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Reésumé

Ces derniéres années, les algorithmes de Deep Learning ont connu une popularité croissante
dans le domaine de la vision par ordinateur, en particulier en ce qui concerne la classification et la
segmentation d'images. Ce dernier a un large éventail d'applications allant de la détection d'objets en
mouvement A la détection de cancer, ainsi qu'd la classification d'images satellites, également
connues sous le nom d'images d’utilisation et d"occupation des sols (LULC). qui constituent ie sujet
central de cette these.

La classification et la prédiction d’utilisation et d’occupation des sols (LULC) jouent un role
crucial dans la gestion durable des ressources naturelles a différentes échelles géographiques. Etudier
ces changements permet de mieux comprendre les processus et mécanismes sous-jacents qui
faconnent notre environnement. Grace aux progrés dans les technologies d'observation de la Terre. i]
existe maintenant une opportunité sans précédent d'observer de vastes zones géographiques en déail.
en raison de la disponibilité croissante d'énormes quantités d'images satellitaires au fil du temps.
Cependant. exploiter efficacement cette mine d'informations pour traiter les données LULC demeure
un défi de premier plan dans le domaine de la télédétection.

Jusqu'a présent, les méthodes d'analyse des images satellites se sont avérées coliteuses en
termes de temps de calcul, tout en ne montrant pas toujours des performances satisfaisantes. Pour
relever ce défi, différentes techniques ont été proposées, y compris l'utilisation de technologies de
télédétection conjointement avec des méthodes de Machine et Deep Learning (M/DL). Dans cette
these, deux approches novatrices sont présentees.

Tout d'abord, une nouvelle architecture de réseau de neurones convolutifs (CNN) appelée
Modified MobileNet_V1 (MMN) est proposée. Cette architecture est basée sur une fusion entre
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Abstract

In recent years, deep learning algorithms have seen increasing popularity in the field of
computer vision, particularly regarding image classification and segmentation. The latter has a wide
range of applications ranging from the detection of moving objects to the detection of cancers. as
well as the classification of satellite images, also known as land use-land cover images (LULC).
which constitute the central subject of this thesis.

The classification and prediction of LULC play a crucial role in the sustainable management of
natural resources at various geographic scales. Studying LULC changes allows for a better
understanding of the underlying processes and mechanisms that shape our environment. Thanks to
advancements in Earth observation technologies. there is now an unprecedented opportunity to
observe vast geographic areas in detail, owing to the growing availability of extensive sateliitc
imagery over time. However, effectively harnessing this wealth of information to process LULC data
remains a prominent challenge in the field of remote sensing.

So far, methods for analyzing satellite imagery have proven to be computationally expensive.
while not always exhibiting satisfactory performance. To address this challenge, various techniques
have been proposed, including the integration of remote sensing technologies with Machine and
Deep Learning methods (M/DL). In this thesis, two innovative approaches are presented.

Firstly, a novel Convolutional Neural Network (CNN) architecture called Modified
MobileNet_V1 (MMN) is proposed. This architecture is based on a fusion of MobileNet_V1 and
ResNet50. To verify the performance of the MMN method, a comprehensive comparative study 1s
conducted between the proposed model and other popular models based on transfer learning
technique, such as MobileNet_V1, VGG16, DenseNet201, and ResNet50. These experiments are
carried out on the EuroSat dataset.

Next, a Deep Learning (DL) architecture named STDC-DFCN (Short-Term:1  Dense
Concatenate-Depthwise Fully Convolutional Network) is introduced. This architecture is based on
STDCNet as the backbone to extract contextual information, progressively reducing the size of the
feature map and decreasing computation time. The decoder also incorporates the concept of
depthwise convolution to generate the segmentation map. A comparative study with other deep
learning models is presented, demonstrating that the proposed approach achieves comparable
performance to existing methods while requiring less computation time.
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The second part of this thesis focuses on the study of LULC changes in the N'fis watershed,

located in the western High Atlas region of Morocco, over a period from 1984 to 2022. Using remote
sensing technologies. we tracked changes in dams, forests, agriculture, and soil over time.
Additionally, a comprehensive comparison between different machine and deep learning models was
conducted to simulate and predict LULC changes specifically for the year 2030. The results of this
study reveal remarkable accuracy in LULC classification, with rates ranging from 91% to 97% for
most years, along with a kappa coefficient between 89% and 95%. Regarding prediction, the Random
Forest (RF) model emerged as the most accurate, with a precision rate of 91%.

In summary, this thesis highlights the increasing importance of Machine/Deep Learning
algorithms in computer vision, especially in image classification and segmentation. These techniques
prove particularly relevant for studying LULC, offering a significant opportunity for the sustainable
management of natural resources at the geographic scale. The proposed CNN architectures, MMN
and STDC-DFCN, have demonstrated promising performance compared to existing methods, paving
the way for new perspectives in remote sensing and environmental mapping.
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