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I�[.ymSeT�}µ[±rersh r][8rsc�d¥cZJ[�SZJ[#uvhbrfih�K+YW\PJW*}µTatqpl[�SeUV[�tb}µ[�H

R WZS�['��[�Y&yZPn[lk.BO@]dJ}��V��D£ybW8Sec5{LK hmtm[.UVSd�P
Pn[|{q[;rs[�UaY&[�t�c7WZcdnTatoWZS`mdncS7WZd¥Se[?[�cOPJW*rvhm`É{qdnp�dJrv[
rs['P¥TVtohmt +'y&����	 " |�|2uvhbreflh�K�YW*}Q[�flhm[�P¥[8r�}�W8SeSZJ[±r#TV`mc[�tqh r]rvTVdn[�tqc�`md¥[�to}µTaY&yb[�tbr2J[8rdH

Q?WZtbr\P¥[o}�Wa{qSe[o{�[&tmTVcSe[tJ[�cehb{q[�kCP�K×WZymyjSeT�}7~m[&}QTVtbrvdJrsc[ YWÏybW8Seced¥S*{LK hmtm[orv[�UVY/[�tqcXWZcdnTVt
rsybW8cedgW.Pn[6R½dgrershj[5{q[8rMceS7W�paWZhZ�*{q[ P�K:9,;?7.=�8?7 B��v_ v��V�'D S¯fihjdq[8rvc�yZPnhbrLcbtm[5flhm[OPgW]rv[�UVY/[�tqcXWZcdnTVt
rsybW8ced¥T(U¹ce[�Y&ybTaSe['P
Pn[�H @]TVcSe[ J[�cehb{q[Ñ}µTVt }µ[�Setj[#hmtmdgfihj[�Y&[�t�c"Pn[�rvhmdnp�dlce[�Y&ybTVSe[�P�{q[�}µ[±rxSZJ[�UVd¥TVtbrQk
fihjd£paW�YoWZd¥tqc[�tbW8tqc�w[�cSe[?ymSZJ[8rs[�tqcZJ[�H2r£[8r �¹hbrsd¥TVtbr J[�pl[�tqchm['P
Pn[8r�[�cOP�K×WZymy WZSed¥ced¥TVt4{q[?tmTahmpl['P
Pn[8r
SZJ[�UadnTatbr]rvTVt�c5{OJ[8}µSdnc[8r#{mW8tbrNB �v_ v��a�VW�D B��v_ v��V�8`�D�H
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Q|WZtbr;}µ[�cec[�ybW8Secdn[lk£tjTVhbr;W.P�P¥TVtbr?['��ybTlrv[�S[PJW§��W"o}µTVt�{�TVt�c.rdK [�tb}7~bW.wx¥tm[�t�c�Pn[8rbJ[�c7W8yz[±r%{�[

PJW YtJ[�ce~mT�{�[�ybTVhjSzPn[orvhmdnp�d2{LK�y2{=|�S�J[�UadnTVt H�r£[8r*{ J[�c7WZd
PJr?dnt�ce[�Setm[8r�YW�}7~bWVflhm[eJ[�c7W8yb[Ïrv[�SeTatqc
ymSZJ[8rv[�t�c�J[8r�{mW8tbrOPn[8r ybW8Secdn[8r2rshmd¥pVW8tqc[8r R¹plTVd¥S "1�&H·��k�"5�&H×�%[�c "5�&H \�S�HZv tbrshmd¥ce[lkltmTahbr+pl[�SeSeTatqc
}µTVY&Y/[�tqc|S�J[8rvTVhb{qS[�P¥[8r%ymSTV`�P�Y[�Y&[8r[Pnd�J[8r*WZh6rshjdnp�d5{q[oy�Pnhbrvdn[�hjS7r�SZJ[�UVdnTatbr�rsdnY�h�P¥c7WZt�J[�Y�[�tqc
R½plTVd¥S�"=�&H·��S�H

i 9%3�9�3 º �q� i �� 68A �����z� 78<%5 ; < � A�F ��� : � F%A � �� 68l�9�: �
RÂTVhmS|}µTVY/ymSe[8rrs[�S´P�K dnY)WZUV[/@BAED = kmTat [�tb}�~ W.wxntj[]P¥[8r#�sJ[�cXWZyb[8r5rshmd¥pVW8tqc[8r�U

V � 7 �� :C< ; 68<%9"5 ybWZS/hmt c"P¥ceS[�{q[�~%W8PnYoW8t6{q[8r�ybW8S7W8YEY[�ceS[8r*{q[4Y&TVhmpl[�Y&[�t�c�	 DA {�[
}�~ WVflhm[?SZJ[�UVdnTatÏ[�c5{�[�rW �¹STVt�ced�Y[�Se[.{jWZtbr�@BAED =

V A�¶ �Â� 6 ���"� 5=6 {q[8r �¹SeTatqcd�Y[�S[8r+yjS�J[8{qd¥ce[8r#y WZS|}µTVt�ceTahmS7r�Wa}µced���r�R���{��.��|$��S

V �q� 68< � A&6k<�9"5 {q[±r)y WZS7W8YEY[�cSe[8r�{q[-Y&TVhmpl[�Y&[µt�c�	 QAED = {q[-}�~ WVflhm[�SZJ[�UadnTat ybTVhjS�PJW
}µTVY/yz[�tbreW8cednTat4{q[.Y&TVhmpl[�Y&[µt�c

i 9%3�9�? ��5 ; lCA	�
�5 �q��� 5=6 : ��� �� 68A ����� : �6��� <�m�< F�9"5 D 6 � 7 ����� 9 � 7 y2{=| 7 ��2D <�9"5
I�[±r {qd:Y¤J[�S[�tqcXr J['P�J[�Y&[�t�c7r r�K·WZScedg}µh�Pn[�tqc WZdnt rsd�U&ybTVhjS�}µT�{�[�S y&{"| SZJ[�UVd¥TVt �HAED = {�[

P�K d¥YoWZUa[ @SALD = U
�&H�Tld �!Mh�qk`PJW?rv[�UVY&[�tqcXWZced¥TVt(rsybW8cednT`U½c[�Y&ybTVS['P�P¥[#[8rvc dntjdncedgW.P¥dJr2J[�[#rvhmS�hmtm[5rv[�UVY&[�tqcXWZced¥TVt
rsybW8cedgW.Pn[;{q[[P�K dnY)WZUV[/@ = [�cOP¥[;{q[8re}QSednyjce[�hmSÑ{q[.Y&TVhjpl[�Y&[�tlc¤YW � J[�ST�H

�(H5R WZSc7W8tqco{�h }µTVt�ceTahmS&rvybWZcdJW8P?dntmd¥cedgW.P5TVh {q[bPJW��¹STVt�ced�Y[�Se[oymSZJ[±{qdnc[�{q[ �HAED = k�}µ[�cce[�¹SeTatqcd�Y[�S[*[8rsc;WZuvhbrvcZJ[�[�ybW8S�ceSXWZtbr��¹TVSYoWZcdnTVt-[�tg��{Z�.��|�H�v�P�Pn[/rs[�Se[±}�W.P¥[�WZdnt rsd2rshmSBPn[8r� TVtj[8r#{q[q�¹TVSec�UaS7Wa{qdn[�t�c�rvybWZcdJW8PM{mW8tbrC@BAED = R�P¥[8r�}µTVt�ceTahmS7r�rvybWZcdJW8h�� SXkqYoW8dJr�reW*{ J[d�¹TVS$U
YoWZcdnTat�[8rvc2}µTVt�ceSXWZdnt�ce[ YW]��WZd¥Se[5ybWZSced¥[?{q[¤PJW%~jd'J[�SXWZS7}7~md¥[5{q[]Y/T�{LY['Pn[±r+{�[]Y&Tahmpl[�Y&[�tqc
R¡W�W&tm[�k�W W/tm[4rsdnY/y�Pnd�cqJ[�R'R'R S H8V5t�TV`jcedn[�tqc(WZdnt rsd5hmtm[odnt&�¹TaSeYoW8ced¥TVt�{q[oY&Tahmpl[�Y&[�tqc
WZymyb['P�J[�[ 	 DA � #��� R�Q�J[d�¹TVSYoWZcdnTat�I�TatqcS7W8dnt�ce[;{qhETltbW'[l[�S�[�cWPJW�SZJ[�UVd¥TVt �HAED = H

�&Hqr£[?Y&Tahmpl[�Y&[�t�c 	 QAED = � ����� R�WZhorv[�tbr�{q[�P�K v SeS[�hmSW£5hbWV{�S7WZcdJflhm[[_ÏT8¥l[�tmtj[�S${q[#�HAED =[8rsc�Y/[8rshmSZJ[]y WZS5hmtm[.ce[8}7~mtmdgfihj[?{q[.Y&d¥tmdnY�dJrWZcdnTVt/{q[�P�K vO£¤_ ybWZS|{q[8r}µ[�t�ce[.{�[%UaS7W8U
{qdn[�tqc R¹ymSeTaUVSXWZY&Y&[	{q[�f][�tmSd(@]dJ}QT(PJWar S HdV5t yb[�hmc4}7~mTVdgrsd¥SÏ}QTVY&Y&[od¥tmdncdJW.P¥dJrWZced¥TVt
rsTadnc�	 DA���A Q = P�K [8rvced¥YoWZc[�hmS�� ��"1����"1�]{qh¨c"P¥ceSe[){q[b~%W8PnYoW8thYW � O � R�P¥dnS[¨  	 D {q[ �
reWa}�~bW8tqc � O �'¡�S5rsTadnc 	 DA � #����� 	 DA���A Q = R¡}QTVY&ybTlrvdncdnTVt	{qhÏY/TVhmpl[�Y/[�tlc�ymSZJ[8{�dnc5[�c?{�[
rsTat�WZuvhbrvce[�Y/[�tqc1S�H

�&H�I�[�cec[&Y&[8rvhmSe[/{q[&Y/TVhmpl[�Y/[µt�c?[8rvc]c"P¥ceSZJ[�[*UxTat�TV`mcdn[�t�c\P�K [8rvcednY)WZce[�hmS��4�-�.�1	�|1"1����"T�
{qh�c"PncSe[;{q[B~.W.P¥YoWZt	 DA��}A R%Pnd¥Se[�  	 D {q[���rWV}7~bWZt�c �$¡ S H

\�H V5t�}�W.Pg}µh�Pn[�	 DAED = �}A R½tmTahmpl['P�[8rscdnYoW8ce[�hjS � ��"1����"T�mybTVhmS´Pn[Ñ}µTVhjy�Pn[Ñ{LK d¥YoWZUa[8rMrshmd¥paWZt�cTS�H
�&Hq��Pq[8rvc�WZyjy�Pndgfih�J[ YW PJWW�¹SeTVt�ced�Y[�Se[Ñ{q[ �FALD = ybTahmS�TV`mc[�tmdnS$hmtm[#yjS�J[8{qdg}µced¥TVt({q[WPJW �¹STVt�ced�Y[�Se[
{q[ �HAED � Rd eyjSeTVuv[8}QcednTat"¡ SÑflhmd£yb[�SY&[�c�{�[%S[�`bTVhb}�Pn[�S5rvhmSWPn[.ybTVd¥tqc.�`H
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mouvement courbe précédente

courbe prédite

courbe

initialisation de segmentation 2 images-θ

mesure estimation a priori

estimation a posteriori

estimation a priori

estimation a posteriori

initialisation du snake grad I

déplacement de la courbe précédente

ajustement de la courbe par
déformation contrainte du snake

équation de filtrage de Kalman

 équation de prédiction de Kalman

paramètres du mouvement
θ-mesure  de      par optimisation des 

θ+ courbe

courbe I

θ+

t/t-1 t/t

t+1/t t+1

I I

θ-

t t+1

t+1,EQM

θ+

θ+

t/t

t+1/t

F

F

-1

5.

1.

2.

3.

4.

t,DCS t+1/t+1,DCS
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r£[±r+�.dJ{ J[�[8r flhmdmY&Tacednpl[�tqc�P�K hmced
PndJrWZcdnTVt({LK hjt§c"P¥ceS[5{q[�~.W8PnYoW8t�rshmS´Pn[±r�ybWZSXWZY�Y[�ceSe[±r {qh

Y&TVhmpl[�Y&[µt�c�rvTVt�c?U

V WV}�}QhmY�hZPn[�S�P¥[8r�Y&[8rvhmSe[±r�{q[±rÀy WZS7W8YEY[�cSe[8rÂ{q[5Y&TVhmpl[�Y&[µt�cÂ{LK hmtm[�SZJ[�UVdnTat�WZh/}µTVhjS7r�{qh
ce[�Y/ybr+ybTVhjS?W�W&tm[�SWPn[�hmS�[±rsced¥YoWZcdnTatMk

V TV`mc[�tmd¥S%hjtm[*`bTVtmtm[/ymSZJ[8{�dJ}µcdnTVt-{�h�Y&Tahmpl[�Y&[�tqc�kqt�J[8}Q[8rerWZdnS[*ybTVhmS;ymSZJ[8{�dnSe[zPgWors[�U`U
Y&[�t�c7W8cednTat W�paWZt�c�WZuvh rsce[�Y&[�t�c R¹plTVdnS "��2H·� S/[�c&ybTVhjSÏdntjdncedgW.P¥dJrs[�S P�K [8rvcednY)WZce[�hmS&{�[
Y&TVhjpl[�Y&[Qtqc R¹plTVd¥S#"?�2H \XS�H

n]ymS�Y[±r%W�plTadnS.pqh {mWZtbr\PgW&ybWZScedn[/ymSZJ[8}*J[8{q[�t�ce[�}µTaY&Y&[�t�c�[8rvc�hmcd�Pndgr2J[zP¥[§c"P¥ceS[o{q[ ~%W8PnYoW8tMk
Se[�t�ceSTVtbr#[�t4{ J[�c7WZd
PÂ{mWZt r]rvTVt��¹Tatb}µcdnTVtjtm[�Y&[�t�c'H

i 9�?m9�3 ��9"7 � A�F�< ������D �� 5 �� 78A�F
r£[Wc"P¥ceS7W8UV[5{q[q~.W8PnYoW8t�}µTVtbrvdJrvce[BYW?[8rscdnY&[�SÂ{q[O��W=o}µTat�Taymced¥YoW.P¥[´PJW?paW.Pn[�hmS�{LK hmt*pl[8}µc[�hmS

{LK$J[�cXWZc�� A R½[8rvyWJ[�S7W8tb}µ[ [�cMYoWZcSedJ}Q[ {q[2}µT8paWZSdJW8tb}µ[�SÉrWV}7~bWZt�cÂfih K�YW�}7~bWVflhm[ d¥tbrscXWZt�cMTVt*{�dJrsybT�rs[
{LK hmt.pl[8}Qce[�hmSÉ{q[�Y&[±rshmS[�� A fihmda[8rscMhjtm[2}µTVY�`mdnt WZdJrvTVtqPnd¥tWJ[8WZd¥Se[ `jSehmd¥c�J[�[�{�[8r�J['P�J[�Y&[�tlc7rb{q[�� A H
r�K·W.P¥UVTaSednc~mY&[;hmced
PndJrv[�WZhbrrsd´PJW/{&¥qt WZY&dgfihm[({qh-pl[8}µce[�hmS?{*K�J[�cXWZc�kÉ`mSehmd¥cZJ[�[�{�[*Y w[�Y&[�HZ��P [8rsc
TVymcdnYoW8P {mW8tbr�Pn[(rs[�tbr?T*Yh-d�P ymS[�tb{Ï[�t-}QTVY&ymc[�cTVhmc[8r?}µ[8r5dnt&�¹TaSeYoW8cednTatbr�[�c�Pn[±r?}µTVY�`md¥tm[
WZh Y&d¥[�h��4{q[/rsTaSece[�YW)Ta`mce[�tmdnS;hmtm[�[8rscdnYoW8cednTat-{q[�pVW8SedgWZtb}µ[�Y&d¥tmdnY/W.P¥[4B�_Ï[8{�Ma�LD B�n]tmU��V�LD
B F5['P�^�\�D�H

�� �M� A268<�9"5 � : � �� mL9"F � 6k<�9"5 � 6�:´�
9=¬ ��� 7'm"A&68<%9"5�
��AED = M �dA	��A�U�
8A R¡{&¥�tbW8Y&dJflhm[5`mSehmd¥cZJ[�[;{qh4r�¥mrvc'Y[�Y&[/S
� A M � A��A�U��cA R½Y&[±rshmS[8r+`mShmdncZJ[�[8r
S

W±pl[±}�
8A�[�c��cAÂ{q[�hZ�&`mSehjdnc7r�`�PgWZtb}�r#d¥tb{ J[�yb[�t {mWZt�c7r#c['PJr�flhm[*U

V�� B�� A DmMh�

V�� B�
8A�DpMp�

V�� B��cA������A�� D1M����BA��{A��

V�� B�
8A���
��A�� DpM! "�BA��hA��

V�� B��cA#
��A D1Mh�
T*Yh� [�c"� rsTVt�c;��YoW8ceSedg}µ[8r�r�¥qYtJ[�ceSedgfihj[8r�{OJ[dcbtjdn[8r�ybTlrsd¥ced¥pl[8rdH$� }�WZS7Wa}µcZJ[�SedJrv[\P¥[�`mShmdnc.{�[
Y&[8rshjSe[?[�c� Pn[.`mShmdnc5{q[.Y&T�{*Y['Pn[�H

�� �M� A268<�9"5 � : � ° F�6878A Db�&� 6B: ��� 7 �� :�< ; 68<%9"5 I�TatmtbWZdgrerWZt�cWPJW?Y&[8rvhmSe[�� A R¹[�c�ceTahmce[8r´Pn[8r
Y&[8rshjSe[8r2WZt�c�J[�Sdn[�hmS[8r SXk�Pn[.ymSeTa`�P�Y[�Y&[][±rsc5W.P¥TVSXr]{q[.cSeTVhjpl[�SWPn[?Y/[�d�P
Pn[�hmS$[8rscdnYoW8ce[�hmS

V {q[%� A U#d�P5[8rsc/tmTVcZJ[&� A��}A [�cor�K·WZyjyz[�P�Pn[�[±rsced¥YoWZc[�hmSb� �-�.�1	�|1"1����"T��H�@]TaceTVt r(' A��}A rW
YoWZcSedg}µ[?{�[�}QTZpaW8SedJW8tb}µ[�H
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V {q[ � ALD = UMd
P [8rsc.tmTacZJ[ � ALD = �}A [�c.rdK×WZymyb['P
Pn[�[8rscdnYoW8ce[�hjSz� ��"1����"T��H�@]TaceTVt r ' ALD = �}A reWYoW8ceSedg}µ[|{q[;}µT8pVW8SedgWZtb}µ[ H
V5t { J[�cbtmdnc.ybW8S;WZd�P
Pn[�hjS7r��.AvkÂWZymyb['P�J[�U�WZdnt {q[ ~.W.PnY)WZt-flhmd ybTVtb{*Y[�Se[�P�K×WZymybTVSc*{q[zP�K d¥tmtmT(U
paWZced¥TVt � A O � A� A��}A Q = R¡{�d:Y¤J[�Se[�tb}µ[o[�t�ceSe[XP�K TV` rs[�SpVW8ced¥TVt [�c�P�K [8rscdnYeJ[�[ � ��"1����"T�;{q[�}µ[�cece[
TV`brv[�SepaW8cednTat�S2ybWZS5S7W8ymybTVSec YWzPJW�ymSZJ[8{qdJ}QcednTat&ymSZJ[8}LJ[8{q[�tqc[ � A �}A Q = HI�[8r]flhbW8tqcdncZJ[±r#rsTatqc|{qTatmtWJ[�[8r#y WZSqPn[8r J[8flhbW8cednTatbr�rshjdnpaWZt�ce[8r�U��� �� �.A M ' A �}A Q = � �A R �-U�� A ' A��}A Q = � �A S Q =

�dA��}A)M ��A���A Q = U��.A R� A O � A���A �}A Q = S'pA��}A M R}@ O � A � A�S ' A��}A Q =
R`J[8flhbWZcdnTVt r�{q[�c"PncS7WZUa[�S�

� ALD = �}A M � A � A �}A
' AED = �}A M � A ' A��}A � �A U  R`J[8flhbWZcdnTVt r�{q[.ymSZJ[8{�dJ}µcdnTVt�S

4'5�<�68<�AZF�< � A&68<%9"5 � P8��WZhmc$WZh rersd(�¹TahmSetjdnS�Pn[�pl[8}Qce[�hmSÉ{LK$J[�c7W8cMdntmd¥cedgW.P ���CM!� � � Q = [�cÂreW�YoW8ceSedg}µ[{q[;}µT8paWZSedgWZtb}Q[ '��dM�' � � Q = H
ip9�?m9�? « �C� F�< ; A&68<%9"5gA � ° F�6878A Db� : �q��� AZ7.A �®� 687 ��� : �Ï� 9 � m ���"� 5=6
� �2; 6 �q� 7 � :´� �� 68A&6 � 6t: �
9"¬ ��� 7'm"A&68<%9"5 r£[�Y&T�{*Y['Pn[4{LK$J[�plT(P¥hmced¥TVt {�h�r�¥mrvc'Y[�Y&[o[8rvcohmt
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