
Enhancing Smart Home Automation through Integrated Sound
Source Localization and AI-Based Sound Recognition Technologies

Mr KWOK Ka Kuen, BSc (Hons) in Multimedia Technology and Innovation, 
Department of Digital Innovation and Technology

Supervisor: Ms PANG Wing Yan Jasman, Lecturer

Introduction
This study explores the enhancement of smart home automation
by integrating Sound Source Localization (SSL) and AI-based
sound recognition technologies. Our approach uses these
technologies to actively interpret and respond to user needs
through auditory cues. The system identifies the origin of sounds
within the home and analyses them to infer user actions and
states. Based on these inferences, it autonomously adjusts
smart home devices such as lighting and scene controls to align
with user preferences. Initial testing results demonstrate
promising accuracy, suggesting significant potential for more
intuitive and responsive smart home environments. Future work
will focus on improving predictive accuracy and adaptability to
diverse environments, advancing the personalization of smart
home systems.

Methodology

Objectives
Enhancing User Experience
The primary objective for this study is to elevate the capabilities of
smart home technology from basic, command-driven systems to
more intuitive, responsive environments. By integrating Sound
Source Localization (SSL) and AI-driven sound recognition, this
research aims to create smarter homes that proactively respond
to ambient sounds, enhancing user convenience and satisfaction.
Motivations
Addressing Current Smart Home Limitations
Current smart home systems often fail to utilize environmental
sounds that could inform device behaviour. This study seeks to
bridge this gap by enabling homes to adapt based on the ambient
soundscape, thereby improving their functionality and interaction
with users.
Pioneering Future Home Automation
This research is driven by the goal of advancing home automation
technology to new heights, making it more adaptable and
personalized to meet user needs effectively. By setting new
standards in the integration of sensory technologies, we aim to
pave the way for future innovations in the smart home industry.

Research Design
Approach: Experimental approach combining sound source localization (SSL) with voice
recognition to advance intelligent home automation.
Tools: Utilizes ESP32 microcontrollers, MAX9814 microphone amplifiers, and a web-based
server employing Teachable Machine for sound analysis.

Components and Setup
ESP32 Microcontroller: Processes audio signals to determine sound source locations.
MAX9814 Microphones: Equipped with automatic gain control (AGC) for clear sound
capture.
Connections:
- Power (Vcc): 3.3V
- Ground (GND)
- Output (Out): Connected via a 0.1 μF capacitor to an ADC pin on ESP32.

Web-based Server: Analyses sounds using “Teachable Machine” and processes data to
manage home devices based on sound localization.

Sound Data Processing Procedure

Conclusion
This research demonstrated that integrating Sound Source Localization (SSL) and AI-
based sound recognition can significantly enhance smart home automation, allowing smart
homes to be more responsive and energy-efficient. However, challenges such as
environmental noise and sensitivity to various sounds need to be addressed through
advanced noise filtering and sensitivity adjustments.

Future enhancements should focus on customizable settings to adapt the system to
different environments and user preferences, enhancing versatility across diverse living
space.

Continuous refinement of this AI+SSL integration promises to create intelligent,
adaptable, and efficient living environments, while advancing comfort, efficiency, and
security in homes globally. Going forward, we are poised to unlock the full potential of
smart home systems that truly cater to individual needs and improve overall well-being.
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SSL Detection System

Data Processing
Dual System: Combines sound analysis with SSL for precise device
activation based on detected sounds (e.g., footsteps, door closing,
floating water) and their directions.
Algorithm Steps
- Detection: Checks if sensor values exceed 103% of their averages.
- Calculation: Uses differences in sensor readings to compute the

direction of sound using weighted directional components.
- Output: Determines sound direction and maps to a sector for

appropriate device control.

“Teachable Machine” 
Sound Detection System
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