
ZoltanZoltanZoltan Kato: PhD Course on Kato: PhD Course on Kato: PhD Course on VariationalVariationalVariational and Level Set Methods in Image processingand Level Set Methods in Image processingand Level Set Methods in Image processing

GeodesicGeodesic
ActiveActive ContoursContours
ZoltanZoltan KatoKato

http://www.cab.uhttp://www.cab.u--szeged.hu/~kato/variational/szeged.hu/~kato/variational/



22ZoltanZoltanZoltan Kato: PhD Course on Kato: PhD Course on Kato: PhD Course on VariationalVariationalVariational and Level Set Methods in Image processingand Level Set Methods in Image processingand Level Set Methods in Image processing

IntroductionIntroduction
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GeometricGeometric flowflow

Vincent Vincent CasellesCaselles, , RaviRavi MalladiMalladi
Includes internal and external geometric Includes internal and external geometric 
measures. Given Cmeasures. Given C0 0 initial curve, the flow is given initial curve, the flow is given 
by the planar curve evolution by the planar curve evolution eqeq..

NN –– normal vector to the curvenormal vector to the curve
κκNN –– curvature vectorcurvature vector
gg –– edge indicator scalar functionedge indicator scalar function
vv –– arbitrary constantarbitrary constant

NvCgCt
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GeometricGeometric flowflow

Free of Free of parametrizationparametrization!!!!!!
As long as As long as gg does not vanish along the does not vanish along the 
boundary, the curve continues its boundary, the curve continues its 
propagationpropagation

ItIt maymay skipskip itsits desireddesired locationlocation
OneOne cancan introduceintroduce a monitoring a monitoring procedureprocedure
whichwhich setssets g=0g=0 asas thethe curvecurve getsgets closercloser toto thethe
edgeedge..
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GeodesicGeodesic activeactive contourcontour

Geometric alternative for Geometric alternative for 
snakessnakes

The The snakesnake parameterparameter pp is is 
replacedreplaced byby a a EuclideanEuclidean
arclengtharclength ds=|Cds=|Cpp|dp|dp

EulerEuler LagrangeLagrange equationsequations
asas gradientgradient descentdescent
processprocess areare::
AgainAgain, , internalinternal andand
externalexternal forcesforces areare
coupledcoupled whichwhich leadsleads
towardstowards thethe minimum of minimum of 
thethe functionalfunctional
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GeodesicGeodesic activeactive contourcontour

OneOne maymay add add anan areaarea minimizingminimizing forceforce
(~(~balloonballoon forceforce))

The The contourcontour willwill propagatepropagate inwardsinwards byby
minimizationminimization of of thethe interiorinterior

The The EulerEuler LagrangeLagrange asas steepeststeepest descentdescent isis
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ApplicationsApplications

3D 3D shapeshape fromfrom multiplemultiple viewsviews ((shapeshape fromfrom
stereostereo))
SegmentationSegmentation inin 3D 3D moviesmovies
TrackingTracking
3D 3D medicalmedical image image segmentationsegmentation
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LevelLevel setset formulationformulation

GeometricGeometric planarplanar curvecurve evolutionevolution::
LetLet φφ((x,yx,y)) be be anan implicit implicit formulationformulation of of CC

levellevel setset functionfunction
SignedSigned distancedistance functionfunction fromfrom CC..
The The normalnormal of of anyany levellevel setset φφ==constantconstant is is 
givengiven byby thethe gradientgradient of of φφ::
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LevelLevel setset formulationformulation

The The levellevel setset formulationformulation of of thethe geodesicgeodesic
activeactive contourcontour modelmodel::

IncludingIncluding a a weightedweighted areaarea minimizationminimization termterm
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Numerical scheme Numerical scheme -- AOSAOS

Additive Operator Additive Operator 
Splitting [Splitting [WeickertWeickert
1998]1998]

Introduced for nonIntroduced for non--
linear diffusion linear diffusion 
[[PeronaPerona--MalikMalik
1990]1990]
Unconditionally Unconditionally 
stable numerical stable numerical 
schemescheme [ ]
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AOS AOS schemescheme

GeodesicGeodesic activeactive contourcontour modelmodel
uu00 –– imageimage
φφ -- levellevel setset functionfunction

OnlyOnly 0 0 levellevel setset is is interestinginteresting wewe cancan resetreset φφ toto be be 
a a distancedistance functionfunction atat eacheach numericalnumerical iterationiteration ((usingusing
fastfast marchingmarching algorithmalgorithm).).
distancedistance mapsmaps has unit has unit 
gradientgradient magnitudemagnitude almost almost 
everywhereeverywhere::
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AOS AOS withwith ballon ballon forceforce

The AOS The AOS schemescheme withwith weightedweighted areaarea forceforce::

MultiscaleMultiscale approachapproach toto reducereduce computationcomputation
ConstructConstruct Gaussian Gaussian pyramidpyramid of of originaloriginal imageimage
SolveSolve byby toptop--downdown strategystrategy
Limit Limit computationcomputation toto narrownarrow bandband
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ImageImagess taken from taken from R. R. GoldenbergGoldenberg, R. Kimmel, E. , R. Kimmel, E. RivlinRivlin andand M. M. RudzskyRudzsky: : FastFast GeodesicGeodesic
ActiveActive ContoursContours. . IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 10, NO. 10, IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 10, NO. 10, 
OCTOBER 2001OCTOBER 2001..
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MotionMotion trackingtracking

ImageImagess taken from taken from R. R. GoldenbergGoldenberg, R. Kimmel, E. , R. Kimmel, E. RivlinRivlin andand M. M. RudzskyRudzsky: : FastFast GeodesicGeodesic ActiveActive ContoursContours. . IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 10, NO. 10, OCTIEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 10, NO. 10, OCT.. 20012001..
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CurvatureCurvature flowflow

ImageImagess taken from taken from R. R. GoldenbergGoldenberg, R. Kimmel, E. , R. Kimmel, E. RivlinRivlin andand M. M. 
RudzskyRudzsky: : FastFast GeodesicGeodesic ActiveActive ContoursContours. . IEEE TRANSACTIONS IEEE TRANSACTIONS 
ON IMAGE PROCESSING, VOL. 10, NO. 10, OCTOBER 2001ON IMAGE PROCESSING, VOL. 10, NO. 10, OCTOBER 2001..
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CurvatureCurvature flowflow -- ConclusionConclusion

SoSo everythingeverything reducesreduces toto a a circlecircle….….
OrOr: : AllAll kindkind of of naturalnatural formform cancan be be regardedregarded
asas a a deformationdeformation of a of a circlecircle
Is Is itit reallyreally a a goodgood assumptionassumption??
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Ongoing researchOngoing research

Other kind of forms need new energy Other kind of forms need new energy 
functional.functional.

Ian Jermyn Ian Jermyn –– INRIA (2003)INRIA (2003)
Modeling road networksModeling road networks
Quadratic energy functionalQuadratic energy functional


