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Unité de recherche INRIA Sophia-Antipolis
2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex (France)
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Vertex of Simplex Mesh
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Dual of boundary Vertex of  triangulation
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Fi= εi. Pi−1 + ε−i.Pi+1
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PN1(i)
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Pi−1 Pi+1
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Fi= ε1i. PN1(i) + ε2i.PN2(i)
 + ε3i.PN3(i)

ε1i + ε2i + ε3i =1ε−i + ε−i=1

(a) (b)

PN2(i)

PN3(i)
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is the length of the edge no il i
-

- ψ is the dihedral angle around edge no i
i

Measure of 

T is the sum of the area of the triangles
surrounding a vertex.

- 

Gaussian Curvature

Simplex Mesh

Measure of 

Gauss Sphere

is the area of the spherical polygon-

made by the extremities of the normal vectors 
mapped on the unit sphere
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glN-[f\bNQg�Nn��kHNQeO\b[f\bNQg�a-glN-MfT�Rn�=NQMf\bUcg=[SR�[f\bN-g¦Rngom�klMf\bgopi\�kHR���pS_lMfdQRn[f_lMOUce(\�gVR�ef\bglPQ�bU�m=\beO[rR�gHpSU�TVU
Rnef_lMOUQ�
� g§[fqlU�N-[fqlUcM�qoRngom�a�wxpS��glUcMOglUc� 	�#`���9BDC w"pS�fy 5 J�Zl_l\b�^m=e�R�kHNQ[fU�gJ[O\^R��5¢oUc�^mA�FMfN-T [fqlU�PQMSRQm=\bUcg=[�\bT��
RnPQU&Rngom�[fq`U�NQ_l[Okl_l[�N���[OqlU&+�R�g`gJ�-� ��UcMf\^pOqlU�[OqlMfUcUi��m=\bT;Ucglef\bN-goR��5U
m=PQU�m=Uc[OU
pS[ONQM
��L5NQ[OUcg=[f\^R��¤¢oUc�^m=e
[OU
pOqlgl\^]-_lUce�qHR�e�[fq`U�R-m=dQR�g=[SR�PQU�Nn��N-gl�b��MfU
]-_l\bMf\bglP�R$��U
Rn��efUcP-TVUcg=[SR�[f\bN-gVN���[OqlU�erpSU�glUQ�O<�N��(UcdQU�M
a
N-erpS\b�b�^R�[f\bN-gle�N���[fqlU�T;N�m�Uc�'R�MfN-_lgomx[fqlU��bNlpcRn�'TV\bgl\bT�_lT T�RK�"RnMf\befU�\£�8[OqlU�koN-[fUcg=[O\�Rn�#¢oUc�^m§\be�glNQ[
m=U�ef\bPQglUKm�klMfN-koU�Mf�b�J�
¥1U�_lefU�R�m=\bef[SR�gopSU$TVUc[OqlNlm�ZoR�eOU
m�NQg;[fqlU�\b[fU�MrR�[O\bdQU�pS�bNQeOUcef[�kHNQ\bg=[ CRQ w"yQu�Jf� K�[(U
RQpOq�\b[fUcMSR�[f\bN-g

Rngom;�FN-M�UcdQUcMO�"dQU�Mf[fUi� � � al�(U�efUKR�MrpOqx�FNQM�[OqlU&pS�bN-efUceO[�m`R�[rR�kHNQ\bg=[
	 � > � � � �(��qlU�US�lklMOUcefeO\�N-g�Nn�'[fqlUUS�l[OUcMfgoRn�5�FNQMSpSU�\�e�[OqlUcg7�
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Screen

Pixel clicked

positionned at the middle
 of the scene

Plane parallel at the image plane

Intersection between the
 line of sight and the plane

Closest vertex from 
the intersection point

Spring force exerted 
on the closest vertex
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��qlU�MfU �� � \beV[OqlU§glNQMOT�R���d-U
pS[ONQM�Rn[ � � Rngom \;Y � Z*\be�[OqlU§ef[f\ "�glUceOe��F_lgopi[f\bNQg YDefUcU§¢HPQ_lMOU�u`v"Zc���ql\be"R�k`klMfN=RQpOq \be�ef\bTV\b�^R�M�[fN [fqlU1N-glU�_`efU
m \bg C �`<��fylv�Z Jf� Q UKpcR�_leOU �(U�RnMfU§_lef\bglP R m=\beSpSMfUc[OU
eO_lM�� R-pSU�MOUcklMOUcefUcg=[SR�[f\bN-g�aQT;N�d=\�g`P�dQUcMO[f\^pSUce'[ON��8RnMrm$[fqlU�\�M(pS�bNQefU�ef[�mlRn[rR�kHNQ\bg=[��(NQ_`��m�MfUceO_l�b['\bg¦R�dQU�Mf�
m=\beONQMfP=R�gl\b�cUKm�TVU�efq�ef[OMf_opi[f_lMOU�U�efkHU
pS\^R��b�b��\bg�klMfUceOUcgopSU$N���efkHR�MfeOU�mlR�[SRl�5��g�NQMrm�UcM�[fN�eONQ�bdQU�[OqlU�m`R�[rR
eSR�TVk`��\bglP$klMfN-Zl�bUcT�a��(U�klMfNKhSU
pS[�[fqlU�dQUKpS[fN-M ����	 �

� > � � � NQg=[ON&[OqlU�glNQMOT�R��Hm=\bMfU
pS[O\bNQg��'©`_lMf[OqlUcMOTVNQMOUQaqoRKd=\bglP�R�g�US�l[fU�MfgoRn���FN-MrpSU�\bg;[fqlU�g`NQMfT�R���m=\bMfU
pi[f\bNQg�Ucg=[rRn\b��e�eOTVN=NQ[OqlUcM�m=US�FN-MfT�R�[f\bN-g�N���[OqlU�T;Ucefq��
��qlU�eSpcR��^RnM ��piNQMfMOUcefkHNQgHm=e�[ON�[fqlU(T�R ��\bT�_lT m=\beO[rR�gHpSU8Rn[#��ql\^pfq�R�m`R�[rR�koN-\bgJ[5ef[OMfNQg`PQ�b�&R�[O[fMSRQpS[Oe6R
d-UcMf[OUS���#¥ qlUcg�[OqlU�pS�bNQeOUcef[�piNQTVk`_l[fU
m�mlRn[rR�kHNQ\bg=[#\be��D_lMf[OqlUcM'[OqoR�g ��aQ[OqlUcg�[OqlU�ef[O\ "�glUceOe�m=U
piMfU
RnefUce
eOqoR�MOkl�b��R�gomA[fqlUcMOUS�FN-MfU�[fq`U&kHNQ\bg=[�qoRne���\b[O[f�bU�U#"�U
pS[�N-g"[fq`U&d-UcMf[OUS��kHNQeO\b[f\bNQg�� K��b\bTV\b[OU
m;MrR�g`PQU�Nn�
Rn[f[fMSRQpS[O\bNQg1\be�glU
pSUceOerRnMf� \bg§NQMSm=UcM�[ON"�b\�T;\b[�[OqlU�\bg$:o_lUcgHpSUVNn�8N-_l[f�b\bUcMfe$NQM�[fN�TVNlm=U��'NQZQhSUKpS[fe���\b[Oq
goRnMfMON�� efqoRnkoUceK�ª��g klMrR-pS[f\beOUQa��(U�pSNQT;kl_l[OU � Rne�R§kHUcMrpiUcg=[rR�P-U�Nn��[fqlU"MSRQm=\b_le�Nn��[fqlU"eOklqlUcMOU
UcgHpS�bNQef\bglP�[OqlU���qlN-�bU�m`R�[rR$efU�[
� K�[�[OqlU�ZHUcPQ\bglg`\�g`P&Nn�6[OqlU�m=US�FN-MfT�R�[f\bN-g�aQ�(U�kl\^pO��R$��RnMfP-U�dQRn�b_lU�Nn�
� YF_leO_oR��b�b�Vu ��koUcMSpSUcg=[�Nn��[OqlU�MSRQm=\b_le�Z(ZoU
p�R�_leOU�[fqlU�TVUceOqVT�RK��ZoU�\bgl\b[f\^Rn��\b�cUKm$� R�M��FMfN-T [fqlU�mlRn[rRl�
¥1U�[OqlUcg�m�U
pSMfUKR�efU$[fqlU�dQR��b_lU�N�� �cY�m=N���g�[fN�G$kHUcMrpSU�gJ[�Z(\bg�NQMrm�UcM�[ON�efkHUcU
mJ� _lk�[OqlU�eOU
R�MSpfq*�FNQM�[fqlU
pS�bN-efUceO[�kHNQ\bg=[
�

1

1

G(x)

x

� MWR=S?LFe`^_H=u \UKNM�� P?e4zFz � S?PGq4KNMWVJP�� ��� �
�

��q`U�eOU
R�MSpOq Nn��[OqlU"pS�bNQefU�ef[�kHNQ\bg=[ 	 � > � ��� \be�[fqlUcN-MfUc[O\^pcR��b�b� \bg � Y � X&Z��FNQM�R�g � � � MSR�glP-U
\bT�RnPQUQ� <�N��(UcdQU�M
a��(U"�(UcMfU1R�Zl�bU�[fN m=U
pSMOU
R�eOU1[fqlU§pSNQT;kl�bUS�l\�[��1[ON � YSv"Z¦�FNQMVpcRn�b\�Z`MrR�[OU
m MSR�glP-U
mlRn[rR`�V¥ q`Ucg1[fqlU;\bT�R�P-U�klMON
hSU
pS[O\bNQg1\be��=glN���g�a5��U�MOUcef[OMf\^pS[�[fqlU;efU
RnMrpOq Nn�8[OqlU�pi��N-efUceO[&kHNQ\bg=[�\bg
[OqlU�MrR�g`PQU�\bT�R�P-U&[ON�Rx�b\bglUV\bT�RnPQU�N���[fqlU�[fq`MfUcU�m�\�T;UcgleO\�N-goR��#�b\bglUVkHR�efeO\bglP�[OqlMfN-_lPQq � � \bg [fqlU
m=\bMOU
pS[f\bN-g1N�� �� � ����q`\�e��b\bglU�koR�eOefUce�[OqlMfN-_lPQq§[fq`U&klMON
hSU
pi[f\bNQg1Nn� � � \�gx[fqlU�MSR�glP-U&\bT�RnPQUQaHR�gomx�(U
N-gl�b��efU
RnMrpOq"R��FUc� k`\¨�lUc�be�R�MONQ_lgom*[fqlU�klMON
hSU
pi[f\bNQg;kl\£��U�� �5¥ qlU�gV[fq`U�pi��N-efUceO[�koN-\bgJ[�\�e��FN-_lgom�a-��qlUcg
eOU
R�MSpfq RnPJRn\�g�\bg�R;zK�oz���\bgom=N���R�MONQ_lgHm�[fqoRn[�kl\£�lUc��� K mlRn[rR�kHNQ\bg=[�\be�pSNQgleO\^m=UcMfUKm1R�e�[OqlU�pS�bNQefU�ef[
mlRn[rR�kHNQ\bg=[�N-gl�b�"\£�8\b[��b\bUce�\bgleO\�m�UVR"pSNQg`UVN���R�kHUS�A� � a5N���m=\bMOU
pS[f\bN-g �� � Rngom§N���[ONQk R�g`PQ�bU&UK]Q_HR��
[ON�[Oql\bMf[���m�UcPQMOUcUce
����ql\be�R��bP-NQMf\b[OqlT �(NQMO�=e��(Uc�b�#��\b[fq"T;NQef[�ef[OMf_opS[O_lMfUKm1MrRnglPQU�mlRn[rR�eO_opOq�Rne�[fqlU
��Y4+4+ C Y4+OGIG�Jfa�+(�=ZHUcMf��R�MOU C �=¥ ylv�J�NQM�[OqlU � PQ\be C �=�%GIH�J�efUcg`efNQMOe
�
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©`NQM#_lg`ef[fMO_opS[O_lMfU
m;mlR�[SRla��(U�_leOU�R��lm-��[fMOUcU�ef[OMf_opi[f_lMOU��FN-M�¢Hgom=\bglP�[fqlU�pi��N-efUceO[�mlRn[rR�koN-\bgJ[#\bgleO\�m�U
R�eOklqlUcMOU&Nn�6MSRQm=\b_le ���(¥ q`Ucg � \be�efT�R��b�oU�glNQ_lP-q�al[OqlU&pSN-TVkl_`[rR�[O\bNQgV[O\bTVU�\be�Nn�6[OqlU�eSR�TVU�NQMSm=UcM
Rne��FN-M�ef[fMO_opS[O_lMfU
m1m`R�[rR`�(¥ qlUcg"[OqlU&mlRn[rR�eOUc[�klMfN�d=\^m=Uce�ZoN-[fq�koN-ef\b[f\bN-gARngom�glN-MfT�R��H\�g��FNQMOT�R�[O\bNQg�a
�(U�_lefU�R�glNQ[O\�N-g&Nn�¤m�\�eO[rRngopSU�ZHUc[��(UcUcg�R�d-UcMf[OUS�VR�gom�R�mlRn[rR�kHNQ\bg=[#[fqoRn[�pSNQT�Z`\�g`Uce�[OqlUc\bM'kHNQef\b[O\�N-goR��
Rngom;NQMf\bUcg=[SR�[f\bN-g�m=\bef[SR�gopiUWYFeSR�TVU�R�e�©`Uc�^m=T�RnM C ©IK�y�W�J)Zc�
©5\bgoRn���b�=a���q`Ucg ¢o[f[O\�g`P1\�eONQeO_lM�� R-pSUce�m=US¢oglUKm NQg TVU
m=\^pcRn��\bT�R�PQU�e
a#�(UV¢Hgom [fqlU�pi��N-efUceO[�koN-\bgJ[

	 � > � ��� R�e�[OqlU�\bgJ[OUcMfeOU
pS[O\�N-g�Nn��[OqlU�glN-MfT�Rn�o�b\bglU�m=US¢HglU
m§R�[ � � ��\b[fq;[fqlU�\beONQef_`M�� R-pSUQ�(��ql\be�\be�dQU�Mf�U�8�pi\�U�gJ[O�b��m=N-glU�ZJ���-UcUckl\bglPVRn[�U
RQpOq�dQNK�lUc��Nn��[OqlU�[fMf\^m=\bT;Ucglef\bN-goR��l\bT�R�PQU�[OqlU�\bg=�FNQMOT�Rn[f\bNQg�N��#[fqlU
\befN-ef_lM�� RQpiUQ����qlUcMOUS�FN-MfUQa�[OqlU�\bg=[fUcMOefU
pi[f\bNQg§\be(�FNQ_lgHmVZ=�"pOqlU
pO�=\bglPV��qlU�[fqlUcM�[fqlU�dQNK�lUc�be�\bg=[fUcMOefU
pi[f\bglP
[OqlU&g`NQMfT�R����b\bglUQaHpSNQg=[rRn\bgle�R�kHNQMO[f\bNQg"Nn�'\�eONQeO_lM�� R-pSUQ����g"klMSRQpS[O\�eOUQa��(U�NQg`����pOqlU
pO�"[fq`U��FUc�ªd-NK��U���e
RnMfNQ_`gom9�"�f����q`U¦pS�bN-efUceO[�koN-\bgJ[�koN-ef\b[f\bN-g 	 � > � ��� \�e�pSNQT;kl_l[OU
m���\b[fq�R;eO_lZ=��kl\£��U���k`MfU
pS\beO\�N-g�����qlU\befN-ef_lM�� RQpiU�\�e5US�l[fMSRQpS[OU
m���\b[fq&R�TVNlm=\£¢oU
m�dQU�Mfef\bN-g&Nn�o[fqlU(T�RnMrpOql\bglP�pS_`ZoUce(R��bPQN-Mf\b[fqlT C ��+OG H!J C ��?�yQu�J

� � )��1)��
) 	�� � )���%6��)��

��g"[OqlU�klMfUcd=\bNQ_`e�efUKpS[f\bNQg5ao�(U�qoRKd-U&m=UceSpSMf\bZHU
m§qlN�� [fN�pSNQg=[fMONQ�5[fqlU�pS_lMOdQR�[f_`MfU�Nn�8R�ef\bTVk`��Ui�VTVUceOq
\bg1NQMSm=UcM�[fNx¢o[�eONQTVU�[OqlMfU�U�m=\bTVU�glef\bNQgHR��'mlR�[SRl�x��g1[fql\be�eOU
pS[f\bN-g�a'�(UVklMOUcefU�gJ[�[fq`MfUcU"R��bP-NQMf\b[OqlTVe
�FN-M8piNQg=[fMONQ�b�b\�g`P�[fqlU�eO\�T;kl�bUS�&T;Ucefq;[fNQkHNQ�bN-PQ�=����qlNQeOU�klMfNlpSU
m�_lMfUce�R�MOU�k`MfUceOUcg=[fU
m�\bg�R�ql\bUcMSR�MSpfq`\�p�R��
T�R�glglU�M
�
��q`U�¢oMOef[�R��bP-NQMf\b[OqlT R�\bTVe�Rn[8piNQgopSU�gJ[OMrRn[f\bglP�dQU�Mf[f\^pSU�e�R�[(koR�MO[fe�N��#ql\bPQq;TVU
RngVpS_lMfdQRn[f_lMOUQ�#��qlU

eOU
pSNQgHm R��bPQN-Mf\b[fq`T3NQg [fqlU;NQ[OqlUcM�qoRngom�a#_lk�mlR�[OUce�[fq`U�T;Ucefq pSNQg`glU
pS[O\�d=\b[��§�F_lgHpS[f\bNQg`e&Z=� RQm`m=\bglP
d-UcMf[O\�piUce&R�[�� RQpiUce�R�MfU$Uc�bNQglP=R�[fUKm���©5\bgoRn���b�=a=��U�qoRKd-U&m=UceO\�P-glU
m§R�ql\bP-ql�bUcdQUc�¤�F_lgopi[f\bNQgle�[fqoRn[�pSMOU
R�[OU
UcgHm"pSNQg=[ONQ_lMOe�R�[�\bgoRQp�pS_lMrRn[fU�kHR�Mf[Oe
�

� ��� � �)�����	����	���
�
�
 �U�
��qlU;TVUc[OMf\^p�koRnMrR�T;Uc[fU�Mfe � �@� � � U ��
 � X �3
 � � �	��RnMfUV[OqlUVZHR�Mf�lpSU�gJ[OMf\^p�pSN=NQMSm=\bgoR�[OUce&Nn��[fqlU*�FN=NQ[�N���Rd-UcMf[OUS�9���#N-gV[fq`U�[OMf\^R�g`PQ�bU�T�RQm=U�ZJ��\b[Oe�[fqlMOUcU�glUc\bPQq=ZHNQMfe.YDefUcU$efU
pS[O\bNQg"ul� ul� 5 Zc�5��qlNQeOU�kHR�MrRnTVUc[OUcMfe
pSN-g=[fMfN-�l[fq`U�MfUc�^R�[O\bdQU�m=\beO[rR�gHpSU�N��8�"�H�FMONQTª\b[fe#[OqlMfUcU�g`Uc\bPQq=ZoN-Mf\bglP�dQUcMO[f\^pSUceK�'¥1U�pcRngVm=MrRK� R�koRnMrRn���bUc�
ZHUc[��(UcUcg�[fqlU�T;Uc[fMO\^p'koRnMrRnTVUc[OUcMfe'Nn�¤R�ef\bTVkl�bUS��T;Ucefq���\b[fq�[fq`U(¢oMfeO['�F_`gomlR�T;Ucg=[rRn�QN���R�pSN-g=[f\bg=_lNQ_le
eO_lM�� R-pSUVeO\bgopSUVZHNQ[Oq�MOUc�^R�[OUce&[ON"R�g1\bg=[fMf\bgleO\^p�T;Uc[fMO\�pn� � g1[fqlU�qoRngom�a5[fqlU�eO\bTVkl�bUS��R�g`PQ�bU�T�RK�;ZoU
pSN-TVkoRnMfU
mA[fNV[OqlU�eOU
pSNQgHm��F_`gomlR�T;Ucg=[rRn�H�FNQMOT N���R�eO_lM�� R-pSU�R�gom�MOUc�^R�[OUce�[ON�R�gxUS�l[fMf\bgleO\^p�ZHUcgom=\bglP
T;U
R�eO_lMfUQ� ¥ ql\b�bU���U;qoRKdQU;ZoUS�DNQMfU�_leOU
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