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Graph: (V, E), V ={1,...

COStZ (wi,j)(m)EE, wz"j > ().

Path: V= (717 e 77K)7 (fYk;fYk—l—l) c b.

Geodesic computatlon on a graph

,n}, E C V? (symmetric).
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" Geodesic ¢ computatlon on a graph

Graph: (V,E),V ={1,...,n},E C V? (symmetric).
Wi

COStZ (wi,j)(m)EE, wz"j > O

Path: V= (717 e 77K)7 (fYk;fYk—l—l) c b.

def

Length: L(vy) = Zk 1 Wk, et

(zeodesic distance:

d(z,y) = min _ L(y).
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‘Geodesic computatlon on a graph

Graph: (V,E),V ={1,...,n},E C V? (symmetric).
Wi

COStZ (wi,j)(i,j)EE, UJZ‘J‘ > ().

Path: V= (717 e 77K)7 (Vkaf)/k—l—l) c b.

def K—1
Length: L(v) = 2_ k=1 Wy mps -

(zeodesic distance:

d(z,y) = min _ L(y).

Difficulty: metrication error.




A R N A R N TN R T S TR AT AA AL N AL PR

 Connections with Maxflow Problems
Flow on edge: fj,i — _fz',j-
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Connections with Maxflow Problems

Flow on edge: f;; = —f; ;. '
Js1 (2 ()
g fij > e ti <0

div(f); = X, fijy V= —divi §7 o

il s div(f) = 0. — 0,

— recast as max-flow.

d(z,y) = frgli[& {Z(i,j)EE Wi, 5
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Flow on edge: f;; = —f; ;. '
g5t (2 [/
g fij > e ti <0

div(f); = D jmifigs = —div' Tﬁ 7’

il s div(f) = 0. — 0,

— recast as max-flow.

= max {uy ; |(Vu)i;| < wij, ug =0} '
u€eRN .
— recast as min-cut. //

d(z,y) = frgli[& {Z(i,j)eE Wi, 5




Parameterized surface: u € R? — o(u) € M.
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Parameterized surface: u € R? — o(u) € M.

g i

i Ous

P ~
! dp
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Curve in parameter domain: t € [0, 1] — ~(t) € D.
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Parametric Surfaces

Parameterized surface: u € R? — o(u) € M.
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Curve in parameter domain: t € [0, 1] — ~(t) € D.
Geometric realization: 7(t) = o(v(t)) € M.



" Parametric Surfaces

Parameterized surface: u € R? — o(u) € M.
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Curve in parameter domain: t € [0, 1] — ~(t) € D.

def.

Geometric realization: (t) = p(y(t)) € M.

For an embedded manifold M C R":

Op O
First fundamental form: I, = | ( 85 , a;@ >) .
? 7/ i,5=1,2

Length of a curve

L(v) = /01 IIW’(t)IIdIt:/O1 \/v’(t)fww’(t)dt-




* Riemannian Manifold
Riemannian manifold: M C R™ (locally)

Riemannian metric: H(x) € R™*™, symmetmc posmve definite.

Length of a curve v(t) € M: L(vy) = / \/7 H(~(t))y'(t)dt.
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Iemannlan
Riemannian manifold: M C R™ (locally)

Riemannian metric: H(x) € R"*"™, symmetrlc posmve definite.

Length of a curve v(t) € M: L(vy) = / \/7 H(~(t))y'(t)dt.
Fuclidean space: M =R", H(z) =1d,.




iemannian
Riemannian manifold: M C R™ (locally)

Riemannian metric: H(x) € R"*"™, Symmetrlc posmve definite.

Length of a curve v(t) € M: L(vy) = / \/7 H(~(t))y'(t)dt.

Fuclidean space: M =R", H(z) =1d,.
2-D shape: M C R?, H(z) = Ids.




anifold
Riemannian manifold: M C R™ (locally)

Riemannian metric: H(x) € R"*"™, Symmetrlc posmve definite.

Length of a curve v(t) € M: L(vy) = / \/7 H(~(t))y'(t)dt.

Fuclidean space: M =R", H(z) =1d,.
2-D shape: M C R?, H(z) = Ids.
Isotropic metric: H(x) = W (x)*1d,,.
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Manifold
Riemannian manifold: M C R™ (locally)

Riemannian metric: H(x) € R"*"™, Symmetrlc posmve definite.

Length of a curve v(t) € M: L(vy) = / \/7 H(~(t))y'(t)dt.

Fuclidean space: M =R", H(z) =1d,.

2-D shape: M C R?, H(z) = Ids.

Isotropic metric: H(x) = W (x)*1d,,.

Image processing: image I, W (x)? = (e + |VI(z)|) ™1
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iemannian Manifold
Riemannian manifold: M C R™ (locally)

Riemannian metric: H(x) € R™*™, Symmetrlc posmve definite.

Length of a curve v(t) € M: L(vy) = / \/7 H(~(t))y'(t)dt.

Fuclidean space: M =R", H(z) =1d,.
2-D shape: M C R?, H(z) = Ids.
Isotropic metric: H(x) = W (x)*1d,,.

Image processing: image 1, W(:L‘)2 = (e+ |VI(x)|)~

Parametric surface: H(x) = I, (15° fundamental form).
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" Riemannian Manifold
Riemannian manifold: M C R™ (locally)

Riemannian metric: H(x) € R"*"™, Symmetrlc posmve definite.

Length of a curve v(t) € M: L(vy) = / \/7 H(~(t))y'(t)dt.

Fuclidean space: M =R", H(z) =1d,.
2-D shape: M C R?, H(z) = Ids.
Isotropic metric: H(x) = W (x)*1d,,.

Image processing: image 1, I/V(x)2 = (e+ |VI(x)|)~

Parametric surface: H(x) = I, (15° fundamental form).
DTI imaging: M = [0,1]°, H(x)=diffusion tensor.
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stances

(Geodesic distance metric over M C R"

dam(x,y) = min L
MY = o Iy )

Geodesic curve: y(t) such that L(v) = dam(x,y).
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Shape ic

Isotropic ~ Anisotrop

geodesics
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‘What'’s Next

Laurent Cohen: Dijkstra and Fast Marching algorithms.
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[terations

Jean-Marie Mirebeau: anisotropy and adaptive stencils.
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