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◎ Problem and Motivation

Goal: Develop a lightweight, deployable architecture for Acous-
tic Scene Classification (ASC) capable of identifying real-world
sound environments from short audio clips.
Why this matters for medical hearing aids
▶ Enables hearing aids to understand acoustic surroundings in

real time.
▶ Supports adaptive sound processing across noisy and dynamic

environments.
▶ Maintains low computational cost for edge-device deployment.
▶ Improves robustness under real-world acoustic variability.

õ Dataset Overview

The custom ASC dataset is derived from multiple environmental
recordings and divided into an 80% training and 20% testing
split.
Target acoustic classes

1. Environmental Noise
2. Car/Bus Sounds
3. Music

4. Wind Noise
5. Quiet

Training dataset sources
Source Contribution
YouTube 35%
Zenodo Dataset 25%
ESC Dataset 20%
TUT Dataset 20%

¡ Class-wise Duration Before Balancing

Class Duration
Environmental Noise 16.03 h
Car/Bus 9.39 h
Music 10.74 h
Wind 1.85 h

Environmental Noise combines cocktail-party and traffic-scene
recordings.

Z Proposed EdgeConvGRU Architecture

EdgeConvGRU combines a compact convolutional front-end with a
GRU sequence module for efficient temporal acoustic reasoning in medical
hearing-aid scenarios.

5-second Audio Chunk
Log-Mel Spectrogram

Conv2D: 3 × 3, 16 Filters
BatchNorm + ReLU + MaxPool

GRU Layer, Hidden Dimension = 32
Fully Connected Layer

Softmax Acoustic Scene Classification

Parameters
≈ 34K

Input
5 sec

Deployment
INT16

Ô Training Setup

Component Setting
Loss Cross-Entropy
Optimizer Adam
Learning Rate 1 × 10−3

Batch Size 32
Epochs 100
Test Samples 5545

¥ In-Distribution Test Performance

Overall Accuracy
98%

Class Precision Recall F1
Env Noise 0.98 0.99 0.99
Car/Bus 0.97 0.97 0.97
Music 1.00 0.99 0.99
Wind 0.99 0.99 0.99

The proposed model achieves strong performance while remaining
lightweight enough for hearing-aid-oriented edge inference.

Â Impact of Input Duration

Shorter input durations reduce class-wise accuracy, especially for classes
requiring longer temporal context.

� Out-of-Distribution Generalization

OOD data refers to inputs that differ significantly from the training
distribution. These examples are not seen during training.

Class Precision Recall F1
Env Noise 0.91 1.00 0.95
Car/Bus 0.73 0.89 0.80
Music 0.96 0.98 0.97
Wind 0.97 0.70 0.82
Accuracy 0.93
Macro Avg 0.90 0.89 0.89
Weighted Avg 0.93 0.93 0.92

EdgeConvGRU maintains strong robustness under unseen acoustic
conditions.

8 Model Comparison on OOD Robustness

Model Env Car Music Wind
CNN 54% 0% 0% 0%
GRU 92% 22% 0% 5%
LSTM 0% 14% 0% 0%
EdgeConvGRU 91% 73% 96% 97%

The hybrid architecture gives the most balanced OOD robustness
across classes compared with CNN, GRU, and LSTM baselines.

> INT16 Quantization

Class INT16 Accuracy
Env Noise 90%
Car/Bus 71%
Music 95%
Wind 89%

Quantization preserves strong class-wise accuracy, supporting deploy-
ment on resource-constrained hearing-aid hardware.

�
Lightweight

Only ≈34K parameters for edge-oriented
acoustic scene classification.

Robust
Strong generalization on unseen OOD

audio scenes.

>
Deployable

INT16 quantization supports
resource-constrained inference.

m
Future Work

Tune echo/reverb robustness and prepare
Interspeech report.
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