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Abstract - The communication barriers experienced by individuals with hearing and speech impairments demand innovative and
accessible technological solutions. In response to this need, SignoBot is proposed as a real-time sign language recognition and
conversational Al system. SignoBot aims to integrate computer vision techniques for accurate hand gesture detection, machine
learning algorithms for gesture classification, and Al-based chatbot functionalities for interactive communication. The system is
designed to capture hand movements through webcam-based input, process frames using MediaPipe and custom-trained models,
and translate recognized gestures into both text and speech outputs. Furthermore, it incorporates Google Gemini API to facilitate
speech- and text-based queries, allowing users to interact with an Al agent seamlessly. By offering dual input modes and real-time
feedback, SignoBot seeks to enhance communication assistance for individuals with physical challenges. This paper presents a
comprehensive overview of the methodology, the technological components employed, and a comparative analysis with existing
solutions to highlight SignoBot’s potential impact in advancing assistive communication technologies.

Index Terms - Sign language Recognition, Assistive Technology, Al Chatbot, Gemini API, Accessibility, Human-Computer
Interaction

I. INTRODUCTION

Communication plays a fundamental role in human interaction and societal participation. However, for individuals with hearing or
speech impairments, effective communication remains a significant challenge — particularly in environments where sign language
is not commonly understood. Traditional aids, such as human interpreters and textual transcription services, are not always
accessible, practical, or affordable. As a result, there exists a critical need for technological solutions that can bridge this
communication gap more efficiently.

In recent years, advancements in artificial intelligence (Al), computer vision (CV), and machine learning (ML) have opened new
possibilities for assistive technologies. Several research efforts have explored the recognition of hand gestures and sign languages
using image classification, pose estimation, and deep learning techniques. Yet, many of these systems are limited by static
recognition capabilities, lack of real-time interaction, or the absence of conversational responsiveness. To overcome these gaps, this
paper proposes SignoBot — an innovative system that combines real-time hand gesture recognition with conversational Al,
enabling a more dynamic and accessible communication platform.

SignoBot operates by capturing hand movements through a webcam, processing the visual data using MediaPipe for accurate hand
landmark detection, and classifying gestures using custom-trained machine learning models. Once a gesture is identified, it is
translated into text and synthesized into speech output. Moreover, SignoBot integrates the Google Gemini API, allowing users to
engage in meaningful dialogue with an Al assistant, either through speech or typed text. This two-way interaction enriches the
communication experience, making it suitable for diverse environments and user needs.

The remainder of this paper is organized as follows. Section 2 presents the background study, highlighting the evolution of sign
language recognition technologies and significant advancements in related fields. Section 3 provides a comparative analysis of prior
works, identifying their limitations and establishing the need for an improved system like SignoBot. Section 4 describes the
proposed methodology, detailing the system architecture, the hand gesture recognition process, conversational Al integration, and
other functional components. Section 5 discusses the expected outcomes and performance analysis of the proposed system. Finally,
Section 6 concludes the study and outlines future directions for enhancing and expanding the capabilities of SignoBot.

Il. LITERATURE SURVEY

The advent of computer vision technologies marked a major turning point in sign language recognition systems. Initially, efforts
focused on image-based models utilizing 2D cameras and convolutional neural networks (CNNSs). These models eliminated the need
for wearable hardware[1], offering users a contactless experience. However, they required controlled conditions such as consistent
lighting, static backgrounds, and fixed poses, making them less reliable in dynamic, real-world environments[2]. Furthermore, these
solutions predominantly handled static gestures, lacking the capability to capture the temporal flow inherent in natural sign language
communication[3].
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Earlier technological interventions in sign language recognition relied heavily on glove-based systems. Glove-based systems

involve wearing sensor-embedded gloves that detect finger flexion, hand orientation, and position changes[4]. These systems were
relatively accurate in structured laboratory settings but posed significant limitations[5]. The hardware dependency made them
costly, uncomfortable for long-term use, and unsuitable for day-to-day interactions. The requirement to physically wear gloves
acted as a barrier to widespread adoption in real-world settings.

To address some of these challenges, researchers developed hybrid models that combined CNNs for spatial feature extraction with
Recurrent Neural Networks (RNNs) or Long Short-Term Memory (LSTM) networks to capture temporal sequences[6]. These
hybrid models showed improvements in recognizing dynamic and continuous gestures. However, they still struggled with
adaptability across diverse users, varying hand sizes, and different background conditions[7].

Another critical shortcoming of prior systems was their inability to engage in interactive conversations. Most existing solutions
simply converted recognized gestures into text or speech without understanding the context or responding meaningfully to the user’s
input[8]. There was no provision for conducting dialogues before.

SignoBot seeks to overcome these limitations by integrating MediaPipe for real-time and accurate hand landmark detection, a CNN-
LSTM based classifier for robust gesture recognition, and the Gemini conversational Al for enabling intelligent, context-aware
interactions. This integrated approach allows SignoBot to function effectively.

1. COMPARATIVE ANALYSIS OF PRIOR WORK

Table 1 below provides a comparison of different sign language recognition systems, clearly illustrating how SignoBot offers a
more comprehensive and effective solution. Glove-based systems were among the earliest technological interventions, relying
heavily on specialized sensor-equipped hardware. Although they offered basic recognition accuracy, they exhibited low real-time
performance and lacked conversational Al integration, making them less adaptable and impractical for daily use[9].

System Real-Time Hardware Conversational | Adaptability
Support Dependency Al
Glove-Based Low High None Low
Static Image Low Low None Low
Classifier
CNN-LSTM Hybrid | Moderate Low None Moderate
SignoBot High None Integrated High

Table 1: Comparative analysis of sign language recognition systems.

Static image classifiers marked a significant advancement by eliminating the need for wearable devices, using computer vision
algorithms to recognize isolated gestures[10]. However, their limitations included low real-time support, rigid environment
requirements (uniform lighting, fixed backgrounds), and the absence of conversational abilities[11]. Similarly, CNN-LSTM hybrid
models, although better equipped to interpret dynamic gestures over time, still did not integrate context-aware communication, and
their adaptability across diverse settings and users remained moderate[12].

In contrast, SignoBot distinguishes itself by offering high real-time support without depending on specialized hardware. It combines
gesture recognition with integrated conversational Al powered by the Gemini API, allowing for dynamic, context-sensitive
interactions. Moreover, SignoBot is designed to be highly adaptable across different users, environments, and use cases, providing
a more inclusive and scalable solution compared to traditional systems[13].
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Figure 1: The average recognition accuracy of the ASL alphabet is illustrated.

Figure 1 describes some misrecognition occurred using this system due to the presence of similar shapes. This comparison highlights
that while earlier systems contributed valuable steps toward automated sign recognition, they failed to fully address real-time
interactivity, ease of use, and inclusivity. SignoBot fills this gap by offering a seamless, intelligent, and accessible communication
bridge for individuals with hearing or speech impairments[14]

IVV. PROPOSED METHOD OF RESEARCH

Figure 2 flowchart outlines the process of real-time sign language detection. It begins with capturing video input from a camera and
proceeds through image pre-processing to prepare the frames for analysis. Leveraging MediaPipe for hand detection, the system
then employs an model for gesture recognition, ultimately mapping the identified gesture to its corresponding textual representation
for display.

Real-Time Sign Language
Detection

Capture Video Feed
(Camera Input)

.

Pre-process Image
(Resize, Normalize)

’

Hand Detection
(Using MediaPipe)

.

Model Classifies Gesture
(Output: Detected Sign)

End

Figure 2: Flowchart for Real Time Sign Language Detection
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Figure 3 flowchart illustrates the operational steps of an Al chatbot powered by the Google Gemini API. The process initiates with

user input, accepting both speech and text. For spoken input, speech recognition converts it into text, which is then processed before
being sent as a query to the Gemini API. The received response is then presented to the user, either through text-to-speech for
auditory output or directly as text on a display.

SIGNOBOT- Al CHATBOT

User Input
(Speech or Text)

!

Speech Recognition
(Irrespective the
input is Speech or
text)

l

Send Query to
Google Gemini API

Text - to - Speech Display Response
(If Output is Speech) (If Output is Text)

Figure 3: Flowchart for Al Chatbot
V. RESULT AND ANALYSIS

SignoBot is currently conceptually validated based on its robust architecture and the seamless integration of well-established
technologies. The individual components, such as MediaPipe for hand tracking, LSTM (Long Short-Term Memory) networks for
gesture recognition, and the Gemini API for conversational Al, are each proven in their respective domains. When integrated
together, they create a powerful, cohesive system that offers several unique advantages.

First, SignoBot provides real-time gesture recognition that can operate effectively across a variety of environments, ensuring
accurate detection regardless of lighting or background noise. Additionally, the system supports dual-mode input, allowing users to
interact through either gestures or speech, making it adaptable to diverse communication needs. The integration of conversational
Al through the Gemini API further enhances SignoBot by enabling it to engage in meaningful dialogue. It can provide helpful
guidance, answer questions, and extend the interaction in a dynamic and context-aware manner.

SignoBot is not just a tool for sign language translation; it is envisioned as a comprehensive assistive agent that interacts naturally
and inclusively with users. By offering both visual and auditory modes of communication, SignoBot aims to break down barriers
for people with hearing impairments, creating a more accessible and engaging experience for all users. Its ability to bridge the gap
between sign language and everyday conversation positions it as a significant step forward in the development of inclusive
technology.

VI. CONCLUSION AND FUTURE SCOPE

SignoBot represents a significant advancement in the domain of inclusive Al-driven communication tools. Designed specifically
to address the communication barriers faced by individuals with hearing and speech impairments, it integrates real-time gesture
recognition, natural language understanding, and dynamic conversational abilities into a single accessible platform. By combining
computer vision techniques for hand tracking with the conversational intelligence of the Gemini API, SignoBot creates a seamless
bridge between gestural communication and verbal or textual interactions.

Compared to earlier systems that were either hardware-dependent or limited to static gesture recognition, SignoBot offers a
comprehensive and user-friendly solution. Glove-based models, though initially innovative, suffered from hardware discomfort and
restricted mobility. Similarly, static image classifiers and CNN-LSTM models lacked real-time interaction and contextual
understanding. In contrast, SignoBot eliminates these limitations by enabling hardware-free usage, supporting multi-modal inputs,
and allowing context-aware conversations, setting a new standard for assistive technologies.

TIJER2504151 TIJER — INTERNATIONAL RESEARCH JOURNAL www.tijer.org | b85



TIJER || ISSN 2349-9249 || © April 2025, Volume 12, Issue 4 || www.tijer.org
While the current version demonstrates promising functionality, future enhancements could include support for multilingual sign

languages such as ASL, ISL, and BSL. Additionally, integrating facial expression and lip movement recognition would offer a
deeper understanding of user intent. Customizable user profiles could be introduced to personalize recognition patterns, and
deployment across web and mobile platforms would further increase accessibility.

In culmination, SignoBot lays a strong foundation for the next generation of Al-based communication aids. With continued research
and user-centered improvements, it holds the potential to become a widely used tool across education, healthcare, and public
interaction, ultimately contributing to a more inclusive and connected society.
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