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Introduction: Experimental Results (Cont.):

X Active Contoursare a setof methodsin which a contour
IS Initialized near an object of interest,and the contour
convergego theboundaryof the object

X Results are shown for the starfish image, corrupted
with Gaussian noise.
X Twenty runs are used to collect consistetdtistics.
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The convergencds achieved by iteratively minimizing As kernel (k) of VFC doesnot usestructuralinformation O - L AL L e S
the energyof the contour of the_ image It gets affected by image noise In TVF £1. £1.

direction and magnitudeof eachof the kernel elementis measure measure
The energy of the active contour is guided by the modified using imagetensorl, so thatthe well structured VS. VS
following two rules object boundariescan create a relatively unperturbed lteration

externalfield. ' canbeexpressedor eachpixel (x, y) as, .
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X Internal energy The contour should maintain some
shapeconstraint Usually constraintsare put against
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Externalenergy Thereshouldbe afield createdby the Ly
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objectof interestwhich canattracta contourtowardits ’ ’ 2 osof :
boundary H,/Q H;/Q = 0847 = 085t
Two mainchallenge®f activecontoursare _ . . . e
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X Sensitivityto imagenoise i=—r /2 j=—r )2
X Limited capturerangefor the contour orerprlliiilitiliitilillillly A N N N U S O I
x A variety of external fields have been introduced to o,y IS a weightedvarianceor co-variancematrix for each . s n o .
addresgsheselimitations, two of the more significantand pixel (, y) in theimage,g is a Gaussiamask( kx K) used U PSNR127dB U For a wide rangeof noise
standardapproachesre to computeo,,. U TVFE prov_ldes more (PSNR)the TVF leadsto
accurate active contours thebestaccuracy
x Gradient Vector Field (GVF): Increased active During convolution each element of the kernel k is then  VFC without
contourscapturerange but computationallyexpensive modified using the major eigenvalue (A,) and major sacrificing ~ convergence
andsensitiveto noise eigenvecto(Vv,) of ' asgivenbelow rate

x Vector Field Convolution(VFC): Handledlimitations F1-measure for other sample images.
of GVF to a great extent, but does not take full
advantageof the structural property of the image

boundary

kmod(iaj) — ‘H(Z,]) V_|_(7/,])‘m(z,j))\+(2,j)n(l,j)
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Experimental Results:

e 2% 0.79 0.90 0.93
Objective: x Resultsof the proposedTVF basedactive contourshave +0.022 | +£0.024 | £0.01v
We proposeatensorvectorfield (TVF) by adaptingthe VFC gﬁgslc;c():mparedwnh R s Aol b A A A 12.6 | |0.90+:0.017, 0.95 0.97
kernel using the structural information of an image This 3 Experiméntsareshownfor the starfishimage +0.013 +0.006
resultsin morestablefield in the presencef noiseandthus 12 6 097 098
providesimprovedactivecontours i ine: ' ' '

External field Streamline; 0.92+0.013 10009 | +0.001
12.9 0.93 0.97
_ |d | _ e Rae +0.028 +0.021
Vector Field Convolution:
JOUULLWUL IV AJITVUIVLIVUTT 12.6 0.84+0.035 0.92 0.96

+0.021 | +0.026

U Fl-measuras computedat the endof 30 iterationsfor
Imagesamplescontaminatedvith Gaussiamoise

U TVF basedactive contoursconsistentlyoutperforms
the othertwo.

The contour deformswith the iterative minimization of
Its energyequationgxpresseas

F i = fol [Emt (c(s)) + F. .+ (c(s))} ds

1. Fl-measure ranges from 0 to 1 dndherF1-measure implies better result.
Note: A small correction has been made with respect to the publication, where in few
results PSNRs were quoted double of the actual value.

E.. Is theinternalenergyandE_, is the externalenergy In
VFC, the externalfield is generatedby convolving the
Imageedgemapwith anisotropicvectorfield kernelk (R x

U Theimageis corruptedwith impulsivenoise

Ramiheiciiecl onioieciorsolCalieCapOSIIRINS i A high density and low irregularity of the field lines Conclusions:
Sy ST (shownin black)dueto noiseimplies a betterpulling of N o T N o T
theactivecontourtowardsthe boundary X TVF basedexternalfield streamlines are clearly least
;o) — ; ; ff noise Th Ilvecontour nthe TVF
n(zﬁj) — [—Z/?"? —J/?“} _ | aftectedby noise Theactivecontourbasedonthe
Active Contour: energy function surrounds the given object more
Tt ST T, e ENEEATTE ow ~ accuratelythenothertwo methodgested
r=4/i24+52 [ii. 000
RN i o The active contoursguided by TVF takes about the
L N samenumberof iterationsasVFC to convergebut gives
A RN consistenthbetteractivecontour
PRI I A S R SN
Rt L\ With TVF, we consistentlyobtaina betteraccuracyfor a
Vector Eield wide rangeof imagenoise
Kernel

Where,l, | are positionwith respectio thek e r ncenitef s
The magnitude (m) of k e r neadhvestor elementis
givenby,

o ¢ o r2 U The imageis corruptedby Gaussiannoise (PSNR =
m(i,j) = (r+e€)">orm(i,j) = exp—— 25.50b).
g U The initial active contour (red) is convergedto final

Whereo and( are positive constants to control decay of contour(green)after30 iterations

m. Sok can be expressed as, ACknOWIGd gementS'

k = I’I(Z,j)m(’l,]) This work is supported through funding from the Natural Sciences
and Engineering Research Council of Canada.
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