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1 Introduction 1

This research is about baby cry classification using machine learning models ranging from
simple models like, SVM, KNN, RF etc to advanced models like LSTM, RNN,etc includ-
ing hybrid and ensemble approach for machine learning. The purpose of this document
is to provide details regarding the pre-requisite such as software and hardware tools used
in the developing the study, steps for collecting data and executing code.

2 Pre-requisite

The software and hardware requirements used are as follows:

2.1 Software Requirements
2.1.1 Python Environment
Python Version: 3.8 or higher. Pycharm or Anaconda Navigator as development envir-

onments.

2.1.2 Python Libraries

Python Lib | Version
numpy 1.24.3
pandas 2.0.3
matplotlib 3.7.5
seaborn 0.13.2
sklearn 1.3.0
tensorflow 2.13.0
keras 2.13.1
xgboost 2.1.1
scipy 1.10.1
torch 2.4.1

Table 1: Python libraries and their versions used in the project.



2.2 Hardware Requirements

Requirement | Specification

OS Windows 11

CPU Intel i7/19 (10 cores or up)
RAM 8GB or higher

Disk Space 30 GB

Table 2: System requirements for running the project.

3 Data Collection

For this study open source data from Kaggel] data repository was used. It is set of
labelled baby cries audio files with classes such as hungry, discomfort, tired, belly pain,
and burping.

Download the dataset from the url and save it locally.

4 Environment Setup

1. Install PyCharm Community or Professional edition from JetBrains.

2. Open the PyCharm and set interpreter as 3.8
Goto —> File —> Setting —> Python interpreter —> Select version 3.8 or above

Settings X
Q- Project: pythonProject » Python Interpreter
> Appearance & Behavior Python Interpreter: @, Python 3.8 (pythonProject) D:/NCI/se esis/code_DB/newBabyCryAl v | Add Interpreter v
) Keymap
> Editor & Try the redesigned packaging support in Python Packages tool window. Go to tool window
Plugins + ®
> Version Control Package Version Latest version
? ~ Project: pythonProject Faker 30.4.0 T 3310
}
Python Interpreter WL &7/ &/
T — MarkupSafe 215 21302
| BB PYYAML 602 602
;7 Build, Execution, Deployment Send2Trash 183 183
Languages & Frameworks absl-py 2.1.0 210
| > Tools anyio 4.5.0 T 470
Settings Sync argon2-cffi 23.1.0 23.1.0
2-cffi-bindi 21.2.0 21.2.0
Advanced Settings SlooneCll=anaings
arrow 1.3.0 13.0
asttokens 241 2 3.0.0
astunparse 1.6.3 16.3
async-lru 204 2.04
[} attrs 2420 2420
audioread 3.01 3.01
babel 2.16.0 2.16.0
backcall 0.2.0 0.2.0
beautifulsoup4 4123 4123
bleach 6.1.0 2 620
boto3 1.35.41 1 1.35.78
botocore 1.35.41 1 1.3578

5 Steps to execute code

This section gives all required steps to execute the code and reproduce the results.

!data url: https://www.kaggle.com/datasets/warcoder/infant-cry-audio-corpus


https://www.kaggle.com/datasets/warcoder/infant-cry-audio-corpus

Download Code Artifact Folder and Unzip it

Open the folder Code Artifact and locate 'dataset’ folder

Unzip the downloaded data set from Section [2| into the 'dataset’ folder

Right click on the script file BabycryAnalysisNB.ipynb then open with PyCharm
Make sure Python Interpreter is 3.8 or above

O o

BabycryAnaly sl pynt

Iplp Lnstall 1iorosa nuapy sclikit-learn satplotiib seaborn Lmbalanced-learn xgboost tensorflow pandas

0. Importing required libraries

warnings . #ilternarnings(*ignare=)
import os

1. Data Collection

CUPTENT_paTh = O3.getcmd() Python Interpreter

data_path = os.path.joln{current_path, ‘dataset’)
data_path

A, Pyihon 312 (MS0_CA)
A, Python 3.8 (pythonPropt

FBVWMETV Bem 3N\ Thesis\\23259268_Code_artifacti\dataset’

ASICoSE Cel Mg Mirksiyen Cal

2 Python 310

1.1 Initialization of variables/parameters @ JusBinipyhon3 10

Lo Wi v able Dependen Aod New interpreter

Intepreter Settings

g0 Manage Packages
= »  Python 3.8 ipythonProgect)

6. Right on the first cell and select Run All option.
5] i i ] i -

f e / L = Run Cell tri+Ent
1pip install librosa numpy scikit-learn matp tensor
ot 4 L 3 Rum Cell and Insert Below

(= Run Cell and Select Below
- - - -
0. Importing required libraries =~ " Al&ove
Run All Balow
1k Dapug Cell
4] import ... [} Copy
warnings.filterwarnings("ignore") ) Paste
1f11pn_rt gs &, Merge Cell Above
T Merge Cell Below
. + Split Cell
1. Data Collection
Canvert Cell to Markdown
™ Delete Cell
1

6 Flow of the Code

6.1 Importing required libraries

All the necessary Python libraries are imported as first step.



import os

import librosa

import numpy as np

from sklearn.model_selection import train_test_split

from sklearn.svm import SVC

from sklearn.ensemble import RandomForestClassifier,AdaBoostClassifier
import matplotlib.pyplot as plt

import seaborn as sns

from imblearn.over_sampling import SMOTE

from collections import Counter

import xgboost as xgb

from sklearn.neighbors import KNeighborsClassifier

from keras.utils import to_categorical

from keras.models import Sequential

from keras.layers import LSTM, Dense, Dropout,Flatten,SimpleRNN,ConviD, MaxPoolinglD
import pandas as pd

from tensorflow.keras.models import Model

from xgboost import XGBClassifier

from sklearn.ensemble import StackingClassifier

from sklearn.model_selection import cross_val_score

from sklearn.metrics import roc_curve, auc, roc_auc_score
from sklearn.preprocessing import label_binarize

from itertools import cycle

import warnings

warnings.filterwarnings("ignore")

import os
Ex d at 2024.12.1118:32:48 in 109ms

from sklearn.metrics import make_scorer,accuracy_score, fl_score, precision_score, recall_score, classification_report, confusion_matrix

6.2 Importing required libraries

All the necessary Python libraries are imported as first step.

6.3 Data Path and Parameter initialization

Data path and located from local folder and needed parameters are initialized.

1. Data Collection

# To get the current working directory
current_path = os.getcwd()

# Dataset Path

data_path = os.path.join(current_path, 'dataset')

data_path
Executed at 2024.12.11 18::

5/

in 177ms

'D:\\NCI\\Sem 3\\Thesis\\code_DB\\newBabyCryAnalysis\\pythonProject\\dataset"'

1.1 Initialization of variables/parameters

#classes for baby cires
s

class_labels = ['belly_pain', 'burping', 'discomfort', 'hungry', 'tired']

# Initialize lists to hold features and labels
X =[]

y =[]

# Parameters for feature extraction

n_mfcc = 13 # Number of MFCC features to extract

n_chroma = 12 # Number of chroma features

ctral contrast

n_spectral_contrast = 7 # Number of 5]




6.4 Data Loading and MFCC feature extraction

Data is loaded and feature extraction is done in this step.

2. Data Loading and MFCC feature extraction

4
m

xtract MFCC features
def extract_mfcc(file_path):
audio, sample_rate = librosa.load(file_path, res_type='kaiser_fast')

from a given auvdio file.

mfccs = librosa.feature.mfcc(y=audio, sr=sample_rate, n_mfcc=n_mfcc)
# Padding to make the MFCCs to a fixed length
pad_width = max_pad_len - mfccs.shape[1]
if pad_width > 0:
mfccs = np.pad(mfccs, pad_width=((0, 8), (0, pad_width)), mode='constant')
else:
mfcecs = mfces[:, :max_pad_len]
return mfccs

# Loop through all class folder and extract MFCCs
for i, label in enumerate(class_labels):
folder_path = os.path.join(data_path, label)
for file_name in os.listdir(folder_path):
if file_name.endswith('.wav'):
file_path = os.path.join(folder_path, file_name)
mfcc = extract_mfcc(file_path)
X.append(mfcc)

PPN

6.5 Exploratory Data Analysis

Exploratory Data Analysis was done on audio data.

3.1 EDA: Checking Class Distribution

] # 1. Class Distribution
class_counts = pd.Series(y1).value_counts()
plt.figure(figsize=(8, 5))
barplot = sns.barplot(x=[class_labels[i] for i in class_counts.index], y=class_counts.values, palette='muted')
plt.title("Class Distribution")
plt.xlabel("Cry Type")
plt.ylabel("Number of Samples")

# Adding labels to each bar
for bar in barplot.patches:
plt.text(

bar.get_x() + bar.get_width() / 2, # X-coordinate
bar.get_height() + 1, # Y-coordinate
fr{int(bar.get_height())}',
ha='center', 1
va='bottom',
fontsize=10 # Fo

to annotate

)
plt.show()
Executed at 2024.12.11 18:33:44 in 738ms




2 - L>1Mwi X & Cc W * 1o | voou
sns.boxplot(x=yl, y=durations, palette="muted")
plt.title("Audio Duration Distribution by Class")
plt.xlabel("Cry Type")
plt.ylabel("Duration (seconds)")
plt.xticks(ticks=range(len(class_labels)), labels=class_labels)
plt.show()

Executed at 2024.12.11 18:34:07 in 16s 686ms
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6.6 Data Reshaping

Data reshaping was done for training the models.

4. Data Reshaping

[17] # Reshape X to be suvitable for the machine learning model training
X_mfcc = X_mfcc.reshape(X_mfcc.shape[®], -1) # Flatten the MFCC array

print(f'Extracted {X_mfcc.shape[0]} samples with shape {X_mfcc.shape}')
Executed at 2024.12.11 18:34:07 in 14ms

Extracted 457 samples with shape (457, 2262)

6.7 Model Training

Following machine learning model were trained with original data and later with aug-
mented data using SMOTE.

Traditional ML: SVM, KNN, Random Forest, AdaBoost, XGBoost

Deep Learning : CNN, LSTM, RNN

Hybrid Model : CNN-XGBoost, CNN-LSTM

Ensemble Approach : Ensemble Model(CNN,RandomForest,XGBoost,SVM,KNN)



5.1.1 Traditional Model : SVM model Simple

] # Initialize the SVM mode
svm_model = SVC(kernel='linear', random_state=42)

Executed at 2024.12.11 18:34:07 in 30ms

] # Define a list of scoring metrics
scoring_metrics = {
‘accuracy': ‘'accuracy',
'f1_weighted': make_scorer(fl_score, average='weighted'),
'precision_weighted': make_scorer(precision_score, average='weighted'),
‘recall_weighted': make_scorer(recall_score, average='weighted')

Executed at 2024.12.11 18:34:07 in 15ms

6.8 Imbalance Data Handling
To handle data imbalance SMOTE was applied.

5.2 Handling Data imbalance with SMOTE

[96] # the number of samples per class before applying SMOTE
print(f"Original class distribution: {Counter(y_mfcc_train)}")
Executed at 2024.12.11 18:48:31 in 13ms

Original class distribution: Counter({3: 318, 2: 20, 4: 17, 0: 12, 1: 6})

[97] # Applying SMOTE for oversampling
smote = SMOTE(random_state=42)
X_train_resampled, y_train_resampled = smote.fit_resample(X_mfcc_train, y_mfcc_train)

Executed at 2024.12.11 18:48:31 in 294ms

[98] # the number of samples per class after oversampling
print(f"Class distribution after SMOTE: {Counter(y_train_resampled)}")
Executed at 2024.12.11 18:48:31 in 16ms

Class distribution after SMOTE: Counter({1: 318, 3: 310, 2: 318, 4: 310, 0: 3108})

6.9 Model Training with SMOTE

All the proposed models were again trained with balanced data.



5.3.11. Ensemble Model : (CNN,RF,SVM,XGBoost,KNN) with SMOTE

1176] # Extracting features using already trained CNN model with SMOTE
train_features = cnn_model_s.predict(X_train_resampled_cnn)
test_features = cnn_model_s.predict(X_mfcc_test_cnn)

ited at 2024.12.11 20:06:45 in 640ms
1 - 0s 4ms/step
1 - @s 5ms/step

1771 # Defining base classifiers and meta-classifier for stacking
base_learners = [
('rf', RandomForestClassifier(n_estimators=160, random_state=42)),
('svm', SVC(kernel='linear', probability=True)),
('xgb",
XGBClassifier(n_estimators=100, max_depth=5, random_state=42, use_label_encoder=False, eval_metric='mlogloss'))

1
Executed at 2024.12.11 2 5in 23ms
1781 # Meta-classifier (KNN)
meta_learner = KNeighborsClassifier(n_neighbors=5) # RandomForestClassifier(n_estimators=100, random_state=42)
at 2024.12.11 2 5 in 25ms
1791 # Create a stacking classifier

stacking_clf = StackingClassifier(estimators=base_learners, final_estimator=meta_learner, cv=5)
Ex d at 2024.12.11 2

)6:46 in 115ms

6.10 Model Evaluation

Evaluation of all the proposed models was performed using accuracy, F-1 Score, precision,
recall and confusion matrix.

1 # Evaluating the model
accuracy = accuracy_score(y_mfcc_test, y_pred_stacking)
f1 = fl_score(y_mfcc_test, y_pred_stacking, average='weighted')
precision = precision_score(y_mfcc_test, y_pred_stacking, average='weighted')
recall = recall_score(y_mfcc_test, y_pred_stacking, average='weighted')

print(f'Ensemble Accuracy: {accuracy * 100:.2f}%')

print(f'Ensemble F1 Score: {fl:.2f}')

print(f'Ensemble Precision: {precision:.2f}')

print(f'Ensemble Recall: {recall:.2f}')

new_row_cv = pd.DataFrame([["Ensemble Model(CNN,RandomForest, XGBoost, SVM,KNN) with SMOTE", accuracy, fl, precision, recallll,
columns=['Model', 'Accuracy', 'F1 Score', 'Precision', 'Recall'l])

results_df = pd.concat([results_df, new_row_cv], ignore_index=True)

results_df

ited at 2024.12.11 20:06:56 in 118ms

o Ensemble Accuracy: 71.74%
Ensemble F1 Score: 0.68
Ensemble Precision: 0.64
Ensemble Recall: 0.72




6. Evaluation : Plotting Performance Metrics

3] 1 # Reshape the dataframe for easier plotting
2 n_results_df_melted = n_results_df.melt(
3 id_vars="Model", var_name="Metric", value_name="Score"
4 )
5
6 # Set the plot style
7 plt.figure(figsize=(14, 8))
5 sns.set_theme(style="whitegrid")
9
10 # Create the barplot
11 sns.bharplot(
12 data=n_results_df_melted,
13 x="Model",
14 y="Score",
15 hue="Metric",
16 palette="Set2"
7o)
18
19 # Rotate x-axis labels for better visibility
20 plt.xticks(rotation=45, ha="right", fontsize=10)
21 plt.title("Model Performance Metrics with SMOTE", fontsize=16)
22 plt.xlabel("Model", fontsize=12)
2% plt.ylabel("Score", fontsize=12)
24 plt.legend(title="Metric", fontsize=10)
v Model Performance Metrics with SMOTE
Metric
wmm Accuracy
wm F1 Score
08 mmm Precision
wem Recall
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