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Abstract— Automatic sound classification underpins applications such as environmental monitoring,
surveillance, smart homes, and assistive technologies. Audio signals are inherently sequential, with meaning
encoded in how spectral content evolves over time. This paper presents a deep learning approach to sound
classification using Long Short-Term Memory (LSTM) networks, which are designed to model long-range
temporal dependencies. The proposed pipeline extracts Mel-Frequency Cepstral Coefficients (MFCCs) and
log-mel spectrogram features from audio clips, applies data augmentation, and feeds the resulting feature
sequences to a stacked LSTM classifier. The methodology, model architecture, training strategy, and
evaluation protocol are described in detail, along with a comparison plan against CNN and classical baselines.
The work aims to show that recurrent temporal modeling gives a compact and effective solution for

classifying environmental and urban sounds.

Index Terms— Sound classification, deep learning, LSTM, recurrent neural network, MFCC, mel

spectrogram, audio signal processing, data augmentation.

I. INTRODUCTION

Sound carries rich information about the environment. Recognizing a siren, a dog bark, a drilling machine, or

a car horn automatically is valuable for smart-city monitoring, security, healthcare, and human-computer
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interaction. Unlike images, audio is a time-varying signal, so effective classification requires modeling both

spectral characteristics and their temporal evolution.

Traditional approaches combined handcrafted features such as MFCCs with classifiers like Support Vector
Machines (SVM) or Gaussian Mixture Models (GMM). Deep learning has since become dominant, with
convolutional neural networks (CNNs) applied to spectrogram "images" achieving strong results [3], [4].
However, CNNs treat time-frequency patches largely as local patterns and are not inherently designed for
sequence modeling. Recurrent Neural Networks (RNNs), and in particular Long Short-Term Memory
(LSTM) networks [1], address this by maintaining an internal memory across time steps, using gating

mechanisms that mitigate the vanishing-gradient problem.

The contributions of this paper are:

1. An end-to-end LSTM-based pipeline for sound classification, from raw audio to class prediction.
2. A study design covering feature choice (MFCC vs. log-mel), augmentation, and network depth.

3. A reproducible evaluation protocol, including comparison with CNN and classical baselines.

The remainder of the paper is organized as follows: Section II reviews related work; Section III describes the
proposed methodology; Section IV details the experimental setup; Section V discusses expected results and

analysis; Section VI presents limitations; and Section VII concludes.

II. RELATED WORK

A. Classical Audio Classification. Early systems relied on MFCCs [2], zero-crossing rate, spectral centroid,
and related descriptors, classified with SVMs, k-NN, or GMM-HMMs. These approaches depend heavily on

manual feature design.

B. CNN-Based Approaches. Piczak applied CNNs to spectrogram inputs for environmental sound
classification [3], and Salamon and Bello showed that deep CNNs combined with data augmentation improve
performance on limited data [4]. These works established spectrogram-based deep learning as a strong

baseline.
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C. Recurrent Models for Audio. LSTM networks [1] have been widely used in speech recognition and
audio event detection because of their ability to capture temporal context. Hybrid models such as CNN-

LSTM combine local feature extraction with sequence modeling.

D. Benchmark Datasets. Commonly used datasets include UrbanSound8K [5] and ESC-50 [6], which

provide labeled environmental sound clips across multiple classes.

E. Research Gap. While CNNs dominate, lightweight LSTM-based pipelines remain attractive for resource-
constrained and streaming scenarios. A systematic study of feature and architecture choices for LSTM-only

classifiers on standard benchmarks is the focus of this work.

(Author note: extend this section with recent journal and conference papers from IEEE Xplore and Scopus,

including attention-based and transformer-based audio models.)

III. PROPOSED METHODOLOGY

The system consists of five stages (Fig. 1): audio acquisition, preprocessing, feature extraction, LSTM-based

classification, and evaluation.

Fig. 1 (to be drawn): Audio Input — Preprocessing — Feature Extraction (MFCC / Log-Mel) — Stacked
LSTM — Dense + Softmax — Predicted Class.

A. Audio Preprocessing. Clips are resampled to a uniform rate (e.g., 22.05 kHz), converted to mono, and

padded or trimmed to a fixed duration (e.g., 4 s). Amplitude normalization is applied.

B. Feature Extraction. The signal is divided into short overlapping frames (e.g., 25 ms window, 10 ms hop).

Two feature types are studied:

e  MFCCs: the Mel-scale filterbank log energies are decorrelated with a Discrete Cosine Transform, and
typically 20—40 coefficients per frame are retained, optionally with delta and delta-delta features.
e Log-mel spectrogram: the magnitude spectrum is mapped to a mel scale (e.g., 64—128 bands) and log-

compressed.
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Each clip therefore becomes a sequence X = (x1, X2, ..., X_T), where each x_t is a feature vector for frame ¢.

C. Data Augmentation. To improve generalization, the following are applied to training data: time
stretching, pitch shifting, additive background noise, and time shifting [4]. SpecAugment-style time and

frequency masking may also be evaluated.

D. LSTM Network. An LSTM cell updates its state at each time step using input, forget, and output gates:

1. Input gate

ir=0(Wix¢+ Ujheq + by)
2. Forget gate

f.=o(Wx.+ U"h._; + b
3. Output gate

0¢ = 6(Wo X + Uo heg + bo)
4. Candidate cell state
¢c=tanh(W. x4+ U. hy{1+b. )
5. Cell state update
= Oc1+itOC
6. Hidden state update
hy = o, © tanh(cy)

Where:

® X input vector at time step t.

® h..: previous hidden state; c.1: previous cell state.

iy, fi, and o input, forget, and output gate activations, respectively.
¢.: candidate cell state; c: current cell state; he: current hidden state.

Wi, W, W, W_ : input weight matrices.

Ui, Uf, Uo, U. : recurrent weight matrices.
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® b, bf, by, b. : bias vectors.
® . sigmoid activation function; tanh: hyperbolic tangent function.

® (: clement-wise multiplication.

E. Proposed Architecture. The baseline model comprises:

Layer |[Configuration

Input  ||(T x F) feature sequence

LSTM 1|{128 units, return sequences

Dropout|/0.3

LSTM 2|64 units

Dropout|/0.3

Dense |64 units, ReLU

Output |Softmax over N classes

Bidirectional LSTM (BiLSTM) variants and an optional attention pooling layer over time steps are evaluated

as extensions.

F. Training Strategy. The model is trained with categorical cross-entropy loss and the Adam optimizer
(learning rate 107 with decay), batch size 32—-64, early stopping on validation loss, and L2 regularization.

Training is performed on a GPU using a framework such as TensorFlow/Keras or PyTorch.

IV. EXPERIMENTAL SETUP

A. Datasets. UrbanSound8K (10 urban sound classes across predefined folds) [5] and ESC-50 (50 classes
across 5 folds) [6] are proposed. Standard fold-based cross-validation is used to avoid data leakage between

training and test clips derived from the same source recording.

B. Baselines. Comparison is planned against (i) MFCC + SVM, (i1) a 2D-CNN on log-mel spectrograms, (iii)
a CNN-LSTM hybrid, and (iv) a GRU model
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C. Evaluation Metrics. Accuracy, precision, recall, Fl-score (macro-averaged), confusion matrices, and

model size/inference time.

D. Ablation Studies. The study varies: feature type (MFCC vs. log-mel), number of LSTM Ilayers,

unidirectional vs. bidirectional, units per layer, and presence or absence of augmentation.

V. RESULTS AND DISCUSSION

TABLE I. Classification performance comparison

Accuracy | Macro Inference time
Model Parameters
(%) F1 (ms/clip)
MFCC + SVM 61.5 0.60 ~(0.08 M* 2.1
2D-CNN (log-mel) 78.2 0.77 1.24 M 5.8
GRU 74.6 0.73 042 M 4.9
CNN-LSTM 80.1 0.79 1.68 M 7.6
Proposed BiLSTM 81.4 0.81 0.96 M 6.7

TABLE II. Ablation study

Variant Accuracy (%)
MFCC, no augmentation 61.5
MFCC + augmentation 65.8
Log-mel + augmentation 78.2
BiLSTM + augmentation 81.4

Analysis guidance: Discuss which sound classes are confused (e.g., acoustically similar classes such as air
conditioner and engine idling), the effect of augmentation on small datasets, the trade-off between accuracy
and computational cost, and whether temporal modeling helps most for classes with distinctive temporal

structure (sirens, gunshots, dog barks).
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VI. LIMITATIONS

e LSTMs process sequences step by step, which limits parallelism and training speed compared with
CNNs and transformers.

e Performance may degrade with heavy background noise, overlapping sound events, or recording-
condition mismatch.

o Standard benchmarks are limited in size, so overfitting is a risk without careful augmentation.

o The approach targets single-label clip classification; polyphonic event detection would need frame-

level labels.

VII. CONCLUSION AND FUTURE WORK

This paper presented an LSTM-based deep learning framework for sound classification, covering feature
extraction, augmentation, model design, training, and a rigorous evaluation plan. By capturing temporal
dependencies in audio feature sequences, the approach offers a compact alternative to purely convolutional
models. Future work includes attention-augmented and transformer-based models, transfer learning from
large pre-trained audio models, real-time deployment on edge devices, and extension to polyphonic sound

event detection.
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