
Active Contour



Snakes

• To match a deformable model to an image 


• Energy minimization


• A low-level mechanism which seeks local minima 





Energy

• Internal energy of the spline


• External constraint


• Image forces


• Esnake = ∫
B

A
Eint(γ(s)) + Eimage(γ(s)) + Eext(γ(s))ds



Internal Energy

• Internal energy - tension and stiffness


• 


• First-order term - contract like an elastic band


• Second-order term - resist bending

Eint = α | |γ′￼(s) | |2 + β | |γ′￼′￼(s) | |2



External Energy

• External energy


• Spring - attraction 


•
Volcano - repulsion 

Eext(x) = k | i − x |2

Eext(x) =
k

| i − x |2





Image Energy
• Image (Potential) Forces 


• 


•  - light lines or dark lines


•  


•
 and C is the smoothed image

Eimage = wlineEline + wedgeEedge + wtermEterm

Eline = I(x, y)

Eedge = − |∇G(x, y) * I(x, y) |2

Eterm =
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Image Energy

•  


•  


•

Eline = I(x, y)

Eedge = − |∇G(x, y) * I(x, y) |2

Eterm =
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y

(C2
x + C2

y )3/2





Minimizing the energy

• Gradient descent


• The Euler-Lagrange Equation



Euler-Lagrange

• We want to minimize 


• By Euler-Lagrange method, we need to solve


•

∫ E(s, γ, γ′￼, γ′￼′￼)ds

∂E
∂γ

−
∂
∂s

∂E
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∂2
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∂E
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= 0



Discrete implementation



Code demo
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