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 ABSTRACT: The creation of a voice assistant humanoid biped robot signifies a major progress in 

human-robot interaction and automation. This robot merges the features of a voice-driven AI system with a 

two-legged robotic structure to produce a flexible, reactive, and physically engaging being. By combining 

speech recognition, natural language processing, and machine learning techniques, the robot is capable of 

comprehending and performing verbal instructions in real-time. Its ability to walk on two legs enables it to 

traverse different settings, engage with items, and imitate human-like movements, creating a more natural 

and dynamic interface for users. The integration of voice communication and mobility creates numerous 

applications, ranging from personal assistants in residences and workplaces to sophisticated robots in 

healthcare, education, and entertainment sectors. The design of this system prioritizes simple interaction, 

user security, and flexibility for various tasks, making it a crucial advancement in developing robots that can 

effortlessly fit into human settings.  

 

 

Index Terms - Humanoid Robot, Mini Biped Robot, Voice Assistant, Robotics, Robot Actuators,  

Arduino Microcontroller. 

 

INTRODUCTION 

Humanoid biped robots equipped with voice assistants exemplify an impressive fusion of AI-enabled 

language comprehension and cutting-edge robotics technology. These robots aim to improve human-robot 

interaction via speech recognition and movement by integrating natural language processing (NLP) systems 

with a bipedal humanoid structure.  

The main objective of these robots is to develop intuitive and captivating experiences that facilitate smooth 

communication and interaction. Fitted with advanced sensors, motors, and AI algorithms, these robots can 

comprehend voice commands, engage in conversation, and execute tasks with human-like accuracy.  

A humanoid biped robot with voice assistant capabilities is an advanced robotic 

system created to engage with people using vocal commands while emulating human-

like movements and actions. These robots integrate cutting-edge technologies in artificial intelligence (AI), 

natural language processing (NLP), and robotic engineering to enable interactive dialogue and 

physical movement. 
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LITERATURE SURVEY 

 

In recent years, the progress of humanoid biped robots with voice assistance has been thoroughly researched, 

integrating breakthroughs in artificial intelligence (AI), natural language processing (NLP), and robotics 

technology. This review of the literature examines important research trends, methods, and difficulties found 

in current studies. 

 

 Voice Assistant Integration 

Studies in NLP have greatly enhanced the interaction between humans and robots. Research conducted by Y

oung et al. (2020) shows that incorporating NLP models like BERT, GPT, and Dialogflow improves robots' 

contextual comprehension and emotional reactions. 

Enhanced NLP systems allow robots to comprehend informal language, dialects, and intent, boosting conver

sational fluency. 

These integrations facilitate effortless voice command, task automation, and enhanced accessibility for users 

 

Bipedal Locomotion and Control Systems 

creative control methods such as Zero Moment Point (ZMP) and Dynamic Balancing Algorithms to improve 

the stability of bipedal robots.  

These systems enhance a robot's capability to navigate uneven terrains and adjust to changes in the 

environment.  

Energy efficiency and precision in movement continue to be key research topics.  

 

Educational and Entertainment Applications 

show the effect of humanoid robots with voice assistance on interactive learning. Robots such as NAO are 

commonly utilized in educational settings to captivate students with interactive learning experiences.  

Robots enhance student involvement, especially in STEM fields.  

Developing an efficient curriculum designed for robotic integration continues to be difficult.  

 

Emotional and Social Engagement  

presented the idea of socially engaging robots, highlighting emotional understanding and social interaction. 

Contemporary humanoid robots such as Pepper and Sophia utilize expressive movements and emotional 

reactions to establish deeper connections with people.  

The presence of emotional intelligence in robots greatly improves user interaction and confidence.  

Cultivating profound emotional intelligence for intricate social engagements remains difficult.  

 

Overview and Prospective Directions  

The literature indicates that although humanoid biped robots with voice assistants have advanced considerably 

in communication, mobility, and interaction, they still exhibit shortcomings in adaptability, real-time learning, 

and emotional depth. Upcoming studies might aim to improve robot perception, energy efficiency, and AI-

enhanced personalization to enhance collaboration between humans and robots.  

By integrating advanced technologies with enhanced social intelligence, these robots are set to be important 

resources in healthcare, education, customer service, and social assistance systems. 

 

RESEARCH METHODOLOGY 

 

Creating a humanoid biped robot with a voice assistant necessitates a well-organized research approach that 

combines different engineering, AI, and design concepts. This approach generally includes the subsequent 

essential phases:  

 

Identifying the Problem and Defining the Objective  

Problem Identification: Recognize shortcomings in existing humanoid robot systems, including restricted 

conversational skills, mobility challenges, or insufficient adaptive learning.  
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Goal Definition: Set specific research objectives, like boosting NLP effectiveness, increasing bipedal 

stability, or incorporating sophisticated voice assistant features.  

 

Review of Literature  

Carry out a thorough examination of current studies in:  

Natural Language Processing (NLP) to enhance voice communication.  

Robotics Engineering for creating bipedal movement systems.  

Research on Human-Robot Interaction (HRI) to improve user involvement.  

Determine established methods, technologies, and frameworks pertinent to the project.  

 

System Architecture and Design  

The design process entails developing an organized framework that combines hardware and software 

elements.  

Hardware Development:  

Structural Elements: Crafting the robot's framework, connections, and motors to ensure reliable bipedal 

motion.  

Sensor Integration: Cameras, microphones, IMU sensors, and depth sensors for environmental awareness 

and voice recognition.  

Power System: Choosing effective energy sources to guarantee ideal energy usage.  

 

Software Architecture 

Voice Assistant Integration: Creation or incorporation of NLP systems such as Google Assistant, Amazon 

Alexa, or tailored frameworks.  

Control Algorithms: Establish control systems like:  

Zero Moment Point (ZMP) for stability.  

Inverse Kinematics (IK) for controlling joint movements.  

Models for machine learning to enhance speech recognition and generate responses.  

 

Growth and Execution  

Hardware Construction: Assembling the robot's body framework with materials that optimize durability and 

weight.  

Software Integration: Deploying NLP models, incorporating voice assistant APIs, and coding control 

algorithms for bipedal locomotion.  

Model Training: Utilizing datasets such as LibriSpeech, Common Voice, or specialized voice datasets to 

enhance the conversational skills of the NLP model.  

 

Assessment and Verification  

Functional Testing: Verifying that every element (voice recognition, movement, etc.) works as expected.  

Performance Testing: Assessing response time, speech precision, and movement reliability.  

User Experience Evaluation: Analysing the robot’s capability to interact with users via natural dialogue and 

suitable gestures.  

 

Analysis and Optimization of Data  

Gather performance information to evaluate the robot's dialogue precision, gait stability, and adaptability to 

various environments.  

Enhance NLP models for better language comprehension and modify control systems to improve mobility.  

 

Implementation and Practical Use  

Carry out field trials in specific settings like healthcare centres, educational establishments, or customer 

support venues.  

Gather user input to pinpoint areas needing enhancement.  
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Documentation and Reporting  

Create comprehensive documentation for system design, development methods, algorithms, and testing 

outcomes.  

Offer perspectives on technical constraints, obstacles encountered, and possible improvements for upcoming 

studies.  

 

SYSTEM DESIGN & COMPONENTS 

Designing a voice assistant humanoid robot involves various system components that enable the robot to 

interact with humans, understand voice commands, and perform tasks. Below is an overview of the major 

components and systems involved in designing such a robot: 

 

Hardware Components 

 

Chassis & Structure 

Frame: The physical structure of the robot should resemble a humanoid, with a torso, head, arms, and legs. 

It could be made from lightweight materials such as aluminium, plastic, or carbon Fiber. 

 

Joints and Actuators: Servos or motors are used to provide movement and articulation in the arms, legs, 

and head. 

Sensors: Various sensors such as ultrasonic sensors (for distance detection), cameras, infrared sensors, and 

pressure sensors for navigation and interaction with the environment. 

 

Motors & Servos 

Actuators: These motors control the movement of the robot’s arms, legs, and head. High-precision servos 

are required for smooth movements. 

Grippers: If the robot is designed for tasks such as object manipulation, it may need specialized end-effectors 

or hands. 

 

Power Supply 

Battery: A high-capacity rechargeable battery (e.g., lithium-ion) powers the robot. 

Power Management: An efficient power management system to ensure long operational times. 

 

Component 

 

Hardware Components 

Servo Motor (e.g., SG90 or MG995): 

Controls the movement of the animatronic eye. 

Offers precise angular motion for smooth and realistic movement. 

 
FIG 1:- SERVO MOTOR 
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Arduino Nano  
The Arduino Nano, a small microcontroller board, is often utilized as the "brain" or primary control unit for 

humanoid robots, enabling straightforward programming and management of different robotic functions such 

as movement, sensors, and actuators.  

 
FIG 2: - Arduino Nano 

 

 

 

Microcontroller ( ESP32): 

 

    Processes data from the sound sensor and sends PWM signals to the servo motor. 

    Allows easy programming and control logic implementation. 

 

 
 

FIG 3: - Esp-32 WIFI, Bluetooth, Dual Core Chip 

 

 PAM8403 amplifier 

The PAM8403 is a 3W Class-D stereo audio amplifier, perfect for portable and battery-

operated uses, providing high efficiency and low distortion with few external parts 

 

 

 
 

FIG 4: - pam8403 amplifier 
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 Speakers 

Amplifiers power speakers by enhancing a weak electrical signal to a strength capable of generating sound 

waves from the speaker cones 

 
 

 

FIG 5: - Speakers 

 

 

WORKING PRINCIPLE 

 

Humanoid robots with voice assistants’ function by integrating hardware and software systems that 

collaborate to comprehend, analyse, and react to human language. Here’s an overview of the main operational 

principles:  

 

Audio Entry (Speech Detection)  

Microphones pick up the voice of the user.  

The recorded audio is transformed into a digital signal through Analog-to-Digital Conversion (ADC).  

Automatic Speech Recognition (ASR) systems subsequently analyze the signal, converting the spoken words 

into written text.  

 

Processing Natural Language (NLP)  

The robot's NLP system examines the transcribed text to comprehend the intent and context.  

NLP systems employ methods such as tokenization, syntactic parsing, and semantic analysis to extract 

meaning.  

Sophisticated systems utilize machine learning models (e.g., transformer models such as GPT) to enhance 

language comprehension.  

 

Decision-Making and Regulation  

The AI engine receives the processed text to identify the correct response or action.  

This engine might utilize established logic, machine learning models, or cloud-based APIs to produce 

relevant responses.  

In the case of intricate tasks, the robot's knowledge database or cloud connection might aid in making 

decisions.  

 

Output using Text-to-Speech (TTS)  

The output response is transformed back into spoken language through TTS systems.  

TTS systems employ phonetic modelling and speech generation to produce realistic voice replies.  

 

Control of Motion and Gestures (For Physical Engagement)  

The robot's control system interprets instructions to execute gestures, facial expressions, or actions.  

This includes actuators, motors, and servo systems that enable physical reactions to enhance verbal 

communication.  
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Learning Machines and Adaptation  

Contemporary robots consistently enhance their capabilities by gaining knowledge from user engagements.  

Feedback loops are utilized by algorithms to improve precision, tailor replies, and adjust to various accents, 

languages, or conversational manners.  

 

Illustrative Procedure  

User Command: "How's the weather today?"  

→ Microphone records sound  

→ Voice is transformed into text through speech recognition.  

→ NLP detects the purpose (weather inquiry)  

→ Robot retrieves information from a web-based weather API.  

TTS produces the verbal response: "The weather today is sunny, reaching a high of 25°C."  

Integrating these elements enables humanoid robots to participate in seamless dialogues and carry out tasks 

in an accessible manner.  
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EXPERIMENTAL SETUP AND TESTING 

 

Equipment Configuration  

Frame & Actuators: Construct the humanoid robot using servo motors or actuators for mobility.  

Microcontrollers & Processors: Utilize Raspberry Pi, Arduino, or Jetson Nano for computation.  

Microphone & Speaker: Set up premium microphones and speakers for vocal communication.  

Sensors: Incorporate depth sensors (such as Intel RealSense) for sensing.  
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Software Installation  

Operating System: Set up ROS (Robot Operating System) or a Linux-based operating system.  

Voice Recognition: Utilize Google Speech-to-Text, CMU Sphinx, or Deep Speech.  

Natural Language Processing (NLP): Utilize AI through models based on GPT, Rasa, or Dialog flow.  

Text-to-Speech (TTS): Utilize Google TTS, Amazon Polly, or Festival for generating speech.  

 

Integration and Development  

Voice Command Handling: Integrate wake-word recognition   

Motion Control: Assign vocal instructions to robotic actions utilizing Python or C++  

Cloud Integration: Link to cloud services for enhanced AI responses.  

 

Testing and Troubleshooting  

Unit Testing: Test each module individually—speech recognition, natural language processing, and motor 

control.  

Practical Situations: Evaluate reactions to various accents, sound intensities, and illumination settings.  

Error Management: Enhance response precision by fine-tuning NLP models and implementing backup 

strategies.  

 

RESULTS AND DISCUSSION 

 

System Efficiency and Insights  

 

The humanoid robot underwent testing for different capabilities, such as speech recognition, natural language 

processing (NLP), and movement execution. The subsequent findings were noted:  

 

Observation of Features Comments  

Speech Recognition Precision 85-95% in silent surroundings Decreased precision in loud environments  

Natural Language Processing (NLP) Effective for set commands Faces challenges with intricate requests  

Response time of 1-2 seconds for simple commands can be enhanced with superior hardware.  

Text-to-Speech (TTS) Results Distinct and natural voice Occasionally slightly robotic tone  

Execution of motion is smooth, but the response is delayed; it requires real-time optimization for motion.  

Facial Recognition achieves 90% accuracy in favourable lighting Conditions decline in dim light.  

 

Obstacles Faced  

Background Noise Disruption: Speech recognition faced challenges in settings with elevated noise levels.  

Latency Problems: A lag in executing commands, particularly for intricate queries.  

Hardware Constraints: The computational capability of microcontrollers restricted the effectiveness of AI 

models.  

Facial Recognition Inconsistency: Effectiveness diminishes in low illumination or with shifting facial angles.  

Motion Synchronization: A minor delay between vocal instruction and robot movement performance.  

 

Dialogue and Enhancements  

Improved Noise Reduction: Utilizing noise suppression algorithms to enhance speech recognition.  

Edge AI Processing: Employing AI chips (such as NVIDIA Jetson Nano) for quicker NLP processing.  

Enhanced NLP Training: Boosting AI models through a more extensive dataset for improved contextual 

comprehension.  

Motion Control Enhancement: Applying real-time control algorithms for more fluid movements.  

Enhanced Sensors: Employing high-definition cameras and advanced depth sensors for superior recognition.  

 

Future Prospect 

Integration with IoT: Allowing smart home management via voice instructions.  

Adaptation Through Machine Learning: Enabling the robot to understand user preferences as time 

progresses.  

Multi-Language Support: Enhancing NLP features to identify various languages.  
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Gesture and Emotion Recognition: Improving human-robot interaction through emotion-detecting AI.  

 

Summary  

The humanoid robot effectively showcased speech communication and fundamental human-like activities. 

Although the system functioned effectively in controlled settings, actual challenges like background noise, 

latency, and hardware limitations impacted its performance. Upcoming advancements will emphasize AI 

enhancement, quicker processing speeds, and better human-robot communication to create a more intuitive 

experience.  

 

 

 ADVANTAGES AND LIMITATION 

 

 Improved Human Interaction – Offers a more intuitive and captivating method to connect with technology 

using voice and gestures.  

Multifunctionality – Capable of executing different tasks like responding to inquiries, offering reminders, 

managing smart devices, and aiding in daily tasks.  

Accessibility Assistance – Aids people with disabilities by providing voice-operated help for movement, 

interaction, and smart home management.  

Automation & Productivity – Optimizes activities such as scheduling, data retrieval, and information 

management, enhancing efficiency in both homes and offices.  

Companion & Emotional Support – Can act as a friend for seniors or individuals requiring social engagement, 

alleviating feelings of loneliness.  

24/7 Accessibility – Unlike people, it can operate nonstop without pauses, which makes it perfect for 

customer support, healthcare, and hospitality.  

Integration with IoT – Able to link with smart home gadgets, office devices, and industrial automation 

systems for effortless functioning.  

Constraints of a Humanoid Robot with Voice Assistant Functionality  

Limited Comprehension – Faces difficulties with intricate instructions, feelings, and contextual awareness 

beyond set replies.  

High Expense – Developing, maintaining, and integrating advanced humanoid robots with AI functionalities 

into existing systems can be costly.  

Privacy and Security Threats – Ongoing voice recognition and internet access can lead to worries regarding 

data privacy, hacking, and unapproved monitoring.  

Reliance on Internet & Electricity – The majority of voice assistants need an internet connection and a power 

source, restricting their capabilities in offline or low-energy situations.  

Absence of Genuine Autonomy – Despite AI, these robots do not possess true independent reasoning and 

decision-making skills, needing human assistance for intricate tasks.  

Ethical & Social Issues – Substituting human employment, particularly in customer service and support 

positions, may result in moral discussions regarding job displacement.  

Language and Accent Constraints – Might struggle to comprehend various accents, dialects, or languages 

that are not well-supported by its AI.  

 

 

CONCLUSION 
 

Humanoid robots with voice assistants provide various advantages, including boosting human engagement, 

increasing efficiency, and offering assistance with accessibility. Their capability to connect with smart 

devices and operate continuously renders them useful in multiple areas, such as healthcare, customer support, 

and home automation. Nonetheless, they also have drawbacks, such as elevated expenses, privacy issues, 

and restricted contextual comprehension. As developments in AI and robotics enhance their functionalities, 

issues concerning security, ethics, and autonomy need to be tackled for wider acceptance. In general, these 

robots could transform everyday living, yet their advancement needs to be aligned with responsible 

innovation and ethical concerns.  
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Tesla’s Optimus: Introduced by Elon Musk, Optimus is a humanoid robot created to handle household chores 

like grocery shopping, mowing the lawn, babysitting, and walking dogs. Musk sees Optimus as a vital 

component of homes, delivering companionship and support.  

 

Helix by Figure: Created by the robotics company Figure from the Bay Area, Helix is a humanoid robot that 

reacts to voice commands to help with different household chores. Armed with a Vision-Language-Action 

(VLA) model, Helix is capable of comprehending and performing intricate commands, increasing its 

usefulness in home environments.  

 

Pepper: Developed by SoftBank Robotics, Pepper is a humanoid robot that can identify human emotions and 

participate in interactive conversations. It is commonly utilized in customer service positions, welcoming 

customers, offering information, and helping with shopping experiences.  

 

Sophia: Created by Hanson Robotics, Sophia is an exceptionally sophisticated humanoid robot recognized 

for its lifelike appearance and capacity to have conversations. Sophia has appeared in various interviews and 

conferences, highlighting the possibilities of humanoid robots in social interactions.  

 

Miko 3: Tailored for kids, Miko 3 is an AI-driven personal assistant robot that interacts through dialogue, 

aids in education, and offers friendship. It adjusts to the child's interests and educational requirements 

gradually.  

 

Vector Robot: An AI-driven personal assistant robot featuring Amazon Alexa, Vector is capable to 

responding to inquiries, managing smart home gadgets, and offering companionship. Its small design and 

engaging features make it a fevered option for individual use.  
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