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1. INTRODUCTION 

 

1.1. Objectifs 
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1.2. Fichiers joints à ce rapport 
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2. ETUDE LIMINAIRE DES DONNEES 

� *�
�� �
� 
������� ���
��� 
���� ����
�� �
��+���� ���� �� 

���� �$�
� ��� "��
�

%��
��
����%������
������
�
�����
�����
������
���� ������,�
�����

2.1.  Le Lac Saint-Jean 
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Figure 1 - Le lac Saint-Jean 
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2.2.  Source des données 
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Figure 2 - Rainfall and snowmelt curves�
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Figure 3 - Inflow curve 
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Figure 4 - Snowmelt and rainfall box plots�
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Figure 5 - Inflow box plot�
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2.4.  Matrice de corrélation 
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Figure 6 - Matrice de corrélation entre inflow, rainfall et snowmelt 
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2.5.  Analyse en Composantes Principales (ACP) 

 

� %����� ������ ��� ��
� ���� ����
�
������
� ���
���
� 	� 
� ��
� ��
�����
� �$���
��� ����

�� �
����
�S$ >�� $/ � ������ $	 T�� ��+����
�� ��� .� 	�
����
� )
����	���
�C+.)D� �� 	�� 
� ��������� ���

���
�
�� ���  ' �� ��
� ���� ��� ������
� 	�
� ��� �������� 
� ��
�����
� ��� �� �
�� 
������� .�
�

��������
���
�����
�
�
���� ��
��� �����
��
�������
 �
���
���
�����
� �
�������
�� ���	�
��
����

����� ����.� 	�
����
�)
����	���
�C.)D��

� ����� �$��	������ ��� 
��������� ��� �� �
�� ��� ��
����� 
� �����
��
� 	��
� ���
�
�� ���

��
� �������������
�	
�����������	�
���������
 ���� �����+.)�	
��"��������8������������



 
� ���������	
��
�����

	���	�
���	
��� 


����������	
��
�
���
���	������ �

  

 

Cnam RCP209 franck.dernoncourt@gmail.com Page 13 of 47 

������	�
���������
 ������
�������	��
��������	�

� �����
��������
��
�	
���
��������
������������

�����
�� ���  ��� <����
 �����<�� ��+.)� 	���� ����� '�
�� �� �� ��  �� ���� ���������� ���


�������������� ��
�����������

�

� G��
�� ���� +.)� ���
� 	�
 ���
�� ���
�� ��� ���
�� ����
� �  ���$� ���� ���  ��
���� ���

��

����������������	
�����  �����
�����
���������� ����
�
��
���
��
��
���
�����
�U����
� ����

�����
�����������
���������	����'�
��	
�
����������  ��������������
����$����
�
��

 
 
Voici les résultats : 
 

 
Figure 7 - Proportion de la variance expliquée par Composante Principale 
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Figure 8 - Projection des données sur les 2 premières Composantes Principales  
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3. CLASSIFICATION 
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3.1.  Classification hiérarchique 
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Figure 9 - Classification hiérarchique avec 12 classes 

 

Figure 10 - Classification hiérarchique avec 48 classes 
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Figure 11 - Classification hiérarchique avec 96 classes 

� �

� 9��
� �����
� ���� ��� ���

���������� ���
�
������� ��� ������ 	�
� ��� ���
� 
�
�����
��

#��
���
���
������>/����0F����

�
�����
����
�����
 ��������	��
��
��������

��
��
��	����

�������
���������
"
��
����� ���
������
���
�
����� �
��#��
������
������6Q����

�
�����
����

��
� /� 	��
� �
����
� ���

�
� ���� 
���� �$��

��� ���� � 
����
� 	�
� 
�		�
�� ��$� 60� ���
�
�

���

�
��

� .�
�  �����
� 
�
�����
� 
��$	�������� ���� 	�
� ��� �
"
 � �
����� 	
�$� ���� ���
�� ���

 ���
���� ��
� ������

�� �����
� ������ �$�
��� ����� �� �� ��
� 	����
� �
���
�� ;
�� ��� ���������

clusterdata � �		����� �� 
��� ���
� ��� ��������� linkage �� ���� �����
�� 	�
� ������� ���


��
��	� ����	�
����	��
����
�����
������C -�
���0��
>����%�������
� D�� �����������
�
����

��� 
��
��	� ����X��� ��� ���Y���Z� ���
�� ��
� 	����
� 
� ���
� �� 	
�$� ����� ��� ���
� ���� ��
�

	����
��������
���



 
� ���������	
��
�����

	���	�
���	
��� 


����������	
��
�
���
���	������ �

  

 

Cnam RCP209 franck.dernoncourt@gmail.com Page 18 of 47 

� %�����
��������������� clusterdata ��		�������

�������������� plist �����������
��

	�
�������������
������������������	��
��������
��� ���
���������
�����$����

�
��.���
�
����

��
���������*���������
��������������
������ ������ 

�
�
�����
��

� �

� P����� ��� ���� ����� �������� ��� �����
���� ��� 
��
��	�  ���� ��� :�
�� ���
�� ���� ���

��
���������*���������
�����������  ������

T = clusterdata(D,'maxclust',12 , 'distance', 'maha lanobis', 
'linkage', 'ward'); : 

 

Figure 12 - Classification hiérarchique avec 12 classes, Ward et Mahalanobis.�
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3.2. Méthode des K-moyennes 
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Figure 13 - Méthode des K-moyennes avec 4 classes 

 

Figure 14 - Méthode des K-moyennes avec 12 classes�
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3.3. Cartes auto organisatrices (Kohonen) 
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Figure 15 - Apprentissage de la carte auto organisatrice - X is inflow, Y is rainfall �
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Figure 16 - Carte auto organisatrice - X is inflow, Y is rainfall �
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Figure 17 - Carte auto organisatrice - X is inflow, Y is snowmelt 
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Figure 18 - Carte auto organisatrice - X is rainfall, Y is snowmelt 
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4. CONSTRUCTION D'UN MODELE DE PREDICTION 
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4.1.  Autocorrélation 
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Figure 19 - Autocorrélation du débit entrant�
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Figure 20 - Autocorrélation de la pluviométrie 

 

 
Figure 21 - Autocorrélation de la fonte des neiges�
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Figure 22 - Débit entrant moyen sur un an 
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Figure 23 - Pluviométrie et fonte des neiges moyennes sur un an�
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Figure 24 - Moyenne du débit entrant constatée sur les années précédentes�
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Figure 25 - Moyenne des débits passés vs débit constaté�
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4.2. Perceptron multicouches (MLP) 
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4.2.1. Définitions et structure 
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Figure 26 - Exemple d'un réseau de neurones feedforward�
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4.2.2.  Analyse de l’impact du prétraitement des données 
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========================================= 
=== ARV table with Predict_size = 6 === 

========================================= 
ARV with 3 hidden neurons = 1.272048e+000 
ARV with 6 hidden neurons = 9.575360e-001 

ARV with 12 hidden neurons = 1.102687e+000 
ARV with 24 hidden neurons = 8.796483e-001 
ARV with 48 hidden neurons = 8.795889e-001 
ARV with 96 hidden neurons = 4.346010e-001  

ARV with 144 hidden neurons = 1.082678e+000 
 

========================================= 
=== ARV table with Predict_size = 12 === 

========================================= 
ARV with 3 hidden neurons = 1.045543e+000 
ARV with 6 hidden neurons = 2.462280e+000 

ARV with 12 hidden neurons = 1.086966e+000 
ARV with 24 hidden neurons = 9.555312e-001 
ARV with 48 hidden neurons = 9.817822e-001 
ARV with 96 hidden neurons = 8.559246e-001 

ARV with 144 hidden neurons = 5.900990e-001 
 

========================================= 
=== ARV table with Predict_size = 48 === 

========================================= 
ARV with 3 hidden neurons = 8.335742e-001 
ARV with 6 hidden neurons = 8.136201e-001 

ARV with 12 hidden neurons = 8.420245e-001 
ARV with 24 hidden neurons = 1.971012e+000 
ARV with 48 hidden neurons = 6.617589e-001 
ARV with 96 hidden neurons = 7.596775e-001 

ARV with 144 hidden neurons = 1.972292e+000 
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Figure 27 - Prédiction du MLP avec données non traitées 
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========================================= 
=== ARV table with Predict_size = 6 === 

========================================= 
ARV with 3 hidden neurons = 3.615301e-001 
ARV with 6 hidden neurons = 3.648960e-001 

ARV with 12 hidden neurons = 3.804038e-001 
ARV with 24 hidden neurons = 3.671627e-001 
ARV with 48 hidden neurons = 4.014003e-001 
ARV with 96 hidden neurons = 4.229980e-001 

ARV with 144 hidden neurons = 4.231062e-001 
========================================= 
=== ARV table with Predict_size = 12 === 

========================================= 
ARV with 3 hidden neurons = 3.776689e-001 
ARV with 6 hidden neurons = 4.684528e-001 

ARV with 12 hidden neurons = 3.889060e-001 
ARV with 24 hidden neurons = 3.734274e-001 
ARV with 48 hidden neurons = 4.715908e-001 
ARV with 96 hidden neurons = 4.472611e-001 

ARV with 144 hidden neurons = 4.650412e-001 
========================================= 
=== ARV table with Predict_size = 48 === 

========================================= 
ARV with 3 hidden neurons = 5.211806e-001 
ARV with 6 hidden neurons = 3.768322e-001 

ARV with 12 hidden neurons = 3.628320e-001 
ARV with 24 hidden neurons = 4.588404e-001 
ARV with 48 hidden neurons = 3.592023e-001  
ARV with 96 hidden neurons = 4.267923e-001 

ARV with 144 hidden neurons = 3.827214e-001 
�

 
Figure 28 - Prédiction du MLP avec débit entrant divisé par 1000�
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========================================= 
=== ARV table with Predict_size = 6 === 

========================================= 
ARV with 3 hidden neurons = 2.533819e-001 
ARV with 6 hidden neurons = 2.290497e-001  

ARV with 12 hidden neurons = 2.496079e-001 
ARV with 24 hidden neurons = 2.388564e-001 
ARV with 48 hidden neurons = 2.346452e-001 
ARV with 96 hidden neurons = 2.316126e-001 

ARV with 144 hidden neurons = 2.313823e-001 
========================================= 
=== ARV table with Predict_size = 12 === 

========================================= 
 

ARV with 3 hidden neurons = 2.715612e-001 
ARV with 6 hidden neurons = 2.983055e-001 

ARV with 12 hidden neurons = 2.745780e-001 
ARV with 24 hidden neurons = 2.583667e-001 
ARV with 48 hidden neurons = 2.638117e-001 
ARV with 96 hidden neurons = 2.862301e-001 

ARV with 144 hidden neurons = 2.409670e-001 
========================================= 
=== ARV table with Predict_size = 48 === 

========================================= 
ARV with 3 hidden neurons = 3.283175e-001 
ARV with 6 hidden neurons = 3.000058e-001 

ARV with 12 hidden neurons = 2.950053e-001 
ARV with 24 hidden neurons = 2.731107e-001 
ARV with 48 hidden neurons = 2.565473e-001 
ARV with 96 hidden neurons = 2.444401e-001 

ARV with 144 hidden neurons = 2.698794e-001 

 
Figure 29 - Prédiction du MLP avec données centrées-réduites 
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4.2.3. Apprentissage 
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Figure 30 - Early stopping pour éviter le sur-apprentissage�
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4.2.4. Fonctions de sorties et fonctions d’activation 
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4.2.5. Comparaison avec l’autocorrélation 
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Figure 31 - MLP  à 3 neurones en entrée, 48 cachés et 1 en sortie.�
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5. CONCLUSION 
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�

6. ANNEXE 

�

�

Predict_size = 1 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.203380e-001 
ARV with 2 hidden neurons = 2.231542e-001 
ARV with 3 hidden neurons = 1.843551e-001 
ARV with 4 hidden neurons = 2.306667e-001 
ARV with 5 hidden neurons = 2.009054e-001 
ARV with 6 hidden neurons = 2.102271e-001 
ARV with 8 hidden neurons = 1.817335e-001 

ARV with 10 hidden neurons = 1.833652e-001 
ARV with 12 hidden neurons = 1.935792e-001 
ARV with 24 hidden neurons = 2.045804e-001 
ARV with 48 hidden neurons = 1.819394e-001  
ARV with 96 hidden neurons = 2.283133e-001 

ARV with 144 hidden neurons = 2.238045e-001 
 

Predict_size = 2 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.005895e-001 
ARV with 2 hidden neurons = 1.924723e-001 
ARV with 3 hidden neurons = 1.954813e-001 
ARV with 4 hidden neurons = 2.240467e-001 
ARV with 5 hidden neurons = 2.238328e-001 
ARV with 6 hidden neurons = 2.340797e-001 
ARV with 8 hidden neurons = 2.255071e-001 

ARV with 10 hidden neurons = 1.912066e-001 
ARV with 12 hidden neurons = 1.886838e-001 
ARV with 24 hidden neurons = 2.033288e-001 
ARV with 48 hidden neurons = 1.908149e-001 
ARV with 96 hidden neurons = 2.009704e-001 

ARV with 144 hidden neurons = 2.155398e-001 
 

Predict_size = 3 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.055504e-001 
ARV with 2 hidden neurons = 1.993399e-001 
ARV with 3 hidden neurons = 2.204853e-001 
ARV with 4 hidden neurons = 1.933933e-001 
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ARV with 5 hidden neurons = 1.923204e-001 
ARV with 6 hidden neurons = 1.966903e-001 
ARV with 8 hidden neurons = 2.101883e-001 

ARV with 10 hidden neurons = 1.875084e-001 
ARV with 12 hidden neurons = 2.482768e-001 
ARV with 24 hidden neurons = 2.464094e-001 
ARV with 48 hidden neurons = 2.352848e-001 
ARV with 96 hidden neurons = 2.183354e-001 

ARV with 144 hidden neurons = 2.241612e-001 
 

Predict_size = 4 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.128019e-001 
ARV with 2 hidden neurons = 2.056585e-001 
ARV with 3 hidden neurons = 1.917037e-001 
ARV with 4 hidden neurons = 2.341324e-001 
ARV with 5 hidden neurons = 2.312663e-001 
ARV with 6 hidden neurons = 2.155177e-001 
ARV with 8 hidden neurons = 2.318832e-001 

ARV with 10 hidden neurons = 2.320869e-001 
ARV with 12 hidden neurons = 1.985817e-001 
ARV with 24 hidden neurons = 2.254444e-001 
ARV with 48 hidden neurons = 2.514068e-001 
ARV with 96 hidden neurons = 2.263992e-001 

ARV with 144 hidden neurons = 2.129266e-001 
 

Predict_size = 5 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.062703e-001 
ARV with 2 hidden neurons = 2.389428e-001 
ARV with 3 hidden neurons = 2.107614e-001 
ARV with 4 hidden neurons = 2.126020e-001 
ARV with 5 hidden neurons = 2.346372e-001 
ARV with 6 hidden neurons = 2.224268e-001 
ARV with 8 hidden neurons = 2.436321e-001 

ARV with 10 hidden neurons = 2.525732e-001 
ARV with 12 hidden neurons = 2.397564e-001 
ARV with 24 hidden neurons = 2.154663e-001 
ARV with 48 hidden neurons = 2.256831e-001 
ARV with 96 hidden neurons = 2.129779e-001 

ARV with 144 hidden neurons = 2.185727e-001 
 

Predict_size = 6 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.082782e-001 
ARV with 2 hidden neurons = 1.994813e-001 
ARV with 3 hidden neurons = 2.533819e-001 
ARV with 4 hidden neurons = 2.266663e-001 
ARV with 5 hidden neurons = 2.315919e-001 
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ARV with 6 hidden neurons = 2.290497e-001 
ARV with 8 hidden neurons = 2.343673e-001 

ARV with 10 hidden neurons = 2.356483e-001 
ARV with 12 hidden neurons = 2.496079e-001 
ARV with 24 hidden neurons = 2.388564e-001 
ARV with 48 hidden neurons = 2.346452e-001 
ARV with 96 hidden neurons = 2.316126e-001 

ARV with 144 hidden neurons = 2.313823e-001 
 
 

Predict_size = 8 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.352311e-001 
ARV with 2 hidden neurons = 2.277938e-001 
ARV with 3 hidden neurons = 2.287229e-001 
ARV with 4 hidden neurons = 2.706733e-001 
ARV with 5 hidden neurons = 2.619420e-001 
ARV with 6 hidden neurons = 2.322185e-001 
ARV with 8 hidden neurons = 2.443067e-001 

ARV with 10 hidden neurons = 2.249828e-001 
ARV with 12 hidden neurons = 2.268183e-001 
ARV with 24 hidden neurons = 2.129321e-001 
ARV with 48 hidden neurons = 2.316703e-001 
ARV with 96 hidden neurons = 2.300831e-001 

ARV with 144 hidden neurons = 2.452892e-001 
 

Predict_size = 10 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.243463e-001 
ARV with 2 hidden neurons = 2.375682e-001 
ARV with 3 hidden neurons = 2.874422e-001 
ARV with 4 hidden neurons = 2.575301e-001 
ARV with 5 hidden neurons = 2.599116e-001 
ARV with 6 hidden neurons = 2.688915e-001 
ARV with 8 hidden neurons = 2.673595e-001 

ARV with 10 hidden neurons = 2.602546e-001 
ARV with 12 hidden neurons = 2.689160e-001 
ARV with 24 hidden neurons = 2.496505e-001 
ARV with 48 hidden neurons = 2.359130e-001 
ARV with 96 hidden neurons = 2.308238e-001 

ARV with 144 hidden neurons = 2.236731e-001 
 

Predict_size = 12 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.257942e-001 
ARV with 2 hidden neurons = 2.679510e-001 
ARV with 3 hidden neurons = 2.715612e-001 
ARV with 4 hidden neurons = 2.335533e-001 
ARV with 5 hidden neurons = 2.859287e-001 
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ARV with 6 hidden neurons = 2.983055e-001 
ARV with 8 hidden neurons = 2.860448e-001 

ARV with 10 hidden neurons = 2.637793e-001 
ARV with 12 hidden neurons = 2.745780e-001 
ARV with 24 hidden neurons = 2.583667e-001 
ARV with 48 hidden neurons = 2.638117e-001 
ARV with 96 hidden neurons = 2.862301e-001 

ARV with 144 hidden neurons = 2.409670e-001 
 

Predict_size = 48 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 2.903224e-001 
ARV with 2 hidden neurons = 2.893658e-001 
ARV with 3 hidden neurons = 3.283175e-001 
ARV with 4 hidden neurons = 2.914823e-001 
ARV with 5 hidden neurons = 3.497120e-001 
ARV with 6 hidden neurons = 3.000058e-001 
ARV with 8 hidden neurons = 2.907796e-001 

ARV with 10 hidden neurons = 2.978004e-001 
ARV with 12 hidden neurons = 2.950053e-001 
ARV with 24 hidden neurons = 2.731107e-001 
ARV with 48 hidden neurons = 2.565473e-001 
ARV with 96 hidden neurons = 2.444401e-001 

ARV with 144 hidden neurons = 2.698794e-001 
 

Predict_size = 96 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 5.017224e-001 
ARV with 2 hidden neurons = 4.290527e-001 
ARV with 3 hidden neurons = 4.279755e-001 
ARV with 4 hidden neurons = 3.932672e-001 
ARV with 5 hidden neurons = 3.897071e-001 
ARV with 6 hidden neurons = 4.183855e-001 
ARV with 8 hidden neurons = 4.210123e-001 

ARV with 10 hidden neurons = 3.718603e-001 
ARV with 12 hidden neurons = 3.940910e-001 
ARV with 24 hidden neurons = 3.497657e-001 
ARV with 48 hidden neurons = 3.318670e-001 
ARV with 96 hidden neurons = 4.005927e-001 

ARV with 144 hidden neurons = 4.092691e-001 
 

Predict_size = 144 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 4.406828e-001 
ARV with 2 hidden neurons = 3.924443e-001 
ARV with 3 hidden neurons = 3.723940e-001 
ARV with 4 hidden neurons = 3.659539e-001 
ARV with 5 hidden neurons = 4.453144e-001 
ARV with 6 hidden neurons = 3.910229e-001 
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ARV with 8 hidden neurons = 3.684032e-001 
ARV with 10 hidden neurons = 3.767156e-001 
ARV with 12 hidden neurons = 4.248509e-001 
ARV with 24 hidden neurons = 3.482406e-001 
ARV with 48 hidden neurons = 3.451425e-001 
ARV with 96 hidden neurons = 3.445793e-001 

ARV with 144 hidden neurons = 3.845200e-001 
 

Predict_size = 192 
============================== 

=== ARV table with DTest === 
============================== 

ARV with 1 hidden neurons = 4.700531e-001 
ARV with 2 hidden neurons = 3.663336e-001 
ARV with 3 hidden neurons = 3.929684e-001 
ARV with 4 hidden neurons = 3.289303e-001 
ARV with 5 hidden neurons = 3.423164e-001 
ARV with 6 hidden neurons = 3.414302e-001 
ARV with 8 hidden neurons = 3.975448e-001 

ARV with 10 hidden neurons = 4.417513e-001 
ARV with 12 hidden neurons = 3.562159e-001 
ARV with 24 hidden neurons = 3.049545e-001 
ARV with 48 hidden neurons = 3.365084e-001 
ARV with 96 hidden neurons = 3.282628e-001 

ARV with 144 hidden neurons = 3.140193e-001 

�

�
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