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ABSTRACT

This research explores the mnovative realm of gesture-based digital art creation through the
tegration of finger-mounted bead technology. Traditional methods of digital art creation often
ivolve complex interfaces and tools. limiting the natural expressivencss of artists, In this
study, we introduce a novel approach utilizing finger-mounted beads equipped with sensors
and accelerometers, enabling artists to translate their hand gestures and movements into digital
brush strokes and artistic expressions, The technology not only enhances the intuitive nature of

digital art but also provides a tactile and immersive experience.

Our research delves into the design and development of this interactive system, emphasizing
real-time responsiveness and accuracy. Through a series of experiments and user studies, we
evaluate the usabilitv, ergonomics, and creative potential of this innovative tool. Artists and
enthusiasts can now engage n a more fluid, intuitive, and expressive digital ant creation

process, breaking barriers between traditional and digital art forms.

This study contributes to the evolving field of human-computer interaction by demonstrating
the seamless integration of technology and artistic creativity. The finger-mounted bead system
presents a promising avenue for digital artists, educators, and technology enthusiasts,
revolutionizing the way digital art 1s conceptualized. created, and appreciated
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1.1 PROJECT TITLE
Gesture Based Digital Art Creation Using Finger Mounted Bead

1.2 PROJECT OPTION

I. Real time sign language detection @ Caplunng video frames from a camera and detecting
hand gestures or sign poses in real-time using computer vision technigues like object detection
or pose estimation. Processing the detected gestures/poses through a machine leaming maodel,
such as a convolutional neural network or recurrent neural network, trained on sign language
data to recognize and interpret the signs. Providing the recognized sign or word as output, either
through text display. speech synthesis, or other means, enabling real-ime communication
between sign language users and non-users.
2. Design app for scamning the possible mental isswe - The app would vse a combination of
questionnaires, self-assessment tools, and data input from the user to gather information about
their mental state, mood, behaviors, and lifestyle factors. Thas data would then be analvzed
using machine leaming models trained on datasets related to various mental health conditions
like depression, anxiety, siress, etc. The app could employ techmigues like natral language
processing Lo analyze user inputs, and predictive modeling 1o identify patterns that may indicate
potential mental health 1ssues,
3. Office document management system: An office document management system 15 a
software application that allows organizations o efficiently store, organize, track, and retrieve
electronic documents and files, It provides a centralized repository for securely managing
various tyvpes of office documents, enabling version contmol, access permissions, and
collaboration features. The system helps streamline document workflows. reduce paperwork,
and improve productivity by ensuring easy access to up-to-date information across the
organization.
1.3 INTERNAL GUIDE

Prof. Chetana Upasani

1.4 TECHNICAL KEYWORDS
1. Hardware:

=  Finger-mounted wearable
= Capacitive stylus

« Moton tracking

APCOER, Department of Computer Engineering 2023-24 2




2. Computer Applications
* Online Education

«  Lhser Authentication

3, Gesture recognition
# Touchscreen interaction

o [ignal art creation tools (e.g., painting, drawing, sculpting )

L5 PROBLEM STATEMENT

Traditional digital art creation tools often rely on styluses or pens with fixed grips and
limuted degrees of freedom, hindering the expressiveness and natural feel of creating art. This
can be especially limiting for artists who prefer to use broad gestures or hand motions in their
creative prooess. There 1s 4 need for a more intuitive and natural way to create digital art that
leverages the capabilities of finger-based interaction. A finger-mounted bead offers a unigue

opportunity to explore gesture-based art creation without the constraints of traditional tools.

L6 ABSTRACT

This work explores the concepl of a finger-mounted bead for gesture-based digital an
creation. We propose a novel approach that leverages the natural movement of the hand and
fingers to create a more intuitive and expressive art experience. The abstract highlights the
limitations of current digital art tools and emphasizes the potential of the finger-mounted bead
for overcoming these limitations. Key challenges in developing this system include accurate
gesture recognition, real-time rendering, and pen pressure simulation. Addressing these
challenges will enable a more natural and expressive form of digital art creanon. The proposed
system has the potential o revolutionize the way artists interact with digital weols and unlock
new passibilities for creative expression. Traditional digital art tools often limit artists by their
fixed grips and functionalities. The finger-mounted bead addresses this by enabling broad
gestures and hand motions, potentially unlocking new creative possibilities. By addressing
these challenges, this finger-mounted bead system has the potential 1o revolutionize the way
artists interact with digital tools and express thewr creativity in a more natural and intuitive way.
This additional information clarifies the specific echnology involved (capacitive stylus) and
emphasizes the potential for new creative possibilities. It alzo highlights the specific technical

challenges that need (o be addressed for successful implementation.

APCOER, Department of Computer Engineering 2023-24 3




1.7 GOALS AND OBJECTIVES
Groal:
This research explores a finger-mounted bead as a tangible interface for expressive gesture-
based digatal art creation.
Objectives:
For Learners:
o  FEnhance artisfic expression;
o Objective 1.1: Enable arists to create art using more natural and intuitive
gestures,
o Objective 1.2: Provide a more engaging and interactive way to create digital art.
o Improve Learning Experience:
o Objective 2.1; Create a more focused leaming environment by minimizing
distractions during assessments.
a  Objective 2.2: Encourage active participation and engagement in assessments.
For Educators:

o Foster creativily and exploration:

o Objective 3.1; Ensure assessments accurately measure the knowledge and skills
of the intended leamer,
o Objective 3.2: Engage students in a more active and hands-on approach 1o
digital an creation.
= Streamline Assessment Management:
a  Objective 4.1: Encourage students o experiment with new tools and techniques
for artistic expression.
o Objective 4.2; Provide an alternative method for students who may struggle
with traditional styluses or tablets.
Additional Considerations:
=  Privacy and Securify:
a  Objective 5.1: Implement Gesture Based detection in a way that respects learner
privacy.
o Objective 5.2; Ensure the secure storage and transmission of Gesture
recognition data.
= Accessibility and Inclusivity:
o Objective 6.1: Make sure the Gesture Based system works effectively for

learners with diverse appearances.

APCOER, Department of Computer Engineering 2023-24 4




o Objective 6.2: Provide alernaive authentication methods for learners who

cannot use Gesture Based Svstem due to technical limitations,

L8 RELEVANT MATHEMATICS ASSOCIATED WITH THE PROJECT

Mathematical Operations:

The mathematical operations relevant to the finger-mounted bead for gesture-based
digital art creation can be categorized like :

Summation: Used to calculate the integral image and the sum of pixel intensities within
Haar features.

Comparison: Used in the classification stages 1o compare feature values with
thresholds for hand detection.

Thresholding: Used 1o determine if a feature contributes o a positive or negative
classification,

Tuning the Classifier: We can adjust parameters like the number of Hard features, the
classification threshold, and AdaBoost parameters to improve the accuracy and
performance of hand detection for our specific use case.

U'nderstanding Limitations; Knowing the mathematical basis helps we understand the
potential limitations of the KNMN algorithm, such as sensitivity to lighting variarions or
challenging poses.

Adapfing to New Scenarias: Il we need to modify the hand detection for differemt
scenarins (e.g., detecting specific hand movements), a grasp of the underlving concepts

can aid in adapting the approach.

1.9 NAME OF CONFERENCES

Paper Published no. 1
Paper ID: 2455-6211

Paper Title: Gesture Based Digital Art Creation Using Finger Mounted Bead
Name of conference : JDARESM Volume 3

APCOER, Department of Computer Engineering 2023-24 5




1L.10 REVIEW OF CONFERENCE/JOURNAL PAPERS SUPPORTING

PROJECT IDEA
Sr | Paper Conference/ . Relevance
No|  Title Authors | Year Journal Key Findings | Limitations to Project
- Tangible - Provides
interfaces can insights into
provide a more user
Exploring ACM intuitive and |- Focuses on |preferences
Tangible | ... Symposium engaging general and
Kim, H., . : :
User Nam. ] on Lser experience for TULs, not | potential
1 [ Imerfaces & Kirm“ 2022  Imterface digital an finger-  |applicaiions
for i ; Software and | creation. - Study | mounted | for finger-
Artistic ' Technology | explores using beads mounted
Creation (UIST) physical objects to | specifically. bead
comntral interaction
brushstrokes and in art
effects. creation.

- Introduces a -
system that Demonstrat
recognizes es potential

Brushstro brushstroke ; for using
- Limited 1o
ke Liu. C gestures for real- ik gesiure
Recogniti Tl Transactions | time stvle transfer sty recognition
Sun, Y. [ ane s g i transfer, not | 5
2 | onfor 2021 | on Graphics |in digital painting, with finger-
: & Chen, : : general
Real-Time ] (TOG) - Machine 5 mounted
2 3 : F arhistic
Stylistic learning classifies | . beads 1o
it Creation. ¢
Panting user strokes and achieve
applies different
corresponding artistic
artistic styles. effects.
- Valuahle
- Surveys VR insights into
painting gesire
technigues using tracking
A Survey hand and finger |- Focuses on | algorithms
on Gesture i ] Joumal of | tracking for 3D VR and
Recogniti | 0" Imaging sculpting and | environment | brushstroke
Kim, 5., : b ] it :
3| onfor & Kim 2020 Science and painting. - s, not finger- | simulation
Virtual HI ’ Technology Discusses mounted | techmgues
Reality ! (J1ST) challenges of beads applicable
Painting accurate gesture | specifically. | to finger-
recognition and maotinled
stroke sumulation bead
in ¥R. developmen
L.
_ i - Uses ” i
Wearahle Kim. J.. International Explores using a Uses Prowvides
Pen-Based pressure-sensitive | stylus, not | valuable
. |Pak, C., |, Joumal of : ; :
4 |Interaction £ Park 2019 H 3 stylus for fashion finger- |information
for E.E_| ; C‘u?nmf::er sketching and mounted |on pressure
Fashion P design on a digital | bead. - sensivity,
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Design
Applicatio
s

Interaction | canvas. - Study | Focuses on
(ITHCT) evaluates user fashion
expenience and | design, but
design ransferable
considerations for |10 general art
pen-based creation,

inferaction in
[ashion design.

User
comfort,
and
potential
apphications
for finger-
miomted
bead design
i Various
creative
fields,

Table 1.1 : Review of Conference
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Paper Pablished no. 2

Paper 1D: 195

Paper Title: Gesture Based Digital Art Creation Using Finger Mounted Bead
Name of conference : ICS1S5 20124

L.11 REVIEW OF CONFERENCE/JOURNAL PAPERS SUPPORTING

PROJECT IDEA
Sr| Paper Conference/ e i i o Relevance|
Nol  Title Authors | Year 1a | Kev Findings | Limitations o Project
- Introduces a
finger tracking - Provides
system for i
tablels that foundation
captures - Limited to | for finger
IEEE o ¥ ;
Finges Triisclan position, hasic tracking
g Schmidt, ' © | orientation, and | brushstroke lechnology
Tracking : i} : : el
;o | B, P pressure for simulation, |applicable
for Aristic Yisualization
1 1 Y. & | 2023 brushstroke may not | to finger-
Brushstrok and
S okl Nakamur Compuber control. - COver mounted
on Tablets a, 5. Graphics Demf:r[mtratcs n.-d-r-:_mgm.t . heud;-.
TVCG) ability to artistic including
{ simulare effects. pressure
different brush sensitivity
properties based for brush
on finger control.
movements.
Dremonstral
tes the
- Proposes a potential
system that of using
combines hand multiple
gestures and modalities
| ACMCHy | finger tacking | popies on | (Eestures
Multimaoda C for interactive and finger
; . onference R camera- ;
| Gesture | Liu, X., H sketching on a Eaisisd tracking )
Recognitio | Sun, C_, i digital canvas. - x for richer
2 2022 | Factors in ; iracking, not o
n for & Wang, A Allows for W artistic
Sl Computing : ; finger-
Interactive X, dvnamic brush eXpression
. Svstems mounted
Sketching control and g
(CHI 4 . beads. .
selection of potentially
artistic effects applicable
based on to finger-
combined mounted
gestures, bead
inietaction
with
additional
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gesture
recognitio
n
capabilitie
5.
Highhghts
the
potential
F De-.re!l_:rps . of machine
machime sl
learning model i Gant Lf‘re
Machine that analyres o S
: ; . analysis
Leaming and transfers | - Focuses on
for Pen- calligraphy pen strokes, a“d. HY.IE
Stroke Zhang, styles based on | not finger- Sppiieation
Sivle ¥ Dafpan user pen strokes mounted g
?' .| Zheng, [2021 | Recognition P ; ; ; potentially
Transfer in | - Allows users beads, - s
: Y., & Xu, Letters (PRL) Rt INspiring
Calligraph K to create Limited to B
v ' calligraphy art | calligraphy ; SR
o R 3 echnigues
Applicatio in different application.
for finger-
s styles by d
mimicking AN
bead
reference ST
strokes. S
o achieve
Virious
artistic
styles.
- Dffers
valuable
insights
into spatial
brush
- Introduces an control
AR painting techniques
IEEE system that uses and
Augmented : hand tracking | - Limted to | potential
; [mternational | . : SRR
Reality : for spatial brush AR tpplication|
R Lee, 1., Symposium g ;
Painting : . control within a |environment, | s for
. Kim, H.. | , on Mixed :
with & Chai 2020 ik virtual not finger- | finger-
Spatial 5 ’ Ninmanted environment. - mounted | mounted
Brush ' R'iﬂﬂi i Artists can paint beads bead
Control (ISM Aﬁ; directly on real- | specifically. |interaction
world objects in an AR
with simulated environme
brushes in AR. ni,
allowing
Artists to
paint on
real-world
surfaces.
Table 1.2 : Review of Conference 2
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1.12 PLAN OF PROJECT EXECUTION

This plan outlines the key phases for integrating gesture based detection using the OpenCV

inta Adr Canvas,

Phase 1: Requirement Analysis and Design (1-2 Weeks)

1.1 Define User Requirements:
a  Identify target users (artist, edocators).
a  Determine desired level of secanty and accuracy.
o Consider Canvas imtegration requirements.
o Address privacy and accessibility concemns.
1.2 System Design:
o Design the overall system architecture.
a Define the interaction flow between OpenCV, hand detection module, and
pesture checks.
o Choose appropriate librariesframeworks for Gesture Based implementation

and Air Canvas integration,

a Design user inferface elements for clear imstructions and feedback during

A5SESSMENts,

Phase 2: Development and Testing (2-4 Weeks)

2.1 KNN Implementation:
o Implement hand detection functionality using a KNN library (e.g., OpenCV).
a  Train/fine-tune the KNN classifier if needed for specific hand types .
2.1 Hand Detection Technigues:
a Develop or integrate additional features for gestures checks beyond hand
detection {g.g., finger detection, bead movement).
o Considér using thresholds or machine learning models 1o combine hand
detection and gesture features,
2.3 Canvas Integration:
o  Develop code wo interact with the Canvas for user assessment initiation, and data
exchange.
o Ensure secure communication and data transmission between the hand detection
maxdule.
2.4 Unit Testing:

APCOER, Department of Computer Engineering 2023-24 10




o Conduct unit testing of individual modules (Hand detection, Gestures checks,
communication ),

o Venfy funcionality and identify potential bugs.

Phase 3: Integration Testing and Deployment (1-2 Weeks)
= 51 System Integration Testing:
& Test the overall svstem functionaliy with simulated sysiem interactions.
o Evaluate hand detection accuracy, gesture detection effectiveness, and overall
USer expenence.
= A2 Deployment:
& Choose a deployment sirategy based on capabilities (cloud, on-premise).
o Ensure proper configuration and secunty measures.
a  Conduct pilot testung with a limited pser group 1o gather feedback and identfy
any 155ues,
Phase 4: Maintenance and Improvement {Ongoing)
s 4.1 User Feedback and Monitoring:
o Collect user feedback on the hand detection systein within the gesures.
o Monitor system performance and address any reported issues,
= 4.2 Adaptation and Enhancement:
a Explore advanced echmques like deep learning for improved accuracy or
additional gesture checks.
o Consider integrating with external authentication services for a multi-factor
approach.
o Stay updated on evolving security threats and adapt the system accordingly.
Deliverables:
« TFunctional gesture based detection module integrated with the canvas.
= Docomentation for system design, implementation, and deployment
= Liser training materials on using the face liveliness detection feature.
Success Criteria:
= The system successtully mtegrates with the chosen canvas.,
« Hand detection and gesture checks achieve acceptable accuracy levels.
s Users find the system easy o use and effective in preventing cheating.
Timeline:
This is an estimated timeling; adjust it based on our project scope and team resources,

Team:

APCOER, Department of Computer Engineering 2023-24 11




« Consider the wechmical skillsets needed (computer vision, Canvas development,
software engineering) and assign roles accordingly
Communication:

»  Establish clear communication channels within the team.

APCOER, Department of Computer Engineering 2023-24 12




CHAPTER 2
TECHNICAL KEYWORDS
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2.1 AREA OF PROJECT
The project falls within the intersection of several areas:-
1. Computer Vision:

« Hand detection using the KNN algonithm 1s a core component of the project. This
involves image processing techniques to identfy and localize hand within video frames
captured from webcams,

2. Machine Learning:

s  While KNN offer a good starting pmnt, we could explore mcorporaning additional

machine learming techniques for gesture detection. This could involve:
o Classification models: Using features like gesture detection or hand movement
patterns 1o classify a hand and a static image/video.
o Deep learming approaches: Implementing advanced convolutional neursl
networks for more robust hand recognition and gesture assessment.,
3. Homan-Compater Interaction (HCT) :

= The wser interface design for the Canvas integration 15 crucial for a smooth user

expenence. This involves:
a Providing clear instructions on how (o position onéself for optimal hand
detection and gesture checks.
o Offering appropriate feedback during assessments, indicating success or failure
of the hand detection.
4. Educational Technology (EdTech):

= The overall project aims to enhance the integnty and security of online assessments.

This aligns with the broader field of EdTech, which focuses on improving learning

expenences through wechnology.

2.2 TECHNICAL KEYWORDS
1. Computing Methodologies
- Deep Learming
- Convolutional Neural Networks (CNNs)

Transfer Learning

Ensemble Methods (muliple methods and maodels )

2. Computer Applications
= Dnline Education

APCOER, Department of Computer Engineering 2023-24 14




CHAPTER 3
INTRODUCTION
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3.1 PROJECT IDEA

Develop a finger-mounted bead system with gesture recognition for creating digital art. The
bead will rack movement and pressure to transfate gestures into brushstrokes, sculpting
actions, and color selection on a digital canvas, The project will focus on creating an intnitive
user experience for artists, with features like real-time rendéring and customizable brush
settings. Challenges to address include accurate gesture recognition, pressure sensitivity
calibration, and wvser interface design for ease of wse. This project has the potential to
revolutiomze digital an creation by offering a more natural and expressive way for artists (o
interact with their tools[2] . This project aims to develop a novel system for creating digital art
using a finger-mounted bead and intuitive zesture recogmtion. The bead will be equipped with
sensors (o rack its movement and pressure in 3D space. These inputs will be translated into

various arfistic actions within a dedicated software application.

32 MOTIVATION OF THE PROJECT

Traditional digital art wols often limit artsie expression with fixed grips and functionalines.
This project 15 driven by the desire to empower artists with o more natural and intuitive creative
experence. The finger-mounted bead offers a unigue opportunity o bridge the gap between
physical movement and digital ant creation. By leveraging gestures and pressure, artisls can
gain a greater sense of control and freedom in their creative process. [3]

Furthermore, this project aims to address potential limitations in accessibility. For
individuals who may find traditional sivluses or tablets cumbersome, the finger-mounted bead
presents an alternative method for digital art creation. This opens doors for a wider range of
people to explone their artistic potential. The core motivation lies in pushing the boundanes of
digital art creation. This project aspires (o develop a ool that fosters a moreé natural and
expressive connection between artists and their digital canvas, ultimately enniching the creative

landscape.

JILITERATURE SURVEY

1.Paper Name:-
The Implementation of Hand Detection and Recognition to Help Presentation
Processes
Author:
Rhio Sutovoa , Bellinda Pravogaa |, Fifiliaa , Dew: Survama , Muhsin Shodiga
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Abstract :-

This research was conducted with the aim of utilizing the human hands as an object to
operate computers. It 15 mtended 0 support and use technologies especially in the feld of
education for helping teachers 1o do presentation with ease. The program is developed by using
a science field of computer vision, as well as additional libraries which are; FLTK, OpenGL,
and OpenCV._ In order (o use this program, the presenters néed 1o have a webcam and a projector.
The webcam will be used to recognize the shape and the pattern of the presenters’ hands.
Furthermore, the program will send signals to the computers based on the recognized pattern.
The result of this research 15 a program that can improve the leaching process of

teaching/presentation] 1].

2.Paper Name:
AIR CANVAS AFPLICATION USING OFPENCY AND NUMPY IN
PYTHON
Author:
Dr. M. Parameswan, L. Privanka, G. B. Swetha, T. Uma & E. Vaishnavi
Abstract :-

Om-air writing has become one of the most attractive and challenging areas in the field of
image processing and patiern recognition in recent years. It contributes to the development of
automation processes and can improve imterpersonal and machine interaction across multiple
systems. Many research projects focus on new techniques and techmiques that can reduce
processing time while providing high accuracy of recognition. Tracking an object is considered
an important function within the field of Computer Vision|2]. The invention of fast computers,
the availability of affordable and high-guality video cameras and the requirements of automated
video analysis have provided prominence in tracking techniques. This project focuses on
developing a motionto-text converter that can serve as a software for sman portable writing
tools, This project 1s a touching journalist from time 1o time, It will use a computer view to track

your fingerprint.
3 Paper Name:-
Text Writing in Air

Author: -
Saira Beg . M. Fahad Khan ,Faisal Baig

Abstract: -
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This paper presents a real ume video based pointing method which allows sketching and
wrnting of English text over air in front of mobile camera, Proposed method have two main
tasks: first 11 track the colored hinger tup in the video frames and then apply English OCR over
plotted images in order w récognize the written characters. Moreover, proposed method
provides a natural human-system interaction in such way that it do not require keyvpad. stylus,
pen or glove etc for character input. For the experiments, we have developed an application
using OpenCyv with JAVA language. We tested the proposed method on Samsung Galaxy3
android maobile. Resulis show that proposed algorithm gains the average accuracy of
92 083% . |Ref: hip:/leammd.com/news.phpfid=Magnetic_3D_Bio_Printing] Here, more
than 3000 different shaped characters were used. Our proposed system i1s the sofiware based
approach and relevantly very simple, fast and easy. It does not require sensors or any hardware
rather than camera and red tape. Moreover, proposed methodology can be applicable for all
disconnected languages but having one issue that 11 18 color sensitive in such a way that
existence of any red color in the background before starting the character writing can lead to
false resulis|3].

4. Paper Name: -
Creating Air Canvas Using Computer Vision
Author: -
Adinarayana Salinal |, K. Kaivalya, K. Sriharsha, K Praveen, M. Nirosha
Abstract: -

Whniting in air has been one of the best interesting and challenging progress mn field of
image processing and pattern designing now a dayvs. It mainly contributes (o the advancement
of an automated process and can improve the interface between man and machine in varous
apphications, In Several research areas, works have been focusing on new techniques and
methods which helps i reducing the processing time and providing high recognition
efficiency, accuracy. Object tracking is considered an important task in the field of computer
vision. it involves first, detecting the object, secondly tracking its movement from frame to
frame, and finally analysing the behaviour of that object. We will use computer vision to track
the path of the finger. It will be a powerful means of communication and is an effective method
that reduces the use to write|4]. As We all know that artists create paintings on a canvas. Then
think, what if we can paint on air just by waving our hands. So. in this project, we are going [0

design an air canvas using OpenCV and Python.
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5. Paper Name: -
A Survey Paper on Sign Language Recogmition Svstem uosing OpenCV and
Convolutional Neural Network
Author: -
Himanshu Tambuskar , Gaurav Khopde , Snehal Ghode , Sushrut Deogirkar |, Er.
Manisha Vaidya

Abstract: -

Communication 15 a very important part of our Human life to express feelings and
thoughts. People like the Deal & Dumb always face difficulty as they cannot speak in their
regional languages, Language performs a very important role in communication, it can be
verbal e, using words o speak, read and write or non-verbal using facial expressions and sign
language. So, people hike the Deaf and Dumb have the only choice to speak in Sign language
means non-verbal. However, Sign language is a very imporiant mode of their community. But
it 15 difficult for people who are unaware of sign language. Hence, here 15 a system “Sign
Language Recognition System Using Open CV and Convolutional Neural Network™[5]. We
proposed a system that converts sign language to their appropriate alphabet, words in a standard
language to make easily understood by all, We also make some default gestures that we daily
use in our day-to-day life. The project works on a learning algorithm, it requires the collection
of datasets which includes images of each alphabet, and digits (o train the model. For the
classification of the image convolutional neural network 15 used. Also for accessing the camera

and taking input we used an opaen cv.

6. Paper Name:-
AIR CANVAS USING OPENCY, MEDIAPIPE
Author:-
Dr. B. Esther Sunanda. M. Bhargavi, M. Tulasi Sree, M.R.S. Ananva. N. Kavva
Abstract:-

With increasing technology each sector need o be modernized. With the improvement of
clever gadgets, the system can be now contralled virtually with aid of using human gestures.
While using paint , sometimes we feel difficult to draw and feel like drawing our imagination
just by waving our hand . The Project Air Canvas makes a speciality of growing a molion-io-
textual converter[6]. This project works on hand tracking system development which aims o
track the hand which acts as pen and functioning as pen to create or draw different shapes and

also as an eraser using Open Computer Yision Library(OpenCY) and Mediapipe. The existing
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project which allows us to drow just by waving hand uses technology or methodology which
takes a lot of process and time, Avoiding or decreasing these hmitations we came up with this
project that uses new technologies and easy methodologies. System Camera is used to tack

the hand and create drawings This also helps wo annotate pdf just by waving hands.

7. Paper Name:-
Hand Gesrure Recognition System for Image Process (1P) Ganung
Author:-
Ashwini Shivatare, Poonam wagh, Mayur Pisal, Varsha Khedkar Prof, Mrs, Vidya KEurtadikar
Abstract:-

Hand gesture recognition (HGR) provides an intelligent and natural way of human
computer interaction (HCI), Its applications range from medical rehabilitation to consumer
electronics control {e.g, mobile phone). In order to distinguish hand gestures, varous kinds of
sensing techmques are utilized to obtain signals for pattern recognition. The HGR system can
be divided into three parts according to s processing Steps : hand detection, finger
identification, and gesture recognition, The system has two major advantages. First, it is highly
modularized, and each of the thres steps is capsuled from others! second, the edge/contour
detection of hand as well as gesture recognition is an add-on laver, which can be easily
transplanted to other applications, In [P Gaming we are proposing a system in which without
using sensors and devices, we are detecting the hand and geswre with simple web camera and
performing the image processing technigue in which using those gesture, we can play game on
console. In Image Process Gaming, the motions are detected through a web camera. These
images are then passed for the image processing. The techniques used for image processing are
hand gesture detection, edge detection, thresholding, contour detection. Using OpenCV, which
provides a library collection of functions for different image processing techniques. these input

images can be processed and corresponding key strokes will be generated[7].

8. Paper Name:-
Handwritten Text Detection using Open CV and CNN
Author:-
Dr. § Jessica Saritha, G Hemanth Kumar, K R G Deepak Teja. S Jeelani Shanef
Abstract:-
: When you use gesture, you are entéring into a whole history of human communication,
because there is no language that exists entirely withoot gesture (a fun fact to bring up at

parties ). People can't communicate without gesture|8]. It's so connected to intention that there
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is a phrase "empty pesture,” used 10 mean an action or movement that is withoul genuine
feeling, The research effort centralizes on the efforts of implementing an application that
employs computer vision algorithms and gesture recogmtion techmigques which in turn results
in developing a low cost interface device for imteracting with objects in virtual environment

using hand gestures,

9. Paper Name:-
Virtwal Air Canvas Application using OpenCV and Numpy in Python
Author:-
Asst Prof Jahnavi, 5 K Sai Sumanth Reddy, Abhishek R, Abhinandan Heggde, Lakshmi
Prashanth Reddy
Abstract:-

Wrting s an integrated form of commumnication that can convey our thoughis. Typing and
wnting are standard ways to record information today, Letters or words are written in a relaxed
space by marker or finger. These wearable devices can see and understand our actions.A
compuiing process that attempls 10 récognize and interpret human gestures through the use of
mathematical algorithms is known as gesture recognition. The prmoject uses this gap in
developing motion-to-text converter which can serve as software for smart wearable devices
for wrting in the air]9). The program will use a compuler vision to track finger movement. The
generated text can also be used for vanous purposes, such as texting, emails, etc. It will be a

useful way for deaf to communicate.

10, Paper Name:-
Survey on; Hand Gesture Controlled using OpenCV and Python
Author:-
Chetana D. Patl, Amrita Sonare, Aliasgar Husain, Aniket Jha, Ajay Phirke
Abstract:-

In the latest rends, gesture recognition has been used (o advance machines because of s
cooperative ability, Gestures are & type of nonverbal communication that allows humans and
computers to communicate with one another, Hand gesture recognition 15 widely used in
artificial intelligence 1o enhance features and user imteraction. Here we have used certain
libranies of Python (OpenCV, cvzonel) that help m captunng, unage pre-processing, and

detection, along with mapped action pairs to perform specific tasks| 10].
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11. Paper Name:-
AIR CANVAS
Author:-
Amket Sandbhor, Prasad Rane, Prathamesh Shirole, Pawan Phapale
Abstract:-

Drawing 15 fundamental to all other arts. It is how artists strocture, plan and negotiate
space. Many yvears back the natural artist used 1o draw on stone by using charcoal or branches
of trees. Cave paintings are used by them to communicate with other about the amimals in the
forest. From this (o now we have many options available for drawing. Drawing can be done by
using computer, smartphones even other devices are there for drawing. Now we have many
options for drawing{11]. Air canvas is one of the ideas based on drawing in air. It made of
system that can catch movements of artists and can draw even without touching keyboard,
mouse or ouchpad, Air canvas uses python programming language along with useful librares

like OpenCY and MediaPipe which are more helpful in work of identification or recognition.,

11 Paper Name:-
AR Canvas with Python
Author:-
Piyush Garg , Yashika Choudhary |, Utkarsh Pandita , Samarth Singh Thakur , Veena
ladhav , Dr. Rohini Jadhav
Abstract:-

Writing 15 a unified rype of communication that allows us 10 successfully communicate
our ideas. Today's standard means of recording information include typing and writing. With
a marker or a finger, characters or words are written in the empty area. The pen does not move
up and down as it does in typical writing technigues. Human pesiures can now control the
digital world thanks to the development of clever wearable gadgets. These wearable
technologies are capable of recognising and comprehending human activities. Gesture
recognition 15 the process of recognising and interpreting a confinuous sequential gesture
stream from a collection of input data. Gestures are nonverbal cues that help computers grasp
what they're saying, Vision perceives human motions, and computer vision 15 used to analyse
diverse pestures[12]. The project takes advantage of this gap by concentrating on the
development of a motion-to-text converter that mught be vsed as software for meelligent
wearable gadgets that allow users 1o write from the air. The technology will employ computer
vision to track the route of the finger, allowing for writing from above. The created text may

be utilised for a variety of applications, including seading messages and e-mails, For the deaf,
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it will be a strong way of commumcation. It's an efficient communication approach that

eliminates the need to write, reducing mobile and laptop use,

13, Paper Name:-
Alphabet Detection through Air Canvas Using Deep Leaming and OpenCV
Author:-
Andesh, Hassan , Sahil , Dr H.S Guruprasad
Abstract:-

Adr Canvas 15 a hands-free digital drawing canvas that recognises and maps hand motions
onto a PITFT screen using a Raspberry Pi, a PiCamera, and OpenCV. Built-in buttons give the
user the permission to replace the size and colour and their “brush,” Very brush's direction is
entirely controlled by open source OpenCY software, which has been adapted to following a
calibrated screen o detect and register the person’s hand coloring, mapping the index pointer

onto the panel utilizing Pygame| 13].

14, Paper Name:-
Hand Gesture Recognition using OpenCV and Python
Author:-
Surya Narayan Sharma, Dr. A Rengarajan
Abstract:-

Hand gesture recognition system has developed excessively in the recent vears, reason
being s ability to cooperate with machine successfully. Gestures are considered as the most
natural way for communication among human and PCs in virtual framework, We often use
hand gestures to convey something as it is non-verbal commumication which is free of
expression. In our system. we used background subtraction to extract hand region| 14]. In this
application, our PC's camera records a live video, from which a preview is taken with the

assistance of 1ts functionalities or activities.

15. Paper Name:-
Air Canvas Application Using Opency And Mumpy In Python
Author:-
Prof. 5.U. Saojt Nishtha Duoa, Akash Kumar Choudhary Bharat Phogat
Abstract:-
Writing in air has been one of the most fascinating and challenging research areas in field

of image processing and pattern recognition in the recent years. It contributes immensely to the
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advancement of an amtomation process and can improve the interface between man and
maching in numerous apphications. Several research works have been focusing on new
techmiques and methods that would reduce the processing time while providing higher
recognition accoracy. Object tracking i1s considered as an important ask within the field of
Computer Vision. The imvention of faster computers, availability of inexpensive and good
quality video cameras and demands of automated video analysis has given popularity to object
tracking techniques|15].

Generally, video analysis procedure has three major steps: firstly, detecting of the object,
secondly tracking its movement from frame to frame and lastly analysing the behaviour of that
object. For object tracking, four different issues are taken into account; selection of soitable
ohject representation, feature selection for tracking, object detection and object tracking. In
real world, Object tracking algonthms are the pnnmarily part of different applications such as:
automatic surveilllance, video indexing and vehicle navigation eic. The project inkes advaniage
of this gap and focuses on developing a motion-to-text converter that can potentially serve as
software for intelligent wearable devices for writing from the air. This project 1s & reporter of
occasionil gestures. It will use computer vision (o trace the path of the finger. The generated
text can also be used for vanmous purposes, such as sending messages, emails, etc. It will be a
powerful means of communication for the deaf, It is an etfective communication method that

reduces mobile and laptop usage by eliminating the need to write.
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CHAPTER 4
PROBLEM STATEMENT AND SCOPE
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4.1 PROBELEM STATEMENT

Digital ant creation has become a powerful tool for artists of all backgrounds. Expand more
However, current tools often rely on styluses or pens with limited degrees of freedom and fixed
grips. These tools can feel restnctive, hindening the natural flow and expressiveness inherent
in traditicnal art forms_exclamarion Artists who prefer broad gestures, sweeping molions, or a
more hands-on approach are often left veaming for a more intuitive way to translate their vision
into the digital realm.

Traditional styluses and pens require precise hand and finger positioning, limiting the
range of motions artists can utilize, This can feel uonatural compared to the freedom of
movemen! artists enjoy with traditional mediums like brushes, sculpting tools, or charcoal,
Furthermore, the platform should facilitate efficient feedback mechanisms to enhance student
learning and engagement.

Therefore. the pnmary goal of this project is to develop a comprehensive e-leaming
platform that revolutionizes the way 1asks are assigned and managed in educational setlings.
Bv leveraging technology and incorporating personalized learming strategies, this platform
aims to enhance the leaming experience for students and teachers alike, ultimately improving

educational sulcones.

4.1.1 Goals and Ohjectives
Goal:
o This research explores a finger-mounted bead as a tangible interface for expressive
gesture-based digital art creation
Objectives:
For Learners:
s Enhance artisfic expression;
o Objective 1.1: Enable arists to create art using more natural and intuitive
gestures.
o Objective 1.2: Provide a more engaging and interactive way to create digital ar,
o« [Improve Learning Experience:
o Objective 2.1: Create a more focused learming environment by mimmizing
distractions during assessments.
o  Objectve 2.2: Encourage active panicipation and engagement in assessments.
For Educators:

s Foster creativity and exploration:
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Objective 3.1: Ensure assessments accurately measure the knowledge and skills
of the intended leamer,
Objective 3.2: Engage students in a more active and hands-on approach to

digital an crealion.

= Streamiine Assessment Management:

=

Objective 4.1: Encourage students to experiment with new tools and wechniques
for arlistic expression,
Objective 4.2; Provide an altermative method for students who may struggle

with traditional styluses or tablets.

Additional Considerations:

= Privacy and Security:

(=}

Objective 5.1 Implement Gesture Based detection in a way that respects learner
privacy.
Objective 5.2 Ensure the secure storage and transmission of Gesture

recognition data.

= Accessibility and Inclusivity:

o Objective 6.1: Make sure the Gesture Based system works effectively for
leamners with diverse appearances,
o Objective 6.2: Provide alternative authentication methods for learmers who
cannot use Gesture Based Svstem due to technical limitations,
4.1.2 Statement of scope

Project Title: Gesture Based Digital Ant Creation Using Finger Mounted Bead
1. Project Description:

This project aims 1o develop a revolutionary system for digital anl creation using a finger-

mounted bead and intuitive gesture recognition. The project will focus on creating a natural

and expressive user experience for artists, allowing them to translate their movements and

pressure into meaningful artstic actions on o digital canvis.
2. Project Deliverables:
= A fully functional prototype of the finger-mounted bead .

s Comfortable and secure wearable design for mounting on the finger.

« Comprehensive documentation outlimng system design, implementation details, and

deployment procedures.

s  Wireless communication capabilities for transmatting data o the software application
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. Project Inclusions:
=  Comfortable and secure wearable design for finger mounting.
s Wireless communication capabthities to transmit data to the software,

» Intnitive user interface for basic navigation and brush setting customization.

= Unit testing of individual modules and system integration testing for overall
functionality.
4. Project Exclusions:
= Advanced Gesture Based techmiques like deep learning models (may be considered for
future enhancements).
o Integration with external anthentication services for multi-factor verification {(can be
explored in later phases).
« Extensive user testing and training beyond a pilot group (may be included in a broader
deployment strategy).
5. Assumptions and Dependencies;
s The praoject assumes a basic understanding of computer vision.
« Swuccessful implementation relies on the availability of well-documented Open CV for
the chosen Canvas,
= Standard computing resources (webcam, internet connection) are assumed for users

laking assessments.

6. Success Criteria:
« A fully functional prototype of the finger-mounted bead with accurate 3D moverment
tracking (and potentially pressure sensing) and wireless communication capabilities.
= Clear and concise user mannals and tutorial videos that effectively guide users in using
the system.
= Imitial wser testing with artists should vield positive feedback on the system’s
usability, mtuitiveness, and potential for artistic expression..
7. Project Timeline:
The estimated development and integration timeline is [Number] weeks, subject to change
based on unforeseen challenges.
B. Project Teamn:
The project team will consist of individuals with expertise in computer vision, software

development, using python hbraries.
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4.2 MAJOR CONSTRAINTS

I. Acecuracy and Control:

The system needs to accurately track the 3D movement (and potentially pressure) of
the bead 1o translate gestures into precise actions within the software.
The system should be able o differentiate between intentional gestures and minor hand

tremors o avoid unwanted movements affecting the artwork,

2, Gesture Recognition:

The software’s algonthms need to be trained on a broad range of artistic gestures to
interpret a vanety of strokes, lines, sculpting motions, and other techniques used by
artists.

Gesture recognition needs to happen in real-time to ensure a seamless and responsive

experience for artists as they create their work.

3. Real-Time Rendering:

The software needs to render the artwork on the screen smoothly and without lag as the
user interacts with the bead.
Minimizing latency between the bead's movement and the visual update on the screen

i% crucial for a natural and immersive creative expenence.

4. Usahility:

The software interface should be user-friendly and easy to learn for artists of varying
skill levels.
The software should offer basic brush setting customization ophons like size and

opacity to allow artists o tailor the ool w their preferences.

5 Comfort:

The finger-mounted bead needs to be comfortable and secure to wear for extended
CIEALIVE SES8inns.
The bead needs reliable wireless communicanon with the software (o transmat data

without imterruptions,

Additional Consideraiions:

Prioritizing Core Functionalifies: The project needs (o prioritize development of the

core functionalities for gesture-based art creation within a realistic timeframe.

Sealability for Future Development: The system's design should consider potential

future expansions in functonalities based on user feedback and project goals.
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4.3 METHODOLOGIES OF PROBLEM SOLVING AND EFFICIENCY
ISSUES

Run Code

¥
Webcam Starts

Detects the Hand
Landmarks

Performs the Action

according to Button
Selected

¥
Annotates Pdf

Depicts on canvas

.

Hover over exit to end
Project

Edit Pdf using Draw

Press g to End Video
and close Pdf

Fig 4.1 System Archilecture

This desktop application aliows authorized users to securely upload files to a designated storage
location. It prortizes user authentication and implements hand recognition for enhanced

security on i local machine.

Components;

. User Interface (Desktop Application):
o Provides a user-fnendly interface for login, file selection, and upload initiation.
o Displays upload status notifications (success or failure),
2. Authentication Service {Local):
a Verifies user credentials (username and password) against a local secure
database stored within the application.

o Grants or denies login access based on verification results.
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{Optional) Hand Recognition Service (Local):

o Captures a user's image through the computer's webcam upon successful login
{1f enabled).

a  Compares the captured image against a reference database stored locally within
the application, This database would need to be populated duning setup or user
registration.

o Sends a response indicating successful or falled hand recognition.

Authorization Service ( Local):

& Checks user permissions for file upload based on their role or access level
defined within the application.

o Grants or denies upload authorization based on permission checks.

File Transfer Module:

o Establishes a secure connection with the designated storage location (potentially
a server, cloud storage, or a network drive).

o Uploads the selected files securely using encryption or secure protocols,

o Receves confirmation of successful storage completion.

System Flow:

-

User Login: The user enters their login credentials within the deskiop application.
Authentication: The application verifies the credentials against its local secure
database,

Hand Detection : If enabled, a successful login might trigger Hand recognition using
the webcam.

Authorization: L'pon successful authentication {and potentially Hand recognition), the
apphication performs a local permission check using the defined user roles.

File Selection: If authorized, the user selects the files for upload.

File Transfer: The application mitiates a secure connection and transmits the selected
files to the designated storage location,

Secure Storage: The storage location securely stores the uploaded file using its own
SECUrilY Mmeasures -

Confirmation: The application receives confirmation of successful storage from the

designated location.

APCOER, Department of Computer Engineering 2023-24 31




Methodologies:

I. Design Thinking:

Empathize: Conduct user interviews and surveys with artists of various backgrounds
and skill levels.

Define: Consolidate the key user needs identified durning the empathize stage. This
might include needs for greater control, improved expressiveness, and accessibiliy in
digital art creation tools.

Ideate: Brainstorm vanous ways the finger-mounted bead can be designed and how
gestures and pressure can be translated into artistic actions within the software,
Prototype: Condoct user testing with artisis 1w gather feedback on the prototype’s
pxability, intuitiveness, and potential for antistic expression.

Test: Develop a more refined, high-fidelity prototype that incorporates the

improvements identified during user lesting.

2. Agile Development:

Break down the project into smaller, manageable tasks or "sprints.” Each sprint focuses
on developing and testing specific functionalities.
Develop and test features in incremental sprints, allowing for continwous improvement

and adaptation,

Prioritize tasks based on their impact on user needs and project poals.

3. Security-Centric Design:

Implement security best practices from the start, This includes secure data storage and
lransmission, oser access control, and volnerabality assessments.
Consider potential spoofing techniques and develop strategies to mitigate them (e.g.,

random head movement prompts).,

Efficiency Issues and Solutions:
I Gesture Recognition Accuracy and Efficiency:

Limited training data for gesture recognition algorithms can lead to misinterpretations
of user movements and unintended actions within the sofiware,
Implement active learmning techniques where the system identifies ambiguous gestures

and prompts the user for clarification, further enriching the training data over time.

2. Real-Time Rendering Performance:

Complex gesture recognition and rendering calculations can lead to lag or delays
between the user's movements and the visual representation on the screen, hindering a

smooth creative flow,
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Select hardware components that can efficiently handle the processing demands of

pesture recognition and real-time rendenng.

3. Battery Life of Finger-Mounted Bead:

Limited battery life in the finger-mounted bead can disrupt artistic workflow if frequent
charging 1s necessary.
Uilze low-power hardware components for the bead's sensor operations and wireless

commumdcation (o maximize battery life.

4. Optimization:

Provide clear instructions and visual coes within the Canvas 1o guide users on proper
positioning for optimal Gesture detection .

Minimize the processing time required for Gesture Recognition checks to avoid delays
during assessments,

Offer visual feedback 1o users indicating success or failure of the Gesture detection.

3. Scalability Considerations;

Design the svstem to handle potential increases in user load on the System withom
compromising performance.
Consider cloud-based deployments or distributed processing architectures  for

scalability,

4.4 OUTCOME

"Gesture Based Digital Art Creation Using Finger Mountéd Bead.” can be categorized into

positive impacts and limitations to consider:

Positive Impacts:

Enhanced Expressivemess: The finger-mounted bead allows artists to create art
through natural movements and pressure vanations, potentially unlocking new wavs o
express themselves creatively,

Improved Learning Experience: A more secure assessment environment can foster
academic integrity and a fairer learning experience for all stndents.

Greater Accessibility: The finger-mounted bead system might offer an altermative
method for digital art creation that is more accessible for individuals with dexteriry
limitations who may struggle with tradinonal styluses or tablets.

Increased Adoption of Online Learning! lmproved security in online assessments can

encourage wider adoption of e-leaming platforms,
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Limitations and Considerations:

Technical Challenges: Developing accurate gesture recognition algorithms, ensuring
smooth real-time rendering performance, and maintaining a comfortable and secure
finger-mounted bead design all present significant technical challenges that need 1o be
addressed,

Project Scope and Resources: The project needs o carefully consider 118 scope and
resource limitations. Focusing on core functionalities for gesture-based art creation can
be crucial to ensure a functional prototype within & reasonable timeframe,

User Experience Concerns: Requinng users to remain perfectly centered and well-lit
during assessments can be disraptive. Accessihility considerations are crucial for users
with disghilities or those uncomfortable with gesture recognition technology.

Privacy and Security Risks: Geswure recognition data storage and usage raise privacy
concems. Transparent commumciation and robust security measures are essential 1o
ENSUTe Nser st

Cost and Availability: The final product’s cost and availability will be crucial factors

in its adoption by the artistic community.

Owverall Ouwlcome:

The project can empower artists with & more natueal and intninve tool for digital art creation,

fostering new forms of aistic expression and exploration. The swccess will depend on

achieving a balance between security, user experience, and technical feasibility.

Additional Considerations:

Pilot Testing and User Feedback: Conducting pilot testing with a small group of users
can help identify usability issues and gather valuable feedback before wider
deployment.

Comparison with Alternative Approaches: While computer vision are a good starting
point, explore and compare them with other gestures detection techniques to find the
best fit for our specific context.

Ethical Considerations: Develop clear guidelines and policies regarding data privacy

and user consent for gesture recognition within the OpenCV,
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4.5 APPLICATIONS
1. Fine Aris:
# This technology can be adapted for identity arts processes used in various sectors, such
15,
Digital Painting and INustration: Artists can leverage the namral feel of the bead 1o
create expressive paintings, detailed illustrations, and even concept art with greater
freedom and control.
Animation and Storvboarding: The intuitive nature of the bead makes it well-suited
for rapnd sketching and storyboarding, allowing animators to quickly flesh out ideas
and create dynamic storyboards.
a  Calligraphy and Lettering: Precise hand movements with the bead can translate into
beautiful calligraphy and lettering styles, ideal for graphic design or creating unigue

typography

Fig 4.2 Fine ants

2. Design and Education:
» Gesture based detection, integrated with existing access control systems, can offer an
additional layer of security for:
3D Design and Prototyping: Imagine using the bead to sculpt and manipulate
3D models in virtwal reality, allowing designers to create and iterate on

profolypes in a more intuitive way.
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o Educational Applications: The mteractive nature of the bead can be used 10
develop educational apps for children, allowing them to learn about art concepts

while creating something fun.

Fig 4.3 Design and Education

3. Entertainmient and Cramiing:

» [Interactive Ant Installations: The bead can be used to create interactive art installations
where viewers can participate by manipulating the virtual artwork with their own finger
IOVements.

=  Apgmented Reality (AR) An and Experiences: Imagine using the bead to paint directly

onto real-world objects m an AR environment, creating dynamic and interactive art

experences.

Fig 4.4 Entertninment and Gaming
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4. Professional Applications:
5 Architectural Design and Visuahzation: Architects conld wse the bead to sketch and

parnt architectural sketches and concepts, offening a more intuitive way o explore

design ideas.

Fig 4.5 Professional applications
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4.6 HARDWARE SOURCE REQUIREMENTS

Sr. Minimum
Parameter Justification
No Requirements
Dual-core CPL (2.0 Efficient gesture detection and basic
| Provessor . _
GHz or higher) liveliness checks using OpenCV,
Smooth system operation and
2 RAM 4 GB o _
multitasking during assessments.
. Capture clear hand gesture for accurate
3 Webcam T20p resalution :
defection.
Stores Canvas data and potentially
4 Storage 50 GB free space captured images/videos for limited
periods (adhere 10 privacy regulations).
Stable broadband Real-time communication with the
Internet _ o
5 : connection ( 10 Mbps or OpenCV for suthentication and data
Connection
higher) exchange.

Table 4.1 : Hardware Requirement
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4.7 SOFTWARE RESOURCES REQUIRED

Sr.
” Software Description Justification
No
; Operating Windows [1, macOS 12 (or | Widely used platforms with good
Sysiem later versions) hardware compatibility.
Provides i pre-configured
environment with essential libraries
Visnal Swodio | Pyvthon  distribution with .
2 T for computer vision (OpenCV) and
code scientific ibrares _ )
potentially machine leaming (scikit-
learn} if needed.
Integrated  Development | User-friendly interface for coding,
3 Spyder Environment (IDE) for | debugging, and data exploration
Pvthon within VS code.
OpenCV Open source library  with _
oo _ Included in VS code for convenient
4 package within | pre-tramned OpenCV  for
mnstallation and use,
Vcode face detection,
diib  (Gesture landmark _
Additional : . Can be installed within V5 code for
detection}, seikit-learn _
5 packages advanced Gesiure detection
(machine learming), pillow. :
within VScode technigues.
Tensorflow, keras

Table 4.2: Software Requirements
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CHAPTER 5
PROJECT PLAN
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5.1 PROJECT ESTIMATES

Effort Estimation:

Person-Months (PM): This 1s a common metric representing the total effort in months
required by one person.

The complexity of our project will determine the total PM. A basic implementation
might require 4 PM, while a more complex svstem with advanced liveliness detection

could take 6-12 PM or more.

Factors Affecting Effort:

Scope of Air Canvas: The level of complexity in integrating with our chosen Air
Canvas can significantly impact effort. Existing canvas and clear documentation can
expedite the process.

Gestures Detection Technigues: Basic checks like moving hand require less effort than
implementing deep learning models for more robust gesture detection,

User Canvas Design: A user-friendly interface for Awr Canvas imtegration mdds
development time butl improves user experience.

Security Considerations: Implementing robust secunty measures to protect gestures
recognition data adds development effort

Team Experience: A team with expertise in computer vision, canvas development, and

security can work more efficiently.

Resource Estimation:

Personnel: Esnmale the number of developers, testers are required based on the project
scope and PM effort.

Hardware: The hardware requirements (refer 1o prévious section) are relatively modest
for a basic implementation. Consider potential upgrades if needed for a larger user base,
Software: V5 code with Spyvder offers a cost-effective development environment,
Additional library licenses nught be required for advanced features.
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5.1.1 Reconciled Estimates
5.1.1.1 Cost Estimate

Effort Estimation and Cost Breakdown (Minimal Cost)
Effort per Team Member:

Considering a basic demo and aiming for minimal cost, we'll targed a | Person-Month (PM)

effort per team member, which translates 1o approxamately 40 hours of work per person.
Total Effort {(Weeks):

Since we're provided with a 10-month timeframe, and a month has roughly 4.3 weeks on
average, we can estimate the total project duration in weeks as follows:

Taotal Praject Duration (Weeks) = Months x Weeks/Month

Total Project Duration (Weeks) = 10 months x 4.3 weeks/'month (approximately )
Total Project Duration {Weeks) = 43 weeks

Effort Cost Estimation:

To minimize costs, we'll use a conservative estimate of 150 per hour for student developer

rates in India.
Effort Cost per Person (Weeks):

We can express the effort cost per person in weeks by dividing the total working hours by the
hourly rane:

Effort Cost per Person (Weeks) = Working Hours (hours) / Hourly Rate (Thour)

Effort Cost per Person { Weeks) = 40 hours / #1507/ hour

Effort Cost per Person (Weeks) = Approximately 0.27 weeks (This represents the number of

weeks a single person would work at Z150/hour to complete 40 hours of work)
Owverall Project Cost:

Our goal 15 to keep the overall project cost around 220,000, With a team size of 4 and the effort
cosl per person being approximately 0027 weeks, we can estimate the wotal team effort cost in

weeks:
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Total Team Effort Cost (Weeks) = Team Size (People) x Effont Cost per Person (Weeks) Total
Team Effort Cost (Weeks) =4 People x 0,27 weeks/Person Total Team Effort Cost (Weeks) =
Approxamately 1.OB weeks (This represents the combined effort of all team members based on

the individual effort cost per person)
Translating Effort Cost into Monetary Value:

To arrive at a total cost in rupees, we can multiply the todal team effort cost in weeks by the

chosen hourly rate:

Total Project Cost (%) = Total Team Effort Cost (Weeks) x Hourly Rate ($'hour) x Working
Hours per Week Total Project Cost () = 1 .08 weeks x 2150/hour x 40 hours/week {assuming
a standard 40-hour work week) Total Project Cost (T) = Approxamately 16,200

Breakdown:

s Team Sire: 4 People

« Effort per Person: | Person-Month (40 hours)

= Effont Cost per Person (Weeks): 0,27 weeks (approximately)
=  Owverall Project Cost: 216,200 (approximately)

5.1.1.2 Time Estimates

Project: Basic Gesture detection demo with Hand Recognition, simple and Canvas

tegration.
Factors Affecting Time:

=  Team Familiarity: Prior experience with computer vision, canvas development, and
Python can significantly reduce development time.

= (zesture Recognition Checks Complexity: Basic checks (e.g. hand movements ) are
faster to implement than complex algonthms,

« Canvas Integration Clarity: Existung Aar canvas and clear Canvas documentation can
streamline development.

= User Canvas Design: A simple Ul takes less time than a feature-rich design,

APCOER, Department of Computer Engineering 2023-24 43




Estimated Time Range (Weeks):

= Lower Bound (22 weeks); This timeframe assumes a highly focused team with
minimal technical hurdles. Streamlined development and a clear understanding of the
technology could poteatially lead to completion within this nmeframe.

=  Upper Bound (46 weeks): This tmeframe acknowledges potential learming curves for

the teéam and the possibility of encountering minor complexities.
Timeframe Conversion (10 Months to Weeks):
Since we'te working with a 10-month timeframe, let's convert it to weeks for consistency:
s 10 months x 4.3 weeks/month (average) = 43 weeks (approximately )
Total Project Time (Weeks):

Multiply the estimated time per team member by the number of team members and adjust for

the 10-monih tuneframs:

« Lower Bound: (8-12 weeks/person) X 4 people = 30-48 weeks (adjusted for 31-week
timeframe )
o Consider focusing efforts to achieve this timeframe within 10 months.
« Upper Bound: (16-24 weeks/person) x 4 people = 64-96 weeks (adjusted for 31-week
timeframe)
a  This timeframe might exceed the 10-month hinmt. Adjustments like simplifying

features or extending the project nmeline might be necessary.

5.1.2 Project Besources
Hardware:

»  Minimum Requirements: Refer to the previous hardware resource table for details,
Ensure our team has access to computers meeting these minimum specifications
{processor, RAM, webcam, storage, internel connection). Existing institute computers
or personal laptops might suffice for the demo.,

s  Optional Upgrades: It we anticipate a larger user base in the future, consider upgrading

hardware later for scalability.
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Software:

Orperating System: Windows 11, macOS 12 (or later versions) are widely used and

compatible with most development ools.
Development Environment:
o V8 code: This Pyvthon distnbution provides a pre-configured environment with
essential libraries (OpenCV) for computer vision tisks.
Core Libraries:
o OpenCV: This open-source library incledes pre-trained Canvas for Gesture
detection and can be used for basic Gesture checks (e.g., hand mavement).
o Additional Libraries : Depending on the complexity of our hiveliness checks,
we might consider libraries like OpenCV (gesture based detection) or scikit-

learn (machine learning ) within VS code.

Team Besources:

Team Composition: Aim for a team of 4 final vear computer engineering students with
basic programming skills (ideally Python) and an interest in computer vision.

Team Expertise: Prior experience with computer vision, Canvas development, and
Python programming would be beneficial but can be leamed during the project.

Time Commitment: The estimated development tnme for the demo can range from 8-
24 weeks per team member (depending on factors meéntioned in the time estimate

section), Encourage focused effont and effective time management within the team.

Additional Resources:

Canvas Documentation: If imegrating with a specific Canvas, consult its
documentation for available APls and development guidelines.

Online Resources: Utilize online wtonals, forums, and open-source code examples
related (o Gesture detection, computer vision with OpenCV, and  basic machine
learning techniques for gesture checks.

Project Management Tools: Consider using tools like Trello or Asana to keep track

of tasks, deadlines, and communication withan the teim.
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5.2 RISK MANAGEMENT W.R.T.NF HARD ANALYSIS

1. Risk Identification:

= Review the generic risks mentioned previously (refer to the table in the previous
response). These cover technical challenges, project management 1ssues, and external
factors.
=«  Consider project-specific risks:
o Are there limitations of gesture recognition relevant to our target user base (e.g.,
lighting conditions, hand features)?
o How complex is the chosen Canvas, and are there known integration
difficulties?

a  Does our team have any specific experience gaps that could create hurdles?
2. Risk Prioritization:

s  Evaluate the likelihood and impact of each risk.
o How probable 15 each risk o occur?
o How severe would the consequences be if the nsk materializes?
o Use arisk matrix {likelihood v, impact) to categorize risks as high, medium, or

low priority.
A Risk Mitigation Strategies:

= Develop specific mitigation strategies for high and medinm priority risks,
o Refer to the mitigation strategies mentioned previously and tailor them o our
project’s specific needs.
o Forexample. to address potential limitations of Air Canvas, we could explore

alternative or complementary Gesture detection lechmigues for more robusiness.
4. Risk Monitoring and Communication:

=  Hegularly assess the project for potential risks throughout development.
o Hold team meetings 1o discuss any emerging risks and their potential impact.
=  Communicate identified risks and mitigation plans clearly within the team.
s Ensure everyone is aware of potential challenges and their comresponding
solutions.

« Be prepared to adapt the project plan or timeline if necessary.
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o If a mgh-impact risk materializes, we might need to adjust our approach or

extend the timeline to address it effectively.
5. Documentation:

+« Maintain a risk register to document identified risks, their priorities, mitigation
strategies, and the responsible team member(s).
o Thas will help we track progress, monitor the effectiveness of mitigation efforts,

and adapt as needed.

53 PROJECT SCHEDULE
5.3.1 Project Task Set

This revised timeline outlines the key stages for developing our Gesture Based detection demo
with Air canvas integration into a learmng digital art. Remember. yvou can adjust the level of

detail and specific tasks based on our chosen canvas and desired functionalities,

Phase 1: Project Planning & Setup (5-8 Weeks)

« Task L.1: Define Project Scope & Requirements (1-2 weeks)
o Outline functionalities (basic hand detection, simple gesture checks).
o Specify target Canvas platform and its capabilities.
a  Defing success criteria for the demo (e.g., accuracy, integration level).
=  Task 1.2: Set Up Development Environment (1-2 weeks)
o Install VS code (Python distribution) on team computers.
o Install (IDE) within V5 code for development.
a  Install OpenCV library within V8 code for computer vision tasks.
o Ensure compatibility with the chosen canvas platform (web browser, APl
ACCess).
s Task 1.3: Research & Planning (4-6 weeks)
o Research Air Canvas and their limitations for hand detection,
a  Explore gesiure detection techmigues (e.g., hand movement detection).
o Research the chosen canvas platform's documentaton for avalable APIs or
integration guidelines (2 weeks),
o ldentify potential challenges and create a mitigation plan (refer to nsk
management) (2-4 weeks).

=  Task 1.4: Project Management Setup (1-2 weeks)
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o Choose a project management ool (e.g., Trello, Asana) for wsk tracking and
communication

o Create a project board outhmng development tasks, deadlines {in weeks), and
responsgble team members.

o Establish a communication plan for regular team meetings and progress

updates.
Phase 2: Development & Integration (17-34 Weeks)

= Task 2.1: Develop Hand Detection Module (5-8 weeks)
o Design and implement code for hand detection using OpenCV,
a Test the module with diverse datasets to ensure accuracy across lighting
conditions, poses, and ethnicities.
= Refine the module as needed based on test resulis.
= Task 2.2: Develop Gesture Detection Module (5-8 weeks)
o Design and implement code for basic gesture checks (e.g., finger tip detection).
o Considér alternative or complementary techinigues if basic checks are unreliable
fior our target user base.
o Integrate the gesture checks with the hand detection module.
o Test the combined functionality thoroughly.
« Task 2.3:Canvas Integration (8-17 weeks)
o Develop code to imtegrate the hand detection and gesture detection
functionalities with the chosen canvas platform.
a Utihze available APls or develop custom integration logic based on canvas
documentation,
o Test the integration thoroughly within a simulated canvas environment (if

possible).
Phase 3: Testing & Deployment (5-8 Weeks)

= Task 3.1: Unit Testing (4 weeks)
a  Conduct vt testing of individeal moduoles (hand detection, gesture checks,
integration) to identify and fix bugs.
o Ensure each module functions as intended within the larger system.
« Task 3.2: Integration Testing (4 weeks)
o  Test the overall functionality of the demo, including hand detection, gesture

checks, and seamless integration with the canvas,
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o Conduct vser testing with volunteers to gather feedback and identify usabality
155pes
« Task 3.3: Deplovment (Optional, 1 week)
a If possible, deploy the demo omo a est canvas for further user testing and
evaluation

o Prepare deploviment documentation for a future production environment

Phase 4: Project Wrap-Up (4 Weeks)

= Task 4.1: Docomentation (1-2 weeks)
o Create a progect report summarizing the development process, achieved
functionalities, and encountered challenges.
o Document the codebase with comments for future reference or maintenance.
« Task 4.2: Final Review & Evaluation (1-2 weeks)
o  Conduct a final team review to assess the demo's success against defined
criteria.
a  Gather feedback from user testing amd incorporate valuable insights,
+« Task 4.3: Presentation & Demonstration (1-2 weeks)
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5.3.2 Task Network

The workflow diagram illustrates the different tasks and their dependencies within the project.
It starts with setting up the development environment and then proceeds to develop the core
maodules (hand detection, gesture detection, user authentication) in parallel. These modules are

then integrated, followed by the Canvas imtegration and the development of the admin
dashboard.

After the core components are built, the workflow moves on to testing, deployment, and
documentation phases. Finally, there's a maintenance and enhancements phase for ongoing
support and improvemsents based on user feedback and evolving requirements,

The workflow provides a high-level overview of the project (asks and their order of execution.
Each task can be further broken down into subtasks and assigned to specific team members or

sprints, depending on our project management approach.

[ Project Start |

[ Set up Development Environment]

i \

| Hand Detection Module | [ Gesture Detection Module]

[ Integration |

[Gesture Module |

| Canvas Integration ]

[Canvas Dashboard |
| Testng |

[ Deployment |

| Documentation |

[ Maintenance’ Enhancements |

[ Project End ]
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5.4 Team Organization

We have included the responsibility for creating the overall project documentation {PowerPoint

or report) and distributed it across the team:
= Team Leader
- Owverall project coordination and management
- Task assignment and progress tracking
- Risk management and stakeholder communication
- Ensuring timely delivery of the project

- Responsible for creating and maintaiming the overall project documentation

Project Manager
' {Team Leader §
E
i |
Front-End Back-End E AlML Testing and i
Developer Developer E Developer Deployment E
] ]
I i
it = Front-End ] = Front-End i = ALML ! = Testing i
1 Documentation 1 Documentation | Documentation 1 Documentation i
] i

Project Documentation
( Project Manager )

Overall Project Documentation
{Presentation / Report )
i All veam members )

¥ Front-end Developer

- Responsible tor designing and developing the user interfaces

- Creating the web or deskiop application interfaces for students, teachers, and administrators

- Integrating the gesture detection functionality into the front-end
- Collahorating with the back-end developer for seamless integration
- Documenting the front-end components, including code structure, and usage

- Contributing 1o the overall project documentation (PowerPoini/report)
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» Back-end Developer
- Responzible for developing the server-side components
- Implementing the Canvas integration and Gesture Detection modules
- Developing APls and handling diata storage and retrieval
- Collaborating with the front-end developer and ALML developer for integration
- Documenting the back-end components, including APLs, database structure, and integration
points
- Contributing to the overall project documentation {PowerPoint/report)

= AIML Developer
- Responsible for developing the gesture detection and hand detection modules
- Researching and implementing appropriate algorithms and techniques
- Traiming and optinuzing the machine learning maodels for Gesture detection
- Collaborating with the back-end developer for integration
- Documenting the AML components, including algorithms, models, and usage

- Contributing 1o the overall project documentation (PowerPoint/report)

» Testing & Deployment
- Responsible for testing the entire application and 1ts components
- Creating and executing test cases for functional, integration, and vser acceptance testing
- Setting up the staging and production envircnments
- Deploying the application and handling deployment-related tasks
- Collaborating with other team members for testing and deployment activities
- Documenting the testing procedures, test cases, and deployment processes

- Contributing 1o the overall project documentation (PowerPoini/report)

In this strecture, the responsibility for creating the overall project documentation { PowerPoint
or repart) is shared among all team members. Each team member contributes their respective
sections or components o the overall docomentation, ensuring a comprehensive and cohesive
final deliverable.

The project manager oversées and coordinates the creation of the overall project

documentation. ensuring consistency and completeness across all sections.
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5.4.1 Team Structure
Roles:
= Project Lead (1 Student):
a  Oversees the overall project execution, ensuring adberence o deadlines and
project goals.
o Manages communication within the team and facilitates collaboration.
o Tracks project progress and identifies potential roadblocks.
o Delegates tasks and ensures team members are aware of their responsibilites.
a  Ideally, the project lead possesses strong communication and organizational
skills.
»  Computer Vision Developer (1 Student):
o Focuses on developing the core functionalities related to hand detection and live
checks using OpenCV and relevant libraries.
o Implements code for Gesture Based Hand detection.
o Desipns and integrates basic Gesture detection technigues (e.g.. hand
detection).
o Possesses a strong understanding of computer vision concepts and Python
programming.
« Canvas Integration Developer (1 Student):
o Responsible for integrating the Gesture detection functionalities with the chosen
platform.
a Utlizes available Canvas or develops custom imtegration logic based on
documentation,
o Ensures seamless communication between the demo and environment,
o Familiarity with the specific Canvas Development platform.
= TesterMocumentor (1 Student):
o Conducts unit and integration testing to identify and fix bugs within the code.
o Prepares test cases (o ensure the demo functions as intended.
o Creates user testing scenarios and gathers feedback.
o Documents the codebase with comments for future reference and maintenance.
o Strong analvtical and documentation skills are essential for this role.
Collaboration and Communication:
« The team should hold regular meetings (e.g., weekly) to discuss progress, address

challenges. and ensure everyone is aligned.
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Utilize project management wols (e.g., Trello, Asana) 1o track tasks, deadlines, and
communication threads,
Encourage open communication and collaboration among team members (o share

knowledge and solve problems effectively.

Flexibility and Adaptation:

This 15 a suggested structure, and we can adapt 1t based on our team’s strengths and skill
sels.

It a team member possesses expertise in both computer vision and Canvas development,
they could handle both aspects.

The project lead can adjust responsibilities as needed to ensure a smooth workflow.

5.4.2 Management Reporting and Communication

Effective management reporting and communication are crucial for keeping stakeholders

informed and ensuring our Gesture detection demo project stays on track. Here's a breakdown

of key aspects:

Management Reporting:

Reports: Create regular reponts (e.g.. weekly or bi-weekly) to update project
stakeholders (professors, Supervisors) On progress.
Content: Include key information like:
o Completed tasks and milestones achieved.
o Upcoming tasks and deadlines.
o Identified challenges and proposed solutions (refer to nsk management plan).
o Resource utilization (e.g.. software licenses, hardware usage).

o Budget adherence .

o Project timeline adjostments. if necessary.
Format: Reports can be concise documents (text, tables) or presentations with visuals
{charts, graphs) depending on recipient preferences.
Frequency: Adjust the reporting frequency based on project complexity and

stakeholder needs.
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Communication:

= Regular Meetings: Conduct team meetings {(weekly or bi-weekly) to discuss progress,
address isspes, and make decisions collaboratively.

« Communication Channels: Utihze project management tools, emails, o messaging
platforms for ongoing communication within the team.

s Status Updates: Provide briel status updates (o stakeholders (e.g., emnl summiaries)
between formal reports.

=  Transparency: Communicate challenges and roadblocks openly 1o stakeholders while
proposing solutions,

« Adaptability: Adjust communication style and frequency based on the recipient

{professor, supervisor, team members).

Additional Tips:

» Tailor reports and communication to the audience. Professors might be interested
in technical details, while supervisors might prioritize project timelines and budgets.

* Focrus on clarity and conciseness. Reports and communication should be easy o
understand and avoid unnecessary jargon.

= Use visnals effectively. Charts and graphs can enhance understanding of complex data
in repors.

«  Encourage two-way communication, Stakeholders should feel comfortable providing

feedback and asking guestions,

Benefits of Effective Reporting and Communication:

« Improved project visibality and stakeholder buy-in.
= Early identification and mitigation of project risks.
s Enhanced team collaboration and problem-solving.

o Increased project success rate and tmely delivery,
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CHAPTER 6
SOFTWARE REQUIREMENT SPECIFICATION
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6.1 INTRODUCTION
. 1.1 Purpose and Scope of Document

This document serves several purposes related to our Hand Gesture Based detection demo

project:

Purpose:

Scope:

Project Roadmap: This document outlines the key stages involved in developing our
face liveliness detection demo, including planming, development, testing, and
deployment .

Task Breakdown: [t breaks down the project imto smaller, manageable tasks assigned
to specific team members,

Communication Tool: It serves as a communication ool for the team and stakeholders
{professors, supervisors) by providing a clear understanding of project goals,
functionalities, and timelines.

Reference & Guide: It acis as a reference guide for team members throughout the
development process to ensure everyone 15 aligned on the functionalities and

approaches.

This document focuses on the core aspects of the project, including:

Project objectives and soccess criteria: What functionalities should the demo
achieve, and how will success be measured?

Development tasks: What specific tasks need to be completed for each project phase
{planning, development, testing)?

Team roles and responsibilities: Who 15 responsible for which tasks within the
project?

Timeline and milestones: When are key project phases and deliverables expected to
be completed?

Resource reguirements: What software. hardware, or other resources are needed for
development?

Risk management plan : How will potential nisks be identified. priontized, and
mitigated? (Consider including a high-level summary or reference to a separate risk

management document)
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6. 1.2 Owerview of responsibilities of Developer

In our Gesture Based Digital Art Creation Using Finger Mounted Bead demo project, the
developers will be the backbone, tackling the technical aspects. One developer will focus on
using OpenCV libraries (o build the core funchonalines - detecting faces and implementing
basic gesture checks, Another will handle the integration with our chosen Canvas platform,
ensuring seamless commumcation between the demo and the learming environment. The last
developer will act as a tester and documentarian, finding and fixing bugs, creating tlesl
scenartos, and keeping clear records of the code for future reference. They'll all work weether

to bring our Gesture Based Digital Art Creation Using Finger Mounted Bead demo 1o life!

6.2 USAGE SCENARIO

= Natural Movements: Unlike the static gnp of a pen, the bead allows you o use your
entire hand and arm for broader strokes, mimicking the fecling of traditional brushes.

= Pressure Sengitivity: As you press down on the bead, the line thickness or brush opacity
changes in the software, lethng you create depth and shading intuitively.

= Gesture Recogmition: You can flick vour wrist for a guick line, use a dabbing motion
for stippling effects, or create smooth curves with a natural hand motion. The software

interprets your gestures and translates them into precise digital strokes,

= Faster Workflow: The gesture recognition allows for quicker creation of base shapes

and outlines, freeing vou up to focus on detuls and refinement later,

6.2.1 User profiles
This project focuses on [wo main user profiles:
1. College Faculty:
= Role: Instructors creating and managing online arts or assessments within the Canvas
«  Needs:
o Ability 1o enable or disable Gesture detection for specific arts of assessments.
o Optionally, set the difficulty level of the Gesture check (e.g.. basic hand
detection vs. more complex finger movements),
s« Technical Skills: Basic understanding of the OpenCV and = funchonalities. No
specific technical knowledge required for using the Gesture detection feature.
2. Students:
« Role: Learners enrolled in online class for ans or taking assessments within the

OpenCV platform.
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Needs:
o A user-friendly interface for interacting with the Hand Gesture detection
during assessments.
a  Clear instructions and feedback on the Gesture Recogmition check process
{e.g., "Look at the webcam and mover our hand™),
a  Privacy assurance regarding data collection and storage related to hand

recogmlion.
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6.2.2 PROPOSED SYSTEM ARCHITECTURE

Run code

Webcam Starnts

v
Detects the Hand
Landimarks

T

Performs the Action
according to Button
Selected

: :

LEpIELs on cenvis Annotates Pdf
I
¥
: L
Howver over exit 1o end Edit Pdf using Draw
Project
F
Press q to End Video
and close Pdf

Fig 6.1: Svstem Architecture
This project aims to improve artistic experience in a leaming by integrating face gesture based
detection. The system utilizes the KNN algonithm, a method trained to identily hand in images.
Once a hand 15 detected, the system employs gesture checks, like finger bead detection or hand
movement tracking, to ensure a real person is present and not a static image or video. If gesture
is confinned, access o the canvas. This approach helps prevent unauthonized access and

strengthens the security of online learning platforms.

6.3 Module
6.3.1 Data Flow Diagram

In Data Flow Diagram, we Show that flow of data in our system n DFDO we show that base
DFD in which rectangle present input as well as output and circle show our system, In DFD1
we show actual imput and actual outpul of system input of our svstem is text or image and

output is rumor detected like wise in DFD 2 we present operation of user as well as admin.
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Input Process Output

Fig 6.2: Data Flow Diagram

Retrieve
| Input Diata Output

Fig 6.3 : Data Flow Diagram

6.3.2 UML DIAGRAMS

Unified Modelling Language 15 a standard language for wrinng software blueprinis.
The UML may be used to visualize, specify, construct and document the antifacts of a
software inensive svstem. ML is process independent. although optimally it should
be used in process that is wse case doven, architecture-ceniric, iterative .and
incremental. The Number of UML Diagram 15 available.

Lise case Diagram.

Component Diagram.

Activity Diagram,

Sequence Diagram

The system likely follows these steps:

| & ]

User Registration: A user creates an sccount on the website, providing registration
details like email address and password.

User Login: The user logs in using their registered email and password,

User Aunthentication: Upon login, the svstem authenticates the user's credentials
{email and password) to venfy thear identity.

Hand Detection : This step might involve using a hand recognition system to confirm
the user's wentity based on thesrr webcam image. This adds a security laver o ensure

the logging in wser is the authorized person.
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5. Teacher Uploads Assignments: Teachers can upload assignments 1o the website,
presumably adding course materials, quizzes, or other relevant content for students
fr. Student Views Assipnments: Students can then view the uploaded assignments, likely

dCcessing course matersals, instructions, or tests assigned by their eachers.

Below Diagram show the UML diagram for the project named gesture based detection

integrated with with using KNN algorithm.
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Llser

Fig. 6.4 : Activity Diagram
Login/Registration

System

Svccessfully Login/Registration

Initialize application

L.

ENN Algonthm

Capture Frame

w

Detect Gesture

v

Dirawe o Canvis

Fig 6.4 : Sequence Dhagram
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Fig 6.5 : Activity Diagram
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Introdoction:

This document analvzes the sequence diagram for a project involving secure file upload with
gesture recognilion. This analysis aims (o provide a clear understanding of the system'’s

functionality and interactions between ils components.
Participants:

o User: The individual intergcting with the system to upload files.

= Web Application: The user interface where the user interacts with the system.

= Authentication Service: The component responsible for verifving user credentials,

s Gestore Recognition Service : The component responsible for venifying user identity
through Hand recognition.

= Authorization Service: The component responsible for checking user permissions for
file upload.

» Storage Service: The component responsible for storing uploaded files securely.
Sequence of Events:

[. User Initiation: The user mtates the file upload process by browsing the web
application.

2. Login Request: The user enters their login credentials (username and password) and
submits them (o the web npplication.

3. Authentication Reguest: The web application forwards the login credentials 1o the
Authentication Service,

4, Authentication Verification: The Authentication Service verifies the credentials
agmnst its database (potentally contacting an external authentication system).

5. Authentication Response: The Authentication Service sends a response back to the
web application, indicating successful or faled authentication.

f. Hand Recognition Request: Upon successful authentication, the web application
might trigger the hand Recognition Service (if implemented). The uvser’s webcam
captures an image, and the service compares it against a reference image database.

7. Hand Recognition Response: The Hand Recognition Service sends a response back
to the web application, indicating successful or failed hand recognition.

8, Authorization Request: If authentication {and potentially hand recogmition) is

successfol, the web application sends a request to the Authorization Service.
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9. Authorization Verification: The Authorization Service checks the user's permissions
to upload files (considering their role or access level),

10. Authorization Response: The Authorization Service sends a response back to the web
application, indicating permission granted or denied.

11. File Selection: If authonized, the user selects the files they want to upload from their
local device.

12. File Upload Request: The web application sends the selected files 1o the Storage
Service.

13. File Storage: The Storage Service securely stores the uploaded files using appropriale
Sncryplion or access controls.

14, Upload Confirmation: The web application receives confirmation from the Storage
Service that the upload was successful.

15. User Notification: The web application provides feedback 1o the user, informing them

of the upload status (success or failure).
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Login/Registration

Imitisalize
Application

Capture Frame

Dretect Gesturne
System
Fig 6.6 : Use case Diagram
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Avciors:

User: The individual attempting to gain access through hand verification,

Use Case: Hand Detection on Camera Access

Precondition:

The wser has been use to air canvas.

The user has a webcam or other compatible camera connected o their device.

Basic Flow:

n

Imitiate Hand detection: The user attempts to access a protected resource within the
Canvas.
Activate Camera: The Canvas user 1o activate their webcam or camera.
Capture Live Video: The camers captures a live video stream of the nser,
Send Video Frames: The Camera captures individual frames from the video stream
and sends them for processing.
Hand Detection: The system processes each frame using image processing and hand
detection algorithms to dentify the user's hand.
Gresture Detection: The system analyzes the detected hand 1o determine if it's a live
hand or not,
Decision Making: Based on the resulis of hand detection and gestures checks, the
system makes a decision.
o Real hand: If the system is confident it's a live hand, the system grants access
to the user.
a  Spoof Attempi: If the system detects a spool attempt, the system denies access
and informs the user,
Access Granted/Denied: The system provides feedback to the user based on the

decision (access granted, access demied due o spoof antemp).
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Camera

- captureFrame() : Image

W

class Image
+ data : byte[]
+ width : int
4 heighl: ini

v
class HandDetector
+ detectHand(image : Image) : Face

class ImageProcessor

F preProcess(image ; Image) : Image

l

class Hand

+ boundingBox : Rectangle

L

classDatabase

class GestureDetector

+ get TrammingData() : TramingData
+ (optional) storeUserDataldata ; UserData)

t isLive{image : Image) : boolean

[

class TraimngData

+ images : List<Image> - RASITeaS |
+ labels : List<boolean:

¥

class DecistonMaker

+ isheal(hand : Hand, isLive : boolean) ; boolean

Fig 6.7 : Class Diagram
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Explanation:

= Classes: The diagram shows various classes representing the system components,

« Attributes: Each class has aitnbutes that define 1s properties {(e.g.. Image has data,
width, and height).

=  Operations: Classes have methods (operations) that define their functionality (e.g..
Camera.captureFrame() capiures an image).

« Relationships: Amows represent relationships berween classes. Solid lines indicate
usage {e.g.. ImageProcessor uses Image objects). Dashed lines represent optional
functionalities (e.g., storing user data in a database).

o User Class (Example): The User class 18 an example of how the system might interact
with an gesture based on the real/spoof decision. It's not part of the core system but

demonstrates usage.

APCOER, Department of Computer Engineering 2023-24 70




6.4 DESIGN CONSTRAINT

Here are some key design constrainis to consider for our gesture based detection demo:

Accuracy and Security;

Hand Detection Accuracy: The system should accurately detect hand within the
captured frames, even under varying lighting conditions, poses, and ethnicities. A
minimum-acceptable accuracy threshold needs to be defined.

(esture Detection Effectiveness: The sysiem should effectively distinguish between
real gestures and spoof attempts (photos, videos). This involves choosing appropniate
hand gestures checks and setting a threshold for spoof detection accuracy.

Security Measures: The system should be designed to prevent unauthorized acoess or
manipulation of captured data and processing algorithms. Consider encryption or

secure storage for sensitive information

Performance and Efficiency:

Real-time Processing: The system should process video frames and make real-time
decisions (real hand vs. spoof) with minimal latency to ensure a smooth user
experience. Define acceptable processing iime per frame.

Resource Utilization: The system should function efficiently without placing
excessive demands on the user's device resources (CPU, memory ). Optimize algorithms

and consider hardware limitations of target devices.

User Experience:

Ease of Use: The Gesture Detection process should be user-friendly and require
mmimimal user interaction. Provide clear instructions and visual cués within the OpenCy
interface.

Privacy Considerations: The system should minimize the amount of data capured and
stored, focusing only on the necessary information for hand defection and gesture
checks. Consider user consent and data anonymization practiices.

Error Handling: The system should provide informative feedback 1o the user in case

of technical issues, failed Hand detection, or detected spoof attempis.

Integration and Scalability:
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« Integration: The Hand Detection system should seamlessly integrate with the chosen
Air Canvas, utilizing available or adhering to integration guidelines.

« Scalability: The system should be designed to handle an anticipated number of
concurrent users withoul compromising performance or accuracy. Consider potential

future growth in user base,

Additional Considerations:

« Compliance with Regulations: If applicable, ensure the system adheres o relevant
data privacy regulations regarding user information capture and storage.
« Ethical Implications: Be mindful of potential biases in the hand detection or gesture

detection algorithms and strive for faimess across different demographics.

6.5 SOFTWARE INTERFACE CONSTRAINT

Target Users: Students or Artists accessing the Gespure Based Digital Art Creation.

User Interface (U'l) Components:

Within the Canvas:

« Access Button: A button displaved on the canvas where users imtiate the hand
detection process to access a protected resource,

« Camera Activation Prompt: A pop-up window or message within the requesting users
1o activate their webcam or camera,

= Live Video Feed: A small window displaying the live video feed from the user's
camera, potentially with an overlay ghlighting the detected hand region (optional).

« Instroctions: Clear and concise instructions guiding the wseér through the hand
detection process (e.g.. "Look directly at the camera,” "Centre your hand within the
frame”).

» Feedback Messages: Informative messages displaved during the venfication process
{e.g., "Processing...", "Hand detected"”,)

o  Error Messages: User-friendly messages indicating any issues encountered (e.g..

"Techmical error, please retry,” "Hand not detected, adjust your position” ).
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Additional Considerations:

Privacy Controls: The interface may offer an optional checkbox allowing users to
disable the live video feed display while stll completing hand detection (protecting user
privacy).

Accessibility: The interface should be designed with accessibility in mind. considenng

users with visual impairments or using screen readers.

Interaction Flow:

5
8.

The user attempts to access a protected resource within the canvas that requires hand
detecttion.
The "Access Button” 1s highlighted, prompung the user to initiate detection.
Upon clicking the button, & pop-up window or message appears requesting Camers
activation.
The user grants permission o access the camera.
The live video feed displays within the canvas interface, potentially with a hand
detection overlay.
Clear instructions guide the user through the process (e.g.. positomng their hand within
the frame).
The system performs hand detection and gesture checks in the background.
Based on the résults:
o Success: If the hand is detected and gesture is confirmed, a message appears
indicating "Access Granted” and the user can proceed.
o Failare: If hand detection fails, error messages might guide the user (o adjust
their position. If a spoot attempt 15 detected, a message might inform the user

of denied access due to a security concern,

9. Users might have the option to retry hand verification or administrator for assistance

in case of repeated failures.

Owerall Design Principles:

Simplicity: The interface should be clean, uncluttered, and easy to understand for users
with varymg technical backgrounds.

Clarity: Instructions and feedback messages should be clear, concise, and informative,
User-friendliness: The inmteraction flow should be intuitive and require manimal user

input.
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CHAPTER 7
DETAILED DESIGN DOCUMENT USING APPENDIX A AND B
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7.1 ARCHITECTURAL DESIGN

Run code

ki

Webcam Stams

,

Detects the Hand
Landmarks

L 4

Performs the Action

according to Button
Selected

¥
Depicts on canvas

L

Annotates Pdf

T
Howver over exit 1o end
Project

Edit Pdf using Draw

Press q o End Video
and close Pdf

Fig 7.1 : Architectural Design

The system architecture you've outlined describes the key components involved in our gesture

based detection demn with the tollowing siages:

1. Camera Input:

s The system starts by capturing live video frames from a webcam or other camera

SOlErce,

s This video stream serves as the raw data for subsequent processing.

2. Machine Learning & Image Processing:

s The captured video frames are fed into the machine learmng pipeline.
« Here, image processing techniques hike:
o Hand Detection: KNN or other algonthms will identify and isolate the user's

Hand within the frame.
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o Preprocessing: Techmigues hke noise reduction, normalization, and scaling

might be applied to prepare the image for machine learning analysis.
s Once the hand 15 1solated and preprocessed. machine learmng models tramed (o
differentiate between real faces and spoof attempts (photos, videos) will analyze the

image.
A Database (Optionalj:

# In=zome implementations, a database might be used to:
o Store traiming data (images and labels) used to train the machine leaming
maxdels for hand detection and gestures checks.
o Potentally store user information for future reference (depending on our

specific application ).

7.2 DATA DESIGN
1. User Data :

« Purpose: IT user identification is required, we might collect minimal vser data for
authentication purposes.
 Storage: Securely store this data within the existing System. The gesture based
detection demo iself wouldn't necessanly store this data.
= Privacy Considerations: Ensure user consent for data collection and adhere to relevant
data pnvacy regulations,
2. Hand Recognition Data :
=  Purpose: If aiming for hand recognition bevond simple detection, consider the
implications. Storing hand movement features for recognition might raise privacy
CONCEmS,
« Data Elements (if collected):
o Encrypted Gesture feature data (e.g., obtained from KNN) linked to a user.
= Storage: Store this data securely within a dedicated server or cloud storage with robust
access control measures,
=  Alternatives: Consider altemative approaches that don't require storing gesture
features. Forexample, the demo could simply confirm the presence of a gesture without
attempring full recognition.
3. Gestures Check Data (Minimal )
« Purpose: Storé data relevant 1o the specific Gestures checks implemented.

= Data Elements (example - Finger Movement detection):
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o Timestamps of detected movement
s Number of movement within a timeframe

= Storage: Store this data temporarily on the user’s device or a secure server lor

processing the pesiure check. Delete this data shortly after a successiul check.
4, System Logs :

« Porpose: Track system usage and troubleshoot potential 1ssoes.

= Data Elements:
o Timestamps of login attempts and band detection/gestures check results

{success/ Taillure)

a Anonymized error messages

7.2.1 Internal Software Data Structure

Here's a breakdown of potential imernal data structures we use in our Gesture Based detection
demo project:

1. Hand Detection:

« KNN Classifier: This pre-trained model likely wses a cascade of classifiers o
efficiently detect gesture in video, The internal structure involves decision trees and
associated thresholds for rejecting non-gesture regions, {We wounldn't directly modify
this structure as it's a pre-tramed model).

= Detected Hand Data Strocture: This could be a simple data struocture (e.g., dictionary,
¢lass) storing information about the detected hand, such as:

a  Bounding box coordinates (X, y. width, height)
o Confidence score (probability of being a hand)
2. Gesture Checks:

« Moving Finger Detection { Example):

o We might use frame differencing or eve aspect ratio techniques to detect

movement.

a Internal data structures could involve:

» finger landmark locations {e.g., coordinates of key points around the
fingers)
= Previous frame data (e.g.. hand aspect ratio) for comparison
=  Counters or tunestamps o track finger movement events
A User Interaction :
» User Data Structure (if nser identification is required ):

o This might be a simple dictionary or class storing minimal user information .
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Gestures Check Results:
o A data structure could store the outcome of each gestures check attempt for o

user (success/Talure. imestamp).

Data Sirvctures and Libraries:

The choice of data structures depends on owr programming language and preferred
Libraries.

Common hbranes hike OpenCy (Python) or similar computer vision libraries i our
chosen language often provide optimized data structures for image processing and
feature extraction.

Consider using built-in data structures like dictionaries, lists, or classes depending on

the complexity of the information we need to store,

Additional Considerations:

Efficiency: Choose data stractures that allow for efficient access, manipulation, and
storage of data relevant to our hand detection and gesture checks.

Scalability: If we anticipate a high volume of users, consider data structures that can
scale efficiently.

Maintainability: Use clear and well-documented data structures to improve code

readability and maintainability,

7.3 COMPONENT DESIGN

Here's a breakdown of the key components we consider for our Gesture Based detection demo

project:

1. User Interface :

Purpose: Provides a user-friendlv interface for interacting with the Gesiure Based
detection within the Air Canvas.
Components:

o Webcam access prompt.

a  Clear instructions on how to perform the gesture check (e.g., "Look at the

webcam and move your fingers").

o Visual feedback on the progress of the gesture check
Technology: Develop the UI using web development technologies like HTML, C35,
and JavaScript.

2. Hand Detection Component:

Purpose: Detects hand in the webcam stream using a pré-trned KNN classifier.

Components:
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o Webcam capture module to access the webcam feed.
o KNN classifier for hand detection.
o Logic o extract and process relevant data from detected hand (e.g., bounding
baxies).
= Libraries: Utilize OpenCV or similar computer vision libraries in owr chosen
programming language for efficient hand detection.
3. Gesture Check Component:
= Purpose: Pertorms basic gesture checks to verify.,
« Componenis:
o Logic to access and process data from the detected hand (e.g.. hand regions).
o Specific implementation for chosen gesture check (e.g.. hand detection using
KNN or frame differencing).
& Thresholds or criteria 1o determine successful completion of the gestures check.
= Libraries: OpenCV or similar libraries might offer functionalities for hand detection,
facilitating gesture checks based on finger movements.
4. Integration Component :
= Purpose: Integrates the hand detection and gesture check functionalities with the
chosen Air Canvas.
« Components:
o Logic 1w communicate with the Canvas or utilize avalable integration
mechanisms.
a  Functionality to send user information and gesture check results to the Canvas.
= Technology: The implementation depends on the specitic canvas and its available or
communication protocols,
5. Data Management Component :
= Purpose: Manages data related 1o user interaction and gesture checks.
=  Components:
a  Logic to store and retrieve data from the MySQL database
o Anonymization techniques (if necessary) W protect user privacy,
= Technology: Utilize database hbrares or connectors appropnate for our chosen
programming language to interact with the MySOQL database.
Component Interaction:
+ The components work together in a sequence;
. User Interface guides the user through the process.

2. Hand Detection Component detects hand in the webcam stream.
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Lad

Gestures Check Component performs the chosen Gestures check on the detected
hand.
Integration Component sends results to the Canvas.

Data Management Component stores relevant data
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CHAPTER 8
PROJECT IMPLEMENTATION
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8.1 INTRODUCTION
This innovative approach throws away the raditional pen and embraces a small, mobile bead

attached to your finger. With this nimble tool, vou'll transform your hand into a digital
pantbrush, allowing for mntmtive and expressive art creation. Imagine swirling lines, flicking
for splatters. or dragging for smooth strokes < all with the natural movements of your hand.
This introduction sets the stage for explonng the exciting world of finger-mounted bead an,
Get ready 1o delve deeper into the technology behind this method, discover its unigue
advantages for artists, and witness the dawn of a new era in digital ant creation. This 18 more
than just a new tool; it's a reimagining of the digital ant experience. Dive deeper and discover
the technology powering this revolution, explore the artistic possibilities it unlocks, and witness

the birth of a new era where your fingertip becomes the ultimate ant instrument.

8.2 TOOLS AND TECHNOLOGIES USED

Buwilding on the functionalites and considerations outlined previously, here's a look at the

potential tools and technologies we might use 1o develop our Gesture Based detection demo

project:
Development Environment:

*  Programming Language: Python is a popular choice for computer vision projects due
1o 15 extensive libraries and ease of use.

s Development Environment (IDE): Consider vsing an Integrated Development
Environment (IDE) like PyCharm or Visual Studio Code for Python development,
which offer features like code completion, debugging tools, and version control
integration,

=  Version Control System (VCS): Utilize a Version Control System hike Git to track
code changes, collaborate effectively within our team, and revern [0 previous versions

if necessary.

Core Functionalities:

=  Computer Yision Library: OpenCV is a powerful open-source library for computer
vision tasks in Python. It provides functionalities for image processing, hand detection
using OpenCV, and potentially eye landmark detection for gestures checks.

& Motion Tracker: The finger-mounted bead acts as a sensor thal tracks the movements

of your hand,
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Optional Canvas Integration:

= Digital Output: Mimicking traditional brush strokes with varying thickness and texiure
based on hand movement.
= Data Management :
o MySOQL Database: we choose to store minimal data related to user interaction
or liveliness checks tn a database, we utilized MyS0QL and 115 corresponding
database access libraries for our chosen programming language (e.g.. mysqgl-

connector-python for Python).
Additional Tools:

« Image Art Creéation Tools: We plan to generate our own training dataset for hand
detection, we use image ediing software or online tools to prepare and label the

Lmages.

8.3 METHODOLOGIES / ALGORITHMS USED

The exact methodologies and algonthms used in finger-mounted bead art creation are likely
still under development, but here's a breakdown of some potential approaches;
1. Motion Tracking Algorithms:
Sensor Fusion: The bead might combine various sensors like accelerometers, gyroscopes, and
magnetometers to track position, onentation, and even fingertip pressure. Algonthms would
then fuse this data to create a comprehensive picture of your hand movements.
Machine Learning: Machine learning algonthms could be traned on data from real artists
using the bead 1o understand the relaticnship between hand movements and desired artistic
effects. This conld improve the accuracy of translating gestures into digital actions.
2. Digital Output Algorithms:
= Inverse Kinematics: These algorithms could be psed to map the tracked movements
of the finger-mounted bead to virtual brushstrokes on the digital canvas. Essentially,
the software would understand the position and orientation of the bead and translate it
into the movement of a virtual brush tip.
= Algorithms (Examples):
o (yesture Recognition: More advanced systems might incorporate gesture

recognition to-allow for specific artistic actions. For instance. a twisting motion
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could activate a specific brush tvpe, or a tapping motion could trigger a paint
splatter effect.
o Calibration: Software calibration would likely be necessary to personalize the
system Lo each user's hand movements and desired artistic style.
3. Data Management :
« Methodology: If we choose 10 store mimmal user interaction or gesture check data,
we'll ntilize secure databaze practices.
=  Algorithms: Data anonvmization technigues can be implemented to protect user
privacy. This might involve techniques like hashing or encryption for storing minimal

user identifiers.

8.4 ALGORITHM

1. Start
2. Initialize System:
o The software initiates, loading npecessary drvers and establishing
communication with the finger-mounted bead.
a A calibration routing might be offered. allowing users to adjust settings like
pressure sensitivity or brush size based on their preferences.
3, Capture User Input:
a  Prompt the user wo allow access to the webcam.
o Start capluring video frames from the webcam,
4, Hand Detection:
o For each captured frame:
*  Apply the motion tracking to the frame to detect hand.
= If a face 15 detected:
=  Extract the region of interest (ROI) containing the hand.
=  Procead to gesture checks.
* |f no hand is detected, retum to step 3 for the next frame.
5. Gesture Checks:
o Perform chosen Gesture checks on the detected hand {e.g.. Hand detection,
finger bead movement detection).
o Each gesture check might invalve:
=  Extracting relevant features from the hand ROI {e.g., finger landmarks

for hand detection),
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= Applying specific algorithms or thresholds to the features to determine
if the check is passed (e.g., hand detected within a imeframe).
o  If all geswures checks are successfully completed:
= Send a success message W the user.
=  Send a success signal to the canvas,
=  Store the successful gesture check result in the database (with
anonyrmuzation if applicable ).
o If any gesture check fails:
=  Send a farflure message to the user.
= Terminate the gesiure check process and return to step 3 to capture the
next frame.
6. End of Video Stream:
& Close the webcam stream.

7. End
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CHAPTER 9
SOFTWARE TESTING
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9.1 TYPE OF TESTING USED

To ensure the effectiveness and reliability of our Gesture Based detection demo, we will

employ a combination of testing strategies:

= Unit Testing: Individual software moduoles (e.g., Hand detection, gestures checks) will
be rigorously tested with controlled input data to verify their functionality.

= Integration Testing: Once modules are individually tested, we will integrate them and
test their interaction with each other and with the Canvas platform.

« User Acceptance Testing (UAT): We will involve potential users (students and
fFaculty) to test the demo in a simulated environment and gather feedback on its usabihity
and effectiveness.

= Secority Testing: We will conduct security testing to identify and address potential

vulnerabilities in the system, particularty regarding data privacy and user authentication

9.2 TEST CASES AND RESULTS

Here are some potential test cases and expected results for our Hand detection demo project,
categorized by testing type:
Unit Testing:
= Test Case 1: Input a frontal image to the hand detection module
o Expected Result: The module soccessfully detects the hand and outputs the
bounding box coordinates.
s Test Case 2: Input an image with no hand to the hand detection module.
o Expected Result: The module correctly identifies no hand present and returns
an empty result
= Test Case 3 (Gestures Check-Hand Movement): Simulate a Hand Movement
sequendce in a pre-recorded video with eve closure.
o Expected Result: The hand detection algorithm sdentifies the hand and
confirms gestures.
Integration Testing:
s Test Case 1: Simulate successful hand detection and gesture check within the demo.
o Expected Result: The demo communicates successfully with the Canvas and
transmits a success signal.

« Test Case 2: Simulate failed band detection in the demo.
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o Expected Result: The demo bandles the error gracefully and retries hand
detection or prompts the user to adjust their position.
= Test Case 3 (Canvas Integration): Test data exchange between the demo and the
Canvas platform using its APIs.
o Expected Result: The demo successfully sends user information and gestures
check resulis.
User Acceptance Testing (UAT):
= Test Case 1: A student user attempts to access a course with the demo enabled.
o  Expected Hesult: The user mierface clearly pudes the student through the
gestures check process (e.g., hand detection).
s  Test Case 2: A faculty user configures the demo to require hand movement for a
specific assessment,
o Expected Result: The demo successfully enforces the chosen gesiure check for
the assessment.
o Test Case 3: Users with differemt lighting conditions and ethnicities participate in the
UAT.
o  Expected Result: The hand detection and liveliness checks function reliably
across diverse user appearances,
Security Testing:
= Test Case 1: Attempt to access the demo without proper user authentication |
o Expected Result: The system restricts unauthorized access and prompts for
vilid credentials.
» Test Case 2: Simulate & man-in-the-middle attack on data transmission .
o  Expected Result: Secure communication protocols prevent data inferception
and ensure data integrity,
= Test Case 3: Test the anonymization techniques for user data storage .

o Expected Result: User data is sufficiently anonvmized to protect user privacy.
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10.1 SCREENSHOTS

Fig 10.1 : Inmtialization

Fig 10.2 : Choose the color
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Fig 10.5 : Clear the canvas
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Fig 10.4 : Draw on Canvas
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Fig 10.5 : Displaying on Canvas
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Fig 10.6 : Improving Accuracy
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DEPLOYMENT AND MAINTAINANCE
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11.1 INSTALLATION AND UNINSTALLATION
V5 code:

I. Download the appropriate VS code installer for your operating system from

2, Run the installer and follow the on-screen mnstructions. (Usually involves accepling

license agreements and choosing mstallation paths)

MySQL:

l. Download the MyS0QL nstaller for vour operating  system  from

hitps:Vdey myvsgl.comy'dow nlomds mysqgld,

2. Run the installer and follow the on-screen instructions,

Uninstallation:
V5 code:

= Windows: Search for "Add or remove programs” and locate Anaconda. Click
“"Liminstall".

= Mac: Open Terminal and type bash - /vecode/binfuninstall.=h. Press Enter and
follow prompts.

s Linox: The uninsiall process can vary depending on vour distribution. Refer 1o the

official Anaconda documentation for specific instructions.
MyS0L:

« Windows: Search for "Add or remove programs” and locate MySQL. Chck
“Uninstall",

=  Mac: Open Terminal and follow the official MySQL documentation for vour specific
version on how o uninstall (usually involves using a script or command-line tools).

=  Linux: The uninstall process can vary depending on vour distribution. Refer to the

official MySQL documentation for specific instructions.
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11.2 USER HELP

Understanding User Needs:

Target Audience; Clearly define who yvour intended wsers are (students, instructors,
Artists, administrators), Their technical literacy and familiarity with the system will
influence the level of detail and terminology used.

Commuon Pain Points: Identify the areas where users might encounter challenges or
confusion, Gather feedback through surveys, user testing, or support fickets. Consider
common roadblocks related to face venfication, troubleshooting, or privacy concems.
Information Hierarchy: Prioritize content based on user neads. Start with the most

frequently encountered issues and high-impact solutions,

Content Structure and Clarity:

Logical Organization: Group related topics together for ease of navigation. Use clear
headings, subheadings, and bullet points to break down information,

Concise Explanations: Provide step-by-step instructions with screenshots or visuals
where appropriate. Avoud overly technical jargon. Use active voice and simple
language,

Contextualization: Explain how procedures or concepts fit into the overall system
usage.

Examples: llustrate concepts with real-world scenanos or use cases relevant to vour

USErs.

Accessibility and Usability:

Multiple Formats: Consider offering the user help in different formats (e.g., online
documentation, printable PDF, video tutorials) to cater to diverse leaming styles and
accessibility needs.

Search Functionality: If the user help 15 extensive, implement a search bar to allow
users to quickly find relevant information,

Consistent Terminology: Use consistent terminology throughout the user help to
avoid confusion, Consider a glossary for technical terms,

Mohile Compatibility: Ensure the user help i= responsive and accessible on mobile

devices if applicable.
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User Experience Focus:

= Positive Tone: Maintain a helpful and encouraging tone throughout the user help
Avoid patromizing language.

s Error Handling: Provide clear error messages and guidance on how 1o resolve
COMIMON 155Ues.

s Homan Towch: Consider incloding screenshots or video utonals showcasing

successiol interaction with the system to bolster user confidence.

Ongoing Improvement:

s« Feedback Mechanism: Implement a feedback mechanism within the user help or
system wsell o allow users o report ISsues or suggest improvements.

=  Version Control: Maintain a version history of the vser help docoment to reflect
changes, updates, or néw featuras in the system.

» Regular Updates: Periodically review and update the user help based on user feedback,

system changes, and best practices,
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CONCLUSION AND FUTURE SCOPE
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SUMMARY
This project mms o develop a Gesture Based detection demo using Python (VS code). Spyder

IDE, and OpenCV for computer vigion. It will integrate with a Air Canvas for access control.
The demo will showcase real-time hand detection from a webcam, perform basic gestures
checks (like finger movement) o prevent spoofing attlempts, and connect with the canvas for
secure user verfication. This project serves as an edocational or research tool to demonstrate
hand detection concepts, potentially enhancing security by verifyving user identities through a

relatively simple mmplementation.

This project builds a gesture based detection demo for a air canvas using Python (VS code),
Spyder IDE, and OpenCY's computer vision capabilities. It aims to enhance security by
integrating real-time hand detection from webcams with basic gestures checks (e.g., finger
movement ) to prevent spoof attempts during access conteol. This demo serves as an educational
or research tool, showcasing the potential of kand based detection in access. Future extensions
could involve more sophisticated gestures checks integration with existing Canvas APls, and a
user-friendly interface for a seamless wser experience. By exploring these possibilities, the
project can pave the way for robust and user-friendly Gesture solutions in educational

technology.

CONCLUSION

In conclusion, this project demonstrates the feasibility of integrating Based detection with a
Air Canvas for enhanced security. The core functionalities of real-time hand detection and
basic Gestures checks implemented using Python, V8 code, Spydér, and OpenCV provide a
valuable foundation for further exploration. By considenng future extensions hke more
advanced Gestures checks, canvas integration, and a user-friendly interface, this project can
contribute to the development of robust and wser-friendly hand detection solutions in the

educational technology landscape.
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FUTURE SCOTPE
The future scope of gesture-based digital art creation using a finger-mounted bead holds

immense potential (o revolutionize the way artists interact with the digital canvas. Here are

some exciling possibilities:
Enhanced Functionality:

Advanced Brush Simulation: Algornthms could be refined to simulate even more complex

brush behaviors, mimicking real-world media like waler colors, pastels, or even lextured paints.

Multi-Bead Systems: Imagine using multiple finger-mounted beads, each controlling differemt

aspects hike color, size, or texture, allowing for incredibly detailed and expressive art creation.

Haptic Feedback: Integration of haptic feedback in the bead could provide artists with a sense

of touch on the viriual canvas, further enhancing the feeling of control and immersion.
Al-Powered Tools:

Adaptive Brush Recommendation: Machine learning could analyze an artist's hand

movements and suggest brush types or effects that best suit their style or desired outcome.

Real-time Style Transfer: Al could analvze existing artwork and translate it into a real-time

style filter that anists can apply through their finger movements.

Predictive Stroke Completion: Advanced Al might even predict the artist’s intended stroke

based on initial movements, assisting them with complex shapes or details.
Accessibility and Integration:

Universal Design: The finger-mounted bead system could be adapted for different hand sizes

and disabilities, making digital art creation more accessible for everyone,

Virtual Reality Integration: Imagine using the fnger-mounted bead within a VR

environment, allowing artists to create 3D models or paint directly on virtoal obyects.

Cross-Platform Compatibility: The system could ideally work seamlessly with vanous

digital ant software and hardware platforms, offering artists flexibility and choice.
Bevond Art:

AD Sculpting and Design: The finger-mounted bead's ability to track motion could be adapted

for 3D sculpting or design applications, allowing for intuitive mamipulation of virtual objects.
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AR Design and Prototyping: Imagine using the bead 1o paint directly onto real-waorld objects
in an auvgmented reality environment, enabling rapid design prototyping or interactive ar

installations.
Performance Optimization:

Real-time Processing: Optimize the hand detection and gestures detection algorithms to

ensuré minimal processing time and a smooth user experience without significant delays.

Resource Efficiency: Explore technigues to minimize the computational resources required

for hand detection, making the system suitable for deployment on a wider range of devices.
Scalability and Deplovment:

Cloud-based Deployment: Consider deploving the gesture based system on a cloud platform

to handle increased user loads and facilitate scalability.

Mobile Integration: Explore the possibility of integrating hand based gestures with air canvas

apps 1o provide a convenient verification experience on the go.
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ABSTRACT

Coesture — hased digitul prt ereation with o feger - moanted bead (s 8 revolutionary concept thiot allvws users o
draw, write, andd explain in online meetings by pointing their fager fowards o PC's web camern, resulling in
visual depiction on (he screen. Using color recogaition and trockiag, ihe project creates an wir canvas thai
allows weers to pdjust brosh size and color, 1 makes wse of Prihon, Open OV, pmd compoier vision, To improve
pirture processing. the sugpesied melhod includes steps indoding morphological operations, backgroamsd
reducthon, and Mogertlp Mentification. The system deteces Onger nsthons in peal toie and records them with

acouracy nsing conlour defection and image segmentation. The project’s nppletlinnim.nthehinlhriq
Irquln-d people commundeate, promioting safural huoman- machine conmection, and lesening the need on
conveniional writing technbyues — all of which help close the gap between digiial and traditbonal creative forms
The project’s scope highlights the smarl wearable technologhs' prospective [ofure applicilions by
incorpornting the possihility of integration with W devices for improved fonctionality andasage.

Eeywords - GGesture recognition, alr writhing. and compater vision, Open OV, Pyibon, lmage processing, 1o®
integrution,

INTRODUCTION

The nexis between o and techisology in moment’s digial scosvaem has prodibed o sarge of ipvention aed opensd up
new avemies for creative expression. The design of o pestures proomnded digis] am creotion system that miilazes
ailvanced imnge processing ways amd § cutlet- moumeed bbb is one similor ground- breaking design. Through the
ivimitive mediom of hod gestures coplared by 0 wobeam, this inmovarive design gims o msscend the limitations of
truditional o medidins by enabling drugpies o seammbessly restate e culdel movemenls o dibdcsls diginal
artwirks, wntien comtent, or interactive donations. This ad, which makes use of Open OV and Python progrmaning.
s a stgnaficam sep forwand dn the Geld of morals companer comapercs and opens ap new possibilites for both
technological pnd creative growih

This stsly cxplores the complications of gesture recoznilion technology and (Es ériticsl pon i6 esshiing reiarol and
Nod commumication between people and digined platiorms, with o primary locds oncitbe reals dme shodowing of cotlet
movements and the resistement of these gesteres o mesninglul digiial content. The design intends 1o give druggies
an unmniched degree of inflexibility and creativity by incorporiing stabe- af- the- an compaber vision algoniihms. This
will enable them o prislece complex digital artworks, snsstale donstions, or mdeed share in mnsersve virtual
mwetings with unmalched exe and fEeesie, In additon, the action seeks b break down walls o rndisional cwlium)
ol and processes by fumishing an approschable and saioner-friendly plaiform thal demooranizes ibe ereation of
digrial an.

The |h-uj:|:.|1 mams b produce @ Nowbess oax of echndogeeal iovention and mortal SR presxE, To thes enad, 1f draws
allevantion from recent develspments in computer wision, araficial idellipence, and image processing, cresting o
special Kimd of cemmunity fhat empowers druggies o use thear and gesiures oo produce neeamngfol digdal coatent.
This action sims o review the peneralies of dagital ort and inleractive commiamcation by [using the delicacy of
cutlet shadowing with the ngidisy of manipolafing digial oil. s desigoed o serve o wide range of dmgpies. from
commercial prolessionals seeking o e lioraie ibeir vidual deantion chopd e professsonil artlsis seeking new and
creative ways b express themaelves,

This study paper abms b claply the specialized complications mvalved in rsal- dose shalowing. imuge sepimentation,
anid gesture ientificution by oflefing o (roagh overview of the comples methodadogy suppusting the develipment of
the gestiure- grounded digial an creation systeme The poper alio explores the specialiced issues and mirodociany
syseom conditbons necded for the design’s suceessiul prosection, pressing ibe sgnificance of software inlerfsces,
ke specilicatins, and the imegrution of importan progroonsmimg Bogeages and Lbrmes. Also, the explosatson paper
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cranlpes (he technology's numerous uses, pressing ms fmplicil benefits for the disciplives of dagieal @i moral-
compuier commerce, and assisive lecheplogy for the deafl

Impartanee of Techmology

Dagdtal artistry and hunan-coagpuler inferaction have advanced sigificantdy with the istmoduction of the Gestuie-
Based Dhigital An Creaion Svetem with Finger- Mouned Bead. Inis criticod so improvieg pecessihility for peaple with
hifereni creative and Fh].'.;i:ul capacibies, promoiing o more welcoming end muiural setting for arlistic clpmui.-:rn. The
iechisbegy transforms the process of creating art sl gives people mew and creghve wals for engaging B dynasmic and
immzeraive commuaimcation. It does this by allvwing sers o switch between iradoionol art media amd digital canvases
wilh ease. Morcover, the incorporation of this echnology ino assistive echnologies and onling communication
Ploitorms highlights itx essential function m promoting user-friendly amd dymamic vinusl meetings, preseniations,
conperabive creative sessions, s ability 10 mierprel hand pesiires o exdual mslerial, comments, v visual
demsomsirations makes Boan invaluable iool for poople with physecal o hearing difficulibes, pronsoting betoer
nceexssshility and inclusivity m a variety of social and professional conlexis.

Furibermore, this sydtem's development and implemesnttion spar iechmological msoanbion by pushing the emvelope in
teal-thme tracking. gesture recogrithon, amd digaiel comtenl creabion. This opens the doos Tor tlse O cnwrgeace of
mwwe user-frienddy, immersive, and infuidve digital interfaces ns well ascreative tools

LITERATURE REVIEW

Bragairo cf al. [2020] presented o sysican that usges o nuiki-layer neurld network in tmnskale Brazilion Sign Lasgeage
im thewr study on hand pesture recoyenitinm. Their technigue showed efficient real-time video cuprans an:uiu];,,
imgruving sign lnguagecemprebension and comemanacibion between uwers.

Araga ot al. 2009 investigsted the study of hand posiions within o series of pholographs for the purpose of hand
pestre dentificaiion using Jonkan's Becurrem Meaml Network (TRNMNE2|. Their siuky made clear how imponani iy
1% i olerpret and treckl pestures accurately, lighlighting the oecesaty of strong ramng algonthms moorder o ataimn
hagh recognslion accuracy.

Coaper [2008] focused on (he creation of o gestare recogntion svitem that could accuraely track and identify e
contmar of ihe hamd in his sk on mminciaie 300 cell bio prirﬂing. The smdy 4:|:|1p'|'mixﬂ;|: herw criiical [u'ecin:
irnieHng sysiens e o a vaddy ol imdisides, including o priming and medicinal rescanch.

Meumuamn el al. [2017] created o system for bext deleciom in actual piciuses by identifying geometnc shapes using
mpimam stable extremal reghons (MSER) [ 1] and a hypoihedds fnimework. Their sudy demmonstruted the asefulness
el gestune recopnilion in o rangse of seinngs, hig}dighl.ing the requarement far rustvworthy slgomthmes {oc procise text
imleapretation,

Wang ¢l al. [2006] uaed 2 webcum ool 2 1-shin imcking item b0 siudy cobar detection in bath intermal and extemnal
comexts. Theie research demonstrated the effectivenese of the sugpested approach im proctical settings and
emphasizad how crucial prechse color emilflcatbon s o elficieal pesiure recogniiion.

Finger recogmition sysiems hased an lnger tmeking algoathms were ihe sabject of siudies by Jar Hanmuksela et al
[205]. Toshlo Asame et al. [2004], asd Shamd Vikeam of ol [2003]. Thelr sody bighlighted ihe mporance of
aecurate finger movement racking and is petemiial wses inop varsely of contexts, emphasizing the necessity of strong
algorithms for Mond wser isermction

The resgarch by Shuskh, Ouptz. Shaikl, snd Barade [2012] enaphasieed the meed G soplasiscaisd techmgues in arder
o schiewe accarmts hasd gesture recognition and addressed challenges reboied 1o detecting smalber ohjects. It also
leminstroic ibe |;ml:r||i:.|l nl'pnm:rfni hand recogrition u.:in.: Kinsol sensarms.

In their study of o bw-cost ar wnting system. Povithra and Probho [2001] emphosized the value of LED Hghi
dedection o charscies recognition, ibe dnwbacks of device - based metbods, amd (he necessiy of ecomsinical and
effective substinses in pesture recogmition systems,

Yamg ctal, [2010] comducted reseanch that demonstrated the usefulness of mage sequence comparnison for hand gesiang
idemification and how well it can recognicee hand fonms end movements. Their work demenserated how sophisticoned
imskge processingmethods can leal i increased pocourney in gesiurg recognition sysiems

The nuthors stredsed the sigmficance of trestworily algodthns that can precisely understend and analyze hand
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mEvements and shapes in practical applicatizssin their examination of ham! gesture recognition

Neamann egal.’s 2009 1] snady clarified o meal - wordd uses of gesture recogmtion by enphaszing the valoe of
precise textbook interpretstion and the necessaty ol dependuble algonihms for elfective 1extboik identification i a

vty of surmounds,

Color dascovery stily by Wang etal [2008] desnonsiraled the utility o practical woys in gesture recogmtion aysbems
and stressed the significance of comect color idemification in o vareety of surmounds [t also demonsrated the
ellectiveness of the suggested system in real- wiwld scopis, Explomtion on cuflsl recognition syslems by Jar
Hunpuksela efal |27, Toslbo Aseno etal | 20065, and Sharsl Yikim el | 208 ] stressed e valoe of aceurabe cutlet
mavement shaloaing and its possible operntions inoa varkety of fields, emphasizing the pecessily for dependable
algorithms in enabling Moid stoner comemence.

The evaluation of the lierateme smphisized the colorful spprosches and ways ussd in the feld of gestire eeognition,
pressing the sigmficance of croative styles and stnong algorithms in carrylng precise amd refiable hand gesiars
discovery.

All of the exploration ladings slwvwad how dyrimic gestine recogniisen explombon 15, pressing the signifcancs of
workahle mesilis that may nmeliomie stoner gests in a varsety of disciplines and snable effective mosinl- maghing

A RITEITRETOE .

In sldigion, i explombion emphasized e need ol precise gesture nterpreistion ond shadowing, presimg the mecEsiy
alf stroag irsining algorithin and secune discovery styvbes bn onder e aclacyve bigh recognitisndelicacy.

In order bt punctuste the implici oses of pestore recognition in incubating sciemtific and specialized advancensnis,
the significance of precise shodowing systems in o wariety of sectors was underscored, including hio prinsing and
havanechcal exploration,

The seedul wies of gesnme recognitkon in real- world soripts[1] were demonsirsted, pressing the significance of
reliahle algonthns and excellem discovery woys foe direcily interpreting ool assaying hand gestuses sndshapes,

The effectivemsds of fhe suggesied approaches in praciical operations stressed ihe valee of exscl tesibook
imlegpretation and color idestificson, pressing the necessity of stong algorithims and secure discovery styles o
puarnmier coamec] and refighle ssmes in gestuperecognitiin syshems.

The newl of securse cwdel movemen shodowing was cmphasized, pressimg the pessibilisy for smeoh swner
engagement and enhanced digital wemain gests. The swdy bencfactions empliaxized e necessity for workable and
approschable resulis in iha field by pressing ihe significance of srong algoribms and shice- edge imnge priscessing
approwches in camying high recogmition delicocy and relinhle resubis in gesture recogrition systems,

All eifects considersd, the lneramre review offered a torough summory of the sdies carrbed oot inibe area of
geslare recognilion. pressing e spmilficance of dependalde algorithmes, coting- edge wayd, and workoble resulis in
sitnining preckse and reliabbe hand pesore recognition scross o rapge of disciplines,

RESEARCH METHODOLOGY

The shwdy used o mixed-methods sirtegy to ok inio gestone recognition by mtegrating quaniitsivve and qualitsiive
techndgues. Based on their level of expersence with the fechnology, o wide growp of participamts was chosen. Diata
were aeguired wsing infervicws, questionnaires, and observational studies, with great comaderation given to ethical
norms and participunis’ privacy. Accurale land gesture reconding and inberprelation wens achieved by the use of
mention sensors. speclalized comeras. ond imige provessing softwore in the resenrch design. In order o assure the
volidity amd tmsteorthiness of the resudts, dato anadysis ncluded Both guamiiative stisticnl messurements and
guanlitstive: theme onalysis, Taking imo acconn the study's construins, such as sample size and particular comiext,
sampling approaches were corefully wssd to guarantes the representation of a range of viewpoints. Ethical
consuberations were af crocial imporance trosghoul the sesesch procedure, amd anformed consem was ohiained
froam all particapants. To lsereass the esearch’s eredibiling, inasgulation procedumes wene utilissd to validate the duts
by merping diverse dala seurces and perspeciives, The acknowledgement of the study's shorcomings underscores the
necessity for additiona] investigaion @ ibe realin of gestare detection: Al the end, the study metbodalogy sectin
provided an overview of ke muny laciics nnel procedures thm were wed. 1i alse Em"ﬂ“l!ii.‘i:ﬂt“‘! sigmificance of ethicol
ixded aind @ sirong rescasch desigi in abdannticg sccunte snd dependable resulis i gewine recosnalio resanch.

APCOER, Department of Computer Engineering 2023-24 112




e
Internatisnal Jourmel of Al Besearch Eduestion snd Scientilic Meihods (LIARESM),
I55M: 24556211, Vohwme 11, Issue 11, November-202%, Avallohle soline i www.ijaresm.com

Flow DHagram of Proposed Waork
Gresture Based Diglinl Art Creantion with Finger SMounted Bead
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ADVANTAGE OF PROPOSED MODEL OVER

Existing Model
Enhunced Gesure Precisbon Comparing Ui sugpesied sodel 1o exiating models, 11 snsunes d tire sopldeiscated il

comprebensive sketching expenience by Wilizing sophisticated image processing fecheiques and congpuler vision
algarthms b enabie scoumte trocking and exoct fingertip recognition.

Seamless Integration o Online Mectings: With the obiliy bo shore the screen dunng online meetings. and
presemntions, ihe suggested welup emlorses  peal-dime  visusal explanations and demonsicstions, enhaneang
ceimmunication and cellaboration dusing vimual intemctions. Remete presentabas and explanabions are much moe
sucoessinl when this featune is mcluded,

Intuitive Llser Interfoce: The propram makes i0 easser 1 change puranseiess while creating am by providing an easy-to-
s s interface with on-sereén controls for chocsing coloe and brush size. Because of the program's user-fricedly
design, useds with diffierent degrees of echnical proficiency con navigae and uss 1 with case.

Versalile Functiopality: The premse lets msers dis mone thas just wirle and dmws if ke beis them utiliee predefined
mations b ernse, pick, and antbcipobe: words. This mulliparpose festare bnproves the aser caperiencs as o whiole and
furns the application inte § complete strument for practical communication &= well as creative expression,

Motural Human-Mochine Inbernction] The concept faciliaies n mure natural and intmntive imbernction beiween the wer
wnd the software by mdegrating resl- wirld buman motions e (he process ol creating d|_|11:|J art. This hmction
leverages the power of digital wchnology to create a smomb end caplivating experlence, smilaiug the comfon of
capyentionslamistic creation

Eificient Workflow: The program’s responsive and sunplified wser expenence s guorumiesd by the seamiless
mdegrmbon of many mmage processany oflgonthms and real-ime racking. A more fioifol and l'ulﬁl-]in.g ari=muking
pizsakinn (s the oalvome of users being able 1o eoncentribe mome on thelr crsmive processthanks o this efficeency.

By siressing thewe benefits, the suggesied misde] estoblishes its sapenoniy over current models and highhghis how il
meay translom people’s mbermctions with digital ar creation and commisnkciion a6 a vioebyal sedings.

RESULTS AND DISCUSSION

Mo discernible lugs between the wer’s motions and the corresponding sctons on the digital comvas (banks w o the low
lupency,

Rabust Trocking Performance: Strong performance wes demonstraged by the iracking algorithm busle imo the model,
wirich ssocesafully recorded and tmced fnger movements with an exiremely tiny mastake margin. Thiz srong
trcking capability helps 1o render complen gestures aceumtely and guarnmiess that aeers may comven their hand
movements inke accarale digital representalions with case.

Compatibility and Sysiem Reduirements: The model works Tawlesly with a wide aumber of compubing svsems,
inclading bl Windows and macQS plaforms, aceonding 1o exieasive compatibiliy tesing In sldidon, the
aofware exhibited effective rexomee management with litle effects on system efficiency, gpuarantesing o seamless
anid respansive iser imerface on s moge of hardware setups

Usear Feedback and El:p:ri:ﬂ:r.:'. Prefiminary reparts on user feedlack ond experience revesled o high degree of
enthusiasm snd salisfacthon anwayg parbicipanis. Users enpoved the strakghtforward design, precise  gesiare
recagnition amd the program's vared festunes, The concept receivesd special recognition for 1t capacity to. suppon
dynumic amd captivating online preseniations, weklerscoring its poieniinl 1o compbeiely alier the noture of vimal
cooperation and cammuanmeobion

As these fendings sre examinesd and their comsequences discnssed, it beomnes ol thal the sugpested mode] nol
only satisfies bl also exceeds ihe stamdurds specified fior o gestune-based digital o creation ool, The model |ss the
ahility to completely change the field of dagital ant creation amd improve user experience in virhaal communication
envirmmmenis, o8 demonsirsted by is cutatarsling performonce metrecs and sutisiying wser comansnts

Fimgertip Detection Acearacy) The progised fmework shiowed o high degree of accuracy 1o fngertip detection

through comprehensive esting and evaluation, with an average detection precision of above 95%. This degree of
precision guaraniees thal wsers may consistently move the vimusl convas with their Gngers, allowing for the crestion
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of imrecate and nccanibe amwork: Beal-Time Responsiveness: A1 differem drawing and wrding iasks, ibe nwodel
demounsirated remarkahle real-time respomsiveness widh btk lstency, There ane

COMCLUSION

The |1pn-|'u:|l|¢d ]cﬂurc-hp:d dl_u,hu.'l art creston mosled SUTPEARER exisling sysiems by :u:.n.ml-:nl':,- inn:yru.ling el b
gesure recogiiton ond reponsve digital aft mendetiig. e precise hand movemest racking allows for {aluitive
creafim and manipalation of digital ar, while i ineeepbve applicstiomn in online meetings e presesiations
revolulbniess vinual communtcation by ennbling uwees 1o ilistrate concepts through inuitive homl gestares. With
aser-friendly comirols and cusiomizable options, this model provides o seamless oo imuaitive interfoce for nsers o
puernaliee et dipilal arworks, siting o new slondand (o user- (Hendly and iseractlve digoal utefaces in he
realm ofvimual sn crewtion ond communication,
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Gesture Based Digital Art Creation With Finger Mounted
Bead

Om Podey®. Prem Ragede ®, Déiraj Bogmure ?, Saurshh Korde &, Prof. Chetann Upasaai®

! Eeparmenr af Compiver Ergineerng ARMSP © dngaras Pavwar Oellege of Engineenng oed Besearch Puse, Pane, Inidis

Absiract

Using n Angersmoonied bhead, pessurechoased diginl an production is an ionovonye echmgee that enables esers o wrike,
ilbasirate. 2l participate in online meetings by just painting tbedr finger ot 2 PC% web camesa. which projects & visasl
FEprese il N anio the sereen. T rOECl S AN miE Canvas wille cossinizable brush aee and color sang Cofar Feongnl i
and erackiog, 1 utlfoes compuice vision, OpenCY, sl Pyithon, Meorphological operitions, backgroumd reduaction, swd Gingert i
recogaitios are secomminded wechnigues 1 enhanee Image processing, The systeny mecognizes and coplires finger motises in
real T Using combour recognition emd image sepmentation. The prompcrs applicasons inclode Tselitming communicatson fof
inifsvidunls with hearing impaimments, encoaraging nowral human- machine interaction, amd redocing the need for caifisonal
wrrtimy methads—all of which contmhuie w the comvergence of digital and conventional creaiive furms: The progect’s scope
mporporabes the poterdial for integraticn with Intemed of Things devices for enhonced functionality and wsage, highlighiing the

peotentind fohsre appleations of sman weamble echeology,

Raywards: Giesmane nevognition, o wrimng. compater vissn, OpenC . Python, image procsssing, loT iniepratson

INTHEBUCTTON

Im shee proses  sdvonced age,  ibe  combinstion  aof
cruftamanslip and lpnevation has igmled imoglnaion and
apmmed ap new fomls o enestive anboulatom, A culle-
ooanked  mess  and  p motion bessd  compuierizad
warkmonship creadon lramework thal uibliees cunisg edge
plomie handling sraegles ane owo additional  lancvaive
developments, This mevel kled adivs s po Bevand e
baindaries of iradsional art forms by allowing drog osess o
casaly relider pron i collel movenssats inie nerlcate digial
arvwvorks, texmual information, of [mersctive donnsons by
mabng the noigral mediem of haod gesres: capiured by g
b, This bid aildnssses & hiage impravesment in the Geld
of meetal-PE made 58 well as new poads For |maginative e
mechandeal umprovement. 1t ubllizes Psihon prograsmlisg
aml Openl”V,

This  snsdy  Investigsses e comfusions ol aigaal
ackniwledgmes  fonovation  and s Besle part
conpowering  regular and ligold cornespondesce  amiag
individugts ond compalerized sapes. wiho g cssealinl
apoalight on b comstan shadowing of cuthon devebopmiies
amd rthe pepetithon Gf these motbons Do agnlfice
conygnierizsd content, The plan msesass prasale addics with
am unrrvaled devel of frmsess amd Inoovstiveness by
consolbdating cuning edge FC vision caloulations, Thes will
eapwnr (el W cresie complin  Somputerized
ceaflzmanilaps, clanfy giis, or 10 be suse offer o vivid
virunl patherimgs no swest and artfoleess. Moecover, the
activity loeks o separae wals (o comventiomil social
strimens s cycles by aurfiniag a receplive aml stiser-
accoimmindating stage thil demecrimees the prodaction of
comiguinsrizsd crnliamanshibp,

Thie desizon aime 1o stnke a perfect halance betwesn
creative human expression aand cutthng-edge techrelogy
It acheeves this by uslng the laess advanesmnents Ly imnan-
tnacde

beuimpower, PO vision, and pletare handliog s sdvme i
clrcumstanes amd make &n earsondinary local ares whene
drig clienes can anliee b hond motlons 1o delives
sypimlicant sampieenzed contend. By combinlag the dgor of
manipulating  dighnl ol with the deliacy  of  cutlel
slsdpwing, this  activiy seeks fe ovolupie the broad
principles of dlgital an and iersetive commumicaion. 1 is
imended o caer oo diverse spoctrum ol dmg wsers,
imcluding  professional  anbse looking  for  fresh el
iRnovElVE ways 0 eXpress themselves s comsercial
professionals fosking w mmgoove thelr virmal denating
akills,

This poeler paper pobms 10 clarify e specislized
camplications inclinded in genuine- me shadowing, pletinme
division, @l signel recogrizable prool BBy alvenisiag o
careful outling of the comples technigue sapponing the
pldvascement  of by moticn- groosded  sdvanced
crafismunship - creation  famewark.  The  paper oo
investigates the spectalized lssues and bnindal framsewoek
coiditions reguised fop the despi's Criltful ol goises,
smiecaing ihe  motcworhiness of progeam  inbesfaciag,
tandle detaids, snd the insegrotben of vital progromming
dbadects moil Ubrames. woao, the lEvestgation paper looks al
the echnodopy’s varmus employments, squessng  bs
verifushle  bemefits for b disciplings of compiatenized
craftsmnunship, ivortal- congoes cominerce, and assstive
tsnovation for the hand of hearing.

High level sestheticness nnd haman-PC connection hove

advanced basically with the introductzon of the 3Molion

Biased Progressed Craftsmanship Creation Strocturs with
Finger-bounied Globule. b s fundaimeneal g ngking
progress aceessbiliny for peaple with perdcalar
tdovative and aciual lnks, propelling a seriously
weleoming and bypical seiting lor biventive sniculation,
Thee stneowation chonges the method of making

crafisopnship and geves oudividuals modesn amd

tmageaiive instrements for locks inin energetie wncd
immersive communication. It does this by permilling
cliemx
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to switch betacen comventional cmfismasship medin amd
advanced comvases with ese Alin, the joining of the
development inio ondine comespondence stapes and assisiive
advancemenls siresses its vital part in progressing: abamdam
and eazy o ondersiond virhmld social events istroductions,
and enchanting creative meetngs. It is o beasic instrument for
mifividuals with plysical ar hearing failures, enahlmg mexde
progress tramsparency and thaught m e rench out af frendly
and copoble confikops. 1 interprets hand signols  inso
creaied information, remarks, or visumal appeamnces

Besides. this system’s imprvement omd wage  gomd
mechanical develypment by pushing the ervelope in real-
time foklowing, neotion acknowledgmend, and compueeniaed
substance creatior. This apens the entryway for end of the
rise of more  wser-fnendly, mmersive and  iesiEnctive
compulerzed imterfacng as well as imaginative opparamses,

LITERATURE SURVEY

Brogotay o1 al, [3020] displayed o framework  that
cmplyyments o malti-layer neuml organize oo ingerpret
Braziban Sign Dhalect in their posder oo hamd megion
acknnwledgment. Their method sppeared productive real-
time video caplure handimg. muoking srides sign dialen
comprefiensnn anid communicaiing between clients,

Amags etal.{ HWHD) asdded the consider of hand pesiboes
mside & plan of phoics for the explsnation of hand sgnal
anmistakable substontintin wsing  Jordens Dull  Brain
Orchestrated JRMN 2k Their consider clarefied tha ii's so
pivalal 1o decipber amd follow movements uneguivacally,
featuring the need of sirong planning calculstions in
orchesirate o achieve aliviudinons protesiatien perfeciion. .

Cooper [MHA] centered on the creasan of & sgmal
ackmwledgment Tramework that sy precisely rack and
distimpuish the form of 1he hasd iy big work on perplening
3 el boprinding, The ponder eaphasized bow basic
exact checking frameworks are 0 0 sssortmemt of
busincsses, coantieg boprnting and therepeutic inguire
abwiiil

Meamann etali ENT) cresied o syslem for textbook
discovery in foctasl filmland by reloting gesmeinc shapes
wing maximem stable extremal regicns MSERY 1) amd o
thesss frmme, Their siudy demansirated ithe utiliy of gesiure
recognition in a range of seitings, pressing the demand for
secure algorithns for precise exibook imerpretation.

Wamg et al. [2016] widized a wehcam snd o peshan
follawing thing 1o consider color discovery in bail inside
ond  ostsade  seitinps. Their  igvestigate dlhistrmied  ihe
adequacy af the proposed approzch in viable sestimgs and
emphasized hw pivolal exact color recogmizable proof s
ey praaficient signal ackiowdod gament,

Finger affimmation sysiems . view of fnger lowing
eaimulions were the sabject of ponders by Jari Hannukssls
et al [2015) Toshio Asano et al. [XH4) and Shamd
Vikram et al. [30L3]. Their ponder featured the meaning of
definie finger improvement following anid s possible
occupalies in o grouping of settings, underlining the peed
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af strong compaintons for Muid client collshoration.

The ask shoai by Shailkh. Gupin, Shaikh, and Horade [2013]
underlined the expect for carment systems in orchesimie o
sccomplish exact hond signal affirmation and tended 1o
difficulties connected with perceiving more  dimansive
asticles, It ndditinnally showed the capabality of compesent
hand sffirmation using Kinect sensars.

Pavithra and Prabhu [2001] stressed the need of LED light
deiection for chamcter sdentification, the bBmitsfions of
device-based approoches. amd the need for affordable and
elficient sliermatives in gesture recognition systeme in their
reseanch of a lpwecost 55 WIsing syseenL

Yang e ol [HHO) conducted investigate thal ilnsorased the
value of piciure grouping comparison for hend  moton
recopgnizable peoof and bow well @ cen recopmize hand
shapes  and developments: Their work  dlosimeed  how
advanced pictare hamdling strmegies can lead 10 expanded
expcinesa in mgnel ockeowledgment fromewarks:

In their examinatiaon of haond motiom scknowledement. 1be
creabars accentunied the need of dependable calculations that
can precisely understined mnd nssess hand developments ond
sinsctures in genaine applicatians.

The HWH[1] concentrate by Meumons ef sl aoderbined e
vighle utifizntions of signal acknowledgmem by featuring
the meed of exoct resling mmerial raoslation znd the
regquirement for relinkle calewlntions for proficient course
ook distingoishing proaf in @ soope of condations

According 10 Wang et al.'s color discovery sty from 20608,
accarase color identification im o range of emviramments is
crocial omd shaows the value of practical melthads in gestare
mecognison sysiemd. It oalso showed how well e
recommendsd sysiem worked with scnpts from the sctual
workd.

Reszarch oo cwilet recogmition systems by Shsrad Vikmm el
al (20050 Toshio Asano et al. (200, oed Jon Hasnmukselka
et ol ( 2017} demanstraled the need for reliable alporithms in
arder & promote smoath soner commerce and highfighted
the imporiance of accumbe autlet movensent shodowing and
its patential applications in o mnge of felds

The lersure review emphasized the mnge of sirategies and
tactics used in the pesture recognition fiebd, highbghning the
nepessity of relinble alporithms end ceative methods for
mrecise ani consisies hand pesinme delectiog.

Tlee vesubs of all the research showed bow boporam
=ignnl recognition research is, squeering the

e wartliyness of feasible oucomes tlal will imgirove
soner pests acrnss a range of arsns and ennble procticol
hwmin-machine
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commerce. In expansion. the investigation emphaxized the
require of exsct motsan  translason and  shedowig,
sijueexing the necd of sofil prepaning calculations  and
secure  discovery syles o amange 1o oimim  tall
ackmowledpment delicacy.

I organize i Aprankle the comprehended vocalio ol sigh
affirenation in bripg foath cohencet amd specilfic movomsems,
the agmdficance of precise shigoadng syElems in o grouping
of spgbans  wis Isiphlighbed, coanting blopeniing  and
blpmedial exsmbnutbon, The dswed funciional vses o
psti e peknowledgirent in genuine world seripes| F] leare
the peguarement For dependabde calcalatioms and firse ¢lass
disclosre  sirategtes  for  precisely dectphedisg  and
eaniming hand developments and strctiees

The reasonable activibes showed the convemience of the
proposed | waoys, sccentuating the signifscence of exact
varmety  distinguishing  proof  and  resding  malerial
tramslarion. This hiphlights the requirenent for hearty
coloudations: and sscare disclosure siyles 1o give exact and
trastwanky issaes inomoticn soknowledgment frmmewarks

It wax wndedined thai it is 5o esseniis] o precisely shadom:
cugler  development e work  wil  gonsistent  sner
contriburtien and Danlwr develop compterzed landscape

Eils

The gomsider donatioss einphasized the need for waorkabde
aiml conpeitial cormse about wilkdn s Bkl by sqoeesing
thi: kmportance of solid caleulubons und cuk- edge peturn
bandling approaches s corrving 1wl acksmsdadgement
delicacy aml solid comes aboul B mtlon ackomeabedgment
framsewarke,

Al impacts considered, the wriing oodil advenised o
mnessive mndoan of the sudies cormed our within the
region af signal scknowledement, squeezing the centmality
ol tried und inee colowlaisns, coiting: edge ways, ond
warkoble comes about in achseving exacs and depenidabie
biemd signol scknowledpneent over o extend of disaplines
was underscoreid. comnting  blopomting and  hiomedical
mvestigation.

RESEARCH METHODLUHY

The think abosil utibized & mived-pethods procaban e see
o wipgnal acknowledgment by coondination quaniemive
amd subjective sersegies. Bassd oom dbewr level of
bnvalvesent with the innovation, a wide busch of membe
wax  chosen. Ioformaticn were  procured  utilizing
mierviews, sarveye, and  ophservabonad  ponders,  with
extraundimary  theaght geven o moradl  standards  and

pasticipanis’ protecixm.

Mpvemens sensars. uncomman camerss  angd  picture
preparing  program. were  ofilizsd o orecoml  hond
developments. The examenateon  included | quantitstive
memsuwrements end subjective aumdn, The lesting stratepies
guaranieed ihat distinctive viewpoints were spoken o
Moral consemglaions wire vitel amd cduicaod sssent was
goinen, Trumgulation of validased dace by mining different
wofves Avknowlodging the lmitmions: of the soody
highlights thie peed for funher escarch, The isethododogy
described the varous wechaigues wsed, emphasizing eghecal
Easkae and pobos mrssarch desigs s oobnals accurale resulia
in sppal denction rescanch, Contlvaeys mprovement of
misthods and technobopess b erscinl W pdvamce this Gold
Codluboration between scientific helds can enrch future
research and mmprove the agpplicahility of resuls,

FLOW DIAGEAM OF PROPOSED WIEEK

Gesure Based Diigital An Creason With Finger Moumted

Beml

Start

I: Configure system settings )
I z

|'-C:Hmuu- cameras
M.“tr'ml Camera 'I
¥

|- Detect and track gestures

v

| Process captured images |

¥

| Apply image segmentation |

v

| Interpret geshures

.

| usplay gestures on digital canvas |

Y

| Enable user interaction |

«

Adjust brush parameters |

-

| visualize output |

v

Generate final output |

End
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ALGORITIIM

Diescription

1, [(import basi bbranes and design an
application,

o (launch the app ond set the camera (o
detectmation.

Do the matenal by placing vour
finger infront of the camers.

Chioose the desired color and brush using
the full screen buitons,

Begin utilizing your finger fo compose
8. |orattract the air as the product follows
youractivities,

Change the brush limits as needed dunng
thecreation cyele.

Use predefined gestures o select,
defete opreview (esn

]

g |Use finger scrolling 1o explore
differentsemings and functions

If yow wani to show yoir work during onlin

0 meetings of presentadions, dhre YOour screen
For an  bmpeccable  cliem  expetene,
L1, Jinvestigae the program’s different elements
and capalulitses.
At tlse poing when you're finished, quin the
12, Lapplication and save any work ilsal basit

bieen saved,

ADVANTAGE OF PROPOSED MODEL OVER
EXISTIMG MODEL

Improved Motion Accuracy: Contrasting the recommended
muodel with existing mdels, it puaraniees 5 more complex
and tharugh portrying expenence by usimp refned pichome
benilling procedures and FC vision caloudstions so empower
precasi Following and definive lngemip scknow ledgnsen

Consisien Cnordination im Webdhased Gatherings
Wil the capacity to share the . screen during on the web
patherings and imtrodociions, the propossd  arrengement
underaviics continoous visual cloffications and showinge
improving  corresposdence and. cooperaiion during virmuoal
comnections. Far off istrodociions and - clarifications are
comssdembly  more  effective when  this  elememt s
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incorporaied.

Instinctive U The program mokes it more strmighiforsand o
change boundaries while meking cafismanship by giving a
simple tewtilize UL with one- screen contrals for picking tone
znil hrush size. Since of the program'’s msersfriendly plan.
clicnas with diverse degrees of specialized capahilicy can
expbore and nblze il with sase.

Flexihle Useinloess:

The intradosce lets - chenes do more than fmr compase and
draw: it foo Bt them utilize predefined movements 1o delete,
choose, and expect words. This mulupurpese inchide moves
farward the chient encounter 2= o entirety ond tems dhe
application  into o soda]l  instmment  for  commonsense
conmEmication as well ax imventive expoession.

Normal Human-Madhine niemciion:

The concept emcournges & more nwmal ond issbincove
interaction Betwoen the clieod ond the program by joining
penwine world buman movements imdo the method of making
compuierized crafismanship. This work [eveages the powser
af advanced innowation o form § smonth amd captivating
involvement. imitding the comsolation of ondinary creative
cTeation.

Effective WokDow:

The program's responsive and rearmnged client involvenem
is ensmred by the consistent integrotion of mumeraus Eoheme
hondling calculations amd real-fme following. A& more
productive and satisfying an-making s=ssson is the resalt of
clients being shle @ cancentrate more on their imventive
prepare mch apprecialed io thes effectivens s,

By focumng these benehis, the proposed demonstrace seis ap
its prevalence over cwment miodels and highlights how it may
change people's inhmizve with computerised - crofilsmasship
creating and commuonication in 8 assorment of seings,

1. Exnsctnesx of Fingenip Recopnition: Throngh exiensive
testing amd evalusdion. the proposed system demoesimled a
significani level of exaciness in the location of fingertips,
with o iypical discovery accuracy. of mare than 95% . Thas
degree of precigion puarnnises that clienis may dependably
move ghe viaal maceshal with thelr Togers, saking o
scconnt ihe developmest ol wiult-liversd  and  carelul
craftamanship

2. Dingaing Respoasiveness: Al different drawing and making
tnsks, the exhibfl represepied  pisotal  certifinble e
mespomsivoness with  linle  imecslviy,  Theee e oo
unmptakahle pans between e clsnt's developments sl il
comitrasting exereises an e high kvel marenal chankfal fo ti
s hssiviey

i, Hennry Fllowing Execution; T models folkowngp
cabcolation perfomeed commendably, effeciively reconding
anil fodlowing Augor developmenis with o oy mesiake edge,
Sol following copacitics paaramies thil chenrs can withos
miach of a sweich make an ineerpretatsons of beir el
develapments inin easct compuserized ponrayals and help in
il Bepinimnate dalivering o complicatad sapials,

4. Samilariny asd Framsewark Prerequisies: The nsodet works
inmsgcmlately svith o wede mamber of processang Tramoworks,




inchuding the tea Windoes and macOf smges. as mdicased
by broad  simmilanty  Esting. 'What's more, the  prodisc
displiyed  compelling  asset il executivgs. with  Hile
comsequences for  frmework  effectiveness,  ensunng o
cotmbRent arel responsive Ul o @ soope af  aguigome st
arrange iy

5 User Experience ond Feedback: Esrly evsluoboes on
pasticipamt enthisiasm amd safisfoection indicaled o hagh level
of user feedhack and saissfoction. Users praised ihe program's
many feaiures, accumbte gesiure recogmilion, omd. semple
bnwriice. The idea gained particolar amenen for e ahiling o
facibiate  engiging  aed  dyvnanibe  web  finesenlabings,
haghlighring dis pobeniial 1o Tendamenially changs (he nsue
ool e eopdlabsomanhon s commuication

fi. Upon closer inspection of these resufts sod discossion of
their imgplicatinms, 11 is evideni that the proposed model not
mnly meets bui surpasses the neguirements for 2 gestone-hased
dignal @n  prodection . The models  exceptooml
perfommimnce metes and pleasdng v experience in vinsal
commumcation spacis ehow Ik B b e potestial 1o
ibrastically aber the fiebd of digieal an et anil snbange
Ui NPT

CONCLUSION

The proposed pesture-hased pdvanced cralissmanship creaion
ghiw  oofperloring exkting  frameworks by consissently
coondisation  red-tme  motion skoewladgment sl
pespinsve dlveneed craftamaeship rendering, 15 exac sl
development  fallowing permits for nmuml creatson asd
comtrd of advanced craftspamnshap, whereas s mmaginative
applicaiion. in ocaline gatherimps and inroductions
revoluticanizes sirtual aammunicatn by empowening clients
o demomsimate concepts through instinctive hand  malEons.
With wser-liendly comireds and customizalde ahernaives., thia
demonstzate ghves @ consteinr and oetiral inecface for
ilbents v prersonallee thelr compuserized warks of an, semivg
o madern etandand  for cliest-  evidng amd  inseracrive
pilvanced  mterfacing  wwhin  the dommon of  virosd
craftamanship crealyn and communscation,
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Introduction to
Gesture-Based
Digital Art Creation

Unlack the power of your fingerfips (D créare figital masterplecss
Explore a révolubionary approach that cambings natural hand
M EVBMEnDs with cutling-edge eonnology, STpowWenng you to paint

SCUIpE, and DesiEn i seamiess 0ighal spaces

Aim and Objective

* Alm:

To revolutioniie dightat arg oreation by developing a Tinger-mounted bead sysiem that enables nbultive and
sapresshe art creation thraugh natural hand movements, imploment gesture recagnition fo allow wsers to activate
wpecific brush types or effocts with pre-defined hand movements

* Objective:

1 Tracks finger mowements: Tha boad accuralely tracks the user's hand position, omentabon, and pressure (i
spplicable) ona designated tracking area

Simulates brushstrokes: The system translates hand movements inbo digital brushstrodes on the virtual canvas,
including warialiond in Siee, texture, and opacity based on wer inls=racton,
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Finger-Mounted Bead Technology

Innovative Besd Desizgn

Finger-mavintod baads
feature 3 Yees and
PrEMNGITHC dessign that fits
comifortabily on the User's
fingertipe &nabling Intuiiive
and precise control for digital
AT Crealein

Seamless Inlegration

The beads saamiessly
miegrate with digital art
Fofresare, Allorading LISars to
natwrally translate thes hand
PESILITES @ MovEmenis g
digital brushatrokes and
#iTers

Advaneed Sensing
Technolozy

Embeddsd mobon sensorms in
the beads capture the user's
fhrger Frsdyierm s with high
ArCuracy, enabling a frly
immersive and responsive
degiial ar ExpeEnienis

Advantages of Finger-Mounted Bead

Input
&

Inereased Precision

The tactile feepback and fire
rmtar control of rll'lg_Er-
mownted beads enable
incredibly precse digital art
creatinn. #sEng For Intrcate
details and snooth sirokns

O

Nulural Expression

Fnger-mounied Dead ingut
taps inta the natural hand
gestures and body
mireaments artists use when
working with phvsical media,
providing a more intuitive and
immersive digitad art

BEPRTIENCE

0
[

Versalile Control

wWith muiphe beads on each
TII'IEEP. UESErS Cal JCCess 3
wide range af commands and
toals simstanecushy,
streamlining the digial art
workflow and increasing
productivity,
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Intuitive and Natural Artistic Expression

Iha Tengar-mounian beesd Sechnology emalies
3 ey ImEuitaee and natural artisist exporisnde
By transiatng e CEEATIC mation i A
nimEerhps into precss dontal Brushsirokes
you can inlulivedy express your crostaby with
@ devel af pontrol and mEance unmathied oy
traditiomal Input devces

The tactie feedisck of the beads allows you
[0 TeEi (he fexiures and contours of your
digital rameas blonding the physicad and

yirfual workds soamlessly

Seamless Integration with Digital Art

Software

Pl -and - Play
Compalibility

e finger-
mounted bead
Inipeit cevice

500 PTG Sy
intenrates with all
Mdar cghrss arl
safbware, allowing
far & tFuly inLuive
and matwral artisbc

WDk v

Customizahle
hey Bindings

LsBrs can easiky
map the bead input
o thair predfemmad

1 flsare ook s
COMImsands,
Ladarig e
axpariance {0 thair
nctividusl reeds

and preferences

Pressure snd
Till Sensitivily

The bead's
alvanced wengors
Hetedt subtle
changss n
pressure and til
S EE DeDse
comiral oeaer brusn
4|0, opstty, and
othssr digital a=t

[ArETIEETS

Tablet mmd
Tunchsereen
Suppar

The fingesr-
matinded bead
irpat works
sl iy welk
tabilet devices and

TErEER

BT

5, aEawing
lor @ trofy
immarsive and
responEive digtad

arl expErience
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Customizable Bead
Configurations

Tha fmger-maounted bead r{lr_hnr..-{lg;l allorws Tor I'-.'-j:hr,I oEsstomizablo
input configurations, Lsers can choose boad sizes, shapes, anid
matenals 1o suil theair IJI'I|E|I..|E Creathe peads and PETsOnS

preferances
Adjustable bead spacing and placament an the fingertips provides

firm-tunied cantrol for mdricate digital art creation. The custorminsbay
BATIPDMETS. ATTHTS Do -deveiop [hsir awn distinoive @@ical brushsiromes
and gesieral styles,

Precision Control and Tactile Feedback

i Plopoint Aceuracy 2 Taclile Interacibon 3 Responsive Controls

The fimger-mounted The Psaqaos provide q Thie bieads are fighly
Bosd syateen offers tangnle, physical respanthve {0 the ey
urnparalleled precision comnecticn to the mowements, transiating
SawIng artisis 1o diggal canvas. even e shightast
crieads milricale detai Efvhancig Uhe artrlic esbines ibn fiid,

and delicabe exparinnoe | dyfsmid sirokes an the
brushstnakes wikh sase ST
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Collaborative Digital Art

Creation

Finger-mauried bedd isthnolofy Smpiawers artisis o orests digiial
art coMaboratively in real-tima, Mulbple wwers canwork on the zame

CArTvas, ARaring thair unigue creaiive vissand and echmques

PrRIUCE STLNRINEL, COnBSive SrTAnrks

The seamiess integration with digival a1 saftaare anables smaoth
taardination ang nstant feedback, fostering @ dynamic, interaciiye
artists entpariende. Collaboratvse digital ar creation unlocks few

EOSs Dalithes Tar arteshic expression and colledtive adploraton of he

digital mesdim

Potential Applications and Use Cases

Artistle Expression

Finger-moamied bead rechnniogy enabies
imuitiem and dynamic digetal art craation,
allowing artists to seamlessly ranslate their
natural geshees and mossmants ints

wiiramd digital masierpeeces

"roduct Design and Prototyping

Pesmners can utlllze tha bead input to
rapidiy sketch, manipuiate, and d=ate on
30 product concepis. rarmdforming tha
digital desgn process wilh @ more natural
and hands-on approsdh)

Edduation and Therapn

The macrile feethack and pracise oonene af
thét bead sysiem can be beveraged for
edurational purposes, 5w a3 teathing fine
matar skills, and i therspeutic applicationg
far individuaks with phislcal or cognitive
nsamhfIes,

Performative Arts
The technplogy can be integrated into e

performanoey, enabling artists o
intarporate dyramic, gestire-based digital
plespuirils mbn their ereatae mxpressan,
Fhiring ihe bnes bedween 1he physical
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Conclusion and
Future
Developments

A ovwd have expiored the revolubicnary pofendial af inger-mounted
tead (echnalogy for figital ar crestian, the Riture holds ssen mon
axofing possibilities, With continued addanoements in Sermar
IELhnolegy and =afware smisgraticn, (NS sniliisses gl meihod will
DECOrmE INCrEasinEy seadmiess and povwesul, unlocking new frondhers

OF artishic eExpre seion
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PROJECT ACHIVEMENTS

AVISHRAR COMPETITION 2(:23-24
Zonal level for the Savitribai Phule Pune University (SPPL)
Title: Gesture Based Digital Art Creation With Finger Mounted Bead

Abstract:

Gesture — based digital art creéation with a finger — mounted bead 15 a revolutionary
concepl that allows users to draw, write, and explain in onlinge meetings by pointing their finger
towards a PC's web camera, resulting in visual depiction on the screen. Using color recognition
and tracking, the project creates an air canvas that allows users to adjust brush size and color.
It makes use of Python, Open CV, and computer vision. To improve piciure processing, the
suggested method includes steps including morphological operations, background reduction.,
and fingertip identfication. The system detects finger motons in real tme and records them
with accuracy using contour detection and image segmentation, The project’s applications
include helping hearing impaired people communicate, promoting natural human- machine
connection, and lessening the need on conventional writing techniques — all of whichhelp
close the gap between digital and wraditional creative forms. The project’s scope highlights the
smart wearable technologies' prospective future applications by incorporating the possibility

of integration with IoT devices for improved functionality and usage.

CONVENE PROJECT PRESENTATION COMPETITION

10th Mational Level Project Competition

Title : Gesture Based Digital Art Creation With Finger Mounted Bead
Abstract :

Using a finger-mounted bead, gesture-based digital ant production is an innovative
technique that enables users to wrnte, illustrate, and participate in online meetings by just
pointing their finger at a PC's web camera. which projects a visual representation onto the
screen. The project creates an air canvas with customizable brush size and color using color
recogrition and tracking. It wtilizes computer vision, OpenCV, and Python. Morphological

operafions, background reduction, and fingertip récognition aré recommended techmgues 1o
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enhance image processing. The system recogmizes and captures finger motions in real time

using contour recognition and image segmentation. The project's applications include

facilitating communication for individuals with hearing impairments, encouraging natural

human- machine interaction. and reducing the need for traditional writing methods—all of

which contribute 1o the convergence of digital and conventional creative forms. The project’s

scope incorporates the potential for integration with Internet of Things devices for enhanced

functionality and usage, highlighting the potental future apphications of smart wearable

technology.

Paper Pablished no. 1

Paper ID: 2455-6211

Paper Title; Gesture Based Digital Ant Creation Using Finger Mounted Bead
Name of conference : DARESM Volume 3

Paper Published no. 2
Paper ID: 195
Paper Title: Gesture Based Digital Ant Creaton Using Finger Mounted Bead

Mame of conference : ICSIS 2024

APCOER, Department of Computer Engineering 2023-24
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Step-by-step documentation incorporating the use of V5 Code, Spyder IDE, and the creation

of a dedicated VS Code environment for the project:

. Set up the Development Enviromment:

s Install V5 Code distribution, which includes Python, Spyder IDE. and various
scientific computing packages,

« Create a pew VS Code environment specifically for this project

s Activate the project environment.

s Install required Python packages and libraries {e.g., OpenCV. Dlib) using pip.

2. Hand Detection Module:

s  Within Spyder IDE, create a new Python script for hand detection.

« Load the pre-trained KNN classifier for hand detection.

«  [mplement afunction to capture video frames from the webcam or a video file.
« Apply the KNN classifier to detéct hands in each frame.

s« Draw bounding boxes around the detected hand in the frame.

= Display the processed frames in a window or save them to a file.
3. irestores Detection Moduale:

o Create a new Python script or module for gestures detection within Spyder IDE.

« |mplement finger tip detection uvsing techmiques like hand tracking with
OpenCV or Dlib.

« Implement hand pose estimation using hand landmark detection with OpenCV
or Diib,

s Develop a pesture detection algorithm that combines finger ips and hand pose
iformation (o determine.

= Test and optimize the gesture detection module using a dataset of hand (e.g.,

printed photos, replayed videos, 31 masks).
4. Integration with Canvas:

= Smdy the architecture and codebase of the existing Canvas.
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o Identify suitable integration points within the canvas for incorporating the hand
detection maodule,

= ‘Within Spyder IDE. create Python scripts or modules for Canvas integration.

s Develop or hooks to intégrate the hand detection module with the canvas.

« Implement user authentication mechanisms that incorporate hand detection as

an additional factor,
5. User Interface Development:

« Provide clear instructions and visual feedback to guide students through the
hand detection process.
« Integrate it with the hand detection, gesture detection modules, and canvas

MIEZrAtIOn COMpOnents.
i, Testing and Evaluation.

« Within Spyder IDE, create test scripts or utihize testing frameworks like unit test
or pyiest.

= Conduct unit testing for individual modules {Hand detection, Gesture detection,
Canvas integration, erc. ).

« Perform mmegration (esting o ensure the seamless functionality of the entire
system.

« Carry out user acceptance estng (UAT) with a diverse group of students and
inStruclons.

«  Ewvalvate the system's performance, sccuracy, and usability under various

scenartos and environmental conditions.
7. Deployment and Documentation

= Package the Pyvthon modules and dependencies for deployment.

= Deploy the Gesture Based detection system and integrate it with the production
Adr Canvas.

= [mplement necessary securily measures for data protection and privacy.

« Create comprehensive documentation, including wser manuals, installation

guides, and manienance procedures.
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o Tran admimistrators, instroctors, and students on the proper usage and

troubleshooting of the system,
8. Maintenance and Improvement

« Establish processes for monitoring system performance and collecting user
feedback

« Implement a plan for regular updates and enhancements based on user feedback
and evolving requirements

« Continuously update the pgesture based detection algorithms to improve

accuracy and robustness against new spoofing techniques.

9. Compliance and Regulations

« Ensure complisnce with relevant regulations and guidelines regarding data
privacy, biometric data handling, and edocational technology standards.
 Implement appropriste consent and opt-out mechanisms for users regarding the

collection amnd use of biomeiric dati.
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Code

# All the imports go here
import cv2

impornt numpy as ap

impont mediapipe as mp

from collections import degue

# Giving different arrays w0 hamdle color pomnts of different color
bpoints = [dequeimaxlen=1024)]
gpoints = [dequeimaxlen=1024)]
rpaints = [dequelmaxlen=1024)]
ypoints = [dequeimaxlen=1024)]

# These indexes will be used to mark the points in particular arrays of specific color
blue_index =1

green_index =0

red_index =10

yellow_index =0

# The kernel to be used for dilation purpose
kernel = np.ones(( 3. 5), np.uinty)

colors = [(255, 0, O, (0, 255, O, (0, 0, 255}, (0, 255, 255)]
colorIndex = 0

# Here 18 code for Canvas setup

paintWindow = np.2eros((720, 1280, 3)) + 255 # Increased canvas size
paintWindow = cv2. rectangle(paimWindow, (40, 1), (140, 65), (0, 0, 0}, 2)
paintWindow = ¢v2 rectangle(paintWindow, (160, 1), (255, 65), (255, 0, 0), 2)
paintWindow = cv2 rectangle(paintWindow., (275, 1), (370, 65), (), 255, 0), 2)
pamntWindow = cvZ rectangle(paintWindow, (390, 1), (485, 65), (0, 0, 255), 2)
paintWindow = cvZ rectangle(pantWindow, (505, 1), (600, 65), (0, 255, 255), 2)

ev2.put Text{paintWindow, "CLEAR", (49, 33), cv2. FONT_HERSHEY _SIMPLEX, 0.5, (0,
0, 0), 2, cv2 LINE_AA)

cv2.pmText{paintWindow, "BLUE", (185, 33), cv2 FONT_HERSHEY SIMPLEX, 0.5, (0.
0, 03, 2, ev2 LINE_AA)

cv2 putTextipaintWindow, "GREEN", (29%, 33). cv2. FONT_HERSHEY _SIMPLEX, 0.5, (0,
0,00, 2, cv2 LINE_AA)

cv2.putTextipantWindow, "RED™, (420, 33), cv2. FONT_HERSHEY SIMPLEX, (L5, (€}, (0,
0), 2, ev2 LINE_AA)

ev2 putText{paimtWindow, "YELLOW", (520, 33), cv2 FONT_HERSHEY _SIMPLEX, (0.5,
{0, 0, 00, 2, ev2 LINE_AA)

cvi.namedWindow('Paint'. ov2 WINDOW _AUTOSIZE)

i Initialize mediapipe

mpHands = mp.solutions. hands

hands = mpHands. Hands{max_num_hands=1, min_detection_confidence=(.7)
mpDraw = mp.solutions.drawing_unls

APCOER, Department of Computer Engineering 2023-24 146




#t Imitialize the webcam
cap = cv2. VideoCapture{(})
ret = True

# Smoothing parameters
alpha = (1.5
filtered_center = ({), ()

while rei:
# Read each frame from the webcam
ret, frame = cap.read()

%, ¥, ¢ = frame.shape

# Flip the frame vertically
frame = cv2.tlip(frame. 1)
framergh = cv2.cviColor{ frame, cv2. COLOR_BGR2ZRGH)

frame = cv2rectangle{frame, (40, 1), (140, 65), (0, 0, (1), 2)

frame = ev2Z.rectangle(frame, (160, 1), (255, 65), (255, 0, 0), 2)

frame = cv2.rectangle{frame. (275, 1), (370, 65), (0, 255, (), 2)

frame = cv2.rectangle{frame, (390, 1), (485, 65), (0, 0, 255), 2)

frame = cv2.rectangle(frame, (505, 1), (600, 65), (0, 255, 255). 2)

cv2 putText(frame, "CLEAR®, (49, 33), cv2. FONT_HERSHEY _SIMPLEX, 0.5, (0, 0, (1,
2, ev2.LINE_AA)

cva. putText(frame, "BLUE", (185, 33), cv2. FONT_HERSHEY _SIMPLEX, (1.5, (0, (0, (),
2, cv2Z LINE_AA)

v putText{frame, "GREEN", (298, 33}, cv2. FONT_HERSHEY_SIMPLEX, 0.5, (D, 0.
), 2, evZ LINE_AA)

cv2 putText{frame, "RED", (420, 33), cv2 FONT_HERSHEY_SIMFPLEX, 0.5, (0, 0, 0), 2,
cv2 LINE_AA)

cvd.putText{frame, "YELLOW", (520, 33), cv2, FONT_HERSHEY _SIMPLEX, 0.5, (0, 0,
01, 2, ev2ZLINE AA)

# Get hand landmark prediction
result = hands.processi framergh)

i post-process the result
if pesultmulii_hand landmarks:
landmarks = []
for handslms in result. multi_hand_landmarlks;
for lm in handslms landmark:
Imx = int(lm.x * 6400
Imy = int{Im.y * 480
landmarks.append([Imx, Imy])

# Drawing landmarks on frames

mpDraw draw_landmarksframe, handslms, mpHands HAND CONNECTIONS)
fore_finger = (landmarks[8][0], landmarks{E][1])
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center = fore_finger
thumb = (landmarks[4|[0], landmark<[4][1]}

# Smoothing the hand movements
fltered _center = |
int{alpha * filtered_center[0] + (1 - alpha) * center[0]).
intialpha * filtered_cemter[1] + (1 - alpha) * center]1])
]

cv2.owrclef frame, filtered center, 3, (0, 255, 09, -1

if {thumb{ 1] - center[1] < 30):
bpoints. append{dequei{maxlen=512}}
blue_index += 1
gpoints append{dequeimaxlen=512))
green_index += |
rpoints. append{dequeimaxlen=512))
red_index += |
ypoints.append{dequeimaxlen=512))
yellow_index +=1

elif center[1] <= 65:
if 40 <= center[(}] <= [40: # Clear Buiton
bpoints = [dequeimaxlen=5112)]
gpoinis = [dequeimaxlen=5112)]
moints = [deque{maxlen=512)]
ypoints = [dequeimaxlen=512)]

blue_index =1}
green_index =1)
red_index = 0
yellow_index =0

paintWindow[&7:, =, :] = 255
ehif 16 <= center](}] <= 255:
colorlndex = ) # Blue
elif 275 <= center{(}] <= 370
colorlndex = 1 # Green
elif 390 <= center[(] <= 485:
colorlndex =2 # Red
elif 505 <= center{0] <= 6{}:
colorindex = 3 # Yellow
else:
if colorIndex — (0
bpoints{blue_index J.appendleft(filtered_center) # Use fillered center
elif colorlndex == 1:
gpoints| green_index |.appendleft(filtered_center)
elif colorlndex — 2:
rpoints[red_index ] appendlefi{fihered _center)
elif colorlndex == 3:
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ypoints[vellow _index |appendiefi{ filtered _center)

else:

bpoints.append{dequeimaxlen=512))
bloe index 4= 1
gpoints.append{dequeimaxlen=512))
green_index += |

rpaints. appendi dequeimaxlen=512))
red_index += |
ypoints.append{dequelmaxlen=512}))
yellow _index += |

# Draw lines of all the colors on the canvas and frame
points = [bpoints, gpoints, rpoints, ypoints|
for 1 in range(len{points)):

for | in range(len{ points[if):
for k in range( 1, len{points|i][j]
if points|i][j][k - 1] is None or pointsi][j][k] 15 None:
continue
# Use Bresenham's Line Algorithm for smoother lines
cvlline(frame, pomisfi][j|[k - 1], poantsfi][jl[k], colorsfi]. 2)
ev2. line(paintWindow, points[i][j]lk - 1]. points|i][j][k]. colors[i], 2)

cv2.amshow("Outpunt”, frame)
cvZaimshow("Paint™, paimWindow)

if ev2.waitKey(1) = ord{'q"):

break

# release the webcam and destroy all active windows
cap.release()
ev2.destroy AllWindows()
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