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Abstract — Motion Detection is an interactive computer
vision project that uses real-time hand gesture recognition to
create a touchless user interface for drawing or gaming. The
system employs a standard webcam combined with machine
learning-based hand tracking (via MediaPipe) to detect and
interpret hand movements and gestures. In drawing mode, the
user’s index finger acts as a virtual pen, allowing them to
draw on a digital canvas by simply moving their hand in the
air. Various gestures (e.g., open palm, multiple fingers) can
be used to change colours, erase drawings, or clear the
canvas, simulating the functionalities of a physical drawing
tool. In game mode, hand gestures control a player or object
within a simple game environment. For example, horizontal
hand movements can move a paddle or character, a fist
gesture can trigger jumps or attacks, and other gestures can
perform in-game actions like pausing or activating power-
ups. This project demonstrates the potential of gesture-based
interaction in applications such as creative tools, educational
games, and assistive technologies. By eliminating the need
for physical controllers or touch input, Motion Detection
provides a contactless, intuitive, and engaging way to interact
with digital systems.
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I. INTRODUCTION

Motion Detection is an innovative hand gesture-based
drawing application that allows users to draw on a digital

canvas using only their hand movements, without any
physical input devices like a mouse or stylus. Leveraging
computer vision and hand tracking technologies, the system
captures real-time video through a webcam and detects finger
gestures to perform actions like drawing, erasing, changing
colours, or clearing the canvas. This project aims to provide
an intuitive, touchless, and fun drawing experience that is
especially useful for children, artists, educators, and users
with accessibility needs. Built using Python, OpenCV, and
MediaPipe, Motion Detection combines creativity with
modern technology to explore a new form of human-
computer interaction.

The primary objective of the Motion Detection is to
develop a touchless, gesture-controlled digital drawing pad
that allows users to interact with a canvas using only their
hand gestures captured through a webcam. This system aims
to provide a more natural, intuitive, and accessible way to
draw digitally, particularly useful in creative, educational,
and accessibility-driven environments.

— To design a gesture-based system for freehand digital
drawing.

— To replace traditional input tools with natural hand
gestures.

— To implement real-time hand tracking using computer
vision.

— To develop an accessible and hygienic touchless user
interface.

— To provide an engaging platform for education and
creativity.

II. LITERATURE REVIEW

Using Computer Vision

Author(s) Year Title Focus/Contribution Techniques/Tools Used
Virtual Drawing Board Developed a drawing board Hand gesture
Arora, S., et al. 2016 using Hand Gesture controlled by hand gestures, recognition, Computer
Recognition specifically using the index finger. Vision
Kumar, A., & Hand. Gesture Based Exploreq gesture-based game OpenCV, Hand Gesture
. 2019 | Interactive Game System control, using hand movement for o
Singh, R. Recognition

interactive gaming.

Xie, L., & Zhang, A Real-time Hand Gesture

Developed a gesture recognition

OpenCV, Machine

2020 | Recognition System for system for interactive applications Learning, Computer
Interactive Applications like gaming and education. Vision
Zhang, F. MediaPipe Hands: On- Introduced MediaPipe for real-time MediaPine. Machine
Bazarevsky, V., & | 2020 device Real-time Hand hand tracking and landmark Lezrrzin
Kartynnik, Y. Tracking detection. £

Table 1: Literature Review of python and Al Techniques for Motion Detection
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III. METHODOLOGY
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Figure 1: A framework for image detection and analysis
Figure 1 The proposed motion detection system follows a
structured methodology designed to achieve real-time,
accurate, and smooth gesture-based interaction. The system
relies on computer vision and machine-learning—based
landmark detection using MediaPipe.

— Hand Detection: MediaPipe’s palm detection model
identifies whether a hand is present in the frame.

— Gesture Classification: Using relative landmark
positions, the system identifies gestures such as:

e POINT

FIST

PALM

ROCK

PEACE

Each gesture is mapped to an action such as drawing, cursor

control, screenshot, or game movement.

—  Motion Processing & Output Action: Once the gesture is
recognized, the system computes motion direction, hand
trajectory, or finger-tip movement and converts it into:

e  Mouse movement

Drawing path

Ball control (game)

Air-writing

System commands

IV. RESULTS

The system achieved an average processing speed of 28—32
FPS, ensuring smooth real-time interaction without
noticeable delay. The optimized MediaPipe pipeline enabled
consistent landmark detection even when the hand was
partially rotated or moving quickly.

— System Performance: The system achieved an average
processing speed of 28-32 FPS, ensuring smooth real-
time interaction without noticeable delay. The optimized
MediaPipe pipeline enabled consistent landmark

detection even when the hand was partially rotated or
moving quickly.
—  Motion Tracking Stability
e Finger tip movement for drawing achieved pixel-
level precision with minimal jitter.
e Cursor movement was smooth, using interpolation
to eliminate sudden jumps.
e Air-writing captured curved and
motions accurately.
—  User Experience
e FEasy touse
e Highly responsive
e Comfortable for drawing and control tasks

straight-line

V. CONCLUSION AND FUTURE SCOPE

The proposed motion detection system provides an effective
and reliable solution for real-time hand gesture—based
human—computer interaction. By utilizing MediaPipe for
landmark extraction and OpenCV for motion processing, the
system achieves smooth gesture tracking, high accuracy, and
low latency using only a standard webcam. The gesture
mapping module successfully converts finger and hand
movements into meaningful actions such as drawing, cursor
control, screenshots, air-writing, and game interactions.
Experimental results demonstrate that the system performs
consistently under normal lighting conditions with an overall
recognition accuracy above 80%.

Although the system performs efficiently in real-
time, several improvements can further enhance its
performance and broaden its applications:

— Integration of Deep Learning Models
— AR/VR Applications

— Improved Low-Light Performance

— IoT and Smart-Home Control.
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