orientations, revealing the need for more adaptive
gesture recognition models, which our project addresses using MediaPipe’s robust hand-tracking framework.
Syromiatnikov et al. [9] explore the use of parameter- efficient fine-tuning strategies for large language models like LLaMA and
Gemini in the context of solving reasoning tasks. While their approach significantly reduces training time and memory use, it still
lacks real-time integration for dynamic visual inputs such as hand gestures—an issue tackled in our system by combining Large
Language Model (LLM) inference with live gesture data.
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Hawkins et al. [6] evaluate the effects of fine-tuning on lan- guage model toxicity and safety. Their work highlights critical concerns
for deploying Al in educational tools, stressing the need for safe model behavior. Our project integrates filtered response
mechanisms to ensure Al interpretations remain non- toxic, educationally appropriate, and context-aware.

Jain and Hebbalaguppe [4] revisit air-writing by designing AirPen, a touchless gestural interface for smartphones. While their work
improves spatial awareness for fingertip-based in- put, it lacks features such as real-time mathematical reasoning or augmented
overlays—all of which are embedded in our interactive design using OpenCV and LLM inference.

Zhang et al. [7] introduce Encoder-Decoder Gemma, op- timizing the quality-efficiency trade-off for domain-specific adaptations.
Their findings guide our decision to use lightweight, fine-tuned LLM variants within an embedded system where compute resources
are constrained.

Hawkins et al. [6] further delve into instruction tuning to reduce bias in LLMs. Their emphasis on ethical and guided response
generation aligns with our goal to create a responsible educational platform. The Al Powered Smart Vision Calculator incorporates
these practices to ensure explanations and results are student-friendly and free from harmful or irrelevant output. Mo et al. [8]
demonstrate the effectiveness of fine-tuning Gemma-7B for domain-specific tasks like financial sentiment analysis. Inspired by
their localized tuning approach, our model incorporates gesture-based math interpretation cus- tomized for middle to high
school learners, rather than generic LLM behavior.

Syromiatnikov et al. [9] assess fine-tuning methods across domain-specific tasks, advocating for chain-of-thought reason- ing to
improve relevance and accuracy. This further validates our hybrid pipeline of model safety filters and deterministic math reasoning
to minimize unexpected Al behavior in learn- ing environments.

Additional research also supports the potential of merging vision-based gesture input with real-time inference pipelines. The
growing body of work on lightweight neural networks, combined with modular architectures for low-latency input processing,
strongly influenced the modular, scalable structure of our Al Powered Smart Vision Calculator. By analyzing both visual and
contextual limitations of earlier works, our approach delivers a more adaptive and student-centered interface.

1. PROBLEM STATEMENT

Current mathematical computation and human-computer interaction systems suffer from several limitations in input flexibility,

accessibility, and natural user interaction:

1) Reliance on conventional input devices: The majority of digital calculators and math software rely on keyboards, touchscreens,
or styluses, preventing hands-free operation and creating accessibility challenges for individuals with motor impairments [1],
[4].

2) Absence of natural interaction: Existing tools lack gesture-based or spatially intuitive input mechanisms, re- stricting fluid and
creative interaction with mathematical content in educational or collaborative environments [2], [5].

3) Inadequate real-time feedback: Many recognition sys- tems lack immediate visual feedback during input, mak- ing it difficult
for users to verify symbol accuracy or adjust gestures dynamically [4], [5].

4) Poor Al integration: Conventional calculators and whiteboard tools fail to leverage Al models for contextual gesture
interpretation or ambiguity resolution, relying instead on rigid rule-based systems [3], [7].

5) Inadequate support for inclusive learning: Platforms offer minimal adaptability for diverse learning styles, particularly for
students requiring interactive or non- traditional input methods, due to static interfaces [3], [9].

These limitations highlight the need for a gesture-driven, Al-based solution that facilitates natural input, real-time feedback, and

intelligent symbol recognition. The Al Pow- ered Smart Vision Calculator addresses these challenges by combining an interactive

air-canvas system with MediaPipe, OpenCV, and a refined Gemini-2B model, providing an in- tuitive and interactive alternative to

traditional math-solving devices.

V. EXISTING SYSTEM

Al Powered Smart Vision Calculator seeks to eliminate the shortcomings present in current touchless calculator and vir- tual
interaction systems. Though devices such as conventional OCR-based solvers or mobile apps serving as calculators pro- vide
standard arithmetic and symbolic solving functionality, they are not adaptive in real-time hand gesture detection and visual equation
understanding. Most systems rely intensely on static image input or predefined Ul elements, which hampers dynamic intuitive
usage. Gesture-based solutions based on simple motion sensors or pre-defined templates tend to not offer good symbol detection,
particularly when users write mathematical notations freely in the air. Most models also need internet connectivity or third-party
APIs, which is less ideal for privacy-conscious or offline settings.
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Current systems also provide limited feedback or explanation of answers, while users—particularly students—need step-by-step
reason- ing to learn the solution process. Al Powered Smart Vision Calculator alleviates these limitations by means of real-time
gesture recognition, local LLM-based computation, and a more interactive user experience.

V. PROPOSED SYSTEM

The Al-powered Smart Vision Calculator introduces a more advanced mathematical interaction interface than standard calculators

with natural gesture input and in-device smart computation. Its key features include:

1) Air Canvas Interaction: Users directly input equations on the air using finger gestures, which are identified real- time by the
combination of OpenCV and MediaPipe- based vision pipelines.

2) Multi-Color Gesture Toolbar: Pointing to certain zones at the top of the canvas allows a dynamic color palette and eraser tool,
giving an intuitive and versatile input experience.

3) Gesture-Based Command Triggering: The system uses a thumb lift gesture as a command trigger to enable equation solving,
avoiding input errors and ensuring intentional submissions.

4) Fine-Tuned LLM Integration: A fine-tuned Gemini-2B model is used for local mathematical reasoning, mak- ing it possible for
the system to solve and elaborate equations intelligently without third-party APIs from the outside.

5) Visual Display of Solution: Step-by-step rendering of math solutions in real-time on a side window enhances readability and
replicates the responsiveness of smart whiteboards.

6) Offline Secure Inference: Private local inference or se- cure deployment with Hugging Face ensures the system maintains data
privacy and remains operational without constant internet access.

7) Web Scalability: The platform’s backend is built using Django, making it deployable across browsers and edge devices while
maintaining fluid user interaction.

A. High-Level Architecture

OpenCV - Simulates
+ drawing mathematical

symbols
OpenCV +MediaPipe - TensorFlow + Gemini 2B
Detects and tracks hand ——  Model - Recognizes
landmarks mathematical symbols.

Gemini 2B Model -
Evaluatesand =~ —
solves equations.

Displays the air

canvas and results
Webcam - Captures interactively.

] _realtime video frames. B
Fig. 1. High-level architecture of the Al Powered Smart Vision Calculator.

As illustrated in Fig. 1, the system begins with the webcam capturing real-time video frames. OpenCV handles the video stream and
renders the virtual air canvas. MediaPipe tracks hand landmarks to identify fingertip movements used for drawing.

The drawn gesture is then passed through a pre-trained deep learning model-Gemini-2B—integrated via TensorFlow, which
interprets the mathematical expression. The expression is evaluated, and the result is displayed on the canvas, enabling seamless
interaction without traditional input devices.
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B. Fine-Tuning Pipeline
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Fig. 2. Fine-tuning pipeline for Gemini-2B model.

As shown in Fig. 2, the fine-tuning process begins with collecting and preprocessing gesture image data, followed by splitting the
dataset for training, validation, and testing.

VI. IMPLEMENTATION
The implementation of the Al Powered Smart Vision Calcu- lator was executed in two core phases: gesture recognition & Ul
development, and LLM-based equation solving integration. This hybrid system blends real-time computer vision process- ing with a
fine-tuned language model hosted on Hugging Face for intelligent, interactive problem-solving.

A. Gesture-Based Canvas and Ul Framework

The frontend interface is developed using OpenCV and MediaPipe for real-time video capture and hand landmark detection. The air
canvas enables drawing using index finger movements, and gesture recognition logic is implemented to identify color selection,
erase action, and trigger inputs (e.g., thumb lift to submit the equation).

A top horizontal toolbar was designed to allow users to interact with color or eraser options by placing their fingers in designated
square regions. Gesture input is processed frame- by-frame using custom logic built on top of MediaPipe’s hand tracking module.
This entire module is embedded within a Django web application, which streams the video feed using OpenCV and provides a
responsive interface for user interaction.

Smart Calculator

Fig. 3. Selection mode using index and middle finger to hover over color blocks
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Smart Calculator

Fig. 4. Writing mode with index finger after color selection

B. Fine-Tuned LLM Integration and Processing Pipeline

To handle mathematical equation solving, a fine-tuned Gemini-2B model (trained for numerical reasoning, algebra, calculus, and
trigonometry) is used. This model is trained offline and hosted on Hugging Face Hub under a private repository.

Upon detecting the user’s “submit” gesture (thumb up), the captured mathematical expression is sent as input to the hosted LLM
endpoint using secure Hugging Face inference APIs. The model returns both the solution and a step-by-step explanation, which is
rendered live in a result window beside the canvas.

C. Backend Logic and Security

The Django backend handles video stream processing, infer- ence requests, and user session management. A secure token- based
system ensures that only authenticated requests can access the LLM API. For sensitive or local deployments, the model can also be
served using FastAPI on a private server with Docker containerization to reduce inference latency.

VIL. RESULTS
As shown in Fig. 5, a quadratic equation was written in the air using the index finger, captured by the webcam, and interpreted
by the system:
X¥+x—1=0 @
The system applied OCR and expression parsing to rec- ognize the mathematical structure. It then used symbolic computation
methods to solve the equation using the quadratic

Smart Calculator

C TR (T
=

Fig. 5. Solving a quadratic equation using the Al Powered Smart Vision Calculator interface

formula. The roots were computed accurately, and the final step-by-step result was displayed on-screen. This validates the system’s
efficiency in solving algebraic equations in real time.

Smart Calculator

\E T | »

Fig. 6. Evaluating an indefinite integral using the Al Powered Smart Vision Calculator interface
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In a separate instance shown in Fig. 6, the user drew an indefinite integral:

2
X“ dx (%))
The Smart Vision Calculator recognized and interpreted the input, and returned the following s}mbolic result:
X3
+ C ®3) —
3

where C is the constant of integration. This demonstrates the system’s capability to perform calculus-based operations
accurately.

Together, these examples demonstrate the Smart Vision Cal- culator’s ability to understand, interpret, and solve a variety of
mathematical expressions interactively. Its real-time feedback, gesture-based input, and reliable OCR pipeline make it a valuable
educational tool for both learners and instructors.

VIII.  CONCLUSION AND FUTURE ENHANCEMENTS

Al Powered Smart Vision Calculator provides a novel mathematical solution-discovery process using real-time ges- ture recognition
and Al-supported symbol interpretation. The system, supported by software such as OpenCV, MediaPipe, and tuned Gemini-2B,
enables users to hand-draw and analyze equations free from the limitations of traditional input devices in mid-air space. The system
provides hands-off, intuitive interactions, increasing accessibility, accommodating various learning needs, and enabling
collaborative interaction with the math subject matter. In subsequent releases, the system will introduce adaptive learning
capabilities that adapt to performance and user preference. Future planned develop- ment includes multi-language symbol
recognition, cloud-based session history storage, and improved model compression methods to further improve performance on
lower-spec hard- ware. The features will increase the availability of the system usability, thereby making it an invaluable
educational and productivity tool.
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