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ABSTRACT  

This project focuses on the design and development of an interactive humanoid robot that closely mimics human 

facial features and communication abilities to enhance human-robot interaction. The humanoid incorporates 

advanced 3D-printed facial structures, voice recognition, and speech synthesis to engage users in a natural and 

intuitive manner. Key aspects include creating anatomically accurate facial expressions, employing sophisticated 

text-to-speech (TTS) and speech-to-text (STT) systems, and integrating a modular hardware framework that 

supports adaptability and expansion. Each component, from the mechanical design of the face to the electronic 

and software systems, was meticulously crafted to facilitate smooth, lifelike interactions. The robot’s ability to 

respond to voice commands and convey facial expressions positions it as a versatile platform for applications in 

fields such as healthcare, education, and customer service. The modular approach enables future enhancements, 

such as adding conversational AI and gesture recognition for deeper interaction. This work represents a 

significant step toward creating humanoid robots that are more relatable and effective in real-world 

environments, contributing to the advancement of human-centric robotics. 
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INTRODUCTION  

 Since humans have been fascinated by the idea of creating machines that mimic their own form and behavior. 

This fascination has fueled decades of innovation, leading to the emergence of modern robotics [1]. Among the 

various types of robots, humanoid robots stand out for their striking resemblance to humans, both in appearance 

and functionality [2]. 

Our research focuses on the design and development of an interactive humanoid robot, with particular emphasis 

on its human-like head. The head, often considered the focal point of human interaction, allowing the robot to 

convey responses effectively [3]. By programming the robot with human-like features, we aim to enhance its 

acceptability and usability in various social and functional contexts [4]. Creating such a robot is a complicated 

task as it requires expertise in mechanical engineering, electronics, programming, and cognitive science [5]. 

Each aspect of the robot's design and development presents its own set of challenges, from ensuring smooth and 

lifelike movements to integrating sophisticated sensors and artificial intelligence algorithms [6]. By embodying 

human-like characteristics, they can evoke empathy and understanding, paving the way for deeper and more 

meaningful interactions between humans and machines [7]. The present work aims to contribute to the field of 

robotics, pushing the boundaries of what is possible and bringing us closer to a future where humanoid robots 

are not just tools or gadgets but genuine companions and collaborators in our journey through life [8]. 
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In recent years, natural language processing (NLP) models like ChatGPT have significantly advanced human-

machine interaction, enabling more intuitive and conversational interactions [9]. However, the unidirectional 

text-based communication of traditional ChatGPT models poses limitations for users who prefer voice-based 

inputs or outputs. Integrating TTS and STT capabilities into ChatGPT writing robots addresses these limitations 

by enabling bidirectional communication, thus enhancing accessibility and user experience [10]. 

The whole system is structured into three phases: Design, Development, and Integration of components. 

Beginning with an in-depth analysis of human anatomy and facial structure to conceptualize and refine the robot 

head's aesthetics and functionality iteratively [11]. Meanwhile, the development process involved the fabrication 

of intricate parts using 3D printing technology, employing PLA as the primary material. Concurrently, electronic 

components such as the ESP8266 microcontroller, speaker module, servo motors, and microphone module were 

used and tested for circuit and prototyping [12]. 

 

DESIGN PROCESS 

The design process of the humanoid robot began with the analysis of human anatomy and facial structure in 

order to bring accurate human resemblance to the robot [1]. This initial phase involved a comprehensive study of 

key features and proportions of the human face [2]. By understanding and visually examining these aspects, a 

conceptual design was crafted [3]. 

 
Figure 1: Final design of the humanoid robot 

 

With the design finalized (Figure 1), preparations were made for manufacturing using 3D printing technology. 

Leveraging the capabilities of 3D printing, the components of the robot head could be fabricated with precision 

and efficiency [4]. The design created in Fusion 360 seamlessly translated into STL files, ensuring continuity 

and accuracy throughout the manufacturing process [5].  

The development of the head’s components, like the face plate, jaw, eyes, mechanism for facial expressions, 

forehead, and parietal, transitioned from design to assembly parts using 3D printing [1]. In the development, 

Polylactic Acid (PLA) was used to create the parts we designed earlier [2]. Simultaneously, while the 3D 
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printing process was underway (Figure 2(a)), efforts were dedicated to the development of the electronic 

components and circuitry essential for the functionality of the robot head (Figure 2(b)) [3]. 

 

 

    

 

Figure 2: (a) 3D printed Face and (b) 3D printed Eyes mechanism 

Integration of Components 

Integrating all the different parts of the humanoid robot head was a critical step in bringing it to life. First off, we 

carefully put together all the 3D printed pieces, making sure they fit just right and leaving space for the 

electronic components (Figure 3(a)) [4]. Once the mechanical parts were assembled, we focused on getting the 

electronic side up and running. The programming of the ESP8266 microcontroller, which served as the brain of 

the robot head, to manage facial expressions, synthesizing speech, and processing audio inputs [5]. 

Each component was interfaced with the microcontroller according to the predetermined specifications, 

establishing a network of electronic pathways essential for the robot head's operation [6]. Through careful wiring 

and soldering, the electronic system was integrated into the mechanical framework of the head, creating a unified 

platform ready for testing and validation (Figure 3(b)). Any identified issues or shortcomings were meticulously 

addressed through iterative refinements [7]. These refinements encompassed adjustments to the software code, 

fine-tuning of hardware configurations, and optimization of mechanical components [8]. This iterative process 

was instrumental in ensuring that the final product adhered to the desired specifications and upheld stringent 

quality standards, thereby delivering a seamless and immersive user experience. 
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Figure 3: (a) integration of components, (b) final assembly of humanoid robot’s head 

SPEECH-TO-TEXT AND TEXT-TO-SPEECH PROCESS: 

Speech Recognition for Robotic Control 

The main goal of this paper is to introduce a “hearing sensor” and the speech synthesis to the mobile robot such 

that it is capable of interacting with humans through spoken natural language [1]. The context of speech 

recognition refers to a system where a person can speak via a microphone to a computer, and the computer 

translates the spoken words into either text or commands to execute functions in the computer (Figure 4) [2]. The 

intelligent speech recognition system enables the robot to understand spoken instructions [3]. The speech 

recognition system is trained in such a way that it recognizes defined commands, and the designed robot will 

navigate based on the instruction through the speech commands [4]. The complete system consists of three 

subsystems: the speech recognition system, a central controller, and the robot [5]. The results prove that the 

proposed robot can understand the meaning of speech commands and will act autonomously in a natural 

environment, communicating in a natural way with those people they are supposed to support [6]. 

 
Figure 4: Algorithm for speech to text  

The size of the recognition vocabulary 

One important factor that directly affects the accuracy and performance of the system is the amount of the 

recognition vocabulary in the integration of text-to-speech (TTS) and speech-to-text (STT) capabilities in 
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ChatGPT writing robots [7]. The collection of terms and expressions that the STT component can reliably 

translate from speech input into text is referred to as the recognition vocabulary [8]. Small vocabulary systems 

provide recognition capability for up to 100 words, medium vocabulary systems provide recognition capability 

for from 100 to 1000 words, and large vocabulary systems provide recognition capability for over 1000 words 

[9]. 

The knowledge of the user’s speech patterns 

Understanding user voice patterns is crucial for enhancing the accuracy, effectiveness, and overall user 

experience of ChatGPT writing robots that integrate text-to-speech (TTS) and speech-to-text (STT) features [10]. 

Analyzing and simulating different facets of users' verbal communication, such as their pronunciation, 

vocabulary usage, syntax, and conversational style, is necessary to understand their speech patterns [11]. 

Speaker-dependent systems are custom tailored to each individual talker, while speaker-independent systems 

work on broad populations of talkers, most of which the system has never encountered or adapted to [12].  

The degree of dialogue between the human and the machine 

In one-way communication, each user spoken input is acted upon. In system-driven dialog systems, the system is 

the sole initiator of a dialog, requesting information from the user via verbal input [1]. In natural dialogue 

systems, the machine conducts a conversation with the speaker, solicits inputs, acts in response to user inputs, or 

even tries to clarify ambiguity in the conversation [2]. 

Sounds and background interferences 
The sound of human speech causes vibrations in the atmosphere, and a computer must go through several 

difficult steps to translate speech to text that appears on the screen [3]. Enough vectors in the form of acoustic 

speech vectors representing utterances via the communication channel are extracted from the client's inquiry 

during the speech conversion procedure (Figure 5). Subsequently, the digital audio is filtered by the system to 

eliminate undesirable signals and noise, and occasionally, it is divided into distinct frequency bands [4]. 

 
Figure 5: Algorithm for speech to text and text to speech 

METHODOLOGY 

In the present project, an interactive voice-driven system where users communicate with ChatGPT, a sequence of 

advanced components works together to create a seamless, conversational experience. This process begins with 

the Speech Input stage. The user speaks their query or command into a microphone or other audio input device, 
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initiating a multi-step interaction. This initial audio input captures the user’s voice, which could include a wide 

range of questions or commands. For instance, a user might ask, "What is the weather today?" or "Tell me a fun 

fact about space." This spoken language is the foundational input that drives the entire interaction with ChatGPT. 

Once the audio input is captured, it moves to the Speech Recognition (STT) component. STT stands for Speech-

to-Text, a technology that translates spoken words into written text. By processing audio signals, this component 

effectively transcribes the user’s voice into readable text format. For example, when a user says, "What is the 

weather today?" the STT system converts the audio into the text form "What is the weather today?" This 

transcription serves as the bridge between the user’s speech and the system’s text-based processing capabilities. 

Speech recognition must be accurate, as errors here can lead to misunderstandings in subsequent steps, so it often 

uses robust machine learning algorithms trained on extensive datasets to improve accuracy across different 

accents, speech patterns, and languages. 

After transcription, the text is passed to the Natural Language Understanding (NLU) component. This part of the 

system is crucial for understanding the user's intent and the context of their query. NLU breaks down the text, 

identifying keywords and phrases to interpret the user’s underlying needs. In this weather example, the NLU 

would identify that the text "What is the weather today?" is a request for current weather information. The NLU 

component is designed to understand various types of questions, commands, and conversational language, 

extracting meaning from the input text to determine what the user is actually asking. NLU can identify intentions 

beyond literal meaning, allowing it to handle casual language or complex queries accurately. 

Once the NLU has processed the query, the structured information is passed to the ChatGPT model. ChatGPT is 

a large language model designed to generate relevant, context-aware responses based on the input it receives. 

Using the information from the NLU component, ChatGPT crafts an appropriate response. For example, in the 

case of a weather query, ChatGPT might produce a response like, "Today’s weather is sunny with a high of 75 

degrees Fahrenheit." This response generation step is central to making the conversation feel natural, as 

ChatGPT can handle a wide range of topics and generate answers in a conversational tone. 

The response text from ChatGPT is then sent to the Text-to-Speech Synthesis (TTS) component. TTS is the final 

stage in this process, responsible for converting the response text into synthesized speech. Using advanced neural 

network models, TTS creates audio that closely mimics natural human speech, with a cadence and tone suitable 

for the response context. For instance, it might voice a weather response in a calm, informative tone. This 

synthesized speech is then played back through a speaker or audio output device, allowing the user to hear the 

response. 

This voice-based interaction pathway—from speech input to text output—is designed to make communicating 

with ChatGPT feel like a natural, human-like conversation (Figure 6). Each component in the chain plays a 

specialized role in understanding, processing, and responding to the user’s query, working together to deliver 

accurate, real-time answers. Through this carefully orchestrated series of steps, users can experience hands-free, 

conversational interactions with ChatGPT that feel both intuitive and informative. 
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Figure 6: Schematic showing the workflow 

CONCLUSION 

This project successfully demonstrates the design, development, and integration of an interactive humanoid robot 

with human-like facial features, voice recognition, and speech synthesis capabilities. By closely emulating 

human facial anatomy and expressions and incorporating advanced text-to-speech (TTS) and speech-to-text 

(STT) technologies, the robot offers an engaging and natural interaction experience for users. Each stage of the 

development process—from conceptual design and 3D printing of components to electronic integration and 

programming—was carefully optimized to achieve fluid, life-like interactions, thereby enhancing human-

machine engagement. 

The implementation of speech recognition and synthesis enables the robot to process voice commands and 

respond interactively, addressing a significant challenge in human-robot interaction. This interactive capability 

not only makes the robot suitable for various social and functional environments but also sets the stage for 

further enhancements in NLP and gesture-based communication. The modular approach used in this project 

ensures adaptability, enabling future expansions in both hardware and software to accommodate new features, 

such as advanced conversational AI or emotion recognition. 

In summary, the project contributes valuable insights to the field of humanoid robotics by demonstrating a 

scalable framework for creating relatable, functional robots. This work aligns with the broader goal of advancing 

robotics technology to be more accessible and intuitive in everyday applications, whether in healthcare, 

education, or customer service. Future research could explore additional sensory capabilities, enhanced mobility, 

and AI-driven personality modeling to further enrich human-robot interaction. 
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