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Abstract

Deep learning methods often face challenges due to unbalanced or non-representative

data, and in many cases, data scarcity limits model effectiveness. We advocate that

improving data quality can lead to significant performance enhancements. This thesis

presents new methods for data augmentation. Our first method involves randomly create

filters to remove certain rows and columns from the original image to generate smaller,

more informative images. This method was applied to the Cats vs. Dogs dataset to train

the Basic CNN and ResNet50 models, showing improved results compared to the original

dataset. However, random filter generation can sometimes produce images that are too

similar to the originals, reducing diversity. To address this, we developed a secondary

technique incorporating a random optimization algorithm to select optimal generated im-

ages based on entropy, yielding promising results when applied to the VGG16 model.

Nevertheless, image selection remains dependent on filter quality, potentially limiting

diversity. Therefore, our third method employs a genetic algorithm to enhance filter

generation and ensure greater diversity. Additionally, we improved the architectures of

the VGG16 and VGG19 models. When applied to the Cats vs. Dogs and Chest X-ray

datasets and used to train a set of seven models (VGG16, VGG19, their enhanced ver-

sions, EfficientNet-B0, Inception-V3, and Vision Transformer), we observed promising

improvements in model performance compared to the second method. Since optimization

techniques require considerable time and resources, we proposed an alternative method

to enhance model performance without increasing data size. This approach leverages the

unique capabilities of each model to extract features by merging their outputs into a uni-

fied representation used to train a single classifier. The integrated models using VGG16,

VGG19, EfficientNet-B0, and Inception-V3 showed clear performance superiority com-

pared to each model’s individual performance.

Keywords: Deep Learning, Optimization, Image Analysis, Image Classification, Data

Augmentation.
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Résumé

Les méthodes de deep learning rencontrent souvent des défis liés à des données déséquili-

brées ou peu représentatives, et dans de nombreux cas, la rareté des données limite l’ef-

ficacité des modèles. Nous proposons que l’amélioration de la qualité des données peut

entraîner une hausse significative des performances. Cette thèse introduit des méthodes

innovantes de l’augmentation des données. La première méthode repose sur la généra-

tion aléatoire de filtres pour supprimer certaines lignes et colonnes de l’image originale,

produisant ainsi des images plus petites et informatives appliquée au dataset ”Cats vs.

Dogs” pour entraîner les modèles Basic CNN et ResNet50, elle a montré une amélioration

par rapport à la base de données d’origine. Cependant, la génération aléatoire de filtres

peut parfois produire des images trop similaires aux originales, limitant la diversité. Pour

y remédier, nous avons développé une deuxième technique intégrant un algorithme d’op-

timisation aléatoire pour sélectionner les images optimales en se basant sur leur entropie,

montrant de meilleurs résultats sur VGG16 par rapport à notre première proposition.

Cependant, la dépendance de cette méthode à la qualité des filtres générés peut encore

limiter la diversité. Ainsi, notre troisième méthode utilise une optimisation par algorithme

génétique pour améliorer la génération de filtres et garantir une plus grande diversité. Par

ailleurs, nous avons amélioré les architectures des modèles VGG16 et VGG19, et notre

approche a montré des resultats significatives sur les bases de données ”Cats vs. Dogs” et

”Chest X-ray”, en entraînant sept modèles (VGG16, VGG19, leurs versions améliorées,

EfficientNet-B0, Inception-V3, et Vision Transformer). Comme l’optimisation demande

du temps et des ressources, nous avons proposé une nouvelle méthode combinant les sor-

ties de plusieurs modèles et alimentant un classificateur . Cette approche a surpassé les

performances individuelles de chaque modèle, démontrant l’efficacité de nos contributions.

Mots-clés: Apprentissage Profond, Optimisation, Analyse d’Images, Classification

d’Images, Augmentation des Données.
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�j �_���M�/�Q�K �P�T�i�B�K�B�x���i�B�Q�M ���M�/ �1�M�i�`�Q�T�v�@�"���b�2�/ �.�� �7�Q�` �A�K���;�2 �*�H���b�b�B�}�+���i�B�Q�M

���M�/ ���M���H�v�b�B�b �ô�_�P�1�.���ô �e�9

�j�X�R �A�M�i�`�Q�/�m�+�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�8

�j�X�k �_���M�/�Q�K �P�T�i�B�K�B�x���i�B�Q�M �J�2�i�?�Q�/�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�e

�j�X�j �1�M�i�`�Q�T�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�d

�j�X�9 �S�`�Q�T�Q�b�2�/ �J�2�i�?�Q�/�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�3

�j�X�8 �_�2�b�m�H�i�b ���M�/ �.�B�b�+�m�b�b�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�k

�j�X�e �*�Q�M�+�H�m�b�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�8

�9 �1�M�?���M�+�B�M�; �.�2�2�T �G�2���`�M�B�M�; �A�K���;�2 �*�H���b�b�B�}�+���i�B�Q�M �l�b�B�M�; �.���i�� ���m�;�K�2�M�i���@

�i�B�Q�M ���M�/ �:�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�@�#���b�2�/ �P�T�i�B�K�B�x���i�B�Q�M�b �d�e

�9�X�R �A�M�i�`�Q�/�m�+�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�d

�9�X�k �S�`�Q�T�Q�b�2�/ �J�2�i�?�Q�/�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�3

�9�X�k�X�R �:�2�M�2�`���i�2 �}�H�i�2�`�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�N

�9�X�k�X�k ���T�T�H�B�+���i�B�Q�M �Q�7 �:���X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�R

�9�X�k�X�j �A�K���;�2 �;�2�M�2�`���i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�y

�9�X�j �_�2�b�m�H�i�b ���M�/ �.�B�b�+�m�b�b�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�R

�9�X�9 �*�Q�M�+�H�m�b�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�d

�8 �1�M�?���M�+�B�M�; �A�K���;�2 �*�H���b�b�B�}�+���i�B�Q�M �r�B�i�? �1�M�b�2�K�#�H�2 �.�2�2�T �G�2���`�M�B�M�; �i�?�`�Q�m�;�?

�.�2�2�T �6�2���i�m�`�2 �*�Q�M�+���i�2�M���i�B�Q�M �R�y�3

�8�X�R �A�M�i�`�Q�/�m�+�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�N
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�*�P�L�h�1�L�h�a

�8�X�k �_�2�H���i�2�/ �q�Q�`�F�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�y

�8�X�j �S�`�Q�T�Q�b�2�/ �J�2�i�?�Q�/�Q�H�Q�;�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�k

�8�X�j�X�R �6�2���i�m�`�2 �2�t�i�`���+�i�B�Q�M �m�b�B�M�; �*�L�L�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�k

�8�X�j�X�k �*�Q�M�+���i�2�M���i�B�Q�M �Q�7 �7�2���i�m�`�2 �p�2�+�i�Q�`�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�9

�8�X�j�X�j �*�H���b�b�B�}�+���i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�8

�8�X�9 �1�t�T�2�`�B�K�2�M�i���H �_�2�b�m�H�i�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�d

�8�X�8 �*�?���H�H�2�M�;�2�b �Q�7 �*�Q�M�+���i�2�M���i�B�Q�M �J�2�i�?�Q�/�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�3

�8�X�e �*�Q�M�+�H�m�b�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�y

�*�Q�M�+�H�m�b�B�Q�M ���M�/ �6�m�i�m�`�2 �q�Q�`�F�b �R�k�R

�R �a�m�K�K���`�v ���M�/ �F�2�v �}�M�/�B�M�;�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�k

�k �6�m�i�m�`�2 �r�Q�`�F�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�9
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�G�B�b�i �Q�7 �6�B�;�m�`�2�b

�R�X�R �1�t���K�T�H�2�b �Q�7 �B�K���;�2�b �;�2�M�2�`���i�2�/ �#�v ���T�T�H�v�B�M�; �:�h�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�y

�R�X�k �1�t���K�T�H�2 �Q�7 �B�K���;�2�b �Q�#�i���B�M�2�/ �#�v ���T�T�H�v�B�M�; �*�"���X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�R

�R�X�j �1�t���K�T�H�2 �Q�7 �A�K���;�2�b �P�#�i���B�M�2�/ �#�v ���T�T�H�v�B�M�; �L�Q�B�b�2 ���M�/ �.�B�b�i�Q�`�i�B�Q�M�X �X �X �X �X�k�k

�R�X�9 �a���K�T�H�2 �B�K���;�2�b �7�`�Q�K �i�?�2 �i�r�Q �/���i���b�2�i�b �m�b�2�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�k

�R�X�8 ���`�+�?�B�i�2�+�i�m�`�2 �Q�7 �� �#���b�B�+ �*�L�L �K�Q�/�2�H�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�j

�R�X�e �h�?�2 �K�Q�/�B�}�2�/ ���`�+�?�B�i�2�+�i�m�`�2 �Q�7 �i�?�2 �o�:�:�R�e �K�Q�/�2�H�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�8

�R�X�d �h�?�2 �K�Q�/�B�}�2�/ ���`�+�?�B�i�2�+�i�m�`�2 �Q�7 �i�?�2 �o�:�:�R�N �K�Q�/�2�H�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�e

�k�X�R �6�B�H�i�2�` �;�2�M�2�`���i�B�Q�M �T�`�Q�+�2�b�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�j

�k�X�k �P�m�i�H�B�M�2 �Q�7 �i�?�2 �_�a �J�2�i�?�Q�/�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�9

�k�X�j ���M �2�t���K�T�H�2 �Q�7 �i�?�2 �_�a �K�2�i�?�Q�/ �m�b�B�M�; �i�r�Q �}�H�i�2�`�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�e

�k�X�8 �r�Q �B�K���;�2�b �r�B�i�? �/�B�z�2�`�2�M�i �b�B�x�2�b ���M�/ ���T�T�2���`���M�+�2�b �r�2�`�2 �;�2�M�2�`���i�2�/ �m�b�B�M�;

�/�B�b�i�B�M�+�i �}�H�i�2�`�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�d

�k�X�9 �A�H�H�m�b�i�`���i�B�Q�M �Q�7 �+�`�Q�T�T�B�M�; �H�B�M�2�b ���M�/ �+�Q�H�m�K�M�b �i�Q �;�2�M�2�`���i�2 �� �M�2�r �B�K���;�2�X�X �X �X�8�d

�k�X�e �h�?�2 �T�`�Q�+�2�b�b �Q�7 �;�2�M�2�`���i�B�M�; �� �M�2�r �B�K���;�2 ���T�T�H�v�B�M�; �� �}�H�i�2�`F �m�b�B�M�; �_�a�X�X �X �X�8�N

�k�X�d �_�B�b�2 �B�M ���+�+�m�`���+�v �r�B�i�? ���M �B�M�+�`�2���b�2 �B�M �i�`���B�M�B�M�; �/���i�� �b�B�x�2�X�X �X �X �X �X �X �X �X �X �X�e�y

�k�X�3 �_�B�b�2 �B�M �2�`�`�Q�` �r�B�i�? ���M �B�M�+�`�2���b�2 �B�M �i�`���B�M�B�M�; �/���i�� �b�B�x�2�X�X �X �X �X �X �X �X �X �X �X �X �X�e�R

�k�X�N �1�t���K�T�H�2 �Q�7 �M�2�r�H�v �Q�#�i���B�M�2�/ �B�K���;�2�b �#�v �p���`�v�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �b�2�H�2�+�i�2�/

�T�B�t�2�H�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�k

�j�X�R �S�`�Q�+�2�b�b �Q�7 �_�P�1�.���X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�y

�j�X�k �1�t���K�T�H�2�b �Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; �B�K���;�2�b �;�2�M�2�`���i�2�/ �m�b�B�M�; �i�?�2 �_�P�1�.�� �K�2�i�?�Q�/�X�X �d�k
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�G�A�a�h �P�6 �6�A�:�l�_�1�a

�9�X�R �P�p�2�`�p�B�2�r �Q�7 �i�?�2 �K�2�i�?�Q�/�Q�H�Q�;�v �7�Q�` �i�?�2 �T�`�Q�T�Q�b�2�/ �.�� �i�2�+�?�M�B�[�m�2�X �X �X �X �X �X �X�3�y

�9�X�k �� �b�B�K�T�H�B�}�2�/ �2�t���K�T�H�2 �B�H�H�m�b�i�`���i�B�M�; �i�?�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �� �}�H�i�2�` ���b ��

�+�?�`�Q�K�Q�b�Q�K�2 �B�M �p�2�+�i�Q�` �7�Q�`�K�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�R

�9�X�j �6�B�i�M�2�b�b �7�m�M�+�i�B�Q�M �2�p���H�m���i�B�Q�M �r�B�i�? �B�K���;�2�b �Q�7 �m�M�B�7�Q�`�K �`�2�b�Q�H�m�i�B�Q�M�X�X �X �X �X �X �X�3�8

�9�X�9 �*�Q�K�T�m�i���i�B�Q�M �Q�7 �i�?�2 �}�i�M�2�b�b �7�m�M�+�i�B�Q�M �r�B�i�? �B�K���;�2�b �Q�7 �p���`�v�B�M�; �`�2�b�Q�H�m�i�B�Q�M�b�X�X �3�8

�9�X�8 ���b�+�2�M�/�B�M�; �Q�`�/�2�` �Q�7 �}�i�M�2�b�b �p���H�m�2�b �#���b�2�/ �Q�M �i�?�2 �T�`�Q�T�Q�b�2�/ �}�i�M�2�b�b �7�m�M�+�i�B�Q�M�X�3�d

�9�X�e �A�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�?�2 �+�`�Q�b�b�Q�p�2�` �Q�T�2�`���i�Q�` �B�M ���+�i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�3

�9�X�d ���H�i�2�`���i�B�Q�M �Q�7 �`�2�b�Q�H�m�i�B�Q�M �#�v �i�?�2 �+�`�Q�b�b�Q�p�2�` �Q�T�2�`���i�Q�`�X�X �X �X �X �X �X �X �X �X �X �X �X �X�3�N

�9�X�3 �A�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�?�2 �K�m�i���i�B�Q�M �Q�T�2�`���i�Q�`�ö�b �2�z�2�+�i�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�y
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