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Inpainting 

ÅModifying an image undetectably 

ÅFamous examples: 

 

Stalin and Nikolai Yezhov Nikolai Yezhov Removed 

http://www.newseum.org/berlinwall/commissar_vanishes/main.htm 



Famous Examples Cont. 

ά/ƻǊƴŜƭƛŀΣ aƻǘƘŜǊ ƻŦ ǘƘŜ DǊŀŎŎƘƛέ ōȅ WΦ Suvee (Louvre). Emile-aŀƭŜ ά¢ƘŜ wŜǎǘƻǊŜǊΩǎ IŀƴŘōƻƻƪ ƻŦ ŜŀǎŜƭ ǇŀƛƴǘƛƴƎέ 



Practical Examples 

http://graphicssoft.about.com/od/digitalphotography/ig/before-after/BonnieB4-after.htm 
http://graphicssoft.about.com/od/digitalphotography/ig/before-after/sadi-b4-after.htm 



Inpainting ς Intuitive Approach 

ÅArt conservators fill missing patches by 
looking at 

ïShape of surrounding areas 

ïColor of surrounding areas 

ïTexture of surrounding areas 

ÅIn short, they look at information present 
around the missing patch 



PDE Inpainting 

ÅWant a PDE that can fill a patch with 
surrounding information 

ïHeat Equation does this! 

 



PDE Inpainting ς 1D Case 

W 

P0      P1     P2              Χ              t3     P4     P5  



PDE Inpainting ς 1D Case 

ό ό  
 
For ὼᶰρȟὡ  
 
ό ρȟὸ ὖ ὖ 
ό ὡȟὸ ὖ ὖ 
 
 
όὼȟπ π 

P0      P1     P2              Χ              t3     P4     P5  



PDE Inpainting ς 2D Case 

P1,1   P1,2   P1,3  P1,4   P1,5  P1,6   P1,7 

P2,1   P2,2   P2,3  P2,4   P2,5  P2,6   P2,7 

P3,1   P3,2   P3,3  P3,4   P3,5  P3,6   P3,7 

P4,1   P4,2   P4,3   P4,4  P4,5  P4,6   P4,7 

P5,1   P5,2   P5,3   P5,4  P5,5  P5,6   P5,7 

P6,1   P6,2   P6,3  P6,4   P6,5  P6,6   P6,7 

P7,1   P7,2   P7,3  P7,4   P7,5  P7,6   P7,7 

Notation: Pi,j refers to the pixel at row i column j 

W 



PDE Inpainting ς 2D Case 

Points are of the form: Py,x  

ό ό ό  

 
For ὼȟώᶰρȟὡ ρȟὌ 
 
ό ὼȟρȟὸ ὖȟ  ὖȟ  
ό ὼȟὌȟὸ ὖ ȟ  ὖ ȟ  
ό ρȟώȟὸ ὖ ȟ ὖ ȟ 
ό ὡȟώȟὸ ὖ ȟ  ὖ ȟ  

 
όὼȟπ π 

P1,1          P1,2            P1,3           Χ            t1,W+2       P1,W+3       P1,W+4 

P2,1          P2,2            P2,3           Χ            t2,W+2       P2,W+3       P2,W+4 

P3,1          P3,2            o1,1           Χ            o1,W          P3,W+3       P3W+4 

   Χ              Χ              Χ           Χ                Χ             Χ             Χ 

PH+2,1      PH+2,2          oH,1           Χ           oH,W         PH+2,W+3    PH+2,W+4 

PH+3,1      PH+3,2       PH+3,3           Χ          tH+3,W+2    PH+3,W+3   PH+3,W+4 

PH+4,1      PH+4,2       PH+4,3           Χ          tH+4,W+2    PH+4,W+3   PH+4,W+4 

ὼ 

ώ 



How to solve? 

 



Method of Finite Differences 

ÅGeneral idea: 

Approximate 
ό ,ό, etc 

Taylor expansion 
of ό 

PDE 
Obtain Substitute 

Discrete Form 

Explicit 
Algorithm Approximate 

Solution 



Method of Finite Differences 

ÅTaylor Series Expansion of u about point x (on 
handout) 

ÅObtain Taylor approximation 

ÅPlug into ό ό ό  

ÅSolve for όὼȟώȟὸ ὶ 



Method of Finite Differences 

ὶ 

Ὤ 

Ὧ 



Notation Change 

Åόὼȟώȟὸ όȟ 

Åόὼ Ὤȟώȟὸ όȟ  

Åetc. 

ÅChange our equation όὼȟώȟὸ ὶ to indexed notation 

όȟ όȟ
ὶ

Ὧ
ό ȟ ό ȟ ςόȟ

ὶ

Ὤ
όȟ όȟ ςόȟ  

όȟ όȟ
ὶ

ί
ό ȟ ό ȟ τόȟ όȟ όȟ  



The Algorithm 

1 

1 1 

1 

όȟ
ὶ

ί
ȣ  -4 

ÅFill in the boundaries (Neumann) 

ÅFill in the rest: 

Ὥ 

Ὦ 

Timestep ὸ Timestep ὸ ρ 



When to stop? 



Results 

Before Inpainted 



Results 

Original Inpainted 



Results 

Before Inpainted 



Results 

Original Inpainted 


