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Data: CT scan
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1. Variational methods



1. Variational methods
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te, 1: black



Mumfor d-Shah functional

Find « such that

Fo) = [ 1Vaf + [ (g uf +H¥()

IS mMinimized

u e SBV(Q)
J,, 1S the discontinuity set of

HV -1 is the Hausdorff measure
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Mumfor d-Shah functional

Find « such that

Fo) = [ 1Vaf + [ (9= uf +H¥()

IS mMinimized
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Mumfor d-Shah functional

Find « such that
Fw = [ 19uf+ [ (9= up + 15 ()
Q) Q)
IS minimized

Image is close tq@

u € SBV(Q)
J,, 1S the discontinuity set of

HV -1 is the Hausdorff measure
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Mumfor d-Shah functional

Find « such that
Fw = [ 9uf+ [ (9= up +#5()
Q) Q)
IS minimized

Edge set is short

u € SBV(Q)
J,, 1S the discontinuity set of

HV -1 is the Hausdorff measure
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pace BV (€2)

Wh(Q) < 3g € [L'(Q)]" such that

e [C=(Q)]", /udlvgbd:z: = (— /gb gdx



Thespace BV ({2)
wue WH(Q) < 3g e [L'(Q)]" such that

Yo € [C()]"Y /Q udivede = / ¢ - gdz

mu € BV(Q)) < du e M(QQ) such that

Vo € [C()]Y /Qudivgbdx = (—1)N/qud,u

M(€2) : vector valued finite measures on
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Letu € BV (€2). Then

u=Vul” + (vt —u ), H" ' J, + Du.



pace SBV (£2)

Letu € BV (€2). Then

u=Vul” + (vt —u ), H" ' J, + Du.




Theorem Letu € BV (€2). Then

Du = Vul” + (v — u v ,HY 'L J, + Du.

u € SBV(Q) = Dy =0
Theorem Letu, € SBV((2) such that
SUp ||tn |00 < 00, sUp {/ IV, |* + HNl(Ju)} < 00.
n n Q

Then3u,, —~u € SBV(Q).
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Plecewise Constant M umford-Shah

Restrict to binary segmented images (with valugs:).
Interface C' = {¢ = 0},

u=ciH(¢)+ co(1 — H(p))

=0

¢>0
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-L agrange equation




Euler-L agrange equation

% = H'(¢) [le (IVEZZI) (g—c1)>+ (g — 02)2]

Algorithm

At each time step
m Computec; andcy from ¢"

= Computep”™ ™! by finite differences
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Results; 2D
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Dimensions:
500 x 500

# Pixels: 250
0]0]0)

Time step: 0.1

# Iterations: 50

Time: 20 sec.
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Results, 3D

Dimensions:
500 x 500 x 250

# Pixels:
62 500 000

Time step: 0.001

# Iterations: 5600

Time: 186 hours
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3D

Results
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Results, 3D

(2

'S
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Several colours

Evolve n-curves to split the image 12" regions:

¢, >0
¢, >0
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