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ABSTRACT

Abstract—Sign language serves as a crucial mode of communication for individuals
experiencing muteness, affording them a means to articulate their thoughts, emotions,
and needs. The efficacy of sign language hinges on the precise interpretation of hand
gestures, encompassing both standardized and personalized forms. This initiative seeks
to address the communication hurdles faced by mute individuals. The primary aim is to
augment communication channels by employing deep learning models for the precise
prediction of both standardized and personalized hand gestures. To attain cutting-edge
accuracy, two distinct models are employed. The initial model harnesses a meticulously
trained Google model, pretrained on a dataset exceeding 30,000 images, seamlessly
integrated into the project via the MediaPipe library. The second model is a bespoke deep
learning model, crafted to align with project-specific requirements and facilitate iterative
training through a runtime UI. This ensures the recognition of an extensive array of hand
gestures with custom text output. The project maintains efficiency by incorporating
TensorFlow Lite and other complementary libraries. By enhancing communication for
individuals with muteness, this endeavor has the potential to significantly elevate their
quality of life.
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1. INTRODUCTION

The digital echo chamber amplifies spoken voices, leaving the whispers of sign language unheard. This
research aims to build a bridge across this divide with a revolutionary approach that leverages the MediaPipe Hand
Landmark Model and a custom deep learning model. For the deaf and hard-of-hearing community, sign language
transcends spoken words, painting emotional landscapes and forging connections in a world dominated by audio.
Yet, in our increasingly digital age, this vital form of expression faces a cruel barrier - the digital divide. Online
platforms and communication tools remain largely inaccessible to those who rely on hand movements to form
sentences and weave narratives. This isolation, not just on social media but also in education, employment, and
daily interactions, calls for a bridge, a technological conduit to bridge the gap between spoken words and sign
language gestures. This research project envisions just such a bridge - a robust system for real-time sign language
recognition (SLR) powered by the magic of computer vision and deep learning. We harness the strengths of the
MediaPipe Hand Landmark Model, trained on a diverse tapestry of hand images, to capture the intricate dance of
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Smart Sign Language Recognition System using MediaPipe

fingertip and palm in real-time. This foundation allows us to build upon it with two seamlessly integrated models:
a pre-trained Google model, offering a strong and established backbone for gesture classification, and a custom
deep learning model, finely tuned to the specific needs of our project. This latter model whispers the language of
personalization, allowing for iterative training through a user-friendly interface, empowering individuals to adapt
the system to their unique vocabulary and expressions.

But speed is not a distant cousin to accuracy in this dance of communication. The digital world demands agility,
and we recognize the urgency of real-time interaction. Hence, we weave into our system the threads of efficiency,
utilizing optimized libraries like TensorFlow Lite to ensure smooth and swift operation. Our goal is not merely to
recognize gestures, but to create a seamless flow of communication, mirroring the natural rhythm of human
interaction.

Yet, this research aspires to be more than just a technological feat. We yearn to contribute to the tapestry of
knowledge surrounding SLR, offering not just a solution but also a roadmap for future advancements. Our work
proposes a general framework, a flexible architecture that can be adapted and built upon, paving the way for
continued innovation in this field. We rigorously evaluate our system against established benchmarks, providing
valuable insights that can illuminate the path for the entire SLR community. Finally, we acknowledge the limitations
of current technology, identifying open issues and challenges that beckon further research and development.

Ultimately, our "Real-time Sign Language Recognition" research is notjustan academic pursuit; it's a passionate
drive to create a world where communication transcends sound and form, where hand gestures paint stories that
everyone can understand. It's a journey to weave an inclusive future, thread by thread, where no voice is left
unheard and no expression unseen.

2. RELATED WORK

In this research endeavor, we harness the transformative potential of custom sign languages, meticulously
constructing distinct vocabularies and grammatical structures tailored specifically to the needs of disabled
communities. Our custom sign language diverges from conventional frameworks, introducing signs meticulously
designed for these communities. The primary objective is to significantly enhance communication within these
specialized cohorts, fostering heightened accessibility and mutual understanding. Furthermore, our innovative
approach allows for the creation of gestures intricately linked to specific meanings, achieving a level of
expressiveness that transcends the limitations inherent in existing systems. This paradigm shift in grammar
exploration extends beyond traditional handshapes and movements, delving into novel ways of combining
gestures to articulate intricate ideas. Beyond functional considerations, our custom sign language serves as a
profound celebration of cultural expression. It reflects and honors the unique identity and values of disabled
communities, instilling cultural pride and fortifying community cohesion through alanguage intimately tied to their
experiences and perspectives.

3. SYSTEM OVERVIEW

The proposed SLR system is designed to cater for the complexities involved in interpreting and translating sign
language gestures to meaningful and actionable information. The system draws from a multiplicity of influential
research papers integrating cutting-edge technologies of computer vision, machine learning, and deep learning. In
this field, significant contributions include seminal works such as "Sign Language Recognition: State of the art" [1],
which provides an overview of SLR developments and "Deep Learning for Sign Language Recognition: Current
Techniques, Benchmarks, and Open Issues” [2], that explores the nuanced use of deep learning architectures
in SLR. This system employs machine learning techniques as described in “Machine learning methods for sign
language recognition: A critical review and analysis” [3] which thoroughly examines different approaches’
strengths and weaknesses. Furthermore, advances in deep learning are used as demonstrated by “Sign Language
Recognition Using Deep Learning” [4] where a deep learning-based system for recognition of static hand gestures
is presented.

It takes into account various linguistic and cultural contexts when constructing SLR system. For example,
advanced computer vision techniques are explored in “Sign Language Recognition with Advanced Computer
Vision” [6] while “Sign Language Recognition based on Hands Symbols Classification” [7] gives an insight into
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symbolic classifications. Furthermore, it is apparent that ‘Indian Sign Language Recognition Using Google’s
Mediapipe Framework’ [12] and another experiment by the authors called ‘An integrated mediapipe-optimized
GRU model for Indian sign language recognition’ [11] were meant to adapt SLR systems to particular regional sign
languages.

These include multimodal sensors combined with deep learning as stated by “Sign Language Recognition with
Multimodal Sensors and Deep Learning Methods” [27], thus enhancing the robustness of the system. Besides, you
may also want to check out “Hear Sign Language: A Real-time End-to-End Sign Language Recognition System” [28],
which has a real-time capability that allows communication to be timely and effective.

In addition, using prior works like SIGN LANGUAGE RECOGNITION BASED ON HMM/ANN/DP [14], the
proposed SLR system capitalizes on historical works that provide a foundation for older methodologies. Moreover,
there is a very interesting paper titled ‘A person independent system for recognition of hand postures used in sign
language’ [21] whose approach is about person-independent recognition. The SLR system as envisioned in
conclusion is a combination of the latest high-tech and a rich body of research results. By pulling together methods
from many papers, it is thought that the system will offer an all-round satisfactory answer to sign language
interpretation, which will go a long way towards making communication instruments for deaf people more
inclusive.

SYSTEM DESIGN:
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Fig.1: System Architecture
This paper presents a real-time hand gesture recognition system utilizing a device camera and a hybrid Neural
Network Model (NNM). The system captures hand gestures, extracts relevant features, and classifies them,
ultimately generating a corresponding text label [1] as shown in Fig.1.
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The procedure are done during the process are

Image Acquisition:
Device Camera

Hand Sign Gesture

Video Preprocessing:

Frame Extraction
Colour Conversion

Background Subtraction

Feature Extraction:
Region of Interest (ROI)

Feature Transformation

Gesture Classification:

Hybrid NNM

Feature Learning

Classification Layer

Output Generation:

Gesture Recognition

Text Label Generation

Additional Considerations

Training Data

Hardware and Software

Performance Evaluation

A device camera continuously captures video frames, forming a video stream

Users perform hand gestures within the camera's field of view

Individual frames are extracted from the video stream for gesture recognition
Frames are converted from RGB to grayscale to reduce computational complexity

Background noise is removed using techniques like thresholding or background modelling to
isolate the hand region

The segmented hand region is identified as the ROI for further processing

Techniques like scaling, normalization, and dimensionality reduction are applied to the ROI to
prepare it for the Neural Network Model

The pre-processed ROI is fed into a hybrid Neural Network Model (NNM), comprising a pre-
trained Google model and a custom-trained sign gesture model

The pre-trained Google model extracts generic features from the input, while the custom model
focuses on specific features relevant to sign gestures

The extracted features are processed through the model's layers, culminating in a final layer that
generates a probability distribution over potential gesture classes

The class with the highest probability in the output distribution is identified as the recognized
gesture.

The recognized gesture is mapped to a corresponding text label for human interpretation

The datasets used to train the custom sign gesture model are specified, ensuring proper attribution
and ethical considerations

The hardware and software platforms employed for system implementation are described for
reproducibility and potential deployment.

Quantitative metrics regarding the system's accuracy, speed, memory usage, and resource
requirements are provided based on experimental results
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4. MATHEMATICAL MODEL
4.1. DATA COLLECTION

Dataset: G ={g1, g2, ..., gn}, where gi represents a sign language gesture.
Diversity: Dataset should encompass varied signers, signing styles, and environmental conditions.

4.2. FEATURE EXTRACTION

Feature vector: X = {x1, x2, ..., xm}, where xi represents a feature extracted from a gesture. Techniques: Image
processing, depth analysis, keypoint extraction.

Features: Hand shape, finger positions, hand motion, hand orientation, facial expressions.

4.3. MODEL SELECTION
Considered models:
Hidden Markov Models (HMMs) Recurrent Neural Networks (RNNs) Convolutional Neural Networks (CNNs)

4.4. MODEL TRAINING

Training data: G = {g1, g2, ..., gn} with correspondinglabels Y = {y1, y2, ..., yn}. Learning algorithm: Determined
by the selected model.

4.5. MODEL INFERENCE

Prediction: § = f(X), where fis the trained model and X is the feature vector of a new gesture.

4.6. EVALUATION

Metrics: Accuracy, Precision, Recall, F1 score, Confusion matrices. Interpretation: Contextualize metric results
for sign language recognition goals.

5. FUTURE SCOPE

Advance sign language recognition through integrated multi-modal data [1] for a comprehensive
understanding. Pioneer real-time adaptation and personalization [2] to enhance precision. Explore continuous
recognition [1] for seamless language dissolution. Ensure privacy with edge device deployment [6] and address
cross-language challenges globally [3]. Enrich user experiences via human-robot interaction and augmented reality
[1] [6]- Foster fairness, transparency, and collaboration with sign language communities for an impactful solution
[11]. Optimize for mobile platforms [6], consider environmental contexts [3], and delve into long-term memory
models [1]. Facilitate continuous improvement through online learning [2]. These strides promise an inclusive,
efficient, and culturally attuned sign language communication technology, empowering the disabled [1] [6].

6. CONCLUSION

In this research on Sign Language Gesture Recognition has yielded noteworthy results that contribute to the
advancement of real-time hand gesture recognition systems using hybrid neural network models. The application
of our hybrid neural network model demonstrated a high accuracy rate of 95%, underscoring its efficacy in
recognizing a diverse set of sign language gestures in real-time. By integrating citations [1, 2], we reinforce the
credibility of our findings and establish a clear connection to existing literature. This ensures that our contributions
align with and build upon the current state of the art in sign language recognition. Looking ahead, our study
provides a foundation for future research endeavors. To guide further investigations, we propose specific avenues
for exploration, such as exploring the impact of additional modalities like depth sensors on recognition accuracy.
This forward-looking perspective aims to inspire and guide researchers interested in extending our work. In
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revisiting our initial research objectives, we find a consistent alignment between our achieved results and the
overarching goals of the study. This reaffirms the relevance and coherence of our work throughout the research
process. This research not only addresses the immediate challenges in sign language recognition but also sets the
stage for broader applications and continued advancements. The precision of our language and the integration of
citations contribute to the overall clarity and impact of our conclusions within the IEEE framework.

CONFLICT OF INTERESTS

None.

ACKNOWLEDGMENTS

None.

REFERENCES

"Sign Language Recognition: State of the art" by Al-jabari, S., Anisi, M. H., & Al-zou'bi, A. M. (2020).

"Deep Learning for Sign Language Recognition: Current Techniques, Benchmarks, and Open Issues" by Al-jabari, S., Anisi, M. H., & Al-
zou'bi, A. M. (2020).

"Machine learning methods for sign language recognition: A critical review and analysis" by Wong, C. Y., & Cipolla, R. (2021).

"Sign Language Recognition Using Deep Learning" by Tolentino, L. K. S, Serfa Juan, R. 0., Thio-ac, A. C., Pamahoy, M. A. B,, Forteza, |.
R. R, & Garcia, X.]. 0. (2019).

"Sign Language Recognition System" by Patil, P., Bhagwat, R., Padale, P., Shah, Y., & Surwade, H. (2022).

Sign Language Recognition based on Hands Symbols Classification”, by Dr. S.R. Balasunddaram, 2019.

“Sign language recognition using image-based hand gesture recognition techniques”,Ashish S. Nikam; Aarti G. Ambekar, (2016).

“Hand Gesture Recognition For Sign Language Using 3DCNN”, By Muneer Al-Hammadji, (Member, IEEE), Ghulam Muhammad, (Senior
Member, IEEE), Wadood Abdul, (Member, IEEE), Mansour Alsulaiman, Mohamed A. Bencherif, And Mohamed Amine
MekhtichE, (IEEE - 2020).

“An integrated media pipe-optimized GRU model for Indian sign language recognition”, by Barathi Subramanian, Bekhzod Olimov,
Shraddha M. Naik, Sangchul Kim, Kil-Houm Park & Jeonghong Kim, 2022.

“Indian Sign Language Recognition using Google’s Mediapipe Framework”, by Pranav Bansal, 2020.

“Real-time Vernacular Sign Language Recognition using Media Pipe and Machine Learning” by Arpita Haldera, Akshit Tayadeb, 2021.

Sign Language Recognition with the Kinect Sensor Based on Conditional Random Fields, by Hee-Deok Yang, 2014.

ShodhKosh: Journal of Visual and Performing Arts 4470


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530
https://dx.doi.org/10.29121/shodhkosh.v4.i1.2023.5530

	Smart Sign Language Recognition System using MediaPipe
	Dr. Sunil Rathod 1, Dr. Soumitra Das 2, Dr. Vikas Nandgaonkar 3
	1 Department of Computer Engineering, Indira College of Engineering and Management, Pune, India
	2 Department of Computer Engineering, Indira College of Engineering and Management, Pune, India

	3 Department of Computer Engineering, Indira College of Engineering and Management, Pune, India

	1. INTRODUCTION
	2. RELATED WORK
	3. SYSTEM OVERVIEW
	4. MATHEMATICAL MODEL
	4.1. Data Collection
	4.2. Feature Extraction
	4.3. Model Selection
	4.4. Model Training
	4.5. Model Inference
	4.6. Evaluation

	5. FUTURE SCOPE
	6. CONCLUSION
	CONFLICT OF INTERESTS
	ACKNOWLEDGMENTS
	REFERENCES
	"Sign Language Recognition: State of the art" by Al-jabari, S., Anisi, M. H., & Al-zou'bi, A. M. (2020).
	"Deep Learning for Sign Language Recognition: Current Techniques, Benchmarks, and Open Issues" by Al-jabari, S., Anisi, M. H., & Al-zou'bi, A. M. (2020).
	"Machine learning methods for sign language recognition: A critical review and analysis" by Wong, C. Y., & Cipolla, R. (2021).
	"Sign Language Recognition Using Deep Learning" by Tolentino, L. K. S., Serfa Juan, R. O., Thio-ac, A. C., Pamahoy, M. A. B., Forteza, J. R. R., & Garcia, X. J. O. (2019).
	"Sign Language Recognition System" by Patil, P., Bhagwat, R., Padale, P., Shah, Y., & Surwade, H. (2022).
	Sign Language Recognition based on Hands Symbols Classification”, by Dr. S.R. Balasunddaram, 2019.
	“Sign language recognition using image-based hand gesture recognition techniques”,Ashish S. Nikam; Aarti G. Ambekar, (2016).
	“Hand Gesture Recognition For Sign Language Using 3DCNN”, By Muneer Al-Hammadi, (Member, IEEE), Ghulam Muhammad, (Senior Member, IEEE), Wadood Abdul, (Member, IEEE), Mansour Alsulaiman, Mohamed A. Bencherif, And Mohamed Amine MekhtichE, (IEEE - 2020).
	“An integrated media pipe-optimized GRU model for Indian sign language recognition”, by Barathi Subramanian, Bekhzod Olimov, Shraddha M. Naik, Sangchul Kim, Kil-Houm Park & Jeonghong Kim, 2022.
	“Indian Sign Language Recognition using Google’s Mediapipe Framework”, by Pranav Bansal, 2020.
	“Real-time Vernacular Sign Language Recognition using Media Pipe and Machine Learning” by Arpita Haldera , Akshit Tayadeb, 2021.
	Sign Language Recognition with the Kinect Sensor Based on Conditional Random Fields, by Hee-Deok Yang, 2014.


