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Abstract: Voice-based human–machine interaction has become a key component of modern smart systems 

and IoT applications. This paper presents the design and implementation of a low-cost intelligent voice 

assistant using a Raspberry Pi 5 integrated with a Re-Speaker microphone array and Google Generative AI 

services. The Re-Speaker enables far-field voice acquisition through beamforming, noise suppression, and 

echo cancellation, ensuring accurate speech capture in noisy environments. Captured audio is processed 

using cloud-based speech recognition and natural language understanding, enabling real-time responses 

and command execution. The system supports wake-word detection, hands-free interaction, and integration 

with IoT devices. Experimental results demonstrate high voice detection accuracy, reduced noise 

interference, fast response time, and reliable system performance, validating the effectiveness of combining 

embedded hardware with cloud-based AI for smart voice-controlled applications. 
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I. INTRODUCTION 

Voice-controlled systems provide intuitive and natural human–machine interaction, enabling hands-free operation in 

smart homes, automation, and assistive technologies. Among various platforms, Google Voice Assistant offers advanced 

speech recognition and contextual understanding. Integrating such intelligence with embedded hardware like Raspberry 

Pi allows development of compact and affordable smart assistants. 

However, conventional low-cost microphone setups suffer from poor far-field performance and high noise sensitivity. 

To overcome these limitations, this work integrates a Re-Speaker microphone array with Raspberry Pi 5 and Google 

GenAI services. The proposed system demonstrates an efficient and scalable approach for implementing intelligent voice- 

controlled applications using affordable hardware. 

 

II. PROBLEM STATEMENT 

Modern IoT systems need hands-free voice control, but traditional voice assistants face problems like poor microphone 

sensitivity, noise interference, and weak far-field voice detection. Low-cost microphones used with Raspberry Pi cannot 

capture voice clearly from a distance. This leads to inaccurate speech recognition and unreliable wake-word detection. 

To overcome these issues, this project uses a Re-Speaker microphone array with Raspberry Pi. The system improves 

voice capture, reduces noise, and enables accurate interaction with Google Assistant services. This creates a low-cost and 

reliable voice assistant suitable for smart homes and automation systems. 

  

III. METHODOLOGY 

The proposed system is designed to implement a reliable far-field voice assistant using a Raspberry Pi and a Re- Speaker 

microphone array integrated with Google Cloud AI services. The methodology is divided into sequential stages to ensure 

accurate voice capture, processing, and response generation. 
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First, the user’s voice command is captured using the Re-Speaker microphone array, which performs noise suppression, 

echo cancellation, and beamforming to enhance audio quality in noisy and far-field environments. The processed digital 

audio signal is then forwarded to the Raspberry Pi, which acts as the central processing unit. 

Next, the Raspberry Pi transmits the captured audio to Google Cloud using a secure internet connection. The Google 

Assistant SDK / Google GenAI SDK performs speech-to-text conversion and natural language understanding to interpret 

the user’s intent accurately. Based on the recognized command, appropriate actions or responses are generated. 

The interpreted command is then handled locally using Python scripts on the Raspberry Pi. These scripts execute real- 

time actions such as playing audio responses, controlling GPIO-based devices, or accessing online services. Finally, the 

output is delivered to the user through speakers or connected hardware, completing the voice interaction loop. 

This methodology ensures efficient voice recognition, real-time response, and reliable hands-free operation using low- 

cost embedded hardware and cloud-based AI services. 

 

IV. DESIGN OVERVIEW 

The proposed system is designed as a far-field voice assistant by integrating a Re-Speaker microphone array with a 

Raspberry Pi. The Re-Speaker captures user voice commands using beamforming, noise suppression, and echo 

cancellation to ensure clear audio input. The captured audio is processed by the Raspberry Pi, which acts as the central 

control unit of the system. The Raspberry Pi connects to Google Cloud using Wi-Fi for speech recognition and natural 

language understanding. Google Assistant / Google GenAI SDK converts speech into text and interprets the user’s intent 

accurately. Based on the interpreted command, appropriate responses or actions are generated. The system can perform 

tasks such as answering queries, playing audio, or controlling devices. The output is delivered through speakers or GPIO 

interfaces. This design enables reliable hands-free voice interaction in smart automation environments. 

 

V. BLOCK DIAGRAM 

 

VI. TESTING, RESULTS AND DISCUSSION 

Testing was carried out systematically to evaluate the accuracy, responsiveness, and reliability of the proposed Google 

Voice Assistant system before final deployment. The evaluation included microphone performance testing, speech 

recognition accuracy, cloud communication reliability, and system-level response analysis to ensure that voice commands 

were correctly detected, processed, and executed in real time. 
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Command Testing 

Voice Input Condition System Action Response Time Status 

Wake Word Detection Activates Assistant ~0.6 s Pass 

General Query (Info) Voice Response ~1.2 s Pass 

Device Control Command Executes Action ~0.9 s Pass 

Command in Noisy Environment Correct Recognition ~1.4 s Pass 

Silence / No Command No Action Immediate Pass 

 

Summary of Testing 

Test Category Result Remarks 

Microphone Performance Stable Effective noise suppression 

Speech Recognition Accuracy High Accurate even at 3–5 m 

Cloud Communication Reliable No packet loss observed 

Response Time Acceptable < 1.5 s average 

System Integration Successful Smooth hardware–software operation 

Hands-Free Operation Ensured Wake-word detection reliable 

 

VII. OUTCOMES AND APPLICATIONS 

The proposed Google Voice Assistant system using a Re-Speaker microphone array and Raspberry Pi was successfully 

designed and implemented. The system demonstrated accurate far-field voice detection, effective noise suppression, and 

reliable wake-word recognition even in noisy environments. Integration with Google Assistant / Google GenAI SDK 

enabled precise speech recognition and natural language understanding. The Raspberry Pi efficiently handled real-time 

command execution and cloud communication with minimal latency. Overall, the system proved to be stable, responsive, 

and suitable for continuous hands-free operation. The results confirm that low-cost embedded hardware combined with 

cloud-based AI can deliver reliable voice-controlled interaction. 
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The developed system can be applied in smart home automation for controlling appliances through voice commands. It 

is useful in assistive technology, enabling hands-free interaction for elderly or physically challenged users. The system 

can also be used in educational and research environments for learning voice AI and embedded systems. In industrial 

automation, it can support voice-based monitoring and control tasks. Additionally, the design serves as a foundation for 

IoT-based smart assistants, robotics, and future AI-driven interactive systems. 

  

VIII. CONCLUSION 

This paper presents a robust and cost-effective voice assistant system using Raspberry Pi and ReSpeaker integrated with 

Google GenAI services. The system achieves reliable far-field voice recognition, fast response time, and high accuracy. 

The proposed architecture demonstrates the feasibility of combining embedded systems with cloud-based AI to develop 

scalable and intelligent voice-controlled applications. Future enhancements may include offline speech processing and 

advanced AI model integration. 
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