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Objectif
Comment prendre un objet et l’insérer dans une nouvelle image?

Crédit : Derek Hoiem3



Objectif
Comment prendre un objet et l’insérer dans une nouvelle image?
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Composition d’images

Crédit: Efros/Seitz5



Dans les nouvelles…

Image 
originale

Image 
« améliorée »

http://www.guardian.co.uk/world/2010/sep/16/mubarak-doctored-red-carpet-picture6

http://www.guardian.co.uk/world/2010/sep/16/mubarak-doctored-red-carpet-picture


Dans les nouvelles…

Walski, LA Times, 2003

Images originales Image « améliorée » (et publiée…)
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Composition simple : copier-coller

Crédit : Derek Hoiem8



Composition simple : copier-coller

× =× +

objet masque arrière-plan (1-masque) image composée

I = ↵F + (1� ↵)B

Crédit : Derek Hoiem9



Autre exemple

Source: David Dewey10



Problèmes?

• Segmentation doit être parfaite!
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Solution facile : dégradé (feathering)

• Les pixels proche de la bordure de l’objet proviennent partiellement 
de l’objet et de l’arrière-plan
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Composition avec dégradé

I = ↵F + (1� ↵)B
13



Déterminer le masque : défis

• Un pixel peut capturer plusieurs objets: 
• Chevaucher deux objets (structures fines)

Plusieurs exemples sur http://alphamatting.com14

http://alphamatting.com


Déterminer le masque : défis

• Un pixel peut capturer plusieurs objets: 
• Chevaucher deux objets (structures fines)

Plusieurs exemples sur http://alphamatting.com15

http://alphamatting.com


Solution : arrière-plan connu!

Image : 20th Century Fox

I = ↵F + (1� ↵)B
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Solution : approche interactive

17

Soft Scissors : An Interactive Tool for Realtime High Quality Matting 
Jue Wang, Maneesh Agrawala, Michael Cohen 

SIGGRAPH 2007, August 2007

https://www.youtube.com/watch?v=8YQ7Z3TWGnY


Solution : temps réel et automatique!

18

Real-Time High-Resolution Background Matting 
S. Lin, A. Ryabtsev, S. Sengupta, B. Curless, S. Seitz, I. Kemelmacher-Shlizerman,

https://www.youtube.com/watch?v=oMfPTeYDF9g
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Pyramides Laplaciennes
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Objectif : fusionner les 2 images

20



Comme avant : masque de composition

× =× +

I = ↵F + (1� ↵)B
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Quel niveau de dégradé?

=+

Largeur = 1
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Quel niveau de dégradé?

=+

Largeur = 10
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Quel niveau de dégradé?

=+

Largeur = 50
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Quel niveau de dégradé?

=+

Largeur = 100
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Quel niveau de dégradé?
1 10 50 100
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Quel niveau de dégradé?
1 100

Dégradé rapide 

Aucun fantôme 
(ghosting) 

Dégradé équivaut aux 
variations les plus 

rapides dans l’image

Dégradé lent 

Aucune discontinuité 

Dégradé équivaut aux 
variations les plus 

lentes dans l’image

Idée : ajuster le dégradé pour chaque type de variation dans l’image. 
Variation = contenu fréquentiel!
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Rappel : filtre laplacien
Image Image filtrée Différence
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On répète?
Image Image filtrée Différence
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Et encore?
Image Image filtrée Différence
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Décomposition en « bandes de fréquences »

filtre

-

filtre filtre filtre

- - -
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Pile Laplacienne!
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Retour : quel niveau de dégradé?
1 100

Dégradé rapide 

Aucun fantôme 
(ghosting) 

Dégradé équivaut aux 
variations les plus 

rapides dans l’image

Dégradé lent 

Aucune discontinuité 

Dégradé équivaut aux 
variations les plus 

lentes dans l’image

Idée : ajuster le dégradé pour chaque type de variation dans l’image. 
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Reconstruction de l’image composée
I = ↵F + (1� ↵)B

Masque (𝜶)

Aucune coupure 
Aucune discontinuité

Image composéeGauche Droite
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Reconstruction de l’image composée
I = ↵F + (1� ↵)B

Masque (𝜶)

Aucune coupure 
Aucune discontinuité

Image composéeGauche Droite
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Reconstruction de l’image composée
I = ↵F + (1� ↵)B

Masque (𝜶)

Aucune coupure 
Aucune discontinuité

Image composéeGauche Droite
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Reconstruction de l’image composée
I = ↵F + (1� ↵)B

Masque (𝜶)

Aucune coupure 
Aucune discontinuité

Image composéeGauche Droite

37



Reconstruction de l’image composée
I = ↵F + (1� ↵)B

Masque (𝜶)

Aucune coupure 
Aucune discontinuité

Image composéeGauche Droite

38



Pile Laplacienne de l’image composée
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Reconstruction de l’image

++++
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Reconstruction de l’image

Dégradé rapide 

Aucun fantôme 
(ghosting) 

Dégradé équivaut aux 
variations les plus 

rapides dans l’image

Dégradé lent 

Aucune discontinuité 

Dégradé équivaut aux 
variations les plus 

lentes dans l’image

Idée : ajuster le dégradé pour  
chaque type de variation dans l’image. 
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Mélange par pile Laplacienne : récapitulation

42

1. Construire la 
pile laplacienne 
de l’image 1

2. Construire la 
pile laplacienne 
de l’image 2

3. Construire la 
pile gaussienne 
du masque



Mélange par pile Laplacienne : récapitulation

43

4. Composer les 
piles



Mélange par pile Laplacienne : récapitulation

44

4. Composer les 
piles

5. Reconstruire 
l’image



Observation
Chaque niveau de la pile « perd » de l’information :  

on n’a donc pas besoin de tous ces pixels

45



Pyramide laplacienne

<latexit sha1_base64="IXNwMb4BY4Lp5shZu1PxXBVjU5Q=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FSSYlu9Fbz0WMF+QBvLZrtpl242YXejlND/4cWDIl79L978N27TCGp9YeDhnRlmeL2IM6Vt+9PKra1vbG7ltws7u3v7B8XDo44KY0lom4Q8lD0PK8qZoG3NNKe9SFIceJx2ven1ot+9p1KxUNzqWUTdAI8F8xnB2lh3lWoNDTQLqEIGh8WSXbZToVVwMihBptaw+DEYhSQOqNCEY6X6jh1pN8FSM8LpvDCIFY0wmeIx7RsU2Bxyk/TrOTozzgj5oTQlNErdnxsJDpSaBZ6ZDLCeqL+9hflfrx9r/9JNmIhiTQVZHvJjjnSIFhGgEZOUaD4zgIlk5ldEJlhiok1QhTSEuu1c1Ry0Ct8hdCplp1q2by5KjWYWRx5O4BTOwYE6NKAJLWgDAQmP8Awv1oP1ZL1ab8vRnJXtHMMvWe9fTxyRTQ==</latexit>

256⇥ 256

<latexit sha1_base64="E7a1QaC7j7wsqRV5zrjhitWRe6U=">AAAB9XicbZDLSgNBEEVrfMb4irp00xgEV2EmqIm7gJssI5gHJGPo6fQkTXoedNcoIeQ/3LhQxK3/4s6/sTMZQY0XCg63qqjierEUGm3701pZXVvf2Mxt5bd3dvf2CweHLR0livEmi2SkOh7VXIqQN1Gg5J1YcRp4kre98fW8377nSosovMVJzN2ADkPhC0bRWHdOuUp6KAKuicF+oWiX7FRkGZwMipCp0S989AYRSwIeIpNU665jx+hOqULBJJ/le4nmMWVjOuRdgyE1h9xp+vWMnBpnQPxImQqRpO7PjSkNtJ4EnpkMKI70397c/K/XTdCvulMRxgnykC0O+YkkGJF5BGQgFGcoJwYoU8L8StiIKsrQBJVPQ6jYztWlQ5bhO4RWueRclOyb82KtnsWRg2M4gTNwoAI1qEMDmsBAwSM8w4v1YD1Zr9bbYnTFynaO4Jes9y9I7JFJ</latexit>

128⇥ 128

<latexit sha1_base64="oU3GBVjTSQ5NrYTMVrnV2VJ97hM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV2Jid4CXnKMYB6QXcLsZJIMmX0w0yuEJb/hxYMiXv0Zb/6Nk80KaixoKKq6qab8WAqNtv1pra1vbG5tF3aKu3v7B4elo+OOjhLFeJtFMlI9n2ouRcjbKFDyXqw4DXzJu/70duF3H7jSIgrvcRZzL6DjUIwEo2gkt1YlLoqAa1KrDkplu2JnIKvEyUkZcrQGpQ93GLEk4CEySbXuO3aMXkoVCib5vOgmmseUTemY9w0Nqcnx0uznOTk3ypCMImUmRJKpPy9SGmg9C3yzGVCc6L/eQvzP6yc4uvZSEcYJ8pAtg0aJJBiRRQFkKBRnKGeGUKaE+ZWwCVWUoampmJVQt52bmkNWyXcJncuKc1Wx76rlRjOvowCncAYX4EAdGtCEFrSBQQyP8AwvVmI9Wa/W23J1zcpvTuAXrPcvZGCQ0w==</latexit>

64⇥ 64

<latexit sha1_base64="sb24Z3gZrs8AlTqoPkBMun3dCdU=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiStWt0V3HRZwT6gCWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jNI2g1gMXDufcy7kcP+ZMadv+tApr6xubW8Xt0s7u3v5B+fCoq6JEEtohEY9k38eKciZoRzPNaT+WFIc+pz1/ervwew9UKhaJez2LqRfisWABI1gbya3XkKtZSBWq14blil21M6BV4uSkAjnaw/KHO4pIElKhCcdKDRw71l6KpWaE03nJTRSNMZniMR0YKrDJ8dLs5zk6M8oIBZE0IzTK1J8XKQ6VmoW+2Qyxnqi/3kL8zxskOrj2UibiRFNBlkFBwpGO0KIANGKSEs1nhmAimfkVkQmWmGhTUykroWE7N1cOWiXfJXRrVeeyat9dVJqtvI4inMApnIMDDWhCC9rQAQIxPMIzvFiJ9WS9Wm/L1YKV3xzDL1jvX1UAkMk=</latexit>

32⇥ 32

<latexit sha1_base64="kv28dhMpBjLzl/CJectVqIDClxw=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxEW90V3HRZwT6gM5RMmrahmcyQZIQy9DfcuFDErT/jzr8xnY6g1gMXDufcy7mcIBZcG9f9dApr6xubW8Xt0s7u3v5B+fCoo6NEUdamkYhULyCaCS5Z23AjWC9WjISBYN1gervwuw9MaR7JezOLmR+SseQjTomxkodryDM8ZBrh2qBccatuBrRKcE4qkKM1KH94w4gmIZOGCqJ1H7ux8VOiDKeCzUteollM6JSMWd9SSWyOn2Y/z9GZVYZoFCk70qBM/XmRklDrWRjYzZCYif7rLcT/vH5iRtd+ymWcGCbpMmiUCGQitCgADbli1IiZJYQqbn9FdEIUocbWVMpKqLv4pobRKvkuoXNRxVdV9+6y0mjmdRThBE7hHDDUoQFNaEEbKMTwCM/w4iTOk/PqvC1XC05+cwy/4Lx/AVsgkM0=</latexit>

16⇥ 16

Avantage?
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Mélange par pyramides
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niveau 
laplacien 

4

niveau 
laplacien 

2

niveau 
laplacien 

0

gauche droite mélange48



Horreur!

Chris Cameron49
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Intégration de gradients
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Autre idée

sources destinations cloning seamless cloning

sources/destinations
cloning seamless cloning

Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.

source/destination cloning seamless cloning

swapped textures

Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
{

f ∗p − f ∗q if | f ∗p − f ∗q | > |gp −gq|,
gp −gq otherwise, (13)

for all 〈p,q〉. The effect of this guidance field is demonstrated in

source/destination

color transfer monochrome transfer

Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.
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Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.
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Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning
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eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.
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Image + segmentations Image de destination

Résultat

Qu’est-ce qui crée la 
discontinuité visible?

[Perez et al., 2003]

La variation d’intensité de 
part et d’autre de la bordure

51



Idée : imposer des contraintes sur les gradients de l’image

sources destinations cloning seamless cloning

sources/destinations
cloning seamless cloning

Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.

source/destination cloning seamless cloning

swapped textures

Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
{

f ∗p − f ∗q if | f ∗p − f ∗q | > |gp −gq|,
gp −gq otherwise, (13)

for all 〈p,q〉. The effect of this guidance field is demonstrated in

source/destination

color transfer monochrome transfer

Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.

316

sources destinations cloning seamless cloning

sources/destinations
cloning seamless cloning

Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.
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Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
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gp −gq otherwise, (13)
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Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.

316

Source Destination

1. Pas de discontinuité

2. Préserver le contenu de l’image source

gradients de l’image résultante = 0

gradients de l’image résultante = 
gradients de l’image source

Discontinuité : 

La variation d’intensité de 
part et d’autre de la bordure

2 objectifs : 

52



Fusion dans le domaine des gradients

sources destinations cloning seamless cloning

sources/destinations
cloning seamless cloning

Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.

source/destination cloning seamless cloning

swapped textures

Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
{

f ∗p − f ∗q if | f ∗p − f ∗q | > |gp −gq|,
gp −gq otherwise, (13)

for all 〈p,q〉. The effect of this guidance field is demonstrated in

source/destination

color transfer monochrome transfer

Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.
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Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.
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swapped textures

Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
{

f ∗p − f ∗q if | f ∗p − f ∗q | > |gp −gq|,
gp −gq otherwise, (13)

for all 〈p,q〉. The effect of this guidance field is demonstrated in

source/destination

color transfer monochrome transfer

Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.
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Exemple 1D

Composition

clair
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Exemple 1D

Composer les gradients
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Exemple 1D

sources destinations cloning seamless cloning

sources/destinations
cloning seamless cloning

Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.

source/destination cloning seamless cloning

swapped textures

Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
{

f ∗p − f ∗q if | f ∗p − f ∗q | > |gp −gq|,
gp −gq otherwise, (13)

for all 〈p,q〉. The effect of this guidance field is demonstrated in

source/destination

color transfer monochrome transfer

Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.
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less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.
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En 2D? Pas si facile…

+1

+2

-3

4

0 2

5

-2

Somme sur une boucle ≠ 0 : pas intégrable

Malheureusement, cela arrive constamment en pratique!
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Rappel : gradients d’une image

gx gy

I

gx(x, y) = I(x+ 1, y)� I(x, y) gy(x, y) = I(x, y + 1)� I(x, y)

58



Reconstruire une image à partir de gradients?

gx gy

?

F

<latexit sha1_base64="0mPnqeXvVrr0qaWCXikOc5xeX5o=">AAACB3icbZDLSgMxGIUz9VbrbdSlIMEiVKxlRqTVhVAUxGUFe4F2GDJp2oZmLiQZaRm6c+OruHGhiFtfwZ1vY2Y6gloPBD7O+X+SHCdgVEjD+NQyc/MLi0vZ5dzK6tr6hr651RB+yDGpY5/5vOUgQRj1SF1SyUgr4AS5DiNNZ3gZ5807wgX1vVs5Dojlor5HexQjqSxb3+3bo8KoOD6A5/CqMDo0i1DxUcwx2XreKBmJ4CyYKeRBqpqtf3S6Pg5d4knMkBBt0wikFSEuKWZkkuuEggQID1GftBV6yCXCipJ/TOC+crqw53N1PAkT9+dGhFwhxq6jJl0kB+JvFpv/Ze1Q9k6tiHpBKImHpxf1QgalD+NSYJdygiUbK0CYU/VWiAeIIyxVdbmkhIphnpVNOAvfJTSOS2a5ZNyc5KsXaR1ZsAP2QAGYoAKq4BrUQB1gcA8ewTN40R60J+1Ve5uOZrR0Zxv8kvb+Bfbilbs=</latexit>

gx(x, y) = F (x+ 1, y)� F (x, y)
<latexit sha1_base64="28QicR6WSp6rOKrN4YxWKX5PMww=">AAACB3icbZBNS8MwHMbT+TbnW9WjIMEhbKijFdn0IAwF8TjBzcFWSpqlW1j6QpKKpezmxa/ixYMiXv0K3vw2Zl0FdT4Q+PE8/z9JHidkVEjD+NRyM7Nz8wv5xcLS8srqmr6+0RJBxDFp4oAFvO0gQRj1SVNSyUg75AR5DiM3zvB8nN/cEi5o4F/LOCSWh/o+dSlGUlm2vt2349LdflyGp/BCAYz3zDI8yLhs60WjYqSC02BmUASZGrb+0e0FOPKILzFDQnRMI5RWgrikmJFRoRsJEiI8RH3SUegjjwgrSf8xgrvK6UE34Or4Eqbuz40EeULEnqMmPSQH4m82Nv/LOpF0j62E+mEkiY8nF7kRgzKA41Jgj3KCJYsVIMypeivEA8QRlqq6QlpCzTBPqiachu8SWocVs1oxro6K9bOsjjzYAjugBExQA3VwCRqgCTC4B4/gGbxoD9qT9qq9TUZzWrazCX5Je/8C+PeVvA==</latexit>

gy(x, y) = F (x, y + 1)� F (x, y)
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<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="UFzIZJFFOTUlOHBFAqm7aF+0cGU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGj0IAS85JmAekCxhdtKbjJl9MDMrhJAv8OJBEa9+kjf/xslmBTUWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38799gNKxaPwTk9idAM6DLnPGdVGatz0iyW7bKcgy8TJSAky1PvFj94gYkmAoWaCKtV17Fi7Uyo1ZwJnhV6iMKZsTIfYNTSkASp3mh46IydGGRA/kqZCTVL158SUBkpNAs90BlSP1F9vLv7ndRPtX7lTHsaJxpAtFvmJIDoi86/JgEtkWkwMoUxycythIyop0yabQhpCxXauLx2yTL5DaJ2VnYuy3TgvVWtZHHk4gmM4BQcqUIUa1KEJDBAe4RlerHvryXq13hatOSubOYRfsN6/AK1pjRA=</latexit>=

<latexit sha1_base64="BiBEl93U/z2NGLQm3UKYbbPBgGM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFewHtKFstpt26WYTdzdiCf0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH408otLa+sruXXCxubW9s7xd29lg4iRVmTBiJQHZdoJrhkTcONYJ1QMeK7grXd8fXMb98zpXkgb80kZI5PhpJ7nBKTSJ1h/6GMT/Bxv1jCFZwCLRI7IyXI0OgXP3qDgEY+k4YKonXXxqFxYqIMp4JNC71Is5DQMRmybkIl8Zl24vTeKTpKlAHyApWUNChVf07ExNd64rtJp0/MSP/1ZuJ/Xjcy3qUTcxlGhkk6X+RFApkAzZ5HA64YNWKSEEIVT25FdEQUoSaJqJCGUMX21YWNFsl3CK3Tin1ewTdnpVo9iyMPB3AIZbChCjWoQwOaQEHAIzzDi3VnPVmv1tu8NWdlM/vwC9b7F42ejzQ=</latexit>

gx(0, 0)
<latexit sha1_base64="VptlGAD8UJG0ATag2twjix7riSQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFewHtKFstpt26WYTdzdiCf0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH408otLa+sruXXCxubW9s7xd29lg4iRVmTBiJQHZdoJrhkTcONYJ1QMeK7grXd8fXMb98zpXkgb80kZI5PhpJ7nBKTSJ1h/6GMT+zjfrGEKzgFWiR2RkqQodEvfvQGAY18Jg0VROuujUPjxEQZTgWbFnqRZiGhYzJk3YRK4jPtxOm9U3SUKAPkBSopaVCq/pyIia/1xHeTTp+Ykf7rzcT/vG5kvEsn5jKMDJN0vsiLBDIBmj2PBlwxasQkIYQqntyK6IgoQk0SUSENoYrtqwsbLZLvEFqnFfu8gm/OSrV6FkceDuAQymBDFWpQhwY0gYKAR3iGF+vOerJerbd5a87KZvbhF6z3L48jjzU=</latexit>

gx(0, 1)

<latexit sha1_base64="jDML/55YhVQfQAbfEd/aUnbO4mI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFawttKFstpt26WYTdzdCCP0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH40yosLa+srhXXSxubW9s75d29Ox1EirI2DUSgui7RTHDJ2oYbwbqhYsR3Beu4k+uZ33lgSvNA3po4ZI5PRpJ7nBKTSt3RIK7iE/t4UK7gGs6AFomdkwrkaA3KH/1hQCOfSUMF0bpn49A4CVGGU8GmpX6kWUjohIxYL6WS+Ew7SXbvFB2lyhB5gUpLGpSpPycS4msd+27a6RMz1n+9mfif14uMd+kkXIaRYZLOF3mRQCZAs+fRkCtGjYhTQqji6a2Ijoki1KQRlbIQ6ti+urDRIvkO4e60Zp/X8M1ZpdHM4yjCARxCFWyoQwOa0II2UBDwCM/wYt1bT9ar9TZvLVj5zD78gvX+BZCsjzY=</latexit>

gy(0, 1)

<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="RgDm/rGrhM2zb7WoMCv/PVHVsNU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Qk67hdLqIJSwEXiZqQEMjT6xY/eQJI4pMIQjrXuuigyXoKVYYTTaaEXaxphMsZD2rVU4JBqL0mvncIjqwxgIJUtYWCq/pxIcKj1JPRtZ4jNSP/1ZuJ/Xjc2waWXMBHFhgoyXxTEHBoJZ6/DAVOUGD6xBBPF7K2QjLDCxNiACmkIVeReXbhwkXyH0DqtuOcVdHtWqtWzOPLgAByCMnBBFdRAHTRAExBwDx7BM3hxpPPkvDpv89ack83sg19w3r8Axb2OKA==</latexit>

F (0, 0)
<latexit sha1_base64="JfUtD82HYVRd/PIDSacpA2PyGPw=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Yl73C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0KOKQ==</latexit>

F (0, 1)
<latexit sha1_base64="5jbMVWZCmSPs6t98aQEXqiEpmUU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIpanVXEKTLCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//GdDqCrwMXDufcy733+BFn2iD04eSWlldW1/LrhY3Nre2d4u5eW8tYEdoikkvV9bGmnAnaMsxw2o0UxaHPacefXM39zj1Vmklxa6YR9UI8EixgBBsrta/L6KR6PCiWUAWlgH+Jm5ESyNAcFN/7Q0nikApDONa656LIeAlWhhFOZ4V+rGmEyQSPaM9SgUOqvSS9dgaPrDKEgVS2hIGp+n0iwaHW09C3nSE2Y/3bm4v/eb3YBBdewkQUGyrIYlEQc2gknL8Oh0xRYvjUEkwUs7dCMsYKE2MDKqQh1JB7ee7Cv+QrhHa14p5V0M1pqd7I4siDA3AIysAFNVAHDdAELUDAHXgAT+DZkc6j8+K8LlpzTjazD37AefsEyMeOKg==</latexit>

F (0, 2)

<latexit sha1_base64="kAdUC1p9bBFnhylKarWW9krna9Q=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U3RN03C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0SOKQ==</latexit>

F (1, 0)
<latexit sha1_base64="/G15WtjJcbxfbpDrwTFz5s3dapM=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkDIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtHHdTye3tLyyupZfL2xsbm3vFHf3WlrGitAmkVyqjo815UzQpmGG006kKA59Ttv++Hrmtx+o0kyKOzOJqBfioWABI9hYqXVTRifouF8suRU3BVwkKCMlkKHRL370BpLEIRWGcKx1F7mR8RKsDCOcTgu9WNMIkzEe0q6lAodUe0l67RQeWWUAA6lsCQNT9edEgkOtJ6FvO0NsRvqvNxP/87qxCS69hIkoNlSQ+aIg5tBIOHsdDpiixPCJJZgoZm+FZIQVJsYGVEhDqLro6gLBRfIdQuu0gs4r7u1ZqVbP4siDA3AIygCBKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8ByMmOKg==</latexit>

F (1, 1)

<latexit sha1_base64="2GtqTs5BZFBUIK1JKaZQK1SR2IA=">AAAB7XicbVDLSsNAFL2pr1pfVZduBotQQUpS1OquIEiXFewD2lAm00k7dpIJMxOhhP6DGxeKuPV/3Pk3TtMIvg5cOJxzL/fe40WcKW3bH1ZuaXlldS2/XtjY3NreKe7utZWIJaEtIriQXQ8ryllIW5ppTruRpDjwOO14k6u537mnUjER3uppRN0Aj0LmM4K1kdrXZeekejwoluyKnQL9JU5GSpChOSi+94eCxAENNeFYqZ5jR9pNsNSMcDor9GNFI0wmeER7hoY4oMpN0mtn6MgoQ+QLaSrUKFW/TyQ4UGoaeKYzwHqsfntz8T+vF2v/wk1YGMWahmSxyI850gLNX0dDJinRfGoIJpKZWxEZY4mJNgEV0hBqtnN57qC/5CuEdrXinFXsm9NSvZHFkYcDOIQyOFCDOjSgCS0gcAcP8ATPlrAerRfrddGas7KZffgB6+0Tyk6OKw==</latexit>

F (1, 2)

asdfgx(0,0) gx(1,0) gx(2,0)

gx(2,1)gx(1,1)gx(0,1)

F(0,0) F(1,0) F(2,0)

F(2,1)F(1,1)F(0,1)

asdfgy(0,0) gy(1,0) gy(2,0)

gy(2,1)gy(1,1)gy(0,1)

<latexit sha1_base64="RgDm/rGrhM2zb7WoMCv/PVHVsNU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Qk67hdLqIJSwEXiZqQEMjT6xY/eQJI4pMIQjrXuuigyXoKVYYTTaaEXaxphMsZD2rVU4JBqL0mvncIjqwxgIJUtYWCq/pxIcKj1JPRtZ4jNSP/1ZuJ/Xjc2waWXMBHFhgoyXxTEHBoJZ6/DAVOUGD6xBBPF7K2QjLDCxNiACmkIVeReXbhwkXyH0DqtuOcVdHtWqtWzOPLgAByCMnBBFdRAHTRAExBwDx7BM3hxpPPkvDpv89ack83sg19w3r8Axb2OKA==</latexit>

F (0, 0)
<latexit sha1_base64="JfUtD82HYVRd/PIDSacpA2PyGPw=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Yl73C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0KOKQ==</latexit>

F (0, 1)
<latexit sha1_base64="5jbMVWZCmSPs6t98aQEXqiEpmUU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIpanVXEKTLCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//GdDqCrwMXDufcy733+BFn2iD04eSWlldW1/LrhY3Nre2d4u5eW8tYEdoikkvV9bGmnAnaMsxw2o0UxaHPacefXM39zj1Vmklxa6YR9UI8EixgBBsrta/L6KR6PCiWUAWlgH+Jm5ESyNAcFN/7Q0nikApDONa656LIeAlWhhFOZ4V+rGmEyQSPaM9SgUOqvSS9dgaPrDKEgVS2hIGp+n0iwaHW09C3nSE2Y/3bm4v/eb3YBBdewkQUGyrIYlEQc2gknL8Oh0xRYvjUEkwUs7dCMsYKE2MDKqQh1JB7ee7Cv+QrhHa14p5V0M1pqd7I4siDA3AIysAFNVAHDdAELUDAHXgAT+DZkc6j8+K8LlpzTjazD37AefsEyMeOKg==</latexit>

F (0, 2)
<latexit sha1_base64="kAdUC1p9bBFnhylKarWW9krna9Q=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U3RN03C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0SOKQ==</latexit>

F (1, 0)
<latexit sha1_base64="/G15WtjJcbxfbpDrwTFz5s3dapM=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkDIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtHHdTye3tLyyupZfL2xsbm3vFHf3WlrGitAmkVyqjo815UzQpmGG006kKA59Ttv++Hrmtx+o0kyKOzOJqBfioWABI9hYqXVTRifouF8suRU3BVwkKCMlkKHRL370BpLEIRWGcKx1F7mR8RKsDCOcTgu9WNMIkzEe0q6lAodUe0l67RQeWWUAA6lsCQNT9edEgkOtJ6FvO0NsRvqvNxP/87qxCS69hIkoNlSQ+aIg5tBIOHsdDpiixPCJJZgoZm+FZIQVJsYGVEhDqLro6gLBRfIdQuu0gs4r7u1ZqVbP4siDA3AIygCBKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8ByMmOKg==</latexit>

F (1, 1)<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit> . . . <latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit> . . .

<latexit sha1_base64="nJlGkuD/NkPueZXo3mX4EYbEllI=">AAAB8XicbVDLSsNAFL2pr1ofrbp0M1gEVyURaXVXdeOygn1gG8pkOmmHTiZhZiKU0L9w40IRt/6NO//GSRpBrQcGDufcyz1zvIgzpW370yqsrK6tbxQ3S1vbO7vlyt5+R4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gb6X4QYD3x/ORyPqxU7ZqdAS0TJydVyNEaVj4Go5DEARWacKxU37Ej7SZYakY4nZcGsaIRJlM8pn1DBQ6ocpMs8RwdG2WE/FCaJzTK1J8bCQ6UmgWemUwTqr9eKv7n9WPtn7sJE1GsqSCLQ37MkQ5R+n00YpISzWeGYCKZyYrIBEtMtCmplJXQsJ2LuoOWyXcJndOaU6/Zt2fV5lVeRxEO4QhOwIEGNOEGWtAGAgIe4RleLGU9Wa/W22K0YOU7B/AL1vsXyMiRLw==</latexit>

A
<latexit sha1_base64="HeoRmGSE6dbzpu6Z3VubcjhVt8g=">AAAB8XicbVDLSsNAFL2pr1ofrbp0M1gEVyURaXVXdOOygn1gG8pkOmmHTiZhZiKW0L9w40IRt/6NO//GSRpBrQcGDufcyz1zvIgzpW370yqsrK6tbxQ3S1vbO7vlyt5+R4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Cr1u/dUKhaKWz2LqBvgsWA+I1gb6W4QYD3x/ORhPqxU7ZqdAS0TJydVyNEaVj4Go5DEARWacKxU37Ej7SZYakY4nZcGsaIRJlM8pn1DBQ6ocpMs8RwdG2WE/FCaJzTK1J8bCQ6UmgWemUwTqr9eKv7n9WPtn7sJE1GsqSCLQ37MkQ5R+n00YpISzWeGYCKZyYrIBEtMtCmplJXQsJ2LuoOWyXcJndOaU6/ZN2fV5mVeRxEO4QhOwIEGNOEaWtAGAgIe4RleLGU9Wa/W22K0YOU7B/AL1vsXHGqRZg==</latexit>x

<latexit sha1_base64="RckKS7vtBwyofX4x2Zn6jks34Gg=">AAAB8XicbVDLSsNAFL2pr1pfUZduBovgqiQire6KblxWsA9sQ5lMJ+3QySTMTIQS+hduXCji1r9x5984SSOo9cDA4Zx7uWeOH3OmtON8WqWV1bX1jfJmZWt7Z3fP3j/oqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXmd+94FKxSJxp2cx9UI8FixgBGsj3Q9CrCd+kPrzoV11ak4OtEzcglShQGtofwxGEUlCKjThWKm+68TaS7HUjHA6rwwSRWNMpnhM+4YKHFLlpXniOToxyggFkTRPaJSrPzdSHCo1C30zmSVUf71M/M/rJzq48FIm4kRTQRaHgoQjHaHs+2jEJCWazwzBRDKTFZEJlphoU1IlL6HhuJd1Fy2T7xI6ZzW3XnNuz6vNq6KOMhzBMZyCCw1owg20oA0EBDzCM7xYynqyXq23xWjJKnYO4Res9y/67ZFQ</latexit>

b<latexit sha1_base64="eCA/JZXyryPM4f4GwZjDMEMSFx0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFawttKFstpt26WYTdzdCCP0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH40yosLa+srhXXSxubW9s75d29Ox1EirI2DUSgui7RTHDJ2oYbwbqhYsR3Beu4k+uZ33lgSvNA3po4ZI5PRpJ7nBKTSt3RIK7iE3w8KFdwDWdAi8TOSQVytAblj/4woJHPpKGCaN2zcWichCjDqWDTUj/SLCR0Qkasl1JJfKadJLt3io5SZYi8QKUlDcrUnxMJ8bWOfTft9IkZ67/eTPzP60XGu3QSLsPIMEnni7xIIBOg2fNoyBWjRsQpIVTx9FZEx0QRatKISlkIdWxfXdhokXyHcHdas89r+Oas0mjmcRThAA6hCjbUoQFNaEEbKAh4hGd4se6tJ+vVepu3Fqx8Zh9+wXr/Ao8njzU=</latexit>

gy(0, 0)
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Comment trouver F

• Nous avons un système d’équations linéaires de la forme 
 
 
 
où A est « sous-contraint »  
(car on peut ajouter n’importe quelle constante à x!) 

• En python, on peut le résoudre avec la fonction 
 
 
qui trouve le x qui minimise
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<latexit sha1_base64="nJlGkuD/NkPueZXo3mX4EYbEllI=">AAAB8XicbVDLSsNAFL2pr1ofrbp0M1gEVyURaXVXdeOygn1gG8pkOmmHTiZhZiKU0L9w40IRt/6NO//GSRpBrQcGDufcyz1zvIgzpW370yqsrK6tbxQ3S1vbO7vlyt5+R4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Dr1uw9UKhaKOz2LqBvgsWA+I1gb6X4QYD3x/ORyPqxU7ZqdAS0TJydVyNEaVj4Go5DEARWacKxU37Ej7SZYakY4nZcGsaIRJlM8pn1DBQ6ocpMs8RwdG2WE/FCaJzTK1J8bCQ6UmgWemUwTqr9eKv7n9WPtn7sJE1GsqSCLQ37MkQ5R+n00YpISzWeGYCKZyYrIBEtMtCmplJXQsJ2LuoOWyXcJndOaU6/Zt2fV5lVeRxEO4QhOwIEGNOEGWtAGAgIe4RleLGU9Wa/W22K0YOU7B/AL1vsXyMiRLw==</latexit>

A <latexit sha1_base64="HeoRmGSE6dbzpu6Z3VubcjhVt8g=">AAAB8XicbVDLSsNAFL2pr1ofrbp0M1gEVyURaXVXdOOygn1gG8pkOmmHTiZhZiKW0L9w40IRt/6NO//GSRpBrQcGDufcyz1zvIgzpW370yqsrK6tbxQ3S1vbO7vlyt5+R4WxJLRNQh7KnocV5UzQtmaa014kKQ48Trve9Cr1u/dUKhaKWz2LqBvgsWA+I1gb6W4QYD3x/ORhPqxU7ZqdAS0TJydVyNEaVj4Go5DEARWacKxU37Ej7SZYakY4nZcGsaIRJlM8pn1DBQ6ocpMs8RwdG2WE/FCaJzTK1J8bCQ6UmgWemUwTqr9eKv7n9WPtn7sJE1GsqSCLQ37MkQ5R+n00YpISzWeGYCKZyYrIBEtMtCmplJXQsJ2LuoOWyXcJndOaU6/ZN2fV5mVeRxEO4QhOwIEGNOEaWtAGAgIe4RleLGU9Wa/W22K0YOU7B/AL1vsXHGqRZg==</latexit>x
<latexit sha1_base64="RckKS7vtBwyofX4x2Zn6jks34Gg=">AAAB8XicbVDLSsNAFL2pr1pfUZduBovgqiQire6KblxWsA9sQ5lMJ+3QySTMTIQS+hduXCji1r9x5984SSOo9cDA4Zx7uWeOH3OmtON8WqWV1bX1jfJmZWt7Z3fP3j/oqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXmd+94FKxSJxp2cx9UI8FixgBGsj3Q9CrCd+kPrzoV11ak4OtEzcglShQGtofwxGEUlCKjThWKm+68TaS7HUjHA6rwwSRWNMpnhM+4YKHFLlpXniOToxyggFkTRPaJSrPzdSHCo1C30zmSVUf71M/M/rJzq48FIm4kRTQRaHgoQjHaHs+2jEJCWazwzBRDKTFZEJlphoU1IlL6HhuJd1Fy2T7xI6ZzW3XnNuz6vNq6KOMhzBMZyCCw1owg20oA0EBDzCM7xYynqyXq23xWjJKnYO4Res9y/67ZFQ</latexit>

b<latexit sha1_base64="RZ2jKX8KDXT989wKMyv0XTJMbBo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJHoQAl48JmIekCxhdtKbjJl9MDMrhJAv8OJBEa9+kjf/xslmBTUWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsbX8/99gNKxaPwTk9idAM6DLnPGdVGalz1iyW7bKcgy8TJSAky1PvFj94gYkmAoWaCKtV17Fi7Uyo1ZwJnhV6iMKZsTIfYNTSkASp3mh46IydGGRA/kqZCTVL158SUBkpNAs90BlSP1F9vLv7ndRPtX7hTHsaJxpAtFvmJIDoi86/JgEtkWkwMoUxycythIyop0yabQhpC1XYuKw5ZJt8htM7KTqVsN85LtdssjjwcwTGcggNVqMEN1KEJDBAe4RlerHvryXq13hatOSubOYRfsN6/ALC/jRs=</latexit>=

from scipy import linalg 
x = linalg.lstsq(A, b)

<latexit sha1_base64="xfD0JYM7AxHxSVhVCUqLzQNhut8=">AAACEXicbZC7TsMwFIadcivlFmBksaiQulAlFWphK2JhLIhepDaKHNdprToX2Q6iSvIKLLwKCwMIsbKx8TYkaYqA8kuWPv/nHPn4t3xGhdS0T6WwtLyyulZcL21sbm3vqLt7HeEFHJM29pjHexYShFGXtCWVjPR8TpBjMdK1JhdpvXtLuKCeeyOnPjEcNHKpTTGSiWWqlSgaOEiOLTs8j+Ec72J4/H2x4igya6Za1qpaJrgIeg5lkKtlqh+DoYcDh7gSMyREX9d8aYSIS4oZiUuDQBAf4QkakX6CLnKIMMLsRzE8SpwhtD2eHFfCzP05ESJHiKljJZ3pluJvLTX/q/UDaZ8aIXX9QBIXzx6yAwalB9N44JBygiWbJoAwp8muEI8RR1gmIZayEBqaflbX4SLMQ+jUqnq9ql2dlJvXeRxFcAAOQQXooAGa4BK0QBtgcA8ewTN4UR6UJ+VVeZu1FpR8Zh/8kvL+BR1ynhA=</latexit>

||Ax� b||2



<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="UFzIZJFFOTUlOHBFAqm7aF+0cGU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGj0IAS85JmAekCxhdtKbjJl9MDMrhJAv8OJBEa9+kjf/xslmBTUWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38799gNKxaPwTk9idAM6DLnPGdVGatz0iyW7bKcgy8TJSAky1PvFj94gYkmAoWaCKtV17Fi7Uyo1ZwJnhV6iMKZsTIfYNTSkASp3mh46IydGGRA/kqZCTVL158SUBkpNAs90BlSP1F9vLv7ndRPtX7lTHsaJxpAtFvmJIDoi86/JgEtkWkwMoUxycythIyop0yabQhpCxXauLx2yTL5DaJ2VnYuy3TgvVWtZHHk4gmM4BQcqUIUa1KEJDBAe4RlerHvryXq13hatOSubOYRfsN6/AK1pjRA=</latexit>=

<latexit sha1_base64="BiBEl93U/z2NGLQm3UKYbbPBgGM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFewHtKFstpt26WYTdzdiCf0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH408otLa+sruXXCxubW9s7xd29lg4iRVmTBiJQHZdoJrhkTcONYJ1QMeK7grXd8fXMb98zpXkgb80kZI5PhpJ7nBKTSJ1h/6GMT/Bxv1jCFZwCLRI7IyXI0OgXP3qDgEY+k4YKonXXxqFxYqIMp4JNC71Is5DQMRmybkIl8Zl24vTeKTpKlAHyApWUNChVf07ExNd64rtJp0/MSP/1ZuJ/Xjcy3qUTcxlGhkk6X+RFApkAzZ5HA64YNWKSEEIVT25FdEQUoSaJqJCGUMX21YWNFsl3CK3Tin1ewTdnpVo9iyMPB3AIZbChCjWoQwOaQEHAIzzDi3VnPVmv1tu8NWdlM/vwC9b7F42ejzQ=</latexit>

gx(0, 0)
<latexit sha1_base64="VptlGAD8UJG0ATag2twjix7riSQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFewHtKFstpt26WYTdzdiCf0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH408otLa+sruXXCxubW9s7xd29lg4iRVmTBiJQHZdoJrhkTcONYJ1QMeK7grXd8fXMb98zpXkgb80kZI5PhpJ7nBKTSJ1h/6GMT+zjfrGEKzgFWiR2RkqQodEvfvQGAY18Jg0VROuujUPjxEQZTgWbFnqRZiGhYzJk3YRK4jPtxOm9U3SUKAPkBSopaVCq/pyIia/1xHeTTp+Ykf7rzcT/vG5kvEsn5jKMDJN0vsiLBDIBmj2PBlwxasQkIYQqntyK6IgoQk0SUSENoYrtqwsbLZLvEFqnFfu8gm/OSrV6FkceDuAQymBDFWpQhwY0gYKAR3iGF+vOerJerbd5a87KZvbhF6z3L48jjzU=</latexit>

gx(0, 1)

<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="RgDm/rGrhM2zb7WoMCv/PVHVsNU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Qk67hdLqIJSwEXiZqQEMjT6xY/eQJI4pMIQjrXuuigyXoKVYYTTaaEXaxphMsZD2rVU4JBqL0mvncIjqwxgIJUtYWCq/pxIcKj1JPRtZ4jNSP/1ZuJ/Xjc2waWXMBHFhgoyXxTEHBoJZ6/DAVOUGD6xBBPF7K2QjLDCxNiACmkIVeReXbhwkXyH0DqtuOcVdHtWqtWzOPLgAByCMnBBFdRAHTRAExBwDx7BM3hxpPPkvDpv89ack83sg19w3r8Axb2OKA==</latexit>

F (0, 0)
<latexit sha1_base64="JfUtD82HYVRd/PIDSacpA2PyGPw=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Yl73C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0KOKQ==</latexit>

F (0, 1)
<latexit sha1_base64="5jbMVWZCmSPs6t98aQEXqiEpmUU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIpanVXEKTLCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//GdDqCrwMXDufcy733+BFn2iD04eSWlldW1/LrhY3Nre2d4u5eW8tYEdoikkvV9bGmnAnaMsxw2o0UxaHPacefXM39zj1Vmklxa6YR9UI8EixgBBsrta/L6KR6PCiWUAWlgH+Jm5ESyNAcFN/7Q0nikApDONa656LIeAlWhhFOZ4V+rGmEyQSPaM9SgUOqvSS9dgaPrDKEgVS2hIGp+n0iwaHW09C3nSE2Y/3bm4v/eb3YBBdewkQUGyrIYlEQc2gknL8Oh0xRYvjUEkwUs7dCMsYKE2MDKqQh1JB7ee7Cv+QrhHa14p5V0M1pqd7I4siDA3AIysAFNVAHDdAELUDAHXgAT+DZkc6j8+K8LlpzTjazD37AefsEyMeOKg==</latexit>

F (0, 2)

<latexit sha1_base64="kAdUC1p9bBFnhylKarWW9krna9Q=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U3RN03C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0SOKQ==</latexit>

F (1, 0)
<latexit sha1_base64="/G15WtjJcbxfbpDrwTFz5s3dapM=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkDIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtHHdTye3tLyyupZfL2xsbm3vFHf3WlrGitAmkVyqjo815UzQpmGG006kKA59Ttv++Hrmtx+o0kyKOzOJqBfioWABI9hYqXVTRifouF8suRU3BVwkKCMlkKHRL370BpLEIRWGcKx1F7mR8RKsDCOcTgu9WNMIkzEe0q6lAodUe0l67RQeWWUAA6lsCQNT9edEgkOtJ6FvO0NsRvqvNxP/87qxCS69hIkoNlSQ+aIg5tBIOHsdDpiixPCJJZgoZm+FZIQVJsYGVEhDqLro6gLBRfIdQuu0gs4r7u1ZqVbP4siDA3AIygCBKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8ByMmOKg==</latexit>

F (1, 1)

<latexit sha1_base64="2GtqTs5BZFBUIK1JKaZQK1SR2IA=">AAAB7XicbVDLSsNAFL2pr1pfVZduBotQQUpS1OquIEiXFewD2lAm00k7dpIJMxOhhP6DGxeKuPV/3Pk3TtMIvg5cOJxzL/fe40WcKW3bH1ZuaXlldS2/XtjY3NreKe7utZWIJaEtIriQXQ8ryllIW5ppTruRpDjwOO14k6u537mnUjER3uppRN0Aj0LmM4K1kdrXZeekejwoluyKnQL9JU5GSpChOSi+94eCxAENNeFYqZ5jR9pNsNSMcDor9GNFI0wmeER7hoY4oMpN0mtn6MgoQ+QLaSrUKFW/TyQ4UGoaeKYzwHqsfntz8T+vF2v/wk1YGMWahmSxyI850gLNX0dDJinRfGoIJpKZWxEZY4mJNgEV0hBqtnN57qC/5CuEdrXinFXsm9NSvZHFkYcDOIQyOFCDOjSgCS0gcAcP8ATPlrAerRfrddGas7KZffgB6+0Tyk6OKw==</latexit>

F (1, 2)
<latexit sha1_base64="RgDm/rGrhM2zb7WoMCv/PVHVsNU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Qk67hdLqIJSwEXiZqQEMjT6xY/eQJI4pMIQjrXuuigyXoKVYYTTaaEXaxphMsZD2rVU4JBqL0mvncIjqwxgIJUtYWCq/pxIcKj1JPRtZ4jNSP/1ZuJ/Xjc2waWXMBHFhgoyXxTEHBoJZ6/DAVOUGD6xBBPF7K2QjLDCxNiACmkIVeReXbhwkXyH0DqtuOcVdHtWqtWzOPLgAByCMnBBFdRAHTRAExBwDx7BM3hxpPPkvDpv89ack83sg19w3r8Axb2OKA==</latexit>

F (0, 0)
<latexit sha1_base64="JfUtD82HYVRd/PIDSacpA2PyGPw=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Yl73C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0KOKQ==</latexit>

F (0, 1)
<latexit sha1_base64="5jbMVWZCmSPs6t98aQEXqiEpmUU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIpanVXEKTLCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//GdDqCrwMXDufcy733+BFn2iD04eSWlldW1/LrhY3Nre2d4u5eW8tYEdoikkvV9bGmnAnaMsxw2o0UxaHPacefXM39zj1Vmklxa6YR9UI8EixgBBsrta/L6KR6PCiWUAWlgH+Jm5ESyNAcFN/7Q0nikApDONa656LIeAlWhhFOZ4V+rGmEyQSPaM9SgUOqvSS9dgaPrDKEgVS2hIGp+n0iwaHW09C3nSE2Y/3bm4v/eb3YBBdewkQUGyrIYlEQc2gknL8Oh0xRYvjUEkwUs7dCMsYKE2MDKqQh1JB7ee7Cv+QrhHa14p5V0M1pqd7I4siDA3AIysAFNVAHDdAELUDAHXgAT+DZkc6j8+K8LlpzTjazD37AefsEyMeOKg==</latexit>

F (0, 2)
<latexit sha1_base64="kAdUC1p9bBFnhylKarWW9krna9Q=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U3RN03C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0SOKQ==</latexit>

F (1, 0)
<latexit sha1_base64="/G15WtjJcbxfbpDrwTFz5s3dapM=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkDIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtHHdTye3tLyyupZfL2xsbm3vFHf3WlrGitAmkVyqjo815UzQpmGG006kKA59Ttv++Hrmtx+o0kyKOzOJqBfioWABI9hYqXVTRifouF8suRU3BVwkKCMlkKHRL370BpLEIRWGcKx1F7mR8RKsDCOcTgu9WNMIkzEe0q6lAodUe0l67RQeWWUAA6lsCQNT9edEgkOtJ6FvO0NsRvqvNxP/87qxCS69hIkoNlSQ+aIg5tBIOHsdDpiixPCJJZgoZm+FZIQVJsYGVEhDqLro6gLBRfIdQuu0gs4r7u1ZqVbP4siDA3AIygCBKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8ByMmOKg==</latexit>

F (1, 1)<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit> . . . <latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit> . . .

Comment régler le problème de la constante inconnue?

<latexit sha1_base64="jDML/55YhVQfQAbfEd/aUnbO4mI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFawttKFstpt26WYTdzdCCP0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH40yosLa+srhXXSxubW9s75d29Ox1EirI2DUSgui7RTHDJ2oYbwbqhYsR3Beu4k+uZ33lgSvNA3po4ZI5PRpJ7nBKTSt3RIK7iE/t4UK7gGs6AFomdkwrkaA3KH/1hQCOfSUMF0bpn49A4CVGGU8GmpX6kWUjohIxYL6WS+Ew7SXbvFB2lyhB5gUpLGpSpPycS4msd+27a6RMz1n+9mfif14uMd+kkXIaRYZLOF3mRQCZAs+fRkCtGjYhTQqji6a2Ijoki1KQRlbIQ6ti+urDRIvkO4e60Zp/X8M1ZpdHM4yjCARxCFWyoQwOa0II2UBDwCM/wYt1bT9ar9TZvLVj5zD78gvX+BZCsjzY=</latexit>

gy(0, 1)

<latexit sha1_base64="eCA/JZXyryPM4f4GwZjDMEMSFx0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFawttKFstpt26WYTdzdCCP0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH40yosLa+srhXXSxubW9s75d29Ox1EirI2DUSgui7RTHDJ2oYbwbqhYsR3Beu4k+uZ33lgSvNA3po4ZI5PRpJ7nBKTSt3RIK7iE3w8KFdwDWdAi8TOSQVytAblj/4woJHPpKGCaN2zcWichCjDqWDTUj/SLCR0Qkasl1JJfKadJLt3io5SZYi8QKUlDcrUnxMJ8bWOfTft9IkZ67/eTPzP60XGu3QSLsPIMEnni7xIIBOg2fNoyBWjRsQpIVTx9FZEx0QRatKISlkIdWxfXdhokXyHcHdas89r+Oas0mjmcRThAA6hCjbUoQFNaEEbKAh4hGd4se6tJ+vVepu3Fqx8Zh9+wXr/Ao8njzU=</latexit>

gy(0, 0)
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<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="UFzIZJFFOTUlOHBFAqm7aF+0cGU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGj0IAS85JmAekCxhdtKbjJl9MDMrhJAv8OJBEa9+kjf/xslmBTUWNBRV3XR3ebHgStv2p5VbWV1b38hvFra2d3b3ivsHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNsb38799gNKxaPwTk9idAM6DLnPGdVGatz0iyW7bKcgy8TJSAky1PvFj94gYkmAoWaCKtV17Fi7Uyo1ZwJnhV6iMKZsTIfYNTSkASp3mh46IydGGRA/kqZCTVL158SUBkpNAs90BlSP1F9vLv7ndRPtX7lTHsaJxpAtFvmJIDoi86/JgEtkWkwMoUxycythIyop0yabQhpCxXauLx2yTL5DaJ2VnYuy3TgvVWtZHHk4gmM4BQcqUIUa1KEJDBAe4RlerHvryXq13hatOSubOYRfsN6/AK1pjRA=</latexit>=

<latexit sha1_base64="BiBEl93U/z2NGLQm3UKYbbPBgGM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFewHtKFstpt26WYTdzdiCf0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH408otLa+sruXXCxubW9s7xd29lg4iRVmTBiJQHZdoJrhkTcONYJ1QMeK7grXd8fXMb98zpXkgb80kZI5PhpJ7nBKTSJ1h/6GMT/Bxv1jCFZwCLRI7IyXI0OgXP3qDgEY+k4YKonXXxqFxYqIMp4JNC71Is5DQMRmybkIl8Zl24vTeKTpKlAHyApWUNChVf07ExNd64rtJp0/MSP/1ZuJ/Xjcy3qUTcxlGhkk6X+RFApkAzZ5HA64YNWKSEEIVT25FdEQUoSaJqJCGUMX21YWNFsl3CK3Tin1ewTdnpVo9iyMPB3AIZbChCjWoQwOaQEHAIzzDi3VnPVmv1tu8NWdlM/vwC9b7F42ejzQ=</latexit>

gx(0, 0)
<latexit sha1_base64="VptlGAD8UJG0ATag2twjix7riSQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFewHtKFstpt26WYTdzdiCf0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH408otLa+sruXXCxubW9s7xd29lg4iRVmTBiJQHZdoJrhkTcONYJ1QMeK7grXd8fXMb98zpXkgb80kZI5PhpJ7nBKTSJ1h/6GMT+zjfrGEKzgFWiR2RkqQodEvfvQGAY18Jg0VROuujUPjxEQZTgWbFnqRZiGhYzJk3YRK4jPtxOm9U3SUKAPkBSopaVCq/pyIia/1xHeTTp+Ykf7rzcT/vG5kvEsn5jKMDJN0vsiLBDIBmj2PBlwxasQkIYQqntyK6IgoQk0SUSENoYrtqwsbLZLvEFqnFfu8gm/OSrV6FkceDuAQymBDFWpQhwY0gYKAR3iGF+vOerJerbd5a87KZvbhF6z3L48jjzU=</latexit>

gx(0, 1)

<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit>...

<latexit sha1_base64="RgDm/rGrhM2zb7WoMCv/PVHVsNU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Qk67hdLqIJSwEXiZqQEMjT6xY/eQJI4pMIQjrXuuigyXoKVYYTTaaEXaxphMsZD2rVU4JBqL0mvncIjqwxgIJUtYWCq/pxIcKj1JPRtZ4jNSP/1ZuJ/Xjc2waWXMBHFhgoyXxTEHBoJZ6/DAVOUGD6xBBPF7K2QjLDCxNiACmkIVeReXbhwkXyH0DqtuOcVdHtWqtWzOPLgAByCMnBBFdRAHTRAExBwDx7BM3hxpPPkvDpv89ack83sg19w3r8Axb2OKA==</latexit>

F (0, 0)
<latexit sha1_base64="JfUtD82HYVRd/PIDSacpA2PyGPw=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Yl73C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0KOKQ==</latexit>

F (0, 1)
<latexit sha1_base64="5jbMVWZCmSPs6t98aQEXqiEpmUU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIpanVXEKTLCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//GdDqCrwMXDufcy733+BFn2iD04eSWlldW1/LrhY3Nre2d4u5eW8tYEdoikkvV9bGmnAnaMsxw2o0UxaHPacefXM39zj1Vmklxa6YR9UI8EixgBBsrta/L6KR6PCiWUAWlgH+Jm5ESyNAcFN/7Q0nikApDONa656LIeAlWhhFOZ4V+rGmEyQSPaM9SgUOqvSS9dgaPrDKEgVS2hIGp+n0iwaHW09C3nSE2Y/3bm4v/eb3YBBdewkQUGyrIYlEQc2gknL8Oh0xRYvjUEkwUs7dCMsYKE2MDKqQh1JB7ee7Cv+QrhHa14p5V0M1pqd7I4siDA3AIysAFNVAHDdAELUDAHXgAT+DZkc6j8+K8LlpzTjazD37AefsEyMeOKg==</latexit>

F (0, 2)

<latexit sha1_base64="kAdUC1p9bBFnhylKarWW9krna9Q=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U3RN03C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0SOKQ==</latexit>

F (1, 0)
<latexit sha1_base64="/G15WtjJcbxfbpDrwTFz5s3dapM=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkDIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtHHdTye3tLyyupZfL2xsbm3vFHf3WlrGitAmkVyqjo815UzQpmGG006kKA59Ttv++Hrmtx+o0kyKOzOJqBfioWABI9hYqXVTRifouF8suRU3BVwkKCMlkKHRL370BpLEIRWGcKx1F7mR8RKsDCOcTgu9WNMIkzEe0q6lAodUe0l67RQeWWUAA6lsCQNT9edEgkOtJ6FvO0NsRvqvNxP/87qxCS69hIkoNlSQ+aIg5tBIOHsdDpiixPCJJZgoZm+FZIQVJsYGVEhDqLro6gLBRfIdQuu0gs4r7u1ZqVbP4siDA3AIygCBKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8ByMmOKg==</latexit>

F (1, 1)

<latexit sha1_base64="2GtqTs5BZFBUIK1JKaZQK1SR2IA=">AAAB7XicbVDLSsNAFL2pr1pfVZduBotQQUpS1OquIEiXFewD2lAm00k7dpIJMxOhhP6DGxeKuPV/3Pk3TtMIvg5cOJxzL/fe40WcKW3bH1ZuaXlldS2/XtjY3NreKe7utZWIJaEtIriQXQ8ryllIW5ppTruRpDjwOO14k6u537mnUjER3uppRN0Aj0LmM4K1kdrXZeekejwoluyKnQL9JU5GSpChOSi+94eCxAENNeFYqZ5jR9pNsNSMcDor9GNFI0wmeER7hoY4oMpN0mtn6MgoQ+QLaSrUKFW/TyQ4UGoaeKYzwHqsfntz8T+vF2v/wk1YGMWahmSxyI850gLNX0dDJinRfGoIJpKZWxEZY4mJNgEV0hBqtnN57qC/5CuEdrXinFXsm9NSvZHFkYcDOIQyOFCDOjSgCS0gcAcP8ATPlrAerRfrddGas7KZffgB6+0Tyk6OKw==</latexit>

F (1, 2)
<latexit sha1_base64="RgDm/rGrhM2zb7WoMCv/PVHVsNU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Qk67hdLqIJSwEXiZqQEMjT6xY/eQJI4pMIQjrXuuigyXoKVYYTTaaEXaxphMsZD2rVU4JBqL0mvncIjqwxgIJUtYWCq/pxIcKj1JPRtZ4jNSP/1ZuJ/Xjc2waWXMBHFhgoyXxTEHBoJZ6/DAVOUGD6xBBPF7K2QjLDCxNiACmkIVeReXbhwkXyH0DqtuOcVdHtWqtWzOPLgAByCMnBBFdRAHTRAExBwDx7BM3hxpPPkvDpv89ack83sg19w3r8Axb2OKA==</latexit>

F (0, 0)
<latexit sha1_base64="JfUtD82HYVRd/PIDSacpA2PyGPw=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U0Yl73C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0KOKQ==</latexit>

F (0, 1)
<latexit sha1_base64="5jbMVWZCmSPs6t98aQEXqiEpmUU=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIpanVXEKTLCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//GdDqCrwMXDufcy733+BFn2iD04eSWlldW1/LrhY3Nre2d4u5eW8tYEdoikkvV9bGmnAnaMsxw2o0UxaHPacefXM39zj1Vmklxa6YR9UI8EixgBBsrta/L6KR6PCiWUAWlgH+Jm5ESyNAcFN/7Q0nikApDONa656LIeAlWhhFOZ4V+rGmEyQSPaM9SgUOqvSS9dgaPrDKEgVS2hIGp+n0iwaHW09C3nSE2Y/3bm4v/eb3YBBdewkQUGyrIYlEQc2gknL8Oh0xRYvjUEkwUs7dCMsYKE2MDKqQh1JB7ee7Cv+QrhHa14p5V0M1pqd7I4siDA3AIysAFNVAHDdAELUDAHXgAT+DZkc6j8+K8LlpzTjazD37AefsEyMeOKg==</latexit>

F (0, 2)
<latexit sha1_base64="kAdUC1p9bBFnhylKarWW9krna9Q=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkJIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtEHo08ktLa+sruXXCxubW9s7xd29lpaxIrRJJJeq42NNORO0aZjhtBMpikOf07Y/vp757QeqNJPizkwi6oV4KFjACDZWat2U3RN03C+WUAWlgIvEzUgJZGj0ix+9gSRxSIUhHGvddVFkvAQrwwin00Iv1jTCZIyHtGupwCHVXpJeO4VHVhnAQCpbwsBU/TmR4FDrSejbzhCbkf7rzcT/vG5sgksvYSKKDRVkviiIOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFdIQqsi9unDhIvkOoXVacc8r6PasVKtnceTBATgEZeCCKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8Bx0SOKQ==</latexit>

F (1, 0)
<latexit sha1_base64="/G15WtjJcbxfbpDrwTFz5s3dapM=">AAAB7XicbVDLSgMxFM3UV62vqks3wSJUkDIRtborCNJlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9jOh1BrQcuHM65l3vv8SPOtHHdTye3tLyyupZfL2xsbm3vFHf3WlrGitAmkVyqjo815UzQpmGG006kKA59Ttv++Hrmtx+o0kyKOzOJqBfioWABI9hYqXVTRifouF8suRU3BVwkKCMlkKHRL370BpLEIRWGcKx1F7mR8RKsDCOcTgu9WNMIkzEe0q6lAodUe0l67RQeWWUAA6lsCQNT9edEgkOtJ6FvO0NsRvqvNxP/87qxCS69hIkoNlSQ+aIg5tBIOHsdDpiixPCJJZgoZm+FZIQVJsYGVEhDqLro6gLBRfIdQuu0gs4r7u1ZqVbP4siDA3AIygCBKqiBOmiAJiDgHjyCZ/DiSOfJeXXe5q05J5vZB7/gvH8ByMmOKg==</latexit>

F (1, 1)<latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit> . . . <latexit sha1_base64="PiW2+G7lDSHkaa9U/WOlYH4+27w=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KruiVm8FLz1WsB/QLiWbzbax2WRJsoVS+h+8eFDEq//Hm//GdLuCWh8MPN6bYWZekHCmjet+Oiura+sbm4Wt4vbO7t5+6eCwpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2Mbud+e0yVZlLcm0lC/RgPBIsYwcZKrd44lEb3S2W34mZAy8TLSRlyNPqlj14oSRpTYQjHWnc9NzH+FCvDCKezYi/VNMFkhAe0a6nAMdX+NLt2hk6tEqJIKlvCoEz9OTHFsdaTOLCdMTZD/debi/953dRE1/6UiSQ1VJDFoijlyEg0fx2FTFFi+MQSTBSztyIyxAoTYwMqZiFUXe/mykPL5DuE1nnFu6y4dxflWj2PowDHcAJn4EEValCHBjSBwAM8wjO8ONJ5cl6dt0XripPPHMEvOO9f7AuPkQ==</latexit> . . .

Comment régler le problème de la constante inconnue?

<latexit sha1_base64="jDML/55YhVQfQAbfEd/aUnbO4mI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFawttKFstpt26WYTdzdCCP0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH40yosLa+srhXXSxubW9s75d29Ox1EirI2DUSgui7RTHDJ2oYbwbqhYsR3Beu4k+uZ33lgSvNA3po4ZI5PRpJ7nBKTSt3RIK7iE/t4UK7gGs6AFomdkwrkaA3KH/1hQCOfSUMF0bpn49A4CVGGU8GmpX6kWUjohIxYL6WS+Ew7SXbvFB2lyhB5gUpLGpSpPycS4msd+27a6RMz1n+9mfif14uMd+kkXIaRYZLOF3mRQCZAs+fRkCtGjYhTQqji6a2Ijoki1KQRlbIQ6ti+urDRIvkO4e60Zp/X8M1ZpdHM4yjCARxCFWyoQwOa0II2UBDwCM/wYt1bT9ar9TZvLVj5zD78gvX+BZCsjzY=</latexit>

gy(0, 1)

<latexit sha1_base64="eCA/JZXyryPM4f4GwZjDMEMSFx0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahgpSNqNVbwUuPFawttKFstpt26WYTdzdCCP0TXjwo4tW/481/Y5pGUOuDgcd7M8zMc0PBtcH40yosLa+srhXXSxubW9s75d29Ox1EirI2DUSgui7RTHDJ2oYbwbqhYsR3Beu4k+uZ33lgSvNA3po4ZI5PRpJ7nBKTSt3RIK7iE3w8KFdwDWdAi8TOSQVytAblj/4woJHPpKGCaN2zcWichCjDqWDTUj/SLCR0Qkasl1JJfKadJLt3io5SZYi8QKUlDcrUnxMJ8bWOfTft9IkZ67/eTPzP60XGu3QSLsPIMEnni7xIIBOg2fNoyBWjRsQpIVTx9FZEx0QRatKISlkIdWxfXdhokXyHcHdas89r+Oas0mjmcRThAA6hCjbUoQFNaEEbKAh4hGd4se6tJ+vVepu3Fqx8Zh9+wXr/Ao8njzU=</latexit>

gy(0, 0)
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Quels gradients choisir?

Perez et al. 2003
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cloning seamless cloning

Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.

source/destination cloning seamless cloning

swapped textures

Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
{

f ∗p − f ∗q if | f ∗p − f ∗q | > |gp −gq|,
gp −gq otherwise, (13)

for all 〈p,q〉. The effect of this guidance field is demonstrated in

source/destination

color transfer monochrome transfer

Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.

316

sources destinations cloning seamless cloning

sources/destinations
cloning seamless cloning

Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.

source/destination cloning seamless cloning

swapped textures

Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
{

f ∗p − f ∗q if | f ∗p − f ∗q | > |gp −gq|,
gp −gq otherwise, (13)

for all 〈p,q〉. The effect of this guidance field is demonstrated in

source/destination

color transfer monochrome transfer

Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.

316

sources destinations cloning seamless cloning

sources/destinations
cloning seamless cloning

Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.

source/destination cloning seamless cloning

swapped textures

Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
{

f ∗p − f ∗q if | f ∗p − f ∗q | > |gp −gq|,
gp −gq otherwise, (13)

for all 〈p,q〉. The effect of this guidance field is demonstrated in

source/destination

color transfer monochrome transfer

Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.

Figs. 6 and 7.

(a) color-based cutout and paste (b) seamless cloning

(c) seamless cloning and destination av-
eraged (d) mixed seamless cloning

Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.

source destination

Figure 7: Inserting transparent objects. Mixed seamless cloning
facilitates the transfer of partly transparent objects, such as the rain-
bow in this example. The non-linear mixing of gradient fields picks
out whichever of source or destination structure is the more salient
at each location.

This mixed seamless cloning is also useful when adding one ob-
ject from a source image very close to another object in the desti-
nation image, see Fig. 8.

316

sources destinations cloning seamless cloning

sources/destinations
cloning seamless cloning

Figure 3: Insertion. The power of the method is fully expressed
when inserting objects with complex outlines into a new back-
ground. Because of the drastic differences between the source and
the destination, standard image cloning cannot be used in this case.
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Figure 4: Feature exchange. Seamless cloning allows the user to
replace easily certain features of one object by alternative features.
In the second example of texture swapping multiple broad strokes
(not shown) were used.

The discrete counterpart of this guidance field is:

vpq =
{

f ∗p − f ∗q if | f ∗p − f ∗q | > |gp −gq|,
gp −gq otherwise, (13)

for all 〈p,q〉. The effect of this guidance field is demonstrated in

source/destination

color transfer monochrome transfer

Figure 5: Monochrome transfer. In some cases, such as tex-
ture transfer, the part of the source color remaining after seamless
cloning might be undesirable. This is fixed by turning the source
image monochrome beforehand.
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Figure 6: Inserting objects with holes. (a) The classic method,
color-based selection and alpha masking might be time consuming
and often leaves an undesirable halo; (b-c) seamless cloning, even
averaged with the original image, is not effective; (d) mixed seam-
less cloning based on a loose selection proves effective.
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Application : « peindre » des gradients

[McCann et Pollard ’08]68

https://www.youtube.com/watch?v=RvhkAfrA0-w

