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ABSTRACT 

A Text-to-Speech (TTS) system converts written text into spoken words using speech synthesis technology. 

This project presents the design and implementation of a low-cost embedded Text-to-Speech system using the 

ESP32 developed by Espressif Systems. The ESP32 microcontroller provides powerful processing capability 

along with built-in Wi-Fi and Bluetooth, making it suitable for Internet of Things (IoT) and embedded voice 

applications. In this system, text input is processed by the ESP32 and converted into audio signals using a 

speech synthesis method or a connected Text-to-Speech library. The generated speech output is then played 

through a speaker connected to the microcontroller. The system is designed to be compact, cost-effective, and 

easy to integrate with various smart devices. This Text-to-Speech system can be used in applications such as 

voice notifications, assistive devices for visually impaired users, smart home systems, and automated 

information systems. The proposed approach demonstrates how embedded platforms like the ESP32 can be 

effectively used to implement real-time speech generation in modern electronic systems. 
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1. INTRODUCTION 

A Text-to-Speech (TTS) system is a technology that converts written text into spoken audio. It allows electronic 

devices to communicate information to users through human-like speech. TTS systems are widely used in smart 

assistants, accessibility devices for visually impaired people, navigation systems, and automated 

announcements. In recent years, microcontrollers have made it possible to build compact and low-cost speech 

systems. One such powerful microcontroller is the ESP32 developed by Espressif Systems. The ESP32 is 

widely used in embedded and Internet of Things (IoT) applications because it offers built-in Wi-Fi, Bluetooth 

connectivity, high processing capability, and low power consumption. 

In a Text-to-Speech system using ESP32, the microcontroller receives text input from a user or a connected 

device. The text is then processed and converted into speech using a speech synthesis algorithm or by accessing 

a cloud-based TTS service. After processing, the generated audio signal is sent to a speaker through an audio 

amplifier or digital-to-analog converter. The ESP32 platform is suitable for implementing lightweight speech 

applications such as voice notifications, talking devices, smart home announcements, and educational tools. By 

integrating the ESP32 with speakers and software libraries, developers can create efficient embedded Text-to-

Speech systems capable of producing understandable speech output. Overall, using the ESP32 for a Text-to-

Speech system provides a cost-effective, compact, and flexible solution for embedded voice applications in 

modern electronics and IoT systems. 

2. LITERATURE REVIEW 

Text-to-Speech (TTS) technology has been widely researched as a method for converting written text into 

spoken language using speech synthesis techniques. Early TTS systems were developed using rule-based 

methods that relied on predefined pronunciation rules and phoneme generation. These systems produced 

understandable speech but often sounded robotic and lacked natural intonation. With the advancement of digital 

signal processing and artificial intelligence, modern TTS systems have significantly improved in terms of 

speech quality and naturalness. Neural network-based models such as WaveNet developed by Google 

DeepMind have enabled the generation of highly realistic and natural speech by learning from large speech 

datasets. These approaches use deep learning techniques to model speech patterns, pronunciation, and prosody 

more accurately. 

In the field of embedded systems, researchers have focused on implementing lightweight TTS systems on 

microcontrollers and IoT devices. The ESP32 developed by Espressif Systems has become a popular platform 



International Journal of Interdisciplinary Innovative Research & Development (IJIIRD) 

  ISSN: 2456-236X 

Vol. 11 Special Issue 03 | 2026 
 

MITM-2026-ET016 www.ijiird.com 76 
 

for such applications due to its high processing power, integrated Wi-Fi and Bluetooth connectivity, and low 

power consumption. Several studies demonstrate that the ESP32 can efficiently handle audio processing tasks 

and interact with cloud-based TTS services. Recent research has explored combining ESP32 with external 

modules, cloud APIs, or pre-recorded phoneme libraries to generate speech output. These systems are commonly 

used in smart home devices, voice alert systems, assistive technology for visually impaired individuals, and 

automated announcement systems. Overall, the literature indicates a shift from traditional rule-based TTS 

systems toward AI-based speech synthesis and embedded implementations. The use of ESP32 enables 

the development of compact, cost-effective, and network-enabled Text-to-Speech systems suitable for 

modern IoT applications. 

3. PROPOSED SYSTEM ARCHITECTURE AND HARDWARE DESIGN 

1. Proposed System Architecture 

The proposed Text-to-Speech (TTS) system is designed to convert input text into audible speech using an 

embedded microcontroller platform. The system uses the ESP32, developed by Espressif Systems, which 

provides high processing capability along with built-in Wi-Fi and Bluetooth connectivity. 

The architecture consists of several functional modules that work together to generate speech from text input. 

 
Fig - 1: Schematic diagram of the text to speech system 

1.1 Input Module 

The input module is responsible for receiving text data. The text can be provided through: 

Serial communication from a computer Mobile application via Wi-Fi or Bluetooth Stored messages in memory 

1.2 Text Processing Module 

In this stage, the input text is analyzed and prepared for speech synthesis. The process includes: Text 

normalization (handling numbers, abbreviations, and symbols) 

Tokenization (splitting text into words) Phoneme conversion for correct pronunciation 

1.3 Speech Synthesis Module 

The processed text is converted into speech signals using a speech synthesis algorithm or pre-recorded phoneme 

library. The ESP32 processes the text and generates digital audio data representing the spoken output. 

1.4 Audio Output Module 

The generated audio signal is sent to an external audio amplifier and speaker. This module converts digital 

audio signals into audible sound that can be heard by the user. 

1.5 Communication Module 

The ESP32 provides built-in wireless connectivity that allows communication with external devices such 

as smartphones or computers. This enables remote control and real-time text input for speech generation. 

System Flow 

Text Input → Text Processing → Speech Synthesis → Audio Amplifier → Speaker Output 

2. Hardware Design 

The hardware design of the proposed system includes several components that work together to implement 

the Text-to-Speech functionality. 

2.1 ESP32 Microcontroller 

The core component of the system is the ESP32. It performs text processing, speech generation, and 

communication with external devices. 

2.2 Speaker 

A speaker is used to output the generated speech. It converts electrical audio signals into audible sound. 
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2.3 Audio Amplifier Module 

An audio amplifier is used to increase the strength of the audio signal before sending it to the speaker for clearer 

sound output. 

2.4 Power Supply 

The system requires a stable power supply, typically 5V or 3.3V, to operate the ESP32 and connected modules. 

2.5 Communication Interface 

Wi-Fi and Bluetooth features of the ESP32 enable communication with other devices such as smartphones or 

computers for sending text input. 

4. METHODOLOGY AND EXPERIMENTAL SETUP 

3.1 Methodology 

The methodology of the proposed Text-to-Speech (TTS) system describes the steps followed to convert written 

text into spoken audio using an embedded microcontroller platform. The system uses the ESP32 developed by 

Espressif Systems to process the text and generate speech output. 

Step 1: Text Input 

The system begins by receiving text input from a user. The text can be entered through: 

Serial communication from a computer 

A mobile application using Wi-Fi or Bluetooth Pre-stored text messages in the system memory 

Step 2: Text Processing 

The ESP32 processes the input text to prepare it for speech generation. This step includes: 

Text normalization (handling numbers, symbols, and abbreviations) Breaking sentences into words 

Converting words into phonemes for proper pronunciation 

Step 3: Speech Synthesis 

In this stage, the processed text is converted into digital speech signals. The ESP32 runs a speech synthesis 

algorithm or uses stored phoneme audio samples to generate understandable speech. 

Step 4: Audio Signal Generation 

The digital audio signals produced by the ESP32 are sent to an audio output interface. These signals represent the 

synthesized voice. 

Step 5: Speech Output 

The audio signals are amplified using an audio amplifier and played through a speaker, allowing the user to hear 

the generated speech. 

3.2 Experimental Setup 

The experimental setup defines the hardware and software environment used to implement and test the Text-to-

Speech system. 

3.2.1 Hardware Components 

The system consists of the following hardware components: 

ESP32 Microcontroller: Main processing unit responsible for text processing and speech generation. Speaker: 

Used to produce the audible speech output. 

Audio Amplifier Module: Amplifies the audio signal for clear sound. Power Supply: Provides stable voltage 

(3.3V or 5V) to operate the system. 

Communication Interface: Wi-Fi or Bluetooth for sending text input to the ESP32. 

3.2.2 Software Environment 

The following software tools are used for system development: Programming Language: C/C++ 

Development Platform: Arduino IDE or ESP-IDF Operating System: Windows or Linux 

Libraries: ESP32 audio and communication libraries for speech processing. 

3.2.3 Testing Procedure 

Upload the TTS program to the ESP32 using the development environment. 

Send sample text input to the ESP32 through serial monitor or wireless communication. The ESP32 processes 

the text and generates speech signals. 

The output audio is played through the connected speaker. The speech quality and clarity are evaluated. 

3.2.4 Performance Evaluation 

The system performance is evaluated based on: Clarity of generated speech 
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Accuracy of pronunciation Response time of speech generation 

Stability of the system during operation 

5. DESIGN ANALYSIS AND EXPECTED OUTCOMES 

1. Design Analysis 

The design of the Text-to-Speech (TTS) system focuses on creating an efficient and low-cost embedded solution 

capable of converting text input into audible speech. The system is built around the ESP32 developed by 

Espressif Systems, which offers high processing capability along with built-in Wi-Fi and Bluetooth connectivity. 

1.1 System Performance 

The ESP32 microcontroller processes text data and converts it into speech signals. Its dual-core processor and 

sufficient memory allow the system to perform text processing and speech synthesis efficiently. The built-in 

communication modules enable wireless text input from external devices such as smartphones or computers. 

1.2 Hardware Efficiency 

The hardware design uses minimal components including the ESP32, an audio amplifier, and a speaker. This 

makes the system compact, energy-efficient, and cost-effective. The design also ensures easy integration with 

other IoT devices. 

1.3 Reliability and Scalability 

The system is designed to operate reliably for real-time speech generation. Because the ESP32 supports wireless 

connectivity, the system can be expanded to support cloud-based services, mobile applications, or smart home 

devices. 

1.4 Power Consumption 

The ESP32 is known for low power consumption, making the system suitable for portable or battery-powered 

applications such as assistive devices and smart notification systems. 

2. Expected Outcomes 

The proposed Text-to-Speech system is expected to achieve the following outcomes: 

2.1 Successful Text-to-Speech Conversion 

The system should successfully convert input text into understandable speech output through the connected 

speaker. 

2.2 Real-Time Speech Generation 

The system should generate speech with minimal delay after receiving text input, ensuring smooth real-time 

communication. 

2.3 Clear and Audible Output 

The audio output should be clear and audible with acceptable pronunciation accuracy. 

2.4 Low-Cost Embedded Solution 

The system should demonstrate that embedded platforms like the ESP32 can be used to build cost-effective 

speech systems. 

2.5 Practical Applications 

The system can be used in several real-world applications such as: 

Assistive devices for visually impaired users Voice alert and notification systems 

Smart home announcements educational tools 

6. CONCLUSION 

The Text-to-Speech (TTS) system using the ESP32 provides an effective and low-cost solution for converting 

written text into spoken audio. By utilizing the processing capabilities and wireless connectivity of the ESP32 

developed by Espressif Systems, the system can efficiently process text input and generate understandable 

speech output through a speaker.The proposed system demonstrates how embedded platforms can be used to 

implement speech synthesis in compact and energy-efficient devices. The architecture allows real-time text 

processing and speech generation, making the system suitable for various applications such as assistive 

technologies, smart home notifications, and automated information systems. 

Overall, the project proves that the ESP32 microcontroller is capable of supporting Text-to-Speech functionality 

in embedded systems. With its low power consumption, wireless communication features, and flexible 

programming environment, it provides a reliable platform for developing intelligent voice-based applications. 
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