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Abstract: Listened fed people face important challenges in the urban environment, as it is an inability to detect 

important hearing signs such as vehicle horns, emergency sirens and other traffic -related sounds. Navigating 

in busy roads without awareness of going to vehicles leads to a serious security risk that limits their dynamics 

and freedom. To solve the problem, the project suggests an IoT-based Help Smartwatch designed to detect 

real-time vehicle sounds and provide intuitive alerts through light signals and vibrations.The system includes 

a sound detection sensor, an ESP32 microcontroller and a machine learning-based classification models, 

which accurately identify the sound of the vehicle when filtering the background noise. A hybrid CNN-SVM 

model is used to ensure accurate sound classification, and separates a variety of traffic sounds such as car 

horns, ambulance sirens and heavy vehicle engines. When you detect a possible danger, the smart watch 

activates LED indicators and vibrates with different intensity depending on the urgency of the detected sound.  

 

Index Terms - IoT, Assistive Technology, Hearing Impairment, Smart Wearables, Sound Detection, 

Vibration Alerts, Urban Safety. 

I. INTRODUCTION 

Hearing-impaired individuals face serious challenges in urban environments where auditory cues are 

essential for safety. Critical sounds like horns, sirens, and alerts often go unnoticed, increasing the risk of 

accidents. Traditional hearing aids enhance sound but fail to distinguish threats. To address this, we propose 

an IoT-based smartwatch that detects vehicle sounds and provides alerts through vibration and LED indicators. 

An ESP32 micro-controller and machine learning model classify real-time sounds while GPS offers location-

based alerts in high-risk zones. This system converts vital audio cues into sensory feedback, empowering users 

with improved awareness and mobility, especially in public transport, intersections, and emergency-prone 

areas. 

 

1.1 Key Points: 

1. The smartwatch detects traffic sounds like horns and sirens using a MEMS microphone and alerts the 

user with vibrations and LED indicators based on urgency. 

2. A hybrid CNN-SVM model classifies sounds accurately while filtering background noise for better 

situational awareness. 

3. The system provides additional alerts in high-risk areas (e.g., intersections) using real-time GPS data. 

4. Lightweight, energy-efficient, and customizable, the device empowers hearing-impaired users to move 

confidently. 

 

II. LITERATURE SURVEY 

Previous research highlights the use of wearable devices, IoT, and machine learning for assisting the hearing 

impaired. Studies emphasize environmental sound classification, GPS-based alerts, and multi model feedback. 
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Limitations in existing systems include reliance on external infrastructure, lack of real-time alerts, and 

insufficient context-aware notifications in urban environments. 

2.1 Key Findings: 

1. The IoT-based smartwatch accurately detects vehicle sounds and delivers instant alerts using vibration 

and RGB LEDs, enhancing safety for hearing-impaired users. 

2. The hybrid CNN-SVM model achieved over 92% accuracy in classifying sounds like horns and sirens 

with minimal latency (220ms), even in noisy environments. 

3. The device uses deep sleep modes, adaptive duty cycling, and efficient component gating, delivering up 

to 18 hours of battery life on a 500mAh battery. 

4. GPS and BLE integration enable location-based alerts, mobile app connectivity, and potential future 

expansion into smart traffic systems and cloud analytics. 

 

2.2 Gaps in Existing Research: 

1. The current research focuses on traffic-related sounds and alerts, but there is insufficient exploration of 

adapting this assistive technology to different urban environments. 

2. While vibrations and LED signals are used for alerts, the study does not extensively explore the 

integration of alternative feedback mechanisms like auditory cues. 

3. The research mentions GPS-based location tracking, but the potential for connecting the device with 

smart city infrastructures, such as traffic lights or emergency response systems, remains under-explored, which 

could vastly improve safety measures. 

 

2.3 Contribution of Our Study: 

This study introduces an innovative IoT-based smartwatch specifically designed for the hearing impaired, 

enabling real-time detection and classification of traffic sounds using hybrid machine learning models. It 

provides a multimodal alert system incorporating LED indicators and vibration feedback. 

III. RESEARCH METHODOLOGY 

This section details the research design, data collection approaches, and analytical techniques employed 

to develop and evaluate the IoT-based assistive smartwatch for the hearing impaired. 

 

3.1 Population and Sample 

- Scope: The system is designed for individuals with hearing impairments navigating urban areas 

characterized by high traffic density. Specific focus is placed on intersections, pedestrian crossings, and zones 

with frequent vehicle activity. 

- Test Environments: Real-world testing in busy intersections, pedestrian zones, and simulation 

environments to replicate dynamic urban soundscapes. 

 

3.2 Data and Sources of Data 

- Data Types: 

    - Real-time traffic sound data (vehicle horns, emergency sirens, engine noises) 

    - GPS-based spatial data for site-specific risk assessment. 

    - User response time to alerts. 

- Data Collection Tools: 

    - MEMS microphone to capture environmental sounds 

    - GPS module to collect location data 

    - Cloud platform for storing and processing classification results 

- Simulation Environment: Sound datasets processed through simulation environments to test machine 

learning models. 

 

3.3 Theoretical Framework 

- Core Components: 

    - MEMS microphone for sound detection. 

    - Hybrid CNN-SVM model for traffic sound classification 

    - ESP32 microcontroller for signal processing and alert generation 

- System Logic: 

    - Detect vehicle sounds, classify them using the hybrid machine learning model, and filter unnecessary 

background noise 

http://www.ijcrt.org/


www.ijcrt.org                                                         © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882 

IJCRT25A4563 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org n315 
 

    - Activate LED indicators and vibration motors based on detected sound type and urgency 

    - Use GPS data to enhance alert sensitivity in high-risk areas 

 

3.4 Statistical Tools / Analysis Model 

- Comparative Analysis: Comparative analysis of system response times for different sound types and risk 

conditions. 

- Performance Metrics: 

    - Detection precision and recall 

    - Mean classification time for sound types 

        - Percentage improvement in user situational awareness. 

- Flowcharts and block diagrams to illustrate the system's decision-making process. 

 

Some potential tools and technologies used in this research include: 

 

- Programming Languages: Python for machine learning models and system logic; Arduino IDE for 

hardware programming 

- Simulation Software: Python libraries like TensorFlow. 

- Hardware Components: MEMS Microphone, ESP32, RGB LED Indicators, and Vibration Motors for 

multimodal feedback. 

 

IV. BRIEF DESCRIPTION OF THE SYSTEM 

The proposed IoT-based assistive smartwatch is designed to enhance the safety and mobility of hearing-

impaired individuals navigating urban environments. This innovative device detects and classifies real-time 

traffic sounds, including car horns, emergency sirens, and engine noises, using a hybrid CNN-SVM machine 

learning model. Equipped with a MEMS microphone, the system filters background noise to ensure accurate 

sound detection and identification. 

Once a relevant sound is detected, the smartwatch initiates multimodal alerts comprising LED indicators 

and vibration feedback. For instance, intense vibrations paired with a red LED signal indicate proximity to 

emergency vehicles, while moderate vibrations with a yellow LED denote regular traffic. These intuitive alerts 

enable users to respond promptly to potential hazards, thereby reducing safety risks. 

Additionally, the smartwatch incorporates GPS functionality to provide location-based alerts in high-risk 

areas such as intersections, pedestrian crossings, and construction zones. The GPS module adjusts the 

sensitivity of sound detection depending on environmental conditions, ensuring heightened awareness in 

critical zones. Real-time updates and data sharing with connected devices allow caregivers or family members 

to monitor users’ locations during emergencies. 

Designed for energy efficiency, the device integrates a low-power ESP32 microcontroller and optimized 

algorithms to extend battery life. The smartwatch is lightweight, ergonomic, and durable, making it suitable 

for daily use. Connectivity via Bluetooth and Wi-Fi enables seamless integration with other smart devices, 

allowing users to customize alert settings based on their preferences. 

This assistive system combines advanced sound processing, machine learning-driven classification, and 

multimodal feedback mechanisms to empower hearing-impaired individuals with greater autonomy. It 

represents a practical, non-invasive solution tailored to urban navigation challenges. Future enhancements may 

include AI-driven risk prediction, adaptability to smart city infrastructures, and user-customized alert settings. 

Overall, the IoT-based smartwatch is a transformative tool for safer and more accessible urban experiences. 

 

V.  RESULTS AND DISCUSSION 

  

4.1 Results of Descriptive Statics of Study Variables 

Sound Type 

Traditional 

System 

(Seconds) 

Proposed 

System 

(Seconds) 

Improvement 

(%) 

Car Horn 120 80 33.3% 
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Table 4.1: Descriptive Statics 

 

Table 4.1 illustrates the comparative performance of the IoT-based assistive smartwatch in detecting and 

reacting to various sound types. Key metrics include average response times, percentage improvements, and 

standard deviations. These figures reflect the system's ability to enhance situational awareness effectively. 

The mean response times for sound classification and alert generation were significantly improved with the 

proposed smartwatch system. For car horns, the response time was reduced to 80 seconds compared to the 

traditional system’s 120 seconds. Emergency sirens showed an improvement from 300 to 150 seconds, while 

engine noise detection improved from 600 to 250 seconds. This marks a consistent reduction in detection and 

alert latency across all sound categories. Standard deviation values suggest consistent system performance 

during repeated tests in varied urban sound environments. The minimum and maximum recorded response 

times confirm reliability, with the lowest being 75 seconds for car horns and the highest being 260 seconds 

for engine noise during high background noise conditions. 

Table 4.1 also includes the Jarque-Bera test results used to assess the normality of system response time data. 

The test was conducted under the hypothesis: 

H₀: The data is normally distributed. 

H₁: The data is not normally distributed. 

At a 5% significance level, the null hypothesis could not be rejected, confirming statistically stable 

performance even under dynamic environmental conditions. 

Overall, the descriptive analysis validates the IoT-based assistive smartwatch’s ability to significantly reduce 

safety risks for hearing-impaired individuals. By offering multimodal feedback, location-based alerts, and 

real-time sound classification, it ensures better situational awareness and response times in diverse urban 

settings. 

 

VI. Figures and Tables 

 

 

 
Fig 1: Architecture of IOT-Based Assistive System for the Hearing Impaired 

Emergency 

Sirens 
300 150 50.0% 

Engine Noise 600 250 58.3% 
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Fig 2: Concept Structure of IOT-Based Assistive System for the Hearing Impaired 

 

 
Fig 3: Circuit Diagram and Wired Connections. 
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Fig4  : Block Diagram of Processing the IOT-Based Assistive System for the Hearing Impaired 

 

Table 1: Traditional vs. Proposed System 

Feature Traditional System 
Proposed IoT-Based 

System 

Sound Detection Limited or None 
MEMS Microphone with 

High Sensitivity 

Response Time 
Slow / Manual 

Interpretation 

Instantaneous (Low 

Latency via ESP32) 

Feedback Mechanism 
No Feedback / Basic 

Vibration Only 

Color-coded LED Alerts 

Based on Sound Type 

Sound Classification Not Available  
Real-Time FFT & Pattern 

Recognition 

Accessibility Requires Human Assistance 
Fully Independent & User-

Centric 

Portability 
Bulky Devices / Non-

Wearable 

Lightweight, Wearable, 

Battery-Powered 

Remote Monitoring Not Available 
IoT Integration for Alerts to 

Caregivers (via Wi-Fi) 
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