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ABSTRACT

In this paperwe proposea modifiedversionof the classical
explicit snake (active contour)approachfor thesegmentation
of irregularobjectshapein videoimages.In theclassicalap-
proachtheexternalevolutionforceis computedusingthegra-
dientof the imageor the region information. In our original
proposedmethodtheexternalforceis computedusingthere-
gioninformationwith two windowsaroundthecontourpoint.
This new approachimproves the speedof convergenceand
also the quality of segmentationespeciallyfor irregular ob-
jectsshape(objectswith sharpcorners,deepconcave/convex
shape).As thecontourpointsareattractedto thediscontinuity
of form, themodifiedsnake is called”cornertrackersnake”.

Index Terms— Imagesegmentation,objectdetection.

1. INTRODUCTION

Oneprincipalobjective in imageprocessingis thesegmenta-
tion of the imageto recover the shapeof objects. Sincethe
work of Kassandal. [1] extensive researchon snakes (ac-
tive contours)was developedwith this objective. The first
approaches[1][2] minimizedanenergy functionto move the
active contour towards edges. Later, anotherstrategy was
developed,using region information [3] to overcomesome
problemsinherentof the edgeapproach. In this paperwe
areinterestedin developinga region basedsnake methodin
theMDL (Minimum DescriptionLength)framework with the
constraintof computationtime. Thereis actuallyagreatinter-
estin level setmethods,but thedrawbackof theseapproaches
is theprocessingtimeevenwith thefastmarchingmethod[4].
For this reasonwe useexplicit snake (polygonal).Theprob-
lem encounteredin the classicalsnake is the smoothnessof
thecontourdueto the internalforceandthedifficulty in this
caseto adaptthe snake to high curvaturecontour. Increas-
ing thenumberof contourpoint reducestheeffect,but it still
presentand increasesthe computationtime. The proposed
methodmodifiesthe expressionof the external force using

two windows aroundthecontourpoint to estimatetwo forces����������
	�� ���
������
	��
. Also, thenumberof contourpointsis adapted

usingMDL approach.Theclassicalapproachesarepresented
in section2, our methodis developedin section3. Experi-
mentalresultsareprovided in section4 on syntheticimages
andin section5 on realimages.

2. CLASSICAL APPROACHES

A parametricsnake is a curve � ��� ����� � ��� ����� ��� � �!� �#" � $%�'&(�
,

which minimizesan energy functionalby moving throw the
spatialdomainof animage:)*� � ��� �+�,�-).��/0	(� � ��� �+�213).��4'	�� � ��� �+�

(1)

Theenergy consistsof two energiesinternalandexternal.The
internal force preservesthe smoothnessandcontinuity. The
externalenergy is derived from the informationin the image5
. A typical energy for a snake usinggradientof imageis,
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are

positivecoefficients.For asnakeusingtheregioninformation
in theimagebasedonMDL (Minimum descriptionlength)we
have [3]:)*� � �PO = ��QR�S� T�9U�V W < X�YKZ I �

(3)
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where

f �
is thesegmentedregion i, W is thecodelengthfor

unit arc length, j is the numberof regionsand
= �

the pa-
rametersof the distribution describingthe region i.

D
is the

codelengthneededto describethedistribution andcodesys-
tem for region

f �
. The external force is processedusinga



window k 7 4l` a : of m pixels aroundthe control point. Then
theequationis now:nFo peq�r;s�tvu!wyx z{ t�|~} ��� �F�M��� ZP�R� (4)
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If we assumethateachpixel

� �d���,�
hasa multiplicative mix-

turedistributionweobtain:)?� � �'O = � QR�«� W 6 I �
(5)
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Themotionequationfor point �³ � � �d���e�
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Usingequation(3):I �³IN´ � ¶^·¤¸ � ¹º¼» C W <¾½ ¶ 7+¿À : �Á ¶ 7 ¿À : 1Â[�\^]¾_ � 5 7 ¿À : >h= ¶ � �Á ¶ 7+¿À : (7)

where ½ ¶ 7+¿À : is the curvature, �Á ¶ 7+¿À : is the unit normal to � ¶
at point �³ . In the following sectionwe presentour approach
basedon thismethod.

3. CORNER TRACKER SNAKE

The proposedexternal force attractsthe contourpoints �³ to
the imagecontourwith a high curvature.Actually, using(4)
thecontourpointsareattractedto regionwhichmaximisethe
contrastbetweentwo regions Ã ��/

, ÃFÄ�Å 	
(if we useonly one

active contour)but not especiallyto region of high curvature.
This is due to the internal force and also the methodusing
windows k 7 4M` a : aroundcontourpoints �³ to calculatetheex-
ternalforce. We modifiedthe expressionof the force to im-
prove theevolutionof thesnakes:I �³IN´ � ¶^·¤¸ � ¹º¼» [h\^]F_ � 5 7 ÅÇÆ�ÈvÉ�Ê ` À Æ�È!É�Ê : >9= ¶ � �Á �����
	¶ 7 ¿À :

1Ë[h\^]F_ � 5 ÅÍÌ ZhÎ�Ï Ê ` À Ì ZhÎ�Ï Ê : >9= ¶ � �Á 
������
	¶ 7+¿À : (8)

where �Á �����
	¶ 7+¿À : is the normalunit vectorof the left segmentof

thecontourpoint �³ and �Á 
������
	¶ 7+¿À : is thenormalunit vectorof the
right segmentof thecontourpoint �³ . In fact thenew forceis

composedof two forces:�� /0��Ð �Ñ� �9���'	 �Á �9���
	 1Ò� 
����(�'	 �Á 
������
	
. Eachforce is estimated

usinga window of size m , k �9���'	7 4l` a : and k 
������
	7 4M` a : , seefigure1.
As the contourpoint is attractedto the areawith greatcon-
trastandstrongcurvaturewehave removedtheinternalforce
basedonthecurvaturewhichis opposedto ourobjective. The
new energy criterionis:n¾o peq�r�s�t!u!wÓx
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In the MDL Framework [5] the criterion is composedof 2
terms.Thefirst oneis thedescriptionlength,andthesecond
theinformationrequiredto representthemodelparameters:)Ñ�ÚÙ � 5 7 4M` a : >hÛ �Ü1ÝÙ ��Û �

(10)

with
Û �ÞO Û V �Nß�ß�ßh� Û ¶ Q

thevectorof parameterswith à com-
ponents.
In our approachthe parametersare:

Û �áO�âd� �³ Q
, where

â
is

the vector of parametersdescribingthe distribution of gray
level intensityin theregion. Thecodelengthto describethe
distributionis

D
usedin thepreviouscriterion,seeEq.(4).The

codelengthdescribingthecontouris relatedto thenumberof
contourpointsÁ �

for eachcontour. For onepoint thedescrip-
tion lengthin animageof dimensionjäã§j is [6]:Ùcå Ä ��/^	æ�3[h\^] @ j ç

(11)

where
ç

representstheresolution.
Finally, thenew energy criterionis:nFo pÜq�r;s�tvu;wÓx

(12)z{ t�|2} � � �Ò�� Z �� � �� Æ�È!É�Ê��Ô(Õ Ö » ���(�~�¾×9�
� � � �(�vØv� s�t Ø �R¡0�N¢N�N£
�N¥
� �Ò�� Z �� � �� Ì ZhÎ�Ï Ê��Ô(Õ Ö » � �R�~�¾×9�
� � � �(�vØv� s�t Ø �R¡0�N¢N�N£
�N¥
¦ ¨è¦êé tÇëMìeíRî;t9ï'ð ª

Thenumberof contourpointscanbeadaptedduringthecon-
vergenceof thealgorithm.Generally, thenumberof pointsis
proportionalto thelengthof thesnake (

I � �¯ñ � ´
)[2].

3.1. Contour points adaptation

Weproposeto addcontourpointsif:I �óò ç 8cô Á Iê)�/^��Ðiõµ) Ä ��ö
UsingtheMDL approach,we adda contourpoint only if the
distancebetween2 contourpointsis superiorto a constant

ç 8



andonly if theenergy with theaddedcontourpoint is inferior
to theenergy without theaddedpoint. We proposeto remove
apoint if:÷^ø�ùNú�÷^û � �Á �9���'	 � �Á 
������
	 �Kõ ç�ü ô Á Iê)./0��ÐÚõµ) Ä �9ö
We remove a contourpoint only if the angleformedby the
vectors �Á �����
	

and �Á 
����(�'	
is inferior to a constant

ç�ü
, (this is

thecasewhenthreecontourpointsarealigned)andif theen-
ergy decreases.
In thefollowing sectionwepresentsomeresultsusingclassi-
cal methodandour corner tracker snake on syntheticimages
to illustratetheperformances.

Fig. 1. Thesnake with theleft (yellow) andright (cyan)win-
dows andtheestimatedforces.

4. RESULTS ON SYNTHETIC IMA GES

In this sectionwe presentin first somecriterion of perfor-
manceandin secondresultson syntheticimages.We cannot
comparetheperformancesof methodsin termonly of energy
evolution dueto the differencesof energy expression.Then
we proposethe following criteria if we have only oneactive
contourseparatingtwo regions:ý � Ä�Ä ö�� ñ ôPþ IMO Ã ��/?± ÃFÄ Qñ ôNþ IMO ÃFÄ Q � ý �
ÿR� 8 �è� ñ ôNþ IMO Ã ��/*± Ã�� Qñ ôPþ IÇO Ã�� Q
whereÃ ��/

is theinternalregionof thesnake, ÃFÄ theregionof
theobjectto detect,Ã�� theregionof thebackground.Thefirst
resultis presentedonsyntheticimagewithoutnoisewith high
contrast.The numberof contourpoint is increasingpropor-
tionally to the lengthof thesnake in this demonstration.We
obtainbetterresultwith our method,seefigure 2, thanwith
classicalmethodwith anumberof contourpointproportional
to thelength(ds=60).To understandthedifferenceof results
betweenthe two methodswe have zoomedon the figure 2
whenthealgorithmshave converged,seefigure3. Theprob-
lemof convergenceencounteredfor theclassicalregionsnake

is correctedwith the corner tracker snake. In this approach
the numberof contourpoints is not optimal to describethe
contourof the structuredobject, thenwe proposeto usethe
methodpresentedin 3.1 for the corner tracker snake. The
secondresult is presentedfor an irregular objectshapewith
noise,seefigure4. We comparethecorner tracker snake ap-
proach,theminimal descriptionlengthcorner tracker snake,
andthe classicalsnake. To obtain the samekind of perfor-
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Fig. 2. In greenthe corner tracker snake, in red dashedthe
classicalregionsnake.
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Fig. 3. (a)theclassicalregionsnakein dashedredandthewin-
dows aroundcontourpointsin yellow,(b) the corner tracker
snake in greenandthe left windows in yellow andthe right
windows in cyan.

mancewith theclassicalapproach,seetable1, we musthave
a lot of contourpoints.Evenwith this improvementtheclas-
sical approachgives lower resultsdueto the smoothnessof
thecontour.

5. RESULTS ON REAL APPLICATION

TheapplicationconcernstheEuropeanprojectPEGASE(he-
licoPterandaEronefnaviGationAirborneSystemExperimen-



(a) (b) (c)

Fig. 4. (a) classicalregion snake with 100 contourpoints,
(b) the corner tracker snake with 28 contourpoints, (c) the
corner tracker snake with minimundescritionlengthwith 13
contourpoints.

snakeMethod ��� î�î�� ���
	���
�� time time90% iter. 90%
cornertr. 98,59% 0.46% 4,5s 0,89s 8

cornertr. MDL 98,42% 0.43% 7,28s 1,53s 9
classical 96,67% 0.64% 7,89s 2,25s 11

Table 1. Resultsof classification.We presenttheprocessing
timefor 30iterations,theprocessingtime(MATLAB) andthe
numberof iterationsto obtain90%of goodclassification.We
have improvedtheclassificationandtheprocessingtimewith
thecornertrackersnakes.

tation). The objective is to track a detectedrunway in a se-
quenceof visible or infrared imagesto control the landing
of a wing aircraft. In the proposedapproach,the runway is
parametrisedby twoparallellinesusedasimagefeatures.The
corner tracker snake appearsto bewell adaptedfor this kind
of problem,becausethe projectionof the runway in the im-
ageis a convex quadrangle.The tracking methodmust be
fastdueto theconstraintof realtime. For this applicationwe
proposeto usea snake with only four contourpoints.With a
classicalregion snake this numberof contourpointswill not
beenough.Theresultsarepresentedin thefollowing figures
5,6,7. The snake is initialized roughly, in the centerof the
objectto track,in thefirst image,in thefollowing imageswe
usethe previous positionas initial position. The runway is
correctly detectedand tracked throughthe sequencein real
time.

Fig. 5. Frame10

Fig. 6. Frame150

Fig. 7. Frame270

6. CONCLUSION

In thispaperwehavepresentedanoriginalandefficientsnake
approachto segmentimagesof irregular object shape. We
haveshown theimprovementof performancein termsof com-
putationandsegmentationcomparedto classicalmethod(re-
gion basedsnake).Theapproachhasbeenalsousedon real
imageswith satisfactoryresults.In thefuture,wewill develop
a multi-snake approachalongwith a methodto initialize the
positionof thesnake in theimage.
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