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ABSTRACT 

The Smart Talking Glove for the Speech Impaired is an assistive device made to help enhance communication for people in 

need by providing an intensive gesture-based interface. The system captures hand movements or gestures using flex sensors 

fixed on the fingers of the glove and a motion sensing unit to capture hand orientation. This enables recognition of the 

predefined gestures or signs. These sensor signals are processed by an ESP32 microcontroller, which is the core processing 

and communication unit. Using ESP32’s built-in Wi-Fi, the recognized data is transmitted to the Blynk IoT platform, where it 

is displayed as text and at the same time converted into audible speech. Speech generation is done by integrating the Google 

Textto-Speech (TTS) API, allowing real time speech synthesis using the Blynk IoT application. This system emphasizes 

portability, comparatively low cost, and user’s comfort, making it suitable for everyday use. Experimentation results show 

reliable performance with high accuracy, minimal latency, and rechargeable battery with prolonged operational life. The 

Smart Talking Glove also offers scalability, with scope for future enhancements like multilingual support, customizable 

gestures, Artificial Intelligence/Machine Learning based gesture recognition, and offline operation. Beyond assistive 

communication, the system shows strong potential for applications in gesture controlled robotics, smart home automation, 

virtual reality interfaces, and industrial control, highlighting its versatility as both an accessibility solution and an innovative 

human machine interaction tool. 
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1. INTRODUCTION 

Speech impairment creates problems in effective and proper communication, often resulting in social exclusion, isolation and 

dependency. Conventional systems such as text boards and typing based communication are mostly slow and tiresome. Wearable 

sign language based systems with gesture recognition offer a more natural and easier interaction paradigm. 

Recent progresses in IoT enabled microcontrollers and cloud based speech synthesis allow real time, low cost implementations of 

wearable communication aids. This work proposes a Smart Talking Glove that integrates sensor based gesture detection with 

cloud speech synthesis and IoT monitoring as well as speech to text cognition to provide an accessible, scalable communication 

platform. 

The primary contributions of this paper are: 

1.  Designing of a low cost wearable glove using ESP32 and flex sensors for gesture recognition. 

2.  Integration of motion and orientation tracking (MPU6050) for enhanced gesture differentiation and recognition. 

3.  Real time speech and text outputs using Google TTS via HTTP protocol and Blynk app. 

4.  IoT based monitoring and visualization through Blynk IoT Application. 
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The motivation behind developing a smart glove for speechimpaired individuals stems from the desire to create a more natural, 

intuitive, and versatile communication tool that transcends the limitations of existing assistive devices someday. The main goal of 

this project is to develop a smart glove that can accurately recognize hand gestures and convert them into speech in real-time, 

providing a seamless and intuitive communication solution for speech-impaired individuals. 

1.1 Key Contributions 

Accessible Hardware: A low-cost wearable framework made using ESP32 microcontroller and five calibrated flex sensors. 

Spatial Awareness: Integration of the MPU6050 device to differentiate between gestures that look similar but have different 

spatial orientations. 

Cloud-Enabled Voice: A seamless bridge to the Google TTS engine for faster, better speech. 

User Validation: Real-world testing focused on accuracy, battery endurance and latency. 

2. LITERATURE REVIEW 

Several researches have explored the application of similar smart talking gloves and gesture recognition technology for easier 

assistive communication. Existing studies have focused on diverse approaches, including various sensor technologies, gesture 

recognition algorithms, and communication modalities. 

The paper explored the use of wireless communication modules for gesture-to-audio translation, inspiring our design choices for 

connectivity. [1] 

Another research focused on gesture recognition using DFPlayer Mini and IoT integration, providing valuable insights for our 

speech synthesis strategy. [2] 

The publication investigated the use of offline TTS modules for real-time speech conversion, offering a solution for situations 

without internet access. [3] 

This paper proposed an Arduino-based smart glove with flex sensors and pulse sensors for sign language recognition as well as 

health monitoring. [4] 

Another research paper that showed implementation of a Bluetooth enabled glove that sends gesture data to an Android phone, 

where Google Text-to-Speech converts it into spoken words. [5] 

Exploring these and various other research works inspired us to, and gave us an idea about what is best to use and implement in 

our project. Our project encompasses wireless communication, test to speech API usage, rechargeable battery system, resistance 

flex sensor and ESP32 as the main control module because of this extensive research for optimization of the device. 

3. METHODOLOGY 

3.1 System Architecture 

The glove operates as a united four-layer system designed to try and mimic the process path from human thought to action. 
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Fig-1: Smart glove system architecture – block diagram of the four-layer sensing, processing, communication and output path. 

Components: 

ESP32 Board: The central processing unit, it handles the gesture detection, the communication and the speech synthesis of the 

device. 

Sensors: The Flex sensors (Resistive) used detect finger bending, while the Accelerometer captures hand orientation and 

movement for correct, proper gesture recognition. 

Speech Output: There were various options for this, as per our research, the user can choose from prerecorded speech, cloud-

based TTS APIs, or offline TTS modules for speech conversion. In our case, we have used the Google TTs API for speech 

synthesis. [6] 

Blynk IoT App: It provides real-time monitoring of detected gestures as well as test display for the same, enabling remote control 

and customization options. [7] 

Software: 

•  Arduino IDE for coding. 

•  Blynk IoT App for gesture display and TTS audio link. 

•  Google TTS server via HTTP protocol. 

 

Fig-2: Basic flex sensor circuit – voltage divider with impedance buffer, V_out = V_in × R₁ / (R₁ + R₂). 

 

Fig-3: Flex sensor connection to the ESP32 development board. 

3.2 Gesture Recognition and Mathematical Modelling 

To ensure the glove interprets the intent of the gestures correctly, we use a model that processes input as gesture vector. This 

allows the system to be responsive without requiring heavy, power-draining, physical computation. 

Let Fᵢ denote the normalised flex sensor reading of finger i, and Aₓ, A_y and A_z represent the accelerometer values. The gesture 

vector is defined as: 

G = [F₁, F₂, F₃, F₄, F₅, Aₓ, A_y, A_z] 

Each gesture is mapped to a predefined condition: 

G ∈ Cₖ ⇒ Textₖ 
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where Cₖ is the threshold condition for the kth gesture. 

Table-1: Gesture-to-text mapping used by the prototype. 

Gesture Condition Recognized Text Meaning 

Thumb bent, others straight Hello Greet someone 

Thumb + Index bent, others straight Yes Confirm / Affirmative 

Middle + Ring bent No Negation 

Thumb + Little finger bent Thank you Express gratitude 

Thumb + Index + Little bent Good Morning Greet morning 

 

 
Fig-4: Wiring diagram of the five flex sensors and the ESP32 module. 

3.3 Cost Analysis 

Table-2: Component-wise cost comparison across the three speech-output options (indicative prices in ₹). 

Component DFPlayer Mini Cost (₹) Cloud TTS Cost (₹) Offline TTS Cost (₹) 

ESP32 400 – 700 400 – 700 400 – 700 

Flex Sensors 750 750 750 

MPU6050 300 – 500 300 – 500 300 – 500 

Audio Setup 550 (DFPlayer Mini) 0 – 500 / month 800 – 1500 

 

3.4 Calibration and Testing 

Calibration: Flex sensors were calibrated individually to account for different user hand stiffness and movability. Every 

connection was checked for valid results. 

Test gestures: 

•  Hello 

•  Yes 

•  No 

•  Thank You 

•  Good Morning 

Testing Conditions: Indoors with Wi-Fi connectivity, Gesture performed five times per trial. 
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Fig-5: Proteus simulation of the complete circuit including the flex sensor array, accelerometer, power stage and ESP32. 

4. RESULTS 

•  Gesture recognition accuracy: 90% [VALUE INCOMPLETE IN SOURCE – PLEASE CONFIRM] 

•  Speech output latency: approximately 2 seconds. 

•  Battery life: 6–8 hours. 

The glove effectively identifies our predefined gestures and plays back appropriate speech on smartphone speakers via Blynk app 

and Google TTS. 

5. CONCLUSION 

The glove device effectively identifies all the predefined gestures and plays back the correct speech with text on Google TTS and 

the Blynk Mobile App. The system is low cost, portable, and highly promising for real-world use. Future works will explore AI 

integrations and deeper machine learning capabilities for dynamic gesture sets, offline multilingual support, wearable electronic 

fabric technologies for better comfort, Smart homes and IoT device control integration for better control via gestures, robotic 

control for physically challenged assistance and smarter, adaptive gesture systems. 
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