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Parkview

Capteurs

Traitement des données

Infrastructure matérielle (réseau, bus de commande, ...)

Applications expérimentales

\�b}¶�¸³œ�>O™

�

��PTS�n±M��¾IKN�PKV W�S VRMOj¯P»Y[l��9n�o MOVXW�PKNO�;Y��TP,nRP87a9��b;c= > �@?



���

����� ������� � � ������� ����� ™'n

��� �!��� ���

� �&')( -��,- � - ���

+ —anRL4MOW WKW�N�PE�;Y��KMO—˜P�n�o Y£š�L4lRW�PKN#M 7a9��b;c= > �@? nRPTSD�wL4V �KW�M˜L4VRVZY[—OMOW�ITS*PKW�nRPTS JˆY[W�IKN�M˜PK—˜S�V`L4lRj¯P»Y[l�� >*G V

�TP*S�PKV`S<� —˜PTSA���`L4M�� 3 l`P�V`L4l`SA�wPKN�L4V`S�—˜L4N�S�nRP*SUY6�TL4V �TPKQRW�M˜L4V•V`P*nRPKj N�L4V W�QZY4S+WKW�N�P*—OMOJ�MOWUY[W�M��wS�Q³L4lRN�S�L4V

P��±W�PKV`S�MOqRMO—OMOW�I7> + —#PTS�W<�³QZY[N+P��±PKJ�QR—˜P7�¾nRI š'M�QRN�IKj l n�opIKW�PKV`n±N�P 7:9��<;�=Z> �@?AS�lRN“lRV`P7S�lRNO�;Y��TP�nRP�QZY[NHGmMOV.y

q¾P»Y[l �TL4lRQ9QR—Ol`S MOJ�Q¾L4N�WUY[VXW�P�PKVk—OlRM¤Y4n[š›L4MOyxVZY[V W
nRP“V`L4lRj¯P»Y[l��&�»Y[QRW�PKlRN�S
PKW —˜PKlRN�S W�NUY[MOW�PKJGPKVXW�S >

��� �!�
	 �

�+- (�� �&' % 
�6�� � � / ��� � *,( -��&*	�+( %

#

� � �&*	�+(

-*L4W�N�P Y[N����RMOW�P��KW�lRN�P�SUPKNUY J,lR—OW�M � �»Y[QRW�PKlRN�S >7?�PK—¼Y�PTS�WaN�PKV`n±l�V`I��TPTS�SUY[MON�P�QZY[Na—¼Y S�lRNO�wY��TP nRPuQZY[NHGmMOV.y#M

�TL4lRjmN�MON<�¯JˆY[M˜S Y[l`SUS�MRQZY[N�—¼Y“VZY[W�lRN�P
nRPTS MOV��wL4N�JˆY[W�M˜L4V`S nRPKJˆY[V`nRITPTS<> -*L4l`S j¯PKN�N�L4V`SA3 l`P�V`L4l`S lRW�MO—OM˜S�L4V`S

QR—Ol`S�M˜PKlRN�S.�»Y[JGIKNUY4S jmM˜nRITLGY[MOV`S�M03 l�o lRV
�»Y[QRW�PKlRN
nRP“Q¾LxS�MOW�M˜L4VRV`PKJGPKVXW*—¼Y4S�PKN<>

�uo �`IKW�IKN�LHy¯IKV`IKMOW�I nRPTSˆJGL<1¯PKV`S•nRP&�TL4—O—˜P��KW�P nRPB—;o MOV��’L4N�JˆY[W�M˜L4V"nRL4MOW ��WKW�N�P<W�NUY[V`S�QZY[N�PKVXW�P Q³L4lRN�—˜PTS

n±M˜S�Q¾LxS�MOW�M��wS�lRW�MO—OM˜SUY[V W 7:9��<;�= > �@?J>:?�P�W�NUY»j4Y[MO—�nRP
N�P��TL4V`S�W�N�l �KW�M˜L4VkPTS�W�nRL4V �“Y[l`S�S�M �TPK—OlRM³nRP
—¼Y%�dl`S�M˜L4V•nRP

—;opPKV`S�PKJ�qR—˜P,nRPF�TPTS�nRL4VRV`ITPTS
PKVklRV`P+MOV��wL4N�JˆY[W�M˜L4V yx—˜L4qZY[—˜PF�`L4JGLHy �KV`P7>

��� �!��� 


- (���� /)- ( � 
4(�-�� -�
�' / � �21 - '�� 
 � 6

#

� -�
4'

/†L4lRNF3Xl`P,—¼Y �»Y[N�W�P�nRP�—;opPKVXjmMON�L4VRV`PKJGPKVXW�SUL4MOW*S�l
	ˆS Y[J�JGPKVXW.M“š�L4lRN<�ZMO—0�wY[lRW
QRN�PKV`n±N�P�PKV��TL4J�QRW�P

—¼Y�QRN�L4qR—˜IKJˆY[W�M43 l`PGnRP7—¼Y�W�NUY[V`S�J�M˜S�S�M˜L4V)nRP7—;o MOV��wL4N�JˆY[W�M˜L4V'> ?�PK—O—˜P�� �KM�SÁopPKVXW�PKV`n ��n�o lRV`P7QZY[N�W<��PKV W�N�P�—˜PTS

N�L4q¾L4W�S�JGL4qRMO—˜PTS,nRPKJˆY[V`nRPKlRN�S7n�o MOV��wL4N�JˆY[W�M˜L4V`S�S�lRN�—;opPKVXjmMON�L4VRV`PKJGPKVXW�PKW�—;o MOV��’NUY4S�W�N�l �KW�lRN�P•7a9��b;c= > �@?

PKW<�³n�o Y[lRW�N�P,QZY[N�W<�³PKVXW�N�P�—˜PTS*IK—˜IKJGPKVXW�S“MOVXW�PKN�V`PTS�MG—;o Y[N����RMOW�P��KW�lRN�P 7:97�b;�=Z> �^?J> C W�L4l`S)�TPTS*VRMOj¯P»Y[l�� �•MO—

�;Y[lRW�YTj¯L4MON*M•—;opPTS�QRN�MOW�—;o Y4S�Q¾P��KW�W�PKJ�Q`S�N�ITPK—uQRlRM˜S�3 l`P�—˜PTS�Y��KW�PKlRN�S�nRP�—;opPKVXjmMON�L4VRV`PKJGPKVXW<�N3 l�o MO—˜S,S�L4M˜PKV W

N�L4q¾L4W�SuL4lˆL4q`S�WUY��K—˜PTS�JGL4qRMO—˜PTS<�¯IKj¯L4—Ol`PKVXW�S�lRN —˜P QZY[NHGmMOV.y%M+nRPTSuj MOW�PTS�SUPTS QZY[NO�’L4M˜SuN�PK—¼Y[W�MOj¯PKJGPKVXW�IK—˜PKj¯ITPTS<>

��� �!��� "$#

% 
4'�� - ' *,- ����/	��� 
�',%��.- 
�')'	�&6��&' �

�uo Y[QRQR—OM4�»Y[W�M˜L4V 7:9��<;�= > �@?AnRL4MOW ��WKW�N�P7Q³PKV`SUITP �TL4J�JGP7nRPKjxY[VXW<�-M�W�PKN�JGP7�³Q³L4lRj¯L4MONE�wL4V �KW�M˜L4VRV`PKN�PKV

�TL4VXW�MOV l'> ?�P��KM MOJ�QR—OM43 l`P�lRV`P yxNUY[V`nRP 
•Y[qRMO—OMOW�I�nRP��wL4V �KW�M˜L4VRV`PKJGPKVXW,QRlRM˜S�3Xl`P�—˜P7S 1±S�W'�KJGP�nRPKjmNUY�WKW�N�P

�
n±M˜S�Q¾L4VRMOqR—˜P���Q³L4lRN*nRPTS
n±M˜S�Q³LxS�MOW�M��wS�SUP�QRN�ITS�PKV WUY[VXW�Y[l
�’lRN
PKW M�JGPTS�lRN�P7�•SUY[V`S.�TL4VRVZY��˜W�N�P7�¾Y�QRN�M˜L4N�M �•—˜P

JGL4JGPKVXW*nRP+—¼Y]
`V<nRP“—;opP��±Q³IKN�MOJGPKV WUY[W�M˜L4V'>

?�PKW�W�P �»Y[QZY��KMOW�I9M�Q¾L4lRj¯L4MON"�wL4V �KW�M˜L4VRV`PKN
Q¾PKV`n`Y[VXW“lRV`P�n±lRN�ITP,MOV`nRI�
`VRM˜P7L4qR—OMOy¯P*M�lRV`P�lRW�MO—OM˜SUY[W�M˜L4V

N�MOy¯L4lRN�PKl`S�P nRPTS#N�PTSUS�L4lRN��TPTS<�[V`L4WUY[J�JGPKVXW�n`Y[V`S —˜PTS L4Q³IKNUY[W�M˜L4V`S�n�o Y[—O—˜L �»Y[W�M˜L4VGJGIKJGL4MON�P�—˜L4N�S�nRPTS#Q:�ZY4S�PTS

nRP�nRIKj¯PK—˜L4QRQ¾PKJGPKVXW
—˜LHyxM4�KM˜PK— >

��� �!��� ���


�-

�

� �&%

�

' 
�� 
���- :�*	�&(

��PTS�I�3 lRMOQ³PTS�nRPKj4Y[V W�S�P�S�PKN�j MON�nRP•7:9��<;�=Z> �@?�L4VXW�—¼Ykj¯L4—˜L4VXW�I�nRPˆnRIKj¯PK—˜L4QRQ¾PKN�nRPTS�W�P����RV`L4—˜LHyxM˜PTS

lRW�MO—OM˜SUY[qR—˜PTS M �TL4lRN�W�W�PKN�JGP�n`Y[V`S —;o MOV`n±l`S�W�N�M˜P7>*G V �TP,S�PKV`S<�`PK—O—˜PTS�V`P,nRITS�MON�PKV W�QZY4S —˜PTS�W�PTS�W�PKN
n`Y[V`S
nRPTS



���

����� ������� � � ������� ����� ™�B

�TL4V`n±MOW�M˜L4V`S“M˜nRI»Y[—˜PTS<�³JˆY[M˜S<�¾Y[l �TL4VXW�NUY[MON�P7��S�L4l:�ZY[MOW�PKV W+—˜PTS*IKQRN�L4lRj¯PKN+PKV��TL4V`n±MOW�M˜L4V`S+N�ITPK—O—˜PTS<> ��PR���`L4M��

nRPTS#W�P����RV`L4—˜LHyxM˜PTS�S�PKNUY*nRL4V � L4N�M˜PKVXW�I QZY[NunRPTS �TL4VXW�NUY[MOVXW�PTS�W�P����RVRM43 l`PTSuJˆY[M˜S I^yXY[—˜PKJGPKV W I��TL4V`L4J�M43 l`PTS<>

+ — �TL4V �TPKN�V`PKNUY�—˜P�JˆY[W�IKN�M˜PK—�� �»Y[QRW�PKlRN�S<�³S�WUY[W�M˜L4V`S“nRP�W�NUYTjxY[MO— �ZJˆY[M˜S+Y[l`S�S�M†—¼YˆQZY[N�W�M˜P�—˜LHyxM4�KM˜PK—O—˜P7n`Y[V`S*—¼Y

S�IK—˜P��KW�M˜L4V<PKW�—¼Y�J�M˜S�P�PKV9LmPKlRj N�P+nRPTS�qRMOqR—OM˜L4W �X��3Xl`PTS�lRW�MO—OM˜S�ITPTS<>

�
	 � �

� � � ! � ������� �
�/� � !
('���

=+Y[V`S��TPKW�W�P�QZY[N�W�M˜P7�£V`L4l`S¤P��±Q¾LxS�L4V`S�—˜PTS†S�L4—OlRW�M˜L4V`S#Y[QRQ³L4N�W�ITPTS†Q¾L4lRNa—¼Y J�M˜SUP�PKV,QR—¼Y��TP�nRP 7a9��b;c= > �@?J>

��� �9� � �

' �

#

�+%

�

- � �&%�� * � � �&' �,*,(

C�
`VGnRP�N�IKQ³L4V`n±N�P Y[l���QRN�L4qR—˜IKJˆY[W�M43Xl`PTS n�opL4lRj¯PKN�W�lRN�P�PKWunRP�J�M˜S�P M“n±M˜S�Q¾LxS�MOW�M˜L4V�nRP�—;o MOV��wL4N�JˆY[W�M˜L4V'�

V`L4l`S YTj¯L4V`S#L4QRW�I Q³L4lRN¤lRV`P�Y[N����RMOW�P��KW�lRN�P PKV�qRl`S<>�?�PK—O—˜P�� �KM±Q³PKN�JGPKW M#���ZY�3Xl`P�I�3 lRMOQ³P nRP�j¯PKVRMONN�TL4VRV`P����

W�PKN S�PTS I�3 lRMOQ³PKJGPKV W�S n�o Y���3 lRM˜S�MOW�M˜L4V<PKW nRP*W�NUY[MOW�PKJGPKVXW M�V�o MOJ�Q³L4N�W�PF3 l`PK—�VRMOj¯P»Y[l<nRP*—;o MOV��dNUY4S�W�N�l �KW�lRN�P

7:9��<;�=Z> �@?J>

�uo Y[N����RMOW�P��KW�lRN�P+PKVGqRl`S J�M˜S�P PKVˆQR—¼Y��TP7�XQRN�ITS�PKVXW�I*S�lRNu—¼Y�
WyxlRN�P
œ�> œ��XW�NUY[V`S�Q³L4N�W�P�—˜PTS�S�MOyxVZY[l��GjmM˜nRITL

PKW nRP�S 1mV ���RN�L4VRM˜S Y[W�M˜L4V'�`—¼YR�TL4J�JˆY[V`nRP,nRPTS.�»Y[QRW�PKlRN�S�PKW —˜P+N�ITSUP»Y[l'>

�

4��"!$FUQG&(�$jP�

?�L4J�JGP.�TPK—¼Y�PTS�W�nRI��KN�MOW�PKV�œ�> œ�> œ��X—˜PTS �»Y[QRW�PKlRN�S lRW�MO—OM˜S�ITS�S�L4V W�Q¾L4lRNu—;opPTS�S�PKV W�M˜PK—³nRPTSA�»Y[JGIKNUY4S�jmM˜nRITL

Y[VZY[—˜LHyxM43 l`PTS<>:��P“W�NUY[V`S�Q¾L4N�W nRPTS�MOJˆY�y¯PTS S�P.�wY[MOW nRL4V �“QZY[N nRPTS S�MOyxVZY[l��9Y[VZY[—˜LHyxM43Xl`PTS�nRPKQRlRM˜S�—˜PTS S�MOW�PTS

nRP�QRN�M˜S�P�nRP�jml`P+š›l`S�3Xl�o Y[l���S�WUY[W�M˜L4V`S�n�o Y���3 lRM˜S�MOW�M˜L4V'>NC�
`V1nRP�Q³PKN�JGPKW�W�N�P�—;o lRW�MO—OM˜SUY[W�M˜L4V„nRP�JˆY[W�IKN�M˜PK—

n�o Y���3 lRM˜S�MOW�M˜L4V„n±M��¾IKN�PKV W�S<�#—;o Y[N����RMOW�P��KW�lRN�P9PKV1qRl`S7Q¾PKN�JGPKW7n�opPKV �TL4VRV`P��KW�PKN7QR—Ol`S�M˜PKlRN�S�S�lRN�lRV>JFWKJGP

�»Y[QRW�PKlRN<>

-*L4l`S�j¯PKN�N�L4V`S�PKV � > ž�> œ
3 l`P7—;o MOV��dNUY4S�W�N�l �KW�lRN�PˆJ�M˜S�P�PKV�QR—¼Y��TPGQ¾PKN�JGPKW,n�opIKW�PKV`n±N�P �;Y��KMO—˜PKJGPKVXW�—˜PTS

�»Y[QZY��KMOW�ITS�n±l<qRl`S j M˜nRITLGQZY[N�Y£š›L4lRW�nRP“—OMOyxV`PTS
S�lRQRQR—˜IKJGPKVXWUY[MON�PTS >

�

4��"!$F`�"4 F�VG�$#��$���)�"&wF',i�'&w���

��P�qRl`S*nRP�S 1mV ���RN�L4VRM˜S Y[W�M˜L4V Q¾PKN�JGPKW“nRP�S 1mV ���RN�L4VRM˜SUPKN
—˜PTS)�»Y[JGIKNUY4S*j M˜nRITL:> =+Y[V`S�—˜P �»Y4n±N�P�nRP�—¼Y

N�P��TL4V`S�W�N�l �KW�M˜L4V9nRP*—;opPKVXjmMON�L4VRV`PKJGPKVXW*PKV�W�N�L4M˜S n±MOJGPKV`S�M˜L4V`SQ�wY[MOW�P*QZY[N�—;opI�3XlRMOQ¾P��B����> �mMO—³PTS�W�MOV`n±M˜S�Q¾PKV
�

SUY[qR—˜P)3Xl`P�—˜PTSL�»Y[JGIKNUY4S lRW�MO—OM˜SUITPTS�Y���3 lRM �KN�PKVXW�—˜PKlRN�S�MOJˆY�y¯PTS Y[l�JFWKJGP*JGL4JGPKV W<> /†L4lRND�TPK—¼Y��±PK—O—˜PTS S�L4V W

I�3 lRMOQ³ITPTS n�o lRV`P,PKVXW�N�ITP,nRP+S�1 V ���RN�L4VRM˜SUY[W�M˜L4VBP��±W�IKN�M˜PKlRN�P7>

-*L4l`S�Y»j¯L4V`S�J�M˜S�PKV�QR—¼Y��TPˆlRV1qRl`S�nRP�S 1mV ���RN�L4VRM˜SUY[W�M˜L4V>Q¾L4lRN����ZY�3 l`P �»Y[JGIKNUYBPKW�V`L4V�lRV1qRl`S

�TL4J�J,lRV'> ?�PK—¼Y7Q¾PKN�JGPKW�nRPF�KN�ITPKN�nRPTSayxN�L4lRQ¾PTS nRP�S�1 V ���RN�L4VRM˜SUY[W�M˜L4V<MOV`nRIKQ¾PKV`n`Y[VXW�S<>



���

����� ������� � � ������� ����� ™�“

hertzien
Routeur

Réseau

Paramé-
trage

de cartes
Serveur 

Station 1 Station 3

Bus de commandes
et signaux

Capteur 1

Capteur 2

orientable
Capteur

Bus de Commande

Bus Vidéo

Bus de synchronisation

\�bd¶�¸Zœ�> œ

�

��o Y[N����RMOW�P��KW�lRN�P�PKV9qRl`S nRP87:97�b;�=Z> �^?

�

4��"!$F`�"4 #2��RXRT,W�$�"4

�uo MOV��’NUY4S�W�N�l �KW�lRN�P*nRP 7:9��<;�=Z> �@?5IKWUY[VXW�P��mW�IKN�M˜PKlRN<� n`Y[V`Su—¼Y+JGPTS�lRN�P n±lˆQ¾LxS�S�MOqR—˜P7�4V`L4l`SQ���`L4M˜S�M˜SUS�L4V`S

n�o lRW�MO—OM˜S�PKN nRPTS �»Y[QRW�PKlRN�S#QZY[NUY[JGIKW�NUY[qR—˜PTS M*n±M˜S�WUY[V �TP7>�-*L4l`S#Y»j¯L4V`S#J�M˜S PKV�QR—¼Y��TP�lRV7qRl`S nRPQ�TL4J�JˆY[V`nRP

Q¾L4lRN����ZY�3Xl`PL�»Y[QRW�PKlRNuYY
`V�nRP �;Y��KMO—OMOW�PKN†—˜PTS��TL4VRV`P��±M˜L4V`SuYTj¯P���—˜PTS �»Y[N�W�PTS#nRPL�TL4J�JˆY[V`nRP�nRPTS#n±M��¾IKN�PKV W�PTS

I�3 lRMOQ³PTS<>

��� �9� � "

� 6

#

��� �+- � �$* � - � - ( �

�uo Y[QRQR—OM4�»Y[W�M˜L4V�7a9��b;c= > �@?J�`qRM˜PKV�3Xl�opIKWUY[V W
lRV QRN�L[š�PKW
nRIKj¯PK—˜L4QRQ¾I,QZY[N
—;opI�3XlRMOQ¾PB	�� 
������B�7�����³S»opPTS�W

Y4n[š�L4MOVXW*—˜PTS.�TL4J�Q¾IKW�PKV �TPTS+nRPTS
I�3 lRMOQ¾PTS�W�NUY»j4Y[MO—O—¼Y[V W“S�lRN�—¼Y�jmM˜S�M˜L4VT7Q�@>w_v9�PKW6������> > ?�PTS*I�3XlRMOQ¾PTS
L4V W

nRPKQRlRM˜S�—˜L4V.yxW�PKJ�Q`S,—¼Y&�TL4VRVZY[M˜S�SUY[V �TP�nRP�JˆY[W�IKN�M˜PK—˜S�YTj¯P��G—˜PTS�3Xl`PK—˜S�PK—O—˜PTS,W�NUY»j4Y[MO—O—˜PKV W<> ?�PTS,QRN�L[š›PKW�S�nRP

N�P����`PKN����`P
Y<1XY[VXWu—¼Y
j¯L4—˜L4VXW�I�nRP QRN�L4Q¾LxS�PKN nRPTSuS�L4—OlRW�M˜L4V`S n±MON�P��KW�PKJGPKV W�lRW�MO—OM˜SUY[qR—˜PTS n`Y[V`Su—;o MOV`n±l`S�W�N�M˜P7�4MO—˜S

W�NUYTjxY[MO—O—˜PKVXW*S�L4lRj¯PKVXW“YTj¯P���nRPTS JˆY[W�IKN�M˜PK—˜S�nRP yxNUY[V`nRP�SUIKN�M˜P7> =+Y[V`S V`L4W�N�P%�»Y4S<�RL4lRW�N�P+—˜P yXY[MOVBnRP“W�PKJ�Q`S

3 l`P�V`L4l`SuY[QRQ¾L4N�W�P�—;o MOVXW�I^yxNUY[W�M˜L4VˆnRP�—˜PKlRN#W�P����RV`L4—˜LHyxM˜P7�xMO—±P��±M˜S�W�P�lRVGY4S�Q¾P��KW I��TL4V`L4J�M43Xl`PL�TPKN�WUY[MOV M�lRW�M �

—OM˜S�PKNQ�TPTSuJˆY[W�IKN�M˜PK—˜S<> ��PTSQ���`L4M��ˆS�L4V W I^yXY[—˜PKJGPKVXW�JGL4W�MOj¯ITS QZY[N�—¼Y�j¯L4—˜L4VXW�I*nRP"�KN�ITPKN�lRV`P MOV��’NUY4S�W�N�l �KW�lRN�P

�;Y��KMO—˜PKJGPKVXW
P��±W�PKV`S�MOqR—˜P�M7nRPTS"�TL��RW�S NUY[M˜S�L4VRVZY[qR—˜PTS<>

��� �9��� 



�/,*	�

#

� - ���

�aY�j¯L4—˜L4V W�IGnRP7—;opI�3 lRMOQ³P 	�� 
���� �B�����ˆPTS�W“nRP7Q¾L4lRj¯L4MON<�-M�W�PKN�JGP7��n±M˜S�Q¾LxS�PKN+n�o lRV`P�MOV��’NUY4S�W�N�l �KW�lRN�P

�»Y[QZY[qR—˜P,nRP�S�lRMOjmN�P+—;opPKV`S�PKJ,qR—˜P�nRPTS�nRIKQR—¼Y��TPKJGPKV W�S“S�lRN —˜P+QZY[NHGmMOV.y�nRP,—;o�� �"!#� $ ! &	@(� � � $B� �:����> ?�PKW�W�P

Y[N����RMOW�P��KW�lRN�PGN�IKQZY[N�W�M˜P�SUIKQZY[N�P�—˜PTS*Wbo����`PTS+nRP�QZY[NUY[JGIKW�NUY�y¯P7��n�o Y���3 lRM˜S�MOW�M˜L4V YGW�NUY[MOW�PKJGPKVXW,PKW“nRP�J�M˜S�P



���

����� ������� � � ������� ����� œx•

MGn±M˜S�Q³LxS�MOW�M˜L4V nRP�—;o MOV��wL4N�JˆY[W�M˜L4V'>'?�PKW�W�P�nRPKN�VRM �KN�P6�wL4V �KW�M˜L4VRVZY[—OMOW�I�PTS�W.�TL4V�
ZITP*MGlRV S�PKN�j¯PKlRN*nRP��»Y[N�W�P

MOVXW�PKN�N�LHy¯I,QZY[N —˜PTS N�L4q¾L4W�S JGL4qRMO—˜PTS<>

��� �9�
	 "

� ( � �.3��&*	� /	� %

#

� � � /985'

#

6�- : *	�

C�
`V�nRP�JGPKW�W�N�P M9n±M˜S�Q³LxS�MOW�M˜L4V)—˜PTS%�»Y[N�W�PTS,nRPG—;opPKVXjmMON�L4VRV`PKJGPKVXW<�†V`L4l`S�Y»j¯L4V`S,J�M˜S�PKV�QR—¼Y��TP�lRV`P

Y[N����RMOW�P��KW�lRN�PE�K—OM˜PKV W�Y[S�PKN�j¯PKlRN<>�?�PK—O—˜P�� �KM³S»o Y[N�W�M4�KlR—˜P“Y[lRW�L4lRN n�o lRVˆS�PKN�j¯PKlRN JˆY[MOVXW�PKVZY[V W M�š›L4lRN lRV`P#�»Y[N�W�P

nRP
—;opPKVXjmMON�L4VRV`PKJGPKVXW�n�1mVZY[J�M43Xl`P)�TL4V`S�lR—OW�I*QZY[N�—˜PTS�N�L4q¾L4W�S�JGL4qRMO—˜PTS<> �¤Y��TL4J�J�lRVRM4�»Y[W�M˜L4V9PTS�W Y4S�S�lRN�ITP

QZY[N lRVkN�ITS�P»Y[l �0$"� �`PKN�W �TM˜PKVBnRL4VXW�—˜P+N�L4lRW�PKlRN�PTS�W QRN�ITS�PKV W�I,S�lRN —˜P,S����`IKJˆY�nRP“—¼Y 
WyxlRN�P,œ�> œ�> =+Y[V`S

�TPKW�W�PGj¯PKN�S�M˜L4V�nRP•7a9��b;c= > �@?J�aV`L4l`S,j¯PKN�N�L4V`S�3 l`PG—;o Y���3 lRM˜S�MOW�M˜L4V1nRPTS�nRL4VRV`ITPTS<�a—˜PTS,W�NUY[MOW�PKJGPKV W�S7PKW,—˜P

S�PKN�j¯PKlRN S�L4V W N�I»Y[—OM˜S�ITS�QZY[N —¼Y�JFWKJGP“JˆY����RMOV`P7> -*L4l`S�j¯PKN�N�L4V`S n`Y[V`S�—¼Y�QZY[N�W�M˜P{A�>dAR3 l`P
V`L4l`S lRW�MO—OM˜S�L4V`S

Q¾L4lRN)�TPK—¼Y�nRPTSE�TL4J�Q³LxS Y[VXW�S“—˜LHyxM4�KM˜PK—˜S�Y4S 1mV ���RN�L4V`PTS“Q¾PKN�JGPKW�WUY[VXW�n�o Y»j¯L4MON�nRPTS
W�PKJ�Q`S+nRP�W�NUY[MOW�PKJGPKVXW�S

n±M���IKN�PKVXW�S�S Y[V`S Q³IKVZY[—OM˜SUPKN —;opPKV`S�PKJ,qR—˜P7>



� �������	��

� �

�

� � 
 
X� � � 
���� � �	� � � � ��� 
X� �	�

���S� ��� ����� � �	��� � � 
 ��� � � � �	� �	�

C
QRN'�TS YTj¯L4MON nRI�
`VRM�PKV9œ�>O™7>O™“—˜PTSD�»Y[NUY��KW�IKN�M˜S�W�M43 l`PTS n�o lRV`PF�»Y[N�W�P+nRP*—;opPKVXjmMON�L4VRV`PKJGPKVXW*n�1 VZY[J�M43 l`P7�

V`L4l`S nRIKWUY[MO—O—˜PKN�L4V`S*n`Y[V`S"�TPF���ZY[QRMOW�N�P�—˜PTS IKWUY[Q¾PTS V`I��TPTS�SUY[MON�PTS#M7SUYR�TL4V`S�W�N�l �KW�M˜L4V'>

=+Y[V`S#lRV`P�QRN�PKJ�M �KN�P�QZY[N�W�M˜P7�4V`L4l`S#QRN�ITS�PKVXW�PKN�L4V`S —˜P-‰ �Š92]@;����“nRP�—;opI�3XlRMOQ¾Pa7Q�@>w_v9F3 lRMmPTS�W†—˜P�n±M˜S�Q¾LxS�M �

W�M��anRP�S�lRMOj MZnRP.�KMOqR—˜P.3 l`P V`L4l`S�YTj¯L4V`S�lRW�MO—OM˜S�I7> -
L4l`S�nRI�
`VRMON�L4V`S�—˜P N�I��wIKN�PKVXW�M˜PK—Z7:9��<;�= > �@?5n`Y[V`S�—˜P�3 l`PK—

S�PKN�L4V W�P��±QRN�MOJGITPTS�—˜PTS nRL4VRV`ITPTS�nRP
—¼Y6�»Y[N�W�P7> -*L4l`S V`L4l`S MOVXW�IKN�PTSUS�PKN�L4V`S PKV`S�lRMOW�P“Y[l��ˆW�NUY[V`SO�wL4N�JˆY[W�M˜L4V`S

nRPTS+nRL4VRV`ITPTS+M˜S�S�l`PTS+n±l ‰ �\92]^;����•j¯PKN�S“—˜P�N�PKQ��KN�P�nRP7N�I��wIKN�PKV �TP7QRlRM˜S<�¾V`L4l`S+nRIKWUY[MO—O—˜PKN�L4V`S�—¼Y �’l`S�M˜L4V)nRP

�TPTS�nRL4VRV`ITPTS<�†M˜S�S�l`PTS7nRP•QR—Ol`S�M˜PKlRN�Ss‰ �Š92]@;7�����	��Q¾PKN�JGPKW�WUY[VXWˆ—¼Y �TL4V`S�W�N�l �KW�M˜L4VtnRP�—¼YB�»Y[N�W�P7> =+Y[V`S�lRV`P

nRPKN�VRM �KN�P“QZY[N�W�M˜P7�±V`L4l`S�V`L4l`S�MOVXW�IKN�PTS�SUPKN�L4V`S�Y[l��•Y4S�Q¾P��KW�S�W�PKJ�Q`S�N�ITPK—�n±l�W�NUY[V`S�Q³L4N�W nRPTS�MOV��wL4N�JˆY[W�M˜L4V`S

M˜S�S�l`PTS�nRPTSE‰ �Š92]@;�������PKW
nRPTS"�»Y[N�W�PTS�S�lRN —˜P+N�ITS�P»Y[l'> �¤Y7N�I»Y[—OM˜SUY[W�M˜L4V<—˜LHyxM4�KM˜PK—O—˜P�nRP%�TPKW�W�P�N�P��TL4V`S�W�N�l �KW�M˜L4V

S�PKNUY7nRI��KN�MOW�P�n`Y[V`S —¼Y ���ZY[QRMOW�N�P A�>


 	��

�����
�&��
�������� � � � �<# � � ��#
� � � � 2 �>#�� &�� - � � 
 �!��� �

�aY [:�Š92]@;7���GnRIKj¯PK—˜L4QRQ³I,QZY[N�—;opI�3 lRMOQ³P 7Q�<>(_v9�PTS�W lRV<S 1±S�W'�KJGP%�»Y[QZY[qR—˜P�nRP,S�lRMOjmN�P�PKV9W�PKJ�Q`S�N�ITPK—

QR—Ol`S�M˜PKlRN�S��KMOqR—˜PTSan`Y[V`S¤lRV��`l��,n�o MOJˆY�y¯PTS¤j M˜nRITL:><+ —¯N�PKV j¯L4M˜P�—¼Y Q³LxS�MOW�M˜L4V�nRP �TPTS0�KMOqR—˜PTS �»—˜PKlRN�San±MOJGPKV`S�M˜L4V`S

S�L4l`SL�wL4N�JGP+nRP+QZY[NUY[JF�KW�N�PTS*n�o lRV`P�PK—O—OMOQ`S�P+PKV.yx—˜L4qZY[V W�P�PKW —˜PKlRN jmMOW�PTS�S�P7�±j¯L4MON�
WyxlRN�P,ž�>O™7>

?�PTS�MOV��wL4N�JˆY[W�M˜L4V`S S�L4VXW�nRL4VRV`ITPTS n`Y[V`S�—˜P*S 1mS�W'�KJGP
nRP)�TL L4N�nRL4VRV`ITPTS�nRP�—¼Y �»Y[JGIKNUY�PKW�nRP*—¼Y��»Y[N�W�P

n�o Y���3 lRM˜S�MOW�M˜L4V'>*C
MOV`S�M �Z—˜L4N�S�3Xl`P�QR—Ol`S�M˜PKlRN�S*S 1±S�W'�KJGPTS"�»Y[JGIKNUY �b‰ �Š92]@;����•L4q`SUPKN�j¯PKVXW*lRVBJFWKJGP�L4q±š›PKW<�Z—˜PTS

MOV��wL4N�JˆY[W�M˜L4V`SD3Xl�o MO—˜S�N�PKW�L4lRN�V`PKVXW V`P*S�L4V W�QZY4S�nRL4VRV`ITPTS n`Y[V`S�—˜P�JFWKJGP*N�I��wIKN�PKVXW�M˜PK— >:-*L4l`S�Y»j¯L4V`S nRL4V �

nRI�
`VRM�lRVkN�PKQ �KN�PF�TL4J�J,lRV'�³Y[QRQ³PK—˜I+N�I��wIKN�PKVXW�M˜PK—�7:9��<;�= > �@?J�ZYY
`V<nRP“Q¾L4lRj¯L4MON N�PKQRN�ITS�PKV W�PKN�—;opPKV`S�PKJ�qR—˜P

nRP �TPTS�MOV��wL4N�JˆY[W�M˜L4V n`Y[V`S
lRV JFWKJGP7PTS�QZY��TP7> ��P����ZY[QRMOW�N�P`A��*�TL4V`SUY��KN�I�Y[l nRIKj¯PK—˜L4QRQ³PKJGPKV W+—˜LHyxM4�KM˜PK— �

N�PKjmM˜PKV`n±NUY7QR—Ol`S�PKV9nRIKWUY[MO—aS�lRN —;o Y[N����RMOW�P��KW�lRN�P�PKW —;o MOJ�QR—˜IKJGPKVXWUY[W�M˜L4V n±lT‰ �Š92]@;����•7L�<>(_v97>

œ±™



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� ����œxœ

y

v1

v

x

2

y
1

x

2

1 2

Caméra Tracker
Prima

\�b}¶�¸³ž�>O™

�

��P+S�lRMOjmM�nRP%�KMOqR—˜P87L�<>(_v9


 	 �

����� ( � (������ ! � � ��
��������������

��P�N�I��wIKN�PKVXW�M˜PK— 7:9��<;�= > �@?/PTS�W,—;opPTS�QZY��TP�nRP�N�PKQRN�ITS�PKVXWUY[W�M˜L4V �TL4J�J�lRVtnRPTS�nRL4VRV`ITPTS<> ?*opPTS�W7n`Y[V`S

�TP“N�PKQ �KN�PF3Xl`P“S�L4V W�P��mQRN�MOJGITPTS —˜PTSD�TL L4N�nRL4VRV`ITPTS
nRPTS L4q±š›PKW�S nRP“—¼YR�»Y[N�W�P+nRP“—;opPKV j MON�L4VRV`PKJGPKV W*n�1mVZY �

J�M43 l`P7> + —�PTS�W nRL4V ��V`I��TPTS�SUY[MON�P,nRPF�TL4VXj¯PKN�W�MON*—˜PTS nRL4VRV`ITPTS M˜S�S�l`PTS nRP+V`LxS#�»Y[QRW�PKlRN�S
j¯PKN�S —˜P+N�PKQ �KN�P�nRP

N�I��wIKN�PKV �TP
W�PK— 3 l�o MO—O—Ol`S�W�N�I*QZY[N�—¼Y�
WyxlRN�P�ž�> œ�> -
L4l`S�j¯PKN�N�L4V`SD3 l`P)�xopPTS�W lRV`P.�wL4M˜SL�TPTSQ�TL4V j¯PKN�S�M˜L4V`SL�;Y[MOW�PTS

3 l�o MO—#SUPKNUYˆQ¾LxS�S�MOqR—˜P7nRP��’l`S�M˜L4VRV`PKN+—˜PTS“L4q`S�PKN�j4Y[W�M˜L4V`S�QRN�L»j¯PKVZY[VXW�nRPTS+n±M��¾IKN�PKV W�PTS,S�L4lRN��TPTS<> /†L4lRN%�TPK—¼Y��

MO—�PTS�W�V`I��TPTS�SUY[MON�P“nRP“nRIKW�PKN�J�MOV`PKN —¼Y6�’L4V �KW�M˜L4V•MOV j¯PKN�S�P+n±l•JGL n��K—˜PE�»Y[QRW�PKlRN<> =+Y[V`S�—¼Y�QZY[N�W�M˜P+S�lRMOj4Y[V W�P7�

V`L4l`S#�TL4V`S�M˜nRIKN�PKN�L4V`S
—˜PF�»Y[QRW�PKlRN.�TL4J�JGP,IKWUY[VXW�—˜PF�TL4lRQR—˜P6�»Y[JGIKNUY �b‰ �\92]^;�����>

Repère de référenceMonde

Capteur

Capteur

Transformation

Transformation

inverse capteur

inverse capteur

\�bd¶�¸•ž�> œ

�

KaNUY[V`SO�’L4N�JˆY[W�M˜L4VBj¯PKN�S —˜P“N�PKQ �KN�P�nRP“N�I��wIKN�PKV �TP


 	 


� � � ����& ! � ��� � � 24��� � � &�� ��! ��� �

�����9� � �


 �+6

#

� - (

#

� -�
�'

�aY&�wL4V �KW�M˜L4V„nRP�W�NUY[V`S �’L4N�JˆY[W�M˜L4Vtn±l>JGLmn��K—˜P �»Y[QRW�PKlRNGYBQ¾L4lRN�N�ITS�lR—OWUY[W�lRV`P�L4q`S�PKN�jxY[W�M˜L4Vtn`Y[V`S

lRV<N�I��wIKN�PKVXW�M˜PK—†QRN�L4QRN�P�Y[lB�»Y[QRW�PKlRN<�
	����`n�o lRVBQ:�`IKV`L4JF�KV`P�n`Y[V`S
—˜P+N�I��wIKN�PKVXW�M˜PK—#n±l<JGL4V`nRP�N�ITPK— �
	���>

?�PKW�W�P+W�NUY[V`SO�wL4N�JˆY[W�M˜L4V<Q¾PKlRW ��WKW�N�P�P��±QRN�MOJGITP�S�L4l`S —¼YR�’L4N�JGP �



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� ����œxž

�

R��������

LCB

�

PTS�Wˆ—;opL4q`S�PKN�jxY[W�M˜L4V|QZY[N�—˜P&�»Y[QRW�PKlRNkn�o lRV"PKV`S�PKJ,qR—˜P nRPBQ:�`IKV`L4JF�KV`PTS	�F>Q?�PKW�W�P �’L4V �KW�M˜L4V"nRP

W�NUY[V`SO�wL4N�JˆY[W�M˜L4VBPTS�W�Y4SUS�lRN�ITP“QZY[N —˜PF�»Y[QRW�PKlRN<>

=+Y[V`S�V`L4W�N�P �»Y4S<�aMO—�V`L4l`S��;Y[lRW�nRIKW�PKN�J�MOV`PKN7lRV`P �wL4V �KW�M˜L4V�MOV j¯PKN�S�P�V`L4l`S�Q¾PKN�JGPKW�WUY[VXW�nRPˆQZY4S�S�PKN

n�o lRV9PKV`S�PKJ�qR—˜P+n�opL4q`S�PKN�j4Y[W�M˜L4V`S �

��

�

n`Y[V`S 	����mj¯PKN�S�lRVkPKV`S�PKJ,qR—˜P+nRP*Q:�`IKV`L4JF�KV`PTS�Q³PKN'EKl`S<���




�±n`Y[V`S

—˜P“N�PKQ �KN�P�nRP+N�I��wIKN�PKV �TP 	���>

–

L4MOW�� �TPKW�W�PE�wL4V �KW�M˜L4V'�RV`L4l`S I��KN�MOj¯L4V`S —¼Y�N�PK—¼Y[W�M˜L4V �

�




R����

�




���

C¤j¯P��+QRN�I��»Y[lRW�M˜L4V'�•PKVBP����K—OlZY[V W�—˜PE�;Y[MOW"3 l`P%�TPKN�WUY[MOV`S Q:�`IKV`L4JF�KV`PTS*QRlRM˜S�S�PKV W V`P+QZY4SBWKW�N�P�Q¾PKN'EKl`S QZY[N

V`L4W�N�P �»Y[QRW�PKlRN<�¾MO—#PTS�W“Q³LxS�S�MOqR—˜P�n�o Y4S�S�MOJ�MO—˜PKN�� M	� 
 >'?�PK—¼Y�N�PKj M˜PKV W�nRL4V �*M•Y4S�S�MOJ�MO—˜PKN�	��*M 	�� PKW�M

M˜nRPKVXW�M�
ZPKN�� M������<>

�����9� � �


�6�� 
�( - � -�
�' / � �

#

� 
4')%�� -�
�' - '�3 � �+(�� %

#

�	� � * �

�aY �TL4J�Q¾LxS�MOW�M˜L4VknRP�—¼Y%�wL4V �KW�M˜L4V�MOV j¯PKN�S�PE�»Y[QRW�PKlRN nRPKJˆY[V`nRP+nRP.�TL4VRVZY��˜W�N�P7�Rn�o lRV`P
QZY[N�W<�m—˜P�N�PKQ �KN�P

n`Y[V`S�—˜P�3Xl`PK—³—˜P)�»Y[QRW�PKlRN�W�NUY»j4Y[MO—O—˜P“PKW M,nRIKW�PKN�J�MOV`PKN<�±n�o Y[lRW�N�P*QZY[N�W<� —¼Y�W�NUY[V`SO�wL4N�JˆY[W�M˜L4V9nRPKQRlRM˜SL�TPK—OlRM � �KM

j¯PKN�S —˜P+N�PKQ �KN�P�nRP“N�I��wIKN�PKV �TP7>

��P�N�PKQ��KN�P+n`Y[V`S�—˜P�3Xl`PK—�W�NUY»j4Y[MO—O—˜P+V`L4W�N�P6�»Y[QRW�PKlRN�PTS�W#�TPK—OlRManRP+—¼YR�»Y[JGIKNUY�>@��PTS nRL4VRV`ITPTS M˜SUS�l`PTS nRP

V`LxSF�»Y[JGIKNUY4S,SUL4VXW%�TL4VXj¯PKN�W�M˜PTS,QZY[N+nRPTS%�»Y[N�W�PTS�n�o Y���3 lRM˜S�MOW�M˜L4V)PKV)nRL4VRV`ITPTS+VXlRJGIKN�M43 l`PTS<>'�aPTS“MOJˆY�y¯PTS

S�L4V W
Y[—˜L4N�S JGLmnRIK—OM˜S�ITPTS S�L4l`S —¼Y��wL4N�JGP+n�o lRV`P+JˆY[W�N�M4�TP�nRP�Q³L4MOV W�S W�PK—O—˜P%3 l`P“N�PKQRN�ITS�PKVXW�ITP�S�lRN —¼Y]
WyxlRN�P

ž�> ž�>

Caméra

\�b}¶�¸•ž�> ž

�

�uo MOJˆY�y¯P,j M˜nRITL:�±lRV`P+JˆY[W�N�M4�TP,nRP+Q³L4MOV W�S

��PTS6�»Y[JGIKNUY4S63 l`P7V`L4l`S“lRW�MO—OM˜S�L4V`S,S�L4V W�I�3XlRMOQ¾ITPTS�n�opL4q±š�P��KW�M��’S{yxNUY[V`n)Y[V.yx—˜PGnRL4VXW�—˜PTS6�»Y[NUY��KW�IKN�M˜S �

W�M43 l`PTS,S�L4V W�nRIKW�PKN�J�MOV`ITPTS7n`Y[V`S�—˜P ���ZY[QRMOW�N�P � > -
L4l`S�SUYTj¯L4V`S�3Xl`P �TPGW 1mQ¾PGn�opL4q±š›P��KW�M���PKV.y¯PKV`n±N�P�lRV

Q:�`IKV`L4JF�KV`P�nRP+n±M˜S�W�L4N�S�M˜L4V9L4QRW�M43Xl`P7>:G —O—˜P+nRL4MOW WKW�N�PF�TL4N�N�MOy¯ITP�YTjxY[VXW�n�opL4Q¾IKN�PKN —˜PTS�QRN�L[š›P��KW�M˜L4V`S�nRPKQRlRM˜S

—˜P“N�PKQ �KN�P�nRP%�»Y[QRW�PKlRN j¯PKN�S#�TPK—OlRM¤nRP+N�I��’IKN�PKV �TP7>



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� ����œ �

=+Y[V`S+—¼Y�QZY[N�W�M˜P�S�lRMOjxY[VXW�P7��V`L4l`S“V`L4l`S�Q³PKV ���`PKN�L4V`S,S�lRN“—¼Y�n±M˜S�W�L4N�S�M˜L4V)L4QRW�M43 l`P7>'-*L4l`S+nRI�
`VRMON�L4V`S

PKV`S�lRMOW�P+—¼Y��wL4V �KW�M˜L4V<nRP+QRN�L[š�P��KW�M˜L4V'>

�

,L#k�p���04P#%�'&(�)� �$4 Jw,L��&(F����p��F'&(�)�

�

� ���SJw4 F���jS�G�)tuj ��! �����)! � MOjkt�&l�Gx�J(4

��P+JGLmn��K—˜P�S�MOJ�QR—OM�
ZI{y¯IKV`IKNUY[—˜PKJGPKVXW*lRW�MO—OM˜S�I+Q¾L4lRN N�PKQRN�I��

S�PKV W�PKN�lRV`P)�»Y[JGIKNUY�PTS�W�—˜P JGLmn��K—˜P*S�W�IKV`L4Q³I  L4l�W�N�L4lkn�opIKQRMOV.yx—˜P 7�? N�L¯•xœ 9 > -
L4l`S lRW�MO—OM˜S�L4V`S nRPTS W�PKN�JGPTS

nRIKN�MOj¯ITS�nRP“—;opL4QRW�M43 l`P�Q¾L4lRN nRI��KN�MON�P%�TP+JGLmn��K—˜P y¯ITL4JGIKW�N�M43 l`P7>

?�P“JGLmn��K—˜P“PTS�WQ�’L4N�JGI+n�o lRV
�TPKV W�N�P+L4QRW�M43Xl`P�� � —˜P*W�N�L4l9n�opIKQRMOV.yx—˜P7�`PKW n�o lRVkQR—¼Y[VkMOJˆY�y¯P�� >�K¤L4l`S

—˜PTS
NUY�1¯L4V`S“—OlRJ�MOV`PKl��<M˜S�S�l`S
nRP�—;opL4q±š›PKW“L4q`S�PKN�j¯I�n`Y[V`S�—;opPTS�QZY��TP�QZY4SUS�PKVXW*QZY[N
—˜P��TPKVXW�N�P7L4QRW�M43 l`P�PKW“S�P

QRN�L4QZY�y¯PKVXW*PKV9—OMOyxV`P�n±N�L4MOW�P7>p�
V Y[QRQ³PK—O—˜P �

�

,i–Z4K�pt$�'&(YZ!G4

—¼Y7Q³PKN�Q¾PKV`n±M4�KlR—¼Y[MON�P+JGPKV`ITP�n±l
�TPKVXW�N�P,L4QRW�M43 l`P�S�lRN —˜P�QR—¼Y[VkMOJˆY�y¯P7�

�

t �)&l���`#24P������,WJ

—;o MOVXW�PKN�S�P��KW�M˜L4V nRP+—;o Y �RP+L4QRW�M43Xl`P,Y»j¯P���—˜P“QR—¼Y[V9MOJˆY�y¯P7�

�

��&(F���,W�$#24 fN� #2,WJ(4

—¼Y7n±M˜S�WUY[V �TP,PKVXW�N�P�—˜PF�TPKV W�N�P,L4QRW�M43 l`P�PKW —˜P+Q¾L4MOVXW"�TPKV W�NUY[— >

�aY,QRN�L[š›P��KW�M˜L4Vkn�o lRV�Q³L4MOV W��¨nRP�—;opPTS�QZY��TP*S�lRN�—˜P�QR—¼Y[V�MOJˆY�y¯P*PTS�WQ�TPKV W�NUY[—˜P“L4l�Q¾PKN�S�Q¾P��KW�MOj¯P7>

–

Y,W�NUY��TP

	��DS�lRN#—;o MOJˆY�y¯P PTS�W†—;o MOV W�PKN�S�P��KW�M˜L4V�nRP�—¼Y*n±N�L4MOW�P �
�

�

� �¤QZY4SUSUY[VXW QZY[N —˜P�Q¾L4MOVXWunRP�—;opPTS�QZY��TP PKW —˜PL�TPKV W�N�P

L4QRW�M43 l`P��"nRP�—;o Y[QRQZY[N�PKMO—•nRP�QRN�M˜SUP nRP�j l`PTS �¯YTj¯P�� —˜P�QR—¼Y[VGMOJˆY�y¯P�� >7�aY 
WyxlRN�P�ž�> ��QRN�ITSUPKVXW�P —˜P�JGLmn��K—˜P

y¯ITL4JGIKW�N�M43 l`P�S�W�IKV`L4Q³I7�¤PKW�—˜PˆN�I��’IKN�PKV W�M˜PK—L3 lRM�—OlRM�PTS�W7Y4S�S�L �KM˜I7>0+ —J�;Y[lRW,QRN�I��KM˜S�PKNR3Xl�o MO—�PTS�W,V`I��TPTSUSUY[MON�P

n�opP���P��KW�l`PKN lRV`P“W�NUY[V`SO�’L4N�JˆY[W�M˜L4VBPKVXW�N�P“—˜P“N�PKQ �KN�P*nRPF�»Y[JGIKNUY	��


���

��PKW�—˜P“S 1±S�W'�KJGP“nRPF�TLmL4N�nRL4VRV`ITPTS

n±l&�»Y[QRW�PKlRN���	

���

��>

X

I

mI f

C Z

P

Y

J

Axe optique

M

\�bd¶�¸Zž�> �

�

� �E_ � ��

�4���@‰��
�*�
���

�

, �"&(F����)�0F'&(���‹�pt$�'&(YZ!G4

��P•JGLmn��K—˜PkS�W�IKV`L4Q³I•S»o Y[QRQR—OM43 l`P9Y[l��„n±M˜S�Q³LxS�MOW�M��’S7I�3 lRMOQ³ITS�nRP•—˜PKV W�MO—O—˜PTS

J�MOV �TPTS<�†S�L4lRj¯PKVXW�nRP �’L �»Y[—˜PGMOJ�Q¾L4N�WUY[VXW�P7�#V�opPKV.y¯PKV`n±NUY[V W�QZY4S7nRP�nRI��wL4N�JˆY[W�M˜L4V„L4QRW�M43Xl`P7>���PTSR�»Y[JGI��

+
}•N�q�W	QMPHF�D-KMIHT/E	D���ILK1QME�GkK��c>nPLK�E	[cI�>���E	q/R3P7Q1KMqYQMP��/•7ano
T�[/Z/E:KME�W:Q5l	[/ZYGJP�>@NYGJD1[cE�D1GkKMG���Nnm qYT/POF7Z/l	e�XYQMP#T/E	GJQMP N/l:T/D

Usl��<q/PLUsUJP#Usl UJq/e�GJ|LQMPb[cIHTY|LK1QMP�TYE�T���K1Q5l`R3P7QMDSqYTVE	X � PHFLKMG�� >ce�l:GJD�[!l:QSqYT K1QM|HDS[cPLKMGkK�K1QME�qt[cP7QMFHI#N/l:T/DwUsl�[!l:QME	G a"!
m GJe�l:W�P

E�X�KMPHT%q/P�PLD-K�P$#YPLe�[YKMP�N�PzKME�q�KMP#l	XcPLQ1Q5lrKMGJE�T@a



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� ����œ%A

NUY4S%3 l`P7V`L4l`S+lRW�MO—OM˜S�L4V`S+Q¾L4lRN 7:97�b;�=Z> �^?AV`P7N�PTS�Q³P��KW�PKV W,QZY[N%�TP7JGLmn��K—˜P7>'G V)P���PKW<��IKWUY[VXW�I�3XlRMOQ¾ITPTS

n�opL4q±š�P��KW�M��’S$yxNUY[V`n�� Y[V.yx—˜P7�[MO— N�ITS�lR—OW�P�lRV`P n±M˜S�W�L4N�S�M˜L4V�L4QRW�M43 l`P7�Áj¯L4MON�
WyxlRN�P�ž�>dA�> + —XPTS�W¤MOJ�Q³L4N�WUY[V W#nRPA�TL4N �

N�MOy¯PKNA�TPKW�W�P*n±M˜S�W�L4N�W�M˜L4VA7,/b� P “2n 9 7,K ���“•xœ 9�7

–

W�P�“2n 9 7pH Y[Nb“%A 9¾Y»j4Y[V W n�o Y[QRQR—OM43 l`PKN —˜PTS W�NUY[V`SO�wL4N�JˆY[W�M˜L4V`S

�`L4JGLHyxNUY[Q:�RM43 l`PTS.3 l`P“V`L4l`S j¯PKN�N�L4V`S�QZY[N —¼Y�S�lRMOW�P7>

\�b}¶�¸•ž�>dA

�

���.�^‰��%� ���O9 �H>$�@‰ �����<> �(���
 �� � �B"��@>$���4�%� �E‰ �
�@‰L���@‰�&��'"��(�)9��2�

�aY�n±M˜S�W�L4N�W�M˜L4VkL4QRW�M43 l`P“n�o lRV•S�1mS�W'�KJGP
Q¾PKlRW�S�P*nRI�
`VRMON PKV�n±M˜S Y[VXWD3Xl`P
—˜PTS Y[V.yx—˜PTS n�o MOV �KM˜nRPKV �TP+nRPTS

NUY�1¯L4V`S�—OlRJ�M˜PKl���V`P�S�L4V W QZY4SL�TL4V`S�PKN�j¯ITS�—˜L4N�S�3 l�o MO—˜S�QZY4SUS�PKVXW�QZY[N�SUL4V �TPKV W�N�P*L4QRW�M43 l`P7� j¯L4MONO
WyxlRN�P“ž�>dˆ�>

M

M

M

Im

Im

Im
1

2

3

3

2

1

Axe optique

P

C

\�bd¶�¸Zž�>dˆ

�

���)]^>)� �
�)]��*� ���F�\9����(�X�:�i9,����9(�p‰ �i9����4� ]��
�p‰ ���R����‰l>)/0 �

?�PKW�W�P�Y[q³PKN�NUY[W�M˜L4V PTS�W NUY4n±M¼Y[—˜P�Y[lRW�L4lRN
—˜P+—;o Y �±P,L4QRW�M43Xl`P7>*=“Y[V`S —¼Y 
WyxlRN�P�ž�> n �RV`L4l`S�N�PKQRN�ITS�PKVXW�L4V`S

—˜PTSF�TL4lRN�q¾PTS�nRP7VRMOj¯P»Y[l)nRP�n±M˜S�W�L4N�S�M˜L4V)PKV W�PKVZY[V W6�TL4J�QRW�P�nRPTS�PKN�N�PKlRN�S�n�o Y[QRQZY[N�M˜PKJGPKV W,JGI��»Y[VRM43 l`PTS

PKVXW�N�P�—˜P7S 1±S�W'�KJGP�L4QRW�M43Xl`P�PKW“—˜P��»Y[QRW�PKlRN�nRP�—¼Y �»Y[JGIKNUY�> -*L4l`S“n±M˜S�W�MOV.yxl`L4V`S“Q¾L4lRN)�TPK—¼Y�—˜P �TPKVXW�N�P�nRP

—;o MOJˆY�y¯P7� �

�

�[n±l�Q³L4MOV WN�TPKV W�NUY[— � ����� >���PTS†Q¾L4MOVXW�S 	���� S�L4VXW†—˜PTS†MOJˆY�y¯PTS†nRPTS†Q¾L4MOVXW�S �

�

QZY[N#—¼Y QRN�L[š�P��KW�M˜L4V

nRPF�TPKVXW�N�P �('dJGL n��K—˜P�S�W�IKV`L4Q³I�)�>���PTS Q¾L4MOVXW�S�	




���

S�L4V W —˜PTS�MOJˆY�y¯PTS nRPTS�JFWKJGP+Q¾L4MOVXW��

�

M�W�NUY»j¯PKN�S lRV

S 1±S�W'�KJGP�Y�1XY[V W�lRV`P�n±M˜S�W�L4N�S�M˜L4V<L4QRW�M43 l`P7>

�aYkJˆY£š›L4N�MOW�IGnRPTS,QRlRqR—OM4�»Y[W�M˜L4V`S,QZY[N�l`PTS�S�lRN%�TPGS�l4š�PKW,Y4n±JGPKW�W�PKVXW<�¤Q¾L4lRN+—˜PKlRN�JGL n��K—˜P7�03Xl`P�—;o Y �RP

L4QRW�M43 l`PˆPTS�W�QZY[NO�;Y[MOW�PKJGPKVXW�Q¾PKN�Q³PKV`n±M4�KlR—¼Y[MON�P•Y[l�QR—¼Y[V1nRP�QRN�L[š›P��KW�M˜L4V � >'=+Y[V`S,V`L4W�N�P �»Y4S<�alRV`P�V`L4V

Q¾PKN�Q³PKV`n±M4�KlR—¼Y[N�MOW�I�M��TP�VRMOj¯P»Y[lkPKV W�NUY��˜V`P“lRV`P
n±M˜S�W�L4N�S�M˜L4V�Q¾PKN�S�Q¾P��KW�MOj¯P.3 lRM¾PTS�WQ�TL4N�N�MOy¯ITP*QZY[N�—˜PTS W�NUY[V`S �

�wL4N�JˆY[W�M˜L4V`S6�`L4JGLHyxNUY[Q:�RM43 l`PTS7lR—OW�IKN�M˜PKlRN�PTS<>�-
L4l`S �TL4V`S�M˜nRIKN�L4V`S�nRL4V ��I^yXY[—˜PKJGPKV W 3 l`PG—;o Y �RPˆL4QRW�M43 l`P

PKW Q¾PKN�Q³PKV`n±M4�KlR—¼Y[MON�P�M � >



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� ����œ%ˆ

Cop

I'm1

Im1

Im
2

mI'
2

Ci

C
M

M
1

2

Axe optique

P P

\�b}¶�¸•ž�> n

�

/ N�L[š�P��KW�M˜L4V`S
Y[lRW�L4lRN*nRP“—;o Y �±P�L4QRW�M43 l`P

DE�p����4k#%�'&(�)�T�$4vJ(,3�"&(F����)�0F0&w���

��P qRlRWunRP�—¼YE�TL4N�N�P��KW�M˜L4V�nRP�—¼Y“n±M˜S�W�L4N�S�M˜L4VGPTS�WunRP�N�P��KN�ITPKN<��M*QZY[N�W�MON

n�o lRV`P�MOJˆY�y¯P,nRI��’L4N�JGITP7�ZlRV`P�MOJˆY�y¯P+Q¾PKN�S�Q¾P��KW�MOj¯P�W�PK—O—˜P%3 l`P+V`L4l`S —;opL4qRW�M˜PKV`n±N�M˜L4V`S“S�M�V`L4l`S
n±M˜S�Q¾LxS�M˜L4V`S

n�o lRV`PE�»Y[JGIKNUY�N�PTS�Q³P��KWUY[V W�—˜P�JGLmn��K—˜P
S�W�IKV`L4Q³I7> =+Y[V`SQ�TPKW�W�P*QZY[N�W�M˜P7� V`L4l`S�V`L4l`S MOV W�IKN�PTS�S�PKN�L4V`S nRL4V �.M

—¼Y�N�PK—¼Y[W�M˜L4V 3 lRM�P��±M˜S�W�P+PKVXW�N�P,—¼Y�QRN�L[š›P��KW�M˜L4V P��¾P��KW�l`ITP+QZY[N�—¼YR�»Y[JGIKNUY�PKW —˜P“JGLmn��K—˜P�S�W�IKV`L4Q¾I7>

�aY�QRN�L[š�P��KW�M˜L4VLy¯ITL4JGIKW�N�M43 l`PGnRP�—¼Y�QR—OlRQZY[N�W�nRPTSF�»Y[JGIKNUY4S+Q³PKlRW.WKW�N�P7JGLmnRIK—OM˜S�ITP �TL4J�JGP7—¼Y�QRN�L �

š�P��KW�M˜L4V Q¾PKN�S�Q¾P��KW�MOj¯P�n±l JGL4V`nRP7PKV W�N�L4M˜S*n±MOJGPKV`S�M˜L4V`S+S�lRN
lRV`P�S�Q:�X�KN�P 'wY[QRQ¾PK—˜ITP7Y[l`SUS�M¤—¼Y�S�Q:�X�KN�P7nRP

jmM˜S�M˜L4Vp)��¯S�lRMOjmM˜P�QZY[NulRV`P QRN�L[š�P��KW�M˜L4V�� �¯nRPKQRlRM˜S�—¼Y+S�Q:�X�KN�P S�lRNu—˜P�QR—¼Y[VˆMOJˆY�y¯P 7pH Y[Nb“%A 9 �xj¯L4MON#
WyxlRN�P�ž�>dB�>

/†L4lRN7—¼YkQR—OlRQZY[N�W�nRPTS��»Y[JGIKNUY4S7n±l �TL4J�JGPKN��TP7���DPTS�W�S 1 JGIKW�N�M43 l`P�Y[lRW�L4lRN�nRPˆ—;o Y �±P�L4QRW�M43Xl`P�PKW

QZY[NUY[—O— �K—˜P�MR�TPK—OlRM � �KM > C
MOV`S�M �±n`Y[V`S —˜PF�»Y4S n�o lRVkQ¾L4MOVXW�� QRN�L[š�PKW�I+S�lRN —¼Y7S�Q:�X�KN�P+nRP“jmM˜S�M˜L4V•QRlRM˜S S�lRN —˜P

QR—¼Y[V•MOJˆY�y¯P � �XN�PKQRN�ITSUPKVXW�I“PKVM�TL L4N�nRL4VRV`ITPTS�Q¾L4—¼Y[MON�PTS<� �TPTS QRN�L[š�P��KW�M˜L4V`S S�l ���TPTS�S�MOj¯PTS V`P)�TL4V �TPKN�V`PKN�L4VXW

3 l`P —¼Y
n±M˜S�WUY[V �TP Y[V.yxlR—¼Y[MON�P O<nRPKQRlRM˜S#—;o Y �±P�L4QRW�M43 l`P�PKW#QRN�ITS�PKN�j¯PKNUY
—;o Y[V.yx—˜P��<Y[lRW�L4lRN nRP�—;o Y �±P�L4QRW�M43 l`P7>

M P

Axe optique C

Sphère de vision

r

Im

\�bd¶�¸Zž�>dB

�

(��1&2
����*� �6��>$�<> �(�

�

4 RT� � �PJ(4Tx)jk�)RXj2���H&(YZ!G4

G V)L4QRW�M43Xl`P7�¾—˜L4N�S+nRP�—¼Y �TL4V �TPKQRW�M˜L4V�nRP�—˜PKVXW�MO—O—˜PTS �'�KMOV 3M�wL4V �KW�M˜L4V`S�nRP

QRN�L[š�P��KW�M˜L4V�NUY4n±M¼Y[—˜P S�L4VXWN�ZY[qRMOW�l`PK—O—˜PKJGPKVXW lRW�MO—OM˜S�ITPTS#Q¾L4lRN¤QZY4S�SUPKN#nRP�—¼Y*n±M˜S�WUY[V �TP Y[V.yxlR—¼Y[MON�P OBY[l�NUY<1¯L4V

�

�)O � nRPKQRlRM˜S � > �



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� ����œ2n

�

Q¾PKN�S�Q¾P��KW�MOj¯P �

�

�)O � R������������)O �

�

S�W�IKN�ITLHyxNUY[Q:�RM43Xl`P �

�

�)O � R���������� �	� 
 �

�

I�3 lRM˜n±M˜S�WUY[V W�P��

�

�)O � R���� O

�

Y[V.yx—˜P,P�3XlRM � S�L4—OM˜nRP��

�

�)O � R������
��� �

� 


�

�

S�MOVXl`S��

�

�)O � R���������� �)O �

+ —`PTS�WuQ¾LxS�S�MOqR—˜P nRPL�;Y[MON�P —˜P QZY[NUY[—O— �K—˜P
PKVXW�N�P.�TPTS�n±M���IKN�PKVXW�PTS QRN�L[š›P��KW�M˜L4V`S PKWu—¼Y y¯ITL4JGIKW�N�M˜P*nRPTSuS 1±S�W'�KJGPTS

L4QRW�M43 l`PTS<> C�MOV`S�M �¾n`Y[V`S“—˜P �»Y4S“nRP7—¼Y�QRN�L[š›P��KW�M˜L4V Q¾PKN�S�Q¾P��KW�MOj¯P7�³—˜P �TLmP 	 �KM˜PKVXW��<Q¾PKlRW.WKW�N�PGY4S�S�MOJ�MO—˜I9M

—¼Y�—˜L4V.yxl`PKlRN#�wL �»Y[—˜P �N>

�

43RT� � �PJ(4•tu�)JwVG�$�)R�&w,WJ

=7o lRV`P
Y[lRW�N�P�JˆY[VRM �KN�P7� MO—•PTS�W�Q¾LxS�S�MOqR—˜P n�o lRW�MO—OM˜SUPKN lRV`P#�’L4V �KW�M˜L4V�Q³L4—21mV`L �

J�M¼Y[—˜P�Q³L4lRN*JGLmnRIK—OM˜S�PKN
—˜P�NUY[QRQ¾L4N�W“nRPTS*n±M˜S�WUY[V �TPTS

���

PKW

�

���ZN�PTS�Q³P��KW�MOj¯PKJGPKV W<�•—¼Y�n±M˜S�WUY[V �TP7PKVXW�N�P �����

PKW“—˜P�Q³L4MOV W�nRP�—;o MOJˆY�y¯PˆnRI��’L4N�JGITP7� 	��6�¾PKWF�TPK—O—˜P�PKVXW�N�P �����•PKW“—˜P�Q³L4MOV W%�TL4N�N�MOy¯I7� 	 


�

>'?�PKW�W�P7N�PK—¼Y[W�M˜L4V

MOVXW�N�Lmn±lRMOW�� �TLmP 	 �KM˜PKVXW�S��

�

� � ������Q¾L4lRN#3XlZY[V W�M�
ZPKN�—¼Y�n±M˜S�W�L4N�S�M˜L4V<PKW PTS�W nRP+—¼Y��wL4N�JGP 7,K ���“•xœ 9O�

�

� R

���

�������

�

�




�

���




� �

�

�!�




��"

�

� � � �#�!�
�

�




�

�

��� 'wž�>O™�)

G V<QRN�PKVZY[VXW$� R&%�� �TL4J�JGP%�xopPTS�W�S�L4lRj¯PKVXW
—˜P%�»Y4S<�±—˜PTS.�TL L4N�nRL4VRV`ITPTS
n±l9Q³L4MOV W('

�

�±QRN�LÁj¯PKVZY[VXW+nRP

—;o MOJˆY�y¯P�nRI��wL4N�JGITP,PKW)'
���±—˜P“Q¾L4MOVXW�MOJˆY�y¯P%�TL4N�N�MOy¯I7�ZL4V<YGY[—˜L4N�S��

'
� R

*,+

�

-

�/.

R

* 021

�

�43

5

3

���6�!�

�

	




�!�




	

�

�7�!8

0

�

-��:9

8/; � ���6�!�

�

	




�!�




	

�

�7�!8<;#.

'wž�> œn)

LCB �=8

0

�

8/; �?>�SUL4VXW�—˜PTS'�TLmL4N�nRL4VRV`ITPTSan±l��TPKVXW�N�PunRPun±M˜S�W�L4N�S�M˜L4V'� 	 RA@ � �

+

��9

8

0

��B C

0

�




���

-���9

8/; �




PKW�C

0

�±—˜P�NUY[W�M˜LGn�o Y4S�Q¾P��KW nRPTS QRM��±PK—˜S
nRI�
`VRM˜S�SUY[V W —˜P+NUY[QRQ¾L4N�WEDGF

��H
IKJ �

P

F

JML�IKJ �

>

/†L4lRN 7a9��b;c= > �@?J�»V`L4l`S¤lRW�MO—OM˜S�L4V`S�—˜P�JGL n��K—˜P�Q³L4—21mVXI4J�M¼Y[— nRL4V Wa—˜PTS¤P��¾PKW�S†S�L4VXWaQRN�ITS�PKVXW�ITS#PKV�Y[VRV`P��RP

?)>7G VGP���PKW<�4—˜PTS �TL4V`S�W�N�l �KW�PKlRN�SuV`P�nRL4VRV`PKV W�QZY4S#—˜P�JGLmn��K—˜P nRP�QRN�L[š›P��KW�M˜L4V�lRW�MO—OM˜S�I�QZY[N —˜PKlRN�S�L4q±š›P��KW�M��wS<>

+ —¾PTS�W�nRL4V ��QR—Ol`S�QRN�I��KM˜S n�o Y[QRQRN�L ���`PKN —˜P“NUY[QRQ¾L4N�W nRPTS n±M˜S�WUY[V �TPTS�QZY[N nRIKW�PKN�J�MOVZY[W�M˜L4VBnRPTS"�TL P 	 �KM˜PKV W�S

�

�

>:/†L4lRN"�TPK—¼Y��RMO— �;Y[lRW Q¾L4lRj¯L4MON JGPTS�lRN�PKN —¼Y�n±M˜S�W�L4N�S�M˜L4V'>

�

4kF'!$�04 �"4 J(, ��&(F����p��F'&(�)�

=*PGV`L4J,qRN�PKl��)W�NUYTjxY[l��)L4VXW�Q³L4N�W�IGS�lRN+—¼Y•JGPTS�lRN�PGnRP�—¼Y•n±M˜S�W�L4N�S�M˜L4V

PKW•QR—Ol`S3y¯IKV`IKNUY[—˜PKJGPKVXW nRPB—¼Y �»Y[—OMOqRNUY[W�M˜L4V nRP��»Y[JGIKNUY4S<>D�aPTS•W�P����RVRM43 l`PTS<PKJ�QR—˜L<1¯ITPTS9N�PKQ³LxS�PKV W9PTS �

S�PKV W�M˜PK—O—˜PKJGPKVXW•S�lRNˆnRPKl��>JGIKW �`L nRPTS � —¼Y��»Y[—OMOqRNUY[W�M˜L4V|QZY[Nˆ—;o lRW�MO—OM˜SUY[W�M˜L4V|nRP•J�MON�PTS�nRPkW�PTS�WGnRL4VXW�—˜PTS

�»Y[NUY��KW�IKN�M˜S�W�M43 l`PTSˆS�L4V W�QZY[NO�wY[MOW�PKJGPKV W �TL4VRVXl`PTS 'dj¯L4MON 
WyxlRN�P9ž�>d“n)�PKW�—¼YBQRN�M˜S�PkPKV �TL4J�QRW�PknRP•QZY[N�W�M �

�KlR—¼Y[N�MOW�ITSE�TL4VRVXl`PTS“n`Y[V`S
—˜P
�

QZY�1±SUY�y¯P�� 'wY[N�N'WKW�PTS“nRP6�TL4V`S�W�N�l �KW�M˜L4V`S
QZY[NUY[—O— �K—˜PTS �•I�3 lRM˜n±M˜S�WUY[V �TPTS<�³Y[V.yx—˜PTS

n±N�L4MOW�S"�TL4VRV l`S<�RQR—¼Y[V`S�Q³PKN�Q¾PKV`n±M4�KlR—¼Y[MON�PTS<�`PKW��7>2>2>s).7 �

–

m •xœ 9�' 
WyxlRN�P�ž�>O™»•n)�>

�aY�N�P��TL4VRVZY[M˜S�SUY[V �TP�nRP �TPTS¤Q¾L4MOVXW�S¤QZY[N�W�M4�KlR—OM˜PKN�S†SUP �;Y[MOWaS�L4MOWaQZY[N†—;o MOVXW�PKN�j¯PKV W�M˜L4VGn�o lRV�L4Q¾IKNUY[W�PKlRN�3 lRM

—˜PTS“Q¾L4MOVXW�P�n±MON�P��KW�PKJGPKVXW�S�lRN“—;o MOJˆY�y¯P7��S�L4MOW“QZY[N�nRPTS“JGI��»Y[VRM˜S�JGPTS,Y[lRW�L4JˆY[W�M43 l`PTS,nRP�N�P��TL4VRVZY[M˜S�S Y[V �TP

nRPTSL�wL4N�JGPTS 7,=“L4lZ•x• 9 >



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� ����œ%B

\�bd¶�¸•ž�>d“

�

� > ���%� � ] 9(� > 
��Š9%‰l> �(�4365

\�bd¶�¸³ž�>O™»•

�

�K>��<���
� ���'>8� �0�)]��*� � �*� ���*�@>)��‰���� ] 9��Š92]�‰����<>$�@‰l>)/0 ���*�Q<  !� � ��]�

� �#>,? (2@#A,C'D



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� ����œ%“

=+Y[V`S —˜P6�»Y4S�nRP87:97�b;�=Z> �^?J�RV`L4l`S lRW�MO—OM˜S�L4V`S�—¼Y7qRMOqR—OM˜L4W �X��3 l`P�nRP%�»Y[—4�KlR— ;a9(� �29(� ��7pH ���G“%“C9aPKV<—OlRM

�wL4lRN�VRM˜S�SUY[VXW nRPTS#Q³L4MOV W�S�S�lRQRQ¾LxS�ITS WKW�N�P S�lRNunRPTS n±N�L4MOW�PTS<> ?�PK—O—˜P�� �KM`V`L4l`S N�PKW�L4lRN�V`P�Y[—˜L4N�S —˜PTS �TL P 	 �KM˜PKV W�S

�

�

PKW �




��PKW�—˜PTS��TLmL4N�nRL4VRV`ITPTS7n±l �TPKV W�N�P�L4QRW�M43 l`P�n`Y[V`S�—;o MOJˆY�y¯P�PKV�P���P��KW�lZY[VXW�lRV`PˆN�ITS�L4—OlRW�M˜L4V�QZY[N

—¼Y•W�P����RVRM43Xl`P�nRPTS�JGL4MOV`n±N�PTS6�»Y[N�N�ITS >0+ —uS�l
	GW�Y[—˜L4N�S,n�o Y[QRQR—OM43 l`PKN,—;opI�3 lZY[W�M˜L4V*'wž�> œn)“Q³L4lRN,L4qRW�PKVRMON�—˜PTS

�TLmL4N�nRL4VRV`ITPTS"�TL4N�N�MOy¯ITPTS<>

C
QRN'�TS �TL4N�N�P��KW�M˜L4V'�#—˜PTS7QZY[NUY[JF�KW�N�PTSGnRPTSR�KMOqR—˜PTS7N�PKVXj¯L 1¯ITPTSGQZY[N7—˜P ‰ �\92]^;���� S�L4VXWGP��±QRN�MOJGITS�n`Y[V`S

lRV)QR—¼Y[V�PKl �K—OM˜n±M˜PKV'>�-*L4l`S+Q³L4lRj¯L4V`S�Y[—˜L4N�S,P���P��KW�l`PKN�—¼Y•QRN�L[š�P��KW�M˜L4V�nRPKQRlRM˜S��TP�QR—¼Y[V�j¯PKN�S+—˜PGQR—¼Y[V�nRP

N�I��wIKN�PKV �TP7>@?�P��KM¾PTS�W N�I»Y[—OM˜S�I*QZY[N�lRV`P*QRN�L[š›P��KW�M˜L4VM�TPKV W�NUY[—˜P,Y[QRQ³PK—˜ITP*W�NUY[V`SO�wL4N�JˆY[W�M˜L4VM�`L4JGLHyxNUY[Q:�RM43 l`P7>

� �0,W�$F�fg�)��RX,i�'&(�)� �$�)RX�px)�0,.t �$&(YZ!$4

�aY9QZY4S�SUY�y¯PGn±l�S 1mS�W'�KJGPGnRP �TLmL4N�nRL4VRV`ITPTS�n±l)N�PKQ �KN�PGn�o lRV �»Y[QRW�PKlRN��»Y[JGIKNUYkj¯PKN�S,—˜P�N�PKQ �KN�PˆnRP

N�I��wIKN�PKV �TP 7:9��<;�=Z> �@?J�`QZY[NUY[—O— �K—˜P�Y[l9QR—¼Y[V n±l9QZY[NHG MOV.y �ZPTS�W N�I»Y[—OM˜S�I+QZY[N�lRV`P+QRN�L[š›P��KW�M˜L4VB�TPKVXW�NUY[—˜P�QZY4S �

SUY[V W�QZY[N�—˜PM�TPKVXW�N�P9L4QRW�M43 l`P7� L4l„Q³L4MOV W�V`L n`Y[— � nRP•V`LxS �»Y[JGIKNUY4S � j¯L4MON 
WyxlRN�P9ž�>O™x™7>J�aY QRN�L[š�P��KW�M˜L4V

�TPKVXW�NUY[—˜P
V`P"�TL4V`SUPKN�j¯P
PKV•y¯IKV`IKNUY[—•QZY4S —˜PTSuJ�MO—OM˜PKl��ˆPKW QZY[N�S�lRMOW�P�V`P"�TL4V`S�PKN�j¯P�VRMZ—˜P�QZY[NUY[—O—˜IK—OM˜S�JGP�VRM•—˜PTS

NUY[QRQ¾L4N�W�S nRP�n±M˜S�WUY[V �TP7>7?*opPTS�W†lRV`P�W�NUY[V`SO�wL4N�JˆY[W�M˜L4V �`L4JGLHyxNUY[Q:�RM43 l`P�V`L4VGY 	GV`P7>7��PTS#W�NUY[V`SO�wL4N�JˆY[W�M˜L4V`S

�`L4JGLHyxNUY[Q:�RM43 l`PTS�N�P^yxN�L4lRQ³PKV W —˜PTS W�NUY[V`S�—¼Y[W�M˜L4V`S<� —˜PTS �`L4JGL4W �`IKW�M˜PTS �X—˜PTS�S 1mJGIKW�N�M˜PTS<�¯—˜PTS�S�MOJ�MO—OMOW�l`nRPTS<� —˜PTS

MOVXj¯PKN�S�M˜L4V`S<�Á—¼Y�Q¾PKN�S�Q³P��KW�MOj¯P PKW¤—;o �`L4JGL4—˜LHyxM˜P7>�=+Y[V`S¤V`L4W�N�PA�»Y4S<�ÁV`L4l`S†V`P ���`PKN����`PKN�L4V`S QZY4S M nRI��TL4J�Q¾LxS�PKN

—˜PTS��`L4JGLHyxNUY[Q:�RM˜PTSulRW�MO—OM˜S�ITPTS PKV7W�NUY[V`SO�wL4N�JˆY[W�M˜L4V`S IK—˜IKJGPKVXWUY[MON�PTS�JˆY[M˜S#—˜PTSN�TL4V`S�M˜nRIKN�PKN�L4V`S yx—˜L4qZY[—˜PKJGPKVXW<>

1

1

2

3

3 4

2

4

Centre optique

Plan de référence

Plan du capteur

\�b}¶�¸•ž�>O™x™

�

/ N�L[š�P��KW�M˜L4V �TPKV W�NUY[—˜P

�

�)��RX,WJ(&(F�,i�'&(���

–

L4MOW
—˜PTS Q¾L4MOVXW�S �ŠPKW �



Y[QRQZY[N�W�PKVZY[VXW�MGnRPKl��kQR—¼Y[V`S<�ZV`L4l`S
nRI�
`VRM˜SUS�L4V`S�—˜PTS�N�PK—¼Y �

W�M˜L4V`S��•PKW�� ����W�PK—O—˜PTS.3Xl`P �

�




P

R�� � � P

�

� P�R��

���

� �




P

�



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� ����žx•

LCB �&PTS�W+lRV`P�JˆY[W�N�M4�TP �

�����

JGLmnRIK—OM˜SUY[V W�M4�KM —;o �`L4JGLHyxNUY[Q:�RM˜PˆN�I»Y[—OM˜SUITP7QZY[N�—˜P�S 1±S�W'�KJGP �»Y[JGIKNUY

PKVXW�N�P —˜P�QR—¼Y[VGn±l�QZY[NHG MOV.y�PKWJ�TPK—OlRM`n±l �»Y[QRW�PKlRN�	D	-56>"�=P�R �

+

P

�

-

P

���

P � > PKW �




P

R �

+




P

�

-




P

��� 


P

� > S�L4V W

—¼Y�N�PKQRN�ITS�PKVXWUY[W�M˜L4VGnRP � R �

+

�

-

� > PKW �




R �

+


 �

-




� > S�L4l`S �’L4N�JGP�nRP j¯P��KW�PKlRN�S nRPA�TLmL4N�nRL4VRV`ITPTSN�`L4JGL �

y �KV`PTS<> ��PTS�N�PK—¼Y[W�M˜L4V`S�PKVXW�N�P“—˜PTSQ�TL L4N�nRL4VRV`ITPTSL�`L4JGLHy �KV`PTS�PKW —˜PTSL�TLmL4N�nRL4VRV`ITPTS S�L4VXW�QRN�L4Q³L4N�W�M˜L4VRV`PK—O—˜PTS

M

�

PKW

� 


�RSUL4MOW��

+

R

+

P

�

�

-

R

-

P

�

�

PKW�nRP“—¼Y�JFWKJGPE�wY(ETL4V �

+




R

+




P

�




�

-

R

-




P

�




�

C~QZY[N�W�MON
nRPTS.�TL L4N�nRL4VRV`ITPTS*nRPTS"�KMOqR—˜PTS"�wL4lRN�VRM˜PTS QZY[N�—˜P ‰ �\92]^;����ˆn`Y[V`S
—˜P+N�PKQ �KN�P,nRP+—¼Y �»Y[JGIKNUY��•MO—

PTS�W Q¾LxS�S�MOqR—˜P+nRP�nRIKW�PKN�J�MOV`PKN
—˜PKlRN�S#�TLmL4N�nRL4VRV`ITPTS�n`Y[V`S —˜P“N�PKQ �KN�P�n±l9QZY[NHGmMOV.yˆPKV<Y[QRQR—OM43 lZY[VXW � ���<>

rsj2��4P��R�&l�G,i�'&(�)�X�$4PF #2� 4�� #k&(4P����F{�"4 JNM �G��RT�)xp��,.t �"&(4

�aY+nRIKW�PKN�J�MOVZY[W�M˜L4V�nRPTSJ�TL P 	 �KM˜PKV W�S
	

���

nRP �

���

�����

N�PKjmM˜PKVXWBM�N�ITS�L4l`n±N�P+lRV9S 1±S�W'�KJGP+n�opI�3 lZY[W�M˜L4V`S —OMOV`I»Y[MON�PTS�nRP�—¼Y��’L4N�JGP �


�

�

�

�

�

�

�

�

�

�

��

�




�

R���� � ��� � �

�

�






R���� �
���

� �




� � �

�




�

R���� � ��� � �
�

�

�aYGQRN�ITS�PKV �TP,nRP��9Q¾PKN�JGPKW
nRP,S�MOJ�QR—OM�
ZPKN�V`L4W�N�P�S 1mS�W'�KJGP�SUY[V`S MOV
�`l`PKV �TPKN*—˜PTS N�ITS�lR—OWUY[W�S�PKV �TLmL4N �

nRL4VRV`ITPTS�n`Y[V`S —˜P+QR—¼Y[V'> G V<P���PKW<�RPKV9QRN�PKVZY[V W���R

�

P����

�

V`L4l`S Q¾L4lRj¯L4V`S"�TL4V`S�M˜nRIKN�PKN]�

� R���� �

���

R�� �

����

� �

�

�




�

�

�

�




�

�


�


�




�

�

�

�

�

�




�

� �

�

!

�

"$#�%'&)(+*-,/.0&'1�%

	

&2,3%24+.�5�687:9<;�='5�1>7/*-.?,31>4A@-%�&'%)5?B�5�.

�2C

%D4E='&'%'5F5?,/.�%�@-1>4E&)@-%�&'1>4-4G9

�

.?;�%�73%'5H&'1�1>;�@-1>4

�

4E='%'50@-%JIK*G9L.?;�%NMO1>,/4+.�50%2.D@-%�73%2*-;0,

C

9

y

%QPSR�1>,/.�6-MO1>*-;0*-4TMO1>,/4+.

�

��

�
�

+

-

�

� �

�

!

R
��

�
���

� �

�

�




�

�

�

�




�

�


�


�




�

�

�

�

�

�




�

� �

�

!VU

��

�
�

+




-




�

� �

�

!

R
��

�
�

+

�

� �

�

-

�

�




�

�

�

�

+

�




�

�

-

�


�


�

�




�

�

�

�

�

�

�




���

� �

�

!



���

����� ������� �

�

��	 � �����

�

��� ��	 	 � ���

�

��� ��� 	 � ��� ��	 � � ����	 	 ��
 ��	 � 	���	 ��
 ��� �������

�

��+

-��	�

��

��

0�


�
�����,;




������� �
� �

0




�

� � �,;




�

� � �

�

0�


�������,;




������� ��� �

0




� � ���,;




� � ���

�

� �

�

! �����

8

�

�

�

�

�

�




� ���

���

�  "!$#&%�%('*)�#&%,+�'-#&%,.0/1!324!3#5.6%�/1!$27)�#5.�+

�

!$2

!3#5+6%8'9)�#5+�+�'*#5+�.�/:) 2 !$#5.6%�/1) 2 )�#5.�+

�

) 2

;

7 %'5?.HMO1Q5�5?,=<-73%�73%N;�%2M-;�='5�%24K.�%2;D&'%N5?B85?.?>

C

%N5�1>*E507:9A@ 1>;

C

%CBEDGF

�IHKJ

�

!32L)�2NM

� � �

/0!$!32O/0!$)�2

� � �

! 2 ) 2 M /0)�! 2 /0)�) 2

�

U

PQ

Q

Q

Q

Q

Q

Q

QR

#&%�%

#&%,+

P

P

P

#5.6%

#5.�+

� �

�

�

�

�

�

�

�

!

�

�

!

)

�

S

% 5?B�5�.?>

C

%UTQ731V<G9L7$9'#�%'& 73%'50I+*G9L.?;�%N&'1>*-M-73%'5D@-%NMO1>,/4+.�5 5XW ='&2;?,/;F9 9L731>;�5�BZYX[�YVDGF�YX[

%

�IH

YX[

%

J

PQ

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q

Q
R

!\%])�%^M

� � �

/0!\%�!$2

%

/
!_%�)�2

%

� � �

!\%])�%^M /0)�%�!
2

%

/0)�%`)
2

%

!
+

)
+

M

� � �

/0!
+

!$2

+

/
!
+

)�2

+

� � �

!a+b)c+ M /0)c+6!$2

+

/0)c+d)�2

+

!a.b)c. M

� � �

/0!a.6!
2

.

/
!3.6)
2

.

� � �

!a.b)c. M /0)c.6!$2

.

/0)c.d)�2

.

!3ef)ge M

� � �

/0!3eh!$2

e

/
!$eh)�2

e

� � �

!3ef)ge M /0)geh!
2

e

/0)ge6)
2

e

� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

!

U

PQ

Q

Q

Q

Q

Q

Q

Q
R

#&%�%

#&%,+

P

P

P

#5.6%

#
.�+

� �

�

�

�

�

�

�

�

!

�

PQ

Q

Q

Q

Q

Q

Q

Q
R

!\%

)�%

P

P

P

!3e

)
e

� �

�

�

�

�

�

�

�

!

D

i

1>*E50&'1>4-4G9L,35�5�1>4E5D" %2.
j�687:9 ;�='5F1>7/*-.?,31>4 &'1>4E5?,35?.�%J@-1>4E&Ek�,/4+#�%2;�5�%2;ZB<6-5�1>,/.

J

F

�

Bml

%

U

H

D

S

9�noTQ*-;�%

�

P

�qp

,/7/7/*E5?.?;�% *-4E% .?;F9L4E5`@�1>;

C

9L.?,31>4 (E1

C

1VTQ;F9LM-(-,3IK*E% MO1>*-; 73%'5 &'1>;?;�%'5?MO1>4E@E9L4E&'%'5 @-% M 1>,/4K.

5?*-,/#Q9L4+.�%'5

J_r

M

��s

M

�ut"vwr�xV��szyctds0r

M

��sz{V�ut�vwr�xV��s

MX|

tds0r�{gy�sz{V�ut"vfr~}c��sz{V�utds�r�{gy�s

M

�ut�vbr~}uy�s

M

�ut

P

•
4 ;�%

C

9L;�I+*E%2;F9 IK*E% MO1>*-;�7€W %6•8%

C

M-73% 4E1>*E5 %6‚O%'&2.?*E1>4E5�,3&2,
*-4E% M-;�1„ƒ?%'&2.?,31>4 @8* M-7:9L4 @E9L4E5�7/*-,†…

C�‡2C

%QP



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

�gp

5

10

15

20

25

5 10 15 20 25 30 35 40 45 50

"plot.dat"

24365473�

P

�qp98&:

•-%

C

M-73% @-%�.?;F9L4E5`@�1>;

C

9L.?,31>4 (E1

C

1VTQ;F9LM-(-,3IK*E%

;)<>= ?A@"B1CEDGFIH9JKDMLN@
BPO

�RQNS

J

S

FGD

�

O

�RQUT �

B�VWLXFI@"B9B

��Y �

B�D

Z

9L4E5N73%'5 MG9L;?.?,3%'5NM-;�='&'='@-%24+.�%'5�6$4E1>*E5 9�#�1>4E5 @-=6nE4-, 7:9 @�1>4E&2.?,31>4 ,/4K#�%2;�5�%6… &�9LM-.�%2*-;�P'[
%27/73%6… &2, 4E1>*E5

MO%2;

C

%2.<@-% M 1>*-#�1>,/;�%6•�M-;?,

C

%2;�73%'5<@-1>4-4E='%'5<,35�5?*E%'5�@-% 4E1Q5�&�9LM-.�%2*-;�5�@E9L4E5 73% ;�%2Ma>2;�% @-% ;�=6@�=2;�%24E&'%QP

i

=�9L4

C

1>,/4E5�6�k &'% 5?.F9>@-%Q6 *-4

C�‡2C

% 1V<�ƒ�%2. @-%A4E1>.?;�% %24K#K,/;�1>4-4E%

C

%24K.A5�%2;F9 @-='&2;?,/. 9L*-.F9L4+. @-% @�1>,35

IK*_W ,/7 B 9L*-;F9 @-% &�9LM-.�%2*-;�73% MO%2;�&'%2#>9L4K.�P

i

1>*E5 @-%2#�1>4E5�@-1>4E& %6‚ %'&2.?*E%2; *-4E%�@ *E5�,31>4 @-% &'%'5<@-1>4-4E='%'5

&�9LM-.�%2*-;�5N9 nE4 @-% T+9L;F9L4+.?,/;�7€W *-4-,3&2,/.�=<@-% 7€W ,/4�@ 1>;

C

9L.?,31>4 P

S

9 noTQ*-;�%

�

P

�q�

M-;�='5�%24K.�% 73%<5�&�(E=

C

9 T�=24E=2;F9L7

@-%N7€W�9LM-M-7/,3&�9L.?,31>4 @-%�;�%'&'1>4E5?.?;?*E&2.?,31>4 @-%�7€W %24K#K,/;�1>4-4E%

C

%24K.)@8B�4G9

C

,3IK*E%QP

\I\I\I\

\I\I\I\

]I]I]I]

]I]I]I] ^I^I^I^

_I_I_I_

`I`I`I`I`

aIaIaIaIa

bIbIbIb

bIbIbIb

cIcIcIc

cIcIcIc dIdIdId

dIdIdId

eIeIeIe

eIeIeIe

fIfIfIfIf

fIfIfIfIf

gIgIgIgIg

gIgIgIgIg

hIhIhIh

hIhIhIh

hIhIhIh

hIhIhIh

hIhIhIh

iIiIiIi

iIiIiIi

iIiIiIi

iIiIiIi

iIiIiIi

Carte statique

jIjIjIj

jIjIjIj

jIjIjIj

jIjIjIj

jIjIjIj

jIjIjIj

kIkIkIk

kIkIkIk

kIkIkIk

kIkIkIk

kIkIkIk

kIkIkIk

Carte dyn.

Caméra

Caméra

Map

Map

Correction

de l'objectif

Correction

de l'objectif
Changement de repère

Changement de repère

Changement de repère

Changement de repère

aberrations

aberrations

Fusion 

2�3l547$�

P

�q�18

R�&�(E=

C

9 @-%�7€W�9LM-M-7/,3&�9L.?,31>4 @-%N;�%'&'1>4E5?.?;?*E&2.?,31>4 @-%N7€W %24+#�,/;�1>4-4E%

C

%24+.�@8B�4G9

C

,3I+*E%



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

�g�

S

%'5T&�9L;?.�%'5T5F1>4+.T&'1>4E5?,3@-=2;�='%'5 ,3&2,N@-% 7:9

C�‡2C

%

C

9L4-, >2;�% IK*E% 73%'5 M-7:9L4E5 #�,3@-='1 &'1>;?;?,=T�='5�P

:

7/73%'5

@-1>,/#�%24+.
4E1>*E5 MO%2;

C

%2.?.?;�%Q6�kN.�%2;

C

%Q6+@-%HMO1>,/4+.�%2;
@8,/;�%'&2.�%

C

%24+. 73%'5 1V<E5?.F9>&273%'5�n •8%'5 @-%07€W %24+#�,/;�1>4-4E%

C

%24+.

k�7€W�9L,3@-%J@-%N7:9 5F1>*-;?,35�P

S

9 MG9L;?.?,3% 5�*-,/#>9L4K.�%AM-;�1>MO1Q5�%A*-4 @ 1>;

C

9L7/,35F9L.?,31>4 9L7=T�=h<-;?,3IK*E% @-% 7:9 @ *E5�,31>4 @-%'5 @-1>4-4E='%'5�P

i

1>*E5

M-;�='5�%24K.�%2;�1>4E5D%24E5?*-,/.�%J7€W�9L7=T�1>;?,/.?(

C

%J*-.?,/7/,35�=QP

���
	���� ���	��
��	
���������������������
� !
��"�#����$

[
%2.?.�% MG9L;?.?,3% ;�%2M-;�%24E@ 7:9 4E1>.F9L.?,31>4 ,/4K.?;�1K@8*-,/.�% %24

�

P

�

P

i

1>*E5 9LM-M %27/73%2;�1>4E5&% &2,=<-73%'5(' &'% I+*E% MO%2;`…

)

1>,/#�%24+.D73%'50&�9LM-.�%2*-;�5 %2.*% 1V<�ƒ�%2.�5('�7€W ,/4+.�%2;?M-;�=2.F9L.?,31>4 IK*-, %24 5�%2;F9E@ 9L,/.�%QP

i

1>*E5<@-=6nE4-,/;�1>4E5�,3&2,,+

2

&'1

C C

% =2.F9L4+.�73% M-(E=24E1

C

>24E% TQ731V<G9L7�k MO%2;�&'%2#�1>,/;�5?*-;<73% MG9L;.-�,/4 TEP�/D4

&�9LM-.�%2*-;,021$4_W�9>5F5?*-;�%�I+*_W *-4E%N1V<E5�%2;?#Q9L.?,31>4TMG9L;?.?,3%27/73%4351$@-%6+

2

P�7 1>*-;0&�(G9>IK*E%J&�9LM-.�%2*-;,021�6�4E1>*E509�#�1>4E5

@-1>4E&N7:9 &'1>4-4G9L,35�5 9L4E&'%8+91 @E9L4E5,:<;�9�#�%'&

J

+
1>=

+

2

D

? ‡2C

%J5?, 1>4A&F(E%2;�&�(E% k�7€W =2#K,/.�%2;�6-,/7 5F%�M %2*-. IK*E%N@-%'50&2,=<-73%'5 4E%J5�1>,3%24+.

C

1

C

%24+.F9L4E=

C

%24+.�MO%2;

)

*E%'5

MG9L; 9L*E&2*-4 &�9LM-.�%2*-;�6+#�1>,/; noTQ*-;�%

�

P

�A@

P [
%'&2,EM %2*-.`…

‡

.?;�%D@8* k)*-4

C

9L*-#Q9L,35 M-7:9>&'%

C

%24K.
@-%H4E1Q5 &�9LM-.�%2*-;�5

1>*	k�*-4E%NMO%2;?.�%N@-%J&2,=<-73%J@8*CB�D.E�F2G"H2D P

obj1

obj2

obj3

obj4

obj5

obj6

obj7

capteur 2

capteur 1

24365473�

P

�A@�8

[ ,=<-73%'504E1>4AMO%2;

)

*E%'5

i

1>*E5H4_W *-.?,/7/,35�%2;�1>4E5D@-1>4E&NMG9>507€W =hT+9L7/,/.�=NMO1>*-; @8,/;�%NIK*E%

J

I

1KJML

+91
=

+

2

D N

�

P

��O



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

� @

i

1>*E5 MO1>*-#�1>4E5 ,/4+.?;�1�@8*-,/;�%07€W =hT+9L7/,/.�=D@E9L4E5 7€W ='IK*G9L.?,31>4 N

�

P

��O

%24 .�%24G9L4K. &'1

C

M-.�%D@-%H7€W %24E5�%

C

<-73%D@-%'5

M-(E=24E1

C

>24E%'5D7/,3='5 9L*�• &2,=<-73%'5 4E1>4AMO%2;

)

*E%'5 +

���

J

r

I

1KJML

+91

t

�

+

���

�

+

2

D

�����
	���
������������
�������
� ���"!�	#�$
%���&�'����()��*�	#�$
��+�,�
�����+�.-/�)� �'	�� �$�0(�
�*��

S&13254�687:98;�689=<�987?>A@�B/CD< 1�;�7?B�4�E?CF1�98GHC:9.I�4HBJ6=B�4�ELKH>�7?>�E?M

T

>�GH>�987?>NGHBO@�B�PQ1�G�7D;�1QCR7:ES1�GHC:;�1�ES1"T=7:E?BN;UMQ4�E

6=B/CJ@#9=C:;UMVC:987:9

@

CW4�7:98689=CS1�G�7J6

W

1�;�;�689=< 1�7:9=MQG.XU986
GHMQ4HC

@

1�4�7J@�MQGH<A;UMQ4�P)MQ98EJE?B/</MQG�G�1"T=7:E?B36=B/CYM

<�ƒ

B�7?CF2�M

<

986=B/C

;UB�E

)

4HCF;�1�EJ;�684HC:9=B�4�E?CJ< 1�;�7?B�4�E?C X.1

n

GZ@�B

T

1�ES1�G�7:98EO6

W

4�G�9=<�987?>[@�B36

W

98G

@

MQE:2�1�7:9=MQG.\ ;]<�9^X+GHMQ4HCFGHMQ4HCJ98G�7?>

…

E?B/C?C?B�E?MQGHCO1�4Z< 1QCJMQ_`4�GHB3MQ4Z;�684HC:9=B�4�E?CJ<�9

<

6=B/CYCSMQG�7J;�B�E

)

4HB/CY;�1�EJ@�B�4

•

< 1�;�7?B�4�E?C \ iYMQ4HCY@�>

n

G�9=CSC?MQGHC

6

W

B�GHC?B�2

<

6=B

+Ra^b]ced8f g

</MQ2'2�BA>�7S1�G�7D6=BO;�KH>�GHMQ2

>

GHB5</MQ2'2A4�G

k + 1

B�7

+ih

\�j�MQ987

J

k+l

snm�oqpos�r s

+es^t:uwvyx z

�

+91H{ +|hVD

:|G�4�2�>�E?B�E|6

W

B�GHC?B�2

<

6=B

+Ranb}c

E?B�P�9=B�G�7

k

@�>

n

G�98E~4�GHBi2�>�7:KHM�@�BR@

W

1�;�;�1�E:9=B�2�B�G�7iB�G�7:E?Be@�B�4

• T

E?MQ4�;UB/C

@�B[<�9

<

6=B/C \aS.B/CO< 1�;�7?B�4�E?CJ4�7:98689=C?>/CJGHMQ4HCYE?B�GHC?B�9

T

GHB�G�7NC?4�EY6•1�;UMVC:987:9=MQG€@�B/CY<�9

<

6=B/COC?4�98P�9=B/CF2�1�9=CO>

T

1�6=B

…

2�B�G�7 XR;UMQ4�E•</B�E:7S1�98GHC XLC:4�E‚6=B�4�E‚P�987?B/C?C?BVXe6•1ƒ@#98E?B/<�7:9=MQG„@�B…6=B�4�E•@�>�;�6•1Q</B�2�B�G�7 XF1�98GHC?9JI�4HBZC:4�E‚6=B�4�E

@#982�B�GHC:9=MQGq;UB�E

)

4HBV\ S

W

B�GHC?B�2

<

6=BN@�B/CL@�MQG�GH>/B/CR;�MQ4�ER4�GHBO<�9

<

6=BOC:4�98P�9=BF;�MQ4�E:ES1 ‡�7:E?B

@

MQE:2�1�689=C?>O</MQ2'2�B

4�G€P)B/<�7?B�4�EA@�B[;�1�ES1�2

>

7:E?B/C5†�\ ;n6~GHMQ4HC

@

1�4�7O2�1�98G�7?B�G�1�G�73C‡1/P)MQ98EAC:9|@�B�4

•

P)B/<�7?B�4�E?CA@�B'@�MQG�GH>/B/CN†

%

B�7D†

+

;�B�4�P)B�G�7 ‡�7:E?BO</MQGHC:9=@�>�E?>/CF</MQ2'2�BN@�>/<�E:98PQ1�G�7W4�Gq2�‡�2�BNM

<�ƒ

B�7 \

7

MQ4�EW</B�6•1#X�GHMQ4HCW1�686=MQGHCF@�>

n

G�98E

4�GHB

@

MQGH<�7:9=MQGˆ@�BO@#9=C:7S1�GH</BV\

‰

��/� 	H��()�Š����� �"�Œ‹%���•(�
��~‹%���

iYMQ4HCO</MQGHC:9=@�>�E?MQGHCO9=<�9iI�4HB5GHMQ4HC51/P)MQGHCN@�>

ƒ?k

1�;�;�689=I�4H>'6•1

@

MQGH<�7:9=MQG

98G�P)B�E?CSBN1�4q2�M�@

>

6=BJ< 1�;�7?B�4�EWB�7LI�4HBF6=B/CL@�MQG�GH>/B/CW@�B/CRP)B/<�7?B�4�E?CL;�1�ES1�2

>

7:E?BN†

%

B�7D†

+

C?MQG�7LB

•

;�E:982�>/B/C

@H1�GHCO6=B'E?B�;

>

E?B�@�B[E?>

@

>�E?B�GH</B�</MQ2'254�G.\\iYMQ4HCN@�>

n

G�9=C?C?MQGHCA6=B'C?< 1�6•1�98E?B�•…</MQ2'2�B�>�7S1�G�756•1‚@#9=C:7S1�GH</B

B�G�7:E?B5†

%

B�7W†

+

J

•

�

•
l}Ž$•

r

†

%

s

†

+

t

D

iYMQ4HC
1 P)MQGHC
6=B•<SKHMQ9

•

I�4�1�G�7

k

6•1W@�>

n

G�987:9=MQG'@�B••
l}Ž$•

\ ZO1�GHC&GHMQ7:E?Be< 1QC X�</BwC?B�ES1W6•1DCSMQ2'2�Bw;UMQGH@�>�E?>/B

@�BN@#9=C:7S1�GH</BN;�E?MQ;�E?BA1�4

•

;�1�ES1�2

>

7:E?B/CY@�BJ2�‡�2�BOG�1�7:4�E?BVX+C?MQ987 X#;�MQ4�EW‘…;�1�ES1�2

>

7:E?B/C

J

•
l}Ž$•

r

†

%

s

†

+

t �“’

%

D

•
l}Ž$•

%

r•”

%

�

s–”

%

�

t

'

D=D=D

'

’

�

D

•
l]Ž •

�

r•”

�

�

s–”

�

�

t

D

j�9RGHMQ4HC';�E?B�GHMQGHC'6

W

B

•

B�2';�6=Bq@�B—6•1…</MQG�G�1�9=C?CS1�GH</B•@�B—6•1`;�MVC?987:9=MQG˜B�7[@�B—6•1…P�987?B/C?C?BVX
†™C?B�ES1Z@�B

6•1

@

MQE:2�B›š

!

s

)

s

� œ+•

\ iYMQ4HC�@�>

n

G�98E?MQGHC�•
l]Ž •

</MQ2'2�B‚6•1ZC?MQ2'2�B‚;UMQGH@�>�E?>/B•@�B—6•1Z@#9=C:7S1�GH</B

B�4H<�689=@#9=B�G�GHBˆ@�B/C�;�MVC:987:9=MQGHC�B�7�@�Bq6•1…PV1�6=B�4�E�1

<

C?MQ684HB•@�B‚6•1€@#9

‚

>�E?B�GH</B•@�B/C'P�987?B/C?C?B/C

N�noT

4�E?Bˆž#\8Ÿ  �O¡X

C?MQ987

J



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

žV 

• l}Ž$•

r

†

%

s

†

+

t �“’

%

D��

r

! + /1! %

t

+

'

r

) + /1) %

t

+

'

’

+

D��

�

+ /

�

%

�4D

V

X

Y

P1

P2

2�3l547�ž#\8Ÿ  98&ZY9=C:7S1�GH</BNB�G�7:E?BA@�B�4

•

;UMQ98G�7?CF@H1�GHCL6

W

B/C:;�1Q</BN@�B/CD;�1�ES1�2

>

7:E?B/C

•

X �)X P

S&1

@

MQGH<�7:9=MQG •
l}Ž$•

;�MQ4�E:ES1ˆ>

T

1�6=B�2�B�G�73;�E?B�GH@#E?B�B�GŠ</MQ2';�7?B�6•1•@#9=C:7S1�GH</B'7?B�2';UMQE?B�686=B�B�G�7:E?B�@�B�4

•

2�B/C:4�E?B/CF@H1�GHCL6=BO< 1QCW@�BJ6

W

4�7:98689=CS1�7:9=MQG…@�BO< 1�;�7?B�4�E?CDGHMQGˆC���GH<SK�E?MQG�9=C?>/C \

���
�$
��+� ���`��	���	H�
	�� �"�

S&1

@

MQGH<�7:9=MQG @�B€@#9=C?7S1�GH</B€GHMQ4HC•E?B�G�P)MQ9=B€6=B�C?< 1�6•1�98E?B�•+\0;n6OGHMQ4HC`1�;�;�1�E:7:9=B�G�7Z@�BZ;�E?B�GH@#E?B€4�GHB

@�>/<�9=C:9=MQG�@�BD2'9=C?BDB�G�</MQE:E?B/C:;UMQGH@H1�GH</B

k

;�1�E:7:98Ew@�BD</B�7:7?BLPV1�6=B�4�E X�C?MQ987 XVI�4HBL;�684HC:9=B�4�E?C•<�9

<

6=B/Cw@�>/<�E:98P)B�G�7

6=BY2�‡�2�BOM

<�ƒ

B�7RE?>/B�6^\ iYMQ4HCR@�>

n

G�9=C?C?MQGHCR4�G•C?B�4�986^X
Ž

X�B�G

…

@�B/C?CSMQ4HCD@#4HI�4HB�6U6•152'9=C?BJB�Gq</MQE:E?B/C:;UMQGH@H1�GH</B

C?B�ES1ŠB

‚

B/<�7:4H>/BV\

[

B…C?B�ES1€6

W

4�G @�B/C�;�1�ES1�2

>

7:E?B/Cq@�BˆGHMQ7:E?B€1�;�;�689=< 1�7:9=MQG��•986YC?B�ES1ŠE?B/@�>

n

G�9

k

<?K�1QI�4HB

2�M�@#9

n

< 1�7:9=MQG`@�BO•
l]Ž •

\

S.MQE?CSI�4HBY•�

Ž

X�986�GHMQ4HC

@

1�4�7L1�6=MQE?Ce@�>�7?B�E:2'98GHB�E����
�

f

�
</MQ2'2�BJ>�7S1�G�7R6•1N;�B�E?</B�;�7:9=MQG

T

6=M

<

1�6=BJ@�B��

%

B�7��

+

\oS.BOP)B/<�7?B�4�EF†��
�

f

�
B/C:7F1�6=MQE?CL6=BNP)B/<�7?B�4�EW;�1�ES1�2

>

7:E?BA@�BJ6

W

M

<�ƒ

B�7D9=C?C?4•@�B/CW@�B�4

•

M

<

C?B�E:PV1�7:9=MQGHCW@�B

;�1�ES1�2

>

7:E?B/CY†

%

B�7W†

+

\ iFMQ4HCW@�>

n

G�9=C?C?MQGHCD;UMQ4�ED</B�6•1[6•1

@

MQGH<�7:9=MQGˆ@�B

@

4HC:9=MQG����
Ž

J

†��
�

f

�

�

���
Ž

r

†

%

s

†

+

t

D

ZO1�GHCYGHMQ7:E?B'< 1QC X�6=MQE?CSI�4HB[•�

Ž

X�C?B�4�6~†��
�

f

�
C?B�ES1�</MQG�G�4�@�B/CJ@#9=C:;�MVC?987:9

@

CJ</MQG�GHB/<�7?>/C

k��*EMD G�����H �

B�7

†

%

B�7A†

+

CSB�E?MQG�7A< 1Q<SKH>/C \

[

B/<�9wB/C?7O6=M

T

9=I�4HB�< 1�E X&@H1�GHCN6•1‚E?> 1�68987?>VX.CSB�4�6i4�G�M

<�ƒ

B�75B

•

9=C:7?BV\

[

B�6•1‚GHMQ4HC

T

1�ES1�G�7:987W6

W

4�G�9=<�987?>N@�B/CL@�MQG�GH>/B/C X�<

W

B/C:7

…�k …

@#98E?BVXHI�4

W

4�Gq2�‡�2�BOM

<�ƒ

B�7LGHBYCSB�ES1[@�>/<�E:987DI�4

W

4�GHBOC?B�4�6=B

@

MQ9=C \



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

ž��

���
	���� � ��� � � ������� �
	����.��$M����� 
���� 
*��$

�

•

Gˆ@�>

n

G�987W6•1[GHMQ7S1�7:9=MQGˆC:4�98PV1�G�7?B

J

8

3 …

S

W

B�GHC?B�2

<

6=BO@�B/CRM

<�ƒ

B�7?CR@�>

ƒ?k

</MQG�G�4HCL@H1�GHCR6=BFC �#C:7

>

2�BV\

[ZW

B/C:7R</B�7RB�GHCSB�2

<

6=BJI�4�9U2�M�@�>�689=C?B

6

W

B�G�P�98E?MQG�GHB�2�B�G�73</MQG�G�4�;�1�E

�*EMD G�����H � k

4�GZ98GHC:7S1�G�7AB�7NI�4�9iB/C:7

@

MQ4�E:G�9w1�4

•

@#9=C:;UMVC:987:9

@

COC

W

�

</MQG�GHB/<�7S1�G�7 \

8�


…

S&1'GHMQ7S1�7:9=MQGˆ;UMQ4�EL4�GˆM

<�ƒ

B�7L;�1�E:7:9=<�4�689=B�EY@�BO6

W

B�GHC?B�2

<

6=B

3

8��

%

X��

+

…

S

W

B�GHC?B�2

<

6=B5@�B/CD<�9

<

6=B/CWC?4�98P�9=B/CL;�1�EL6=B/CW@�B�4

• B�D.E�F2G"H2D��

\

8

0

X

0

%

X

0

+

…

iYMQ7S1�7:9=MQGHCL;�MQ4�EF@�B/CD<�9

<

6=B/CD;�1�E:7:9=<�4�689

>

E?B/C \

�

�"	H
%� ���Š�������
�������&-���� � 
���


o

3

� ()����� � ���

� �+��	H‹–‹ 


o

3

�
�

�J>�E:9

n

BO6

W

B

•

9=C:7?B�GH</BN@�B�


D 0

%

B�7�


D 0

+

@H1�GHC��

%

X��

+



�




D 0

%

o

�

%

1�GH@�


D 0

+

o

�

+

�! ����

8

•

GqP)>�E:9

n

BN6•1'</MQKH>�E?B�GH</BA@�BJ6

W

M

<�ƒ

B�7�




�

•
l}Ž •

r




D 0

%

s




D 0

+

t

"

ŽN�! ����

8‚j

W

986&G

W

B/C:7L;�1QCD</MQKH>�E?B�G�7 X+MQGˆB�G�6

>

P)BO6=BO689=B�G•B�G�7:E?BN6

W

M

<�ƒ

B�7WB�7L6•1[<�9

<

6=BO6•1[;�684HCW>�6=MQ9

T

GH>/BA@�B




D

”

X#GHMQ4HCDP)B�E:E?MQGHCWI�4HB�


D

”5�

���
Ž

r


$#

l

%

D 0

%

s


$#

l

%

D 0

+

t



�

•
l}Ž$•

r




D

”\s




D 0

M

t


 •
l}Ž$•

r




D

”\s




D 0

{ct

�! ����

•

G`B�G�6

>

P)B%


D 0

+

k




N




D 0

+

�

&
')(*(9O¡X

•

G`B�G�6

>

P)B%


D 0

%

k

�

%

��‹�� �

•

G`B�G�6

>

P)B%


D 0

%

k




N




D 0

%

�

&
')(*(9O¡X

•

G`B�G�6

>

P)B%


D 0

+

k

�

+

���&�ƒ

�

��‹%�$�


3G

W

B/C:7L;�1QCD2�M�@#9

n

>VX+MQG•B�G�6

>

P)B%


D 0

%

B�7+


D 0

{

k

�

%

B�7��

+

���&�ƒ

�

��‹%�$�—

�




D 0

%

o

�

%

1�GH@�


D 0

+

�

o

�

+

�! ����

•

GˆB�G�6

>

P)BN6•13E?>

@

>�E?B�GH</BA;�>�E:982�>/B%


D 0

+

k




N




D 0

+

�

&,'-(.( O

•

GˆB�G�6

>

P)B/


D 0

%

k

�

%

��‹%�$�—

�




D 0

%

�

o

�

%

1�GH@�


D 0

+

o

�

+

�! ����

•

GˆB�G�6

>

P)BN6•13E?>

@

>�E?B�GH</BA;�>�E:982�>/B%


D 0

%

k




N




D 0

%

�

&,'-(.( O

•

GˆB�G�6

>

P)B/


D 0

+

k

�

+

��‹%�$�



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

ž��

j�4�;�;�E?B/C?C?9=MQGˆ@�B%


k 3

\

���&�ƒ
 �

8 �J>�E:9

n

BO6

W

B�G�7:E?>/B5@

W

4�GHBOGHMQ4�P)B�686=BA<�9

<

6=BO@H1�GHCW6

W

M

<�ƒ

B�7W7:ES1�987?>


 �




D 0

%

�m�

&
')(*( �! ����

� ����	H‹–‹

0

o

�

%

���


 �

• l}Ž$•

r

0

s




D 0

+

t


 ŽN�! &���




D 0

%

�

0

•

G`B�G�6

>

P)B

0Ck

�

%

���&�ƒ
 �

���&� � �+�

���&�ƒ
 �


 �




D 0

+

�m�

&
')(*( �! ����

� ����	H‹–‹

0

o

�

+

���



�

•
l}Ž$•

r

0

s




D 0

%

t



ŽN�! &���




D 0

+

�

0

•

G`B�G�6

>

P)B

0Ck

�

+

���&�ƒ

�

���&�
�

�+�

���&�ƒ

�

�����
�

���

�

�"	H
%� ���Š�������
�����&�
�

!���‹–‹����'(�
��~‹%���
�

()��*�	#�$
��+�,���������&-/�)� ���

�
�+��	H‹–‹

0

%

o

�

%

�
�

[

E?> 1�7:9=MQGˆ@�B/
[1 P)B/</


D 0

%

�

0

•

G•B�G�6

>

P)B

0

%

k

�

%

�
����	H‹–‹

0

+

o

�

+

���



�

•
l}Ž •

r

0

%

s

0

+

t



ŽA�! &���




D 0

+

�

0

+

•

G•B�G�6

>

P)B

0

+

k

�

+

j

E?B 1

-��
•

GˆC?MQE:7D@�BO6•1

<

MQ4H<�6=B��

•��

\	�

���&�ƒ

�

���&�
�

�+�

�����
�

���



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

ž��

���˜()��*�� � � ���&-����'�i� � ��(  &	�� � �ˆ(�
%�~‹��•� � ����‹–
�� � 	#���
�••

+

�

� �+��	H‹–‹

0

o

�

+

���

[

E?> 1�7:9=MQGˆ@�B/
[1 P)B/</


D 0

+

�

0

•

G3B�G�6

>

P)B

0�k

�

+

� 7

MQ4�E~6•1W</MQKH>�E?B�GH</Be@�B•6•1D< 1�E?@#98G�1�68987?>R@�B/C
B�GHC?B�2

<

6=B/C

k

6•1

n

G[@#4A7:ES1�987?B�2�B�G�7 \	�

����� � ���

���˜()	H‹�( � ‹��…‹�������	���	H�
	�� �"�������������&-/�)� �'�
�

3

�

� �+��	H‹–‹ 


o

3

�
�




D

” �

��� Ž

r




D 0

%

s




D 0

+

t

����� � ���

;)<��

���

DMF

S

B1C	� @�FMD O

�

C LNB�

@�F

Y S

DMLN@
B9C

S.B/CO< 1�E:7?B/CJ@�B36

W

B�G�P�98E?MQG�GHB�2�B�G�73@�MQ98P)B�G�7m‡�7:E?B[@#9=C:;UMQG�9

<

6=B/C

k

4�GHB

@

E?>/I�4HB�GH</B[C:4
��CS1�2'2�B�G�7N>�6=B

…

P)>/B�;UMQ4�EN;UB�E:2�B�7:7:E?B�4�GHB

<

MQG�GHB�;�E?>/<�9=C:9=MQG @�B�6•1‚6=M�< 1�689=C‡1�7:9=MQG.\

[

MQ2'2�B�GHMQ4HCA;UMQ4�P)MQGHCN6=B�P)MQ98E5B�G

 #\  #X+6

W

1�E?<?K�987?B/<�7:4�E?B'1QC ��GH<?K�E?MQGHB[@#4ˆ2�M�@#4�6=B5CSB�E:P)B�4�EF;UB�E:2�B�7F@�B

T

>�E?B�EY1�4…2'9=B�4

•

6=B/CW;�1�E:7:9=<�4�6•1�E:987?>/C

7?B�2';UMQE?B�686=B/C5@�B/CO7:ES1�987?B�2�B�G�7?C \

[

B�7:7?B�;�1�E:7:9=B�C

W

98G�7?>�E?B/C?C?B

k

I�4�1�G�7:9

n

B�E56•1qP)MQ684�2�>�7:E:9=B�@�B/CN2�B/CSCS1

T

B/C

7:ES1�GHC:2'9=C
B�G�7:E?B•6=B/C&2�M�@#4�6=B/C
@�Bi6

W

1�;�;�689=< 1�7:9=MQG'B�7&6=B/C

<

1�GH@�B/C&;�1QCSCS1�G�7?B/C
GH>/</B/C?CS1�98E?B/C�;UMQ4�E�</B/C�689•1�9=C?MQGHC \

ZO1�GHC'4�Gƒ;�E?B�2'9=B�E�7?B�2';HC X~GHMQ4HC�;�E?>/C?B�G�7?B�E?MQGHC�6=B/C'C:7:E:4H<�7:4�E?B/C�@�Bq@�MQG�GH>/B/C'4�7:98689=C?>/B/C$\/:|G GHMQ4HC

C?B�E:PV1�G�7—B�GHC:4�987?Bˆ@�B/C�< 1�ES1Q<�7?>�E:9=C:7:9=I�4HB/C—@�Bq6

W

98G

@

ES1QC:7:E:4H<�7:4�E?BVX•GHMQ4HC�@�>�7?B�E:2'98GHB�E?MQGHC—6=B/C

@

MQE:2A4�6=B/C—@�B

< 1�6=<�4�6&@�B/C

<

1�GH@�B/CW;�1QC?CS1�G�7?B/CWB�7D@�MQG�GHB�E?MQGHCF4�G•B

•

B�2';�6=BO;UMQ4�EW<SK�1Q<�4�GHBA@�B/CL689•1�9=C?MQGHC$\

����� ��� �5�#$ � �� ��$ � ��$ � ����� ��$

�

�#$

S&1�;�1�E:7:9=B� #\  �GHMQ4HCJ;�E?>/C?B�G�7?B[6=B3@�>�7S1�986|@�B36

W

1�E?<?K�987?B/<�7:4�E?B�</MQGH</B�E:GH>/B[;�1�EO6=B57?B�2';HCOE?>/B�6^\IZO1�GHC

</B�7:7?B3P)B�E?C:9=MQGZ@�B

�*E"D G�����H �

X+6

W

B�GHCSB�2

<

6=B'@�B/CY7:ES1�987?B�2�B�G�7?COB/C:7JC:4�;�;UMQE:7?>3;�1�EF6•1�2�‡�2�B32�1Q<?K�98GHB'B�G

4�7:98689=CS1�G�7D@�B/CeCSB

T

2�B�G�7?CD@�BF2�>�2�MQ98E?BJ;�1�E:7S1

T

>/BJ;�MQ4�ER6

W

>/<SK�1�G

T

BO@

W

98G

@

MQE:2�1�7:9=MQG.\ iYMQ4HCLC?MQ2'2�B/CR@�MQGH<

@H1�GHC•6=BD< 1QCw9=@�> 1�6^\�S.B/C•7:ES1�GHC:2'9=C?C:9=MQGHC•B�G�7:E?BY</B/Ci2�M�@#4�6=B/CwGHBW;�B�4�P)B�G�7�‡�7:E?BW;�684HCiES1�;�9=@�B/C \�iFMQ4HCwGHMQ4HC

98G�7?>�E?B/CSC?MQGHCO;�684�7��Q7N1�4€< 1QCOMQ_…GHMQ7:E?B�1�E?<SK�987?B/<�7:4�E?B�C?B�ES1—@�>/</B�G�7:ES1�689=CS>/BV\�� </B32�MQ2�B�G�7 X06=B/C

B�D.E�F2GMHAD��

C?B�E?MQG�7WC:4�;�;UMQE:7?>/CD;�1�ED@�B/CDC:7S1�7:9=MQGHCF@

W

1Q</I�4�9=C?987:9=MQG•98GH@�>�;�B�GH@H1�G�7?B/C \

ZO1�GHCi6=BW<?K�1�;�987:E?B p#X)GHMQ4HC•1/P)MQGHC•P�4�I�4HBLGHMQ4HCw4�7:98689=C?MQGHCi4�G�E?>/C?B 1�4�@�>/@#9=>

k

GHMQ7:E?BF1�;�;�689=< 1�7:9=MQG.\u;}6

C:4�;�;UMQE:7?BY6=BW7:ES1

n

<OB�G�7:E?BF6=B/CRC:7S1�7:9=MQGHCL@

W

1Q</I�4�9=C:987:9=MQGqB�7R6=BJC?B�E:P)B�4�E X#B�7eB�G�7:E?BJ6=BYCSB�E:P)B�4�ERB�7e6=BYE?MQ4�7?B�4�E

KHB�E:7��/9=B�G`@�B/C?7:98GH>N1�4

•

</MQ2'254�G�9=< 1�7:9=MQGHCO1/P)B/<O6=B/CD<�689=B�G�7?C

�*E"D G�����H �

\

S.BN7S1

<

6=B 1�4`ž#\8ŸO689=C:7?BO</B/CW689=B�GHCDB�7L6=B�4�E?CW< 1�ES1Q<�7?>�E:9=C:7:9=I�4HB/C \



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

ž��

S09•1�9=C?MQG �Y987?B/C?C?B iFMQ2

<

E?B

�.ES1Q<

-

B�E?C

…

j�B�E:P)B�4�E

M

�g�

���

D

Ž

l

%

‘ #

�

MQ4�7?B�4�EDKHB�E:7��/9=B�G

…4[

689=B�G�7?C

�*EMD G�����H �

MgM

���

D

Ž

l

%

‘

a

j�B�E:P)B�4�E

… �

MQ4�7?B�4�E

M

�g�

���

D

Ž

l

%

Ÿ

���
	 7Už#\8Ÿ�8

[

1�ES1Q<�7?>�E:9=C:7:9=I�4HB/CF@�B/CL689=B�GHC

�,EMD G ����H �

����� ��� �>�"� ��
 ����� ��	��#$ 	�� ���

�

�#$

S.BR7S1

<

6=B 1�4�ž#\ pJ@�MQG�GHBR6•1JC?7:E:4H<�7:4�E?BL@�B/C|@�MQG�GH>/B/C|E?B�G�P)M �)>/B/Ci;�1�E|6=B

B�D(E F2GMH2D

;UMQ4�E|4�GHBe<�9

<

6=BV\ :i686=B/C

C?MQG�7D2'9=C?B/C

k

6•1'@#9=C?;�MVC:987:9=MQG•@#4ˆ2�M�@#4�6=BN@�B

@

4HC:9=MQGq;UMQ4�EW<?K�1QI�4HBOES1

@

ES1"T•<?K�9=C?CSB�2�B�G�7J@�BJ6

W

982�1

T

BV\

S09

<

B�686=> ZJ>

n

G�987:9=MQG

/

G�987?> � ��;�B

p

• ;]@�B�G�7:9

n

< 1�7?B�4�EJ@�BJ6•1'<�9

<

6=B

…

@

j

•
� ZO1�7?BN@�BJ6•1[2�B/C?4�E?B Ž

�

0


"‘.•

�

@

j

•���� ZO1�7?BN@�BJ6•1[2�B/C?4�E?B � Ž

�

0


�‘.•

�

@

j

!

�

<

C?<�9=CSC?BJ@�BO6•1[<�9

<

6=BN@H1�GHCD6

W

982�1

T

BNP�9=@�>/M

”

l

!

�

�
p

j

)

•

E?@�MQG�GH>/B5@�BO6•1[<�9

<

6=BN@H1�GHCL6

W

982�1

T

BAP�9=@�>/M

”

l

!

�

�
p

j

�

!

[

MQ2';UMVCS1�G�7?BA@�BO6•13P�987?B/CSC?B

”

l

!

�

�

D

Ž

l

%

p

j

�

)

[

MQ2';UMVCS1�G�7?BA@�BO6•13P�987?B/CSC?B

”

l

!

�

�

D

Ž

l

%

p

j

!$!

7

1�ES1�2•\�B�686898;HC?BNB�G

T

6=M

<

1�G�7?B

… • …

p

j

)�)

7

1�ES1�2•\�B�686898;HC?BNB�G

T

6=M

<

1�G�7?B

…

�

…

p

j

!$)

7

1�ES1�2•\+B�686898;HC?BOB�G

T

6=M

<

\

…

1�G

T

6=B

…

p

j

��MQ7S1�6 p��

j

���
	�7+ž#\ p18‚j�7:E:4H<�7:4�E?BA@�B/CD@�MQG�GH>/B/CWE?B�G�P)M �)>/B/CY;�1�EL6=B

B�D.E�F2G"H2D

S.BF7S1

<

6=B 1�4•ž#\ žN;�E?>/CSB�G�7?BY6•1AC?7:E:4H<�7:4�E?BY@�B/Ce@�MQG�GH>/B/CRE?B�G�P)M �)>/B/CL;�1�Ee6=BFC?B�E:P)B�4�Ee;UMQ4�E•4�G‚M

<�ƒ

B�7R@�B

6

W

B�G�P�98E?MQG�GHB�2�B�G�7 \

����� � � �  !� 
 ���)	��#$ 	

���

����$

�

�	H
�� ���˜� ��	�(��+�������ƒ� ���$!��

�
�

S.B/C

@

4�7:4�E?B/C[689•1�9=C?MQGHC'B�G�7:E?Bq6=B/C

B�D.E�F2GMH2D �

B�7[6=BqC?B�E:P)B�4�E�C?B

@

B�E?MQG�7�C:4�E[4�GHB

<

ES1�GH<SKHB•@�B—E?>/C?B 1�4

C:;U>/<�9•1�689=C?>/BV\ ;}6

@

1�4�7O7?MQ4�7?B

@

MQ9=C

T

1�E?@�B�E

k

6

W

B/C:;�E:987NI�4HB[2�‡�2�B�C:9~6•1—;�684�;�1�E:7A@�B/COE?>/CSB 1�4

•

C?MQG�7O2�1�98G

…

7?B�G�1�G�73</MQ2'2A4�7?>/C X�6

W

B�GHC?B�2

<

6=B�@�B/C

B�D.E�F2G"H2D��

C

W

1Q@#E?B/C?C?B�ES1`1�4�2�‡�2�B�CSB�E:P)B�4�E \_;n6 �Z1�4�ES1ˆ@�MQGH<

<

9=B�G

4�Gˆ254�687:98;�6=B

•

1

T

B37?B�2';UMQE?B�6
1�4…G�98P)B 1�4`@#4`689=B�G…</MQ2'254�7S1�7?B�4�E
�

C?B�E:P)B�4�E \$S&1

<

1�GH@�BN;�1QCSCS1�G�7?B3C?B�ES1

@�MQGH<O;�1�E:7S1

T

>/B5B�G�7:E?BO6=B/C

B�D.E�F2G"H2D��

\

S&1

@

MQE:254�6=B

T

>�GH>�ES1�6=BN;UMQ4�ED< 1�6=<�4�6=B�EW6•1

<

1�GH@�BA;�1QC?CS1�G�7?BN4�7:98689=C?>/BO;�1�EL6=B/C

B�D.E�F2GMHAD��

B/C:7

J



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

@��

S09

<

B�686=> ZJ>

n

G�987:9=MQG

/

G�987?> ZJMQ2�1�98GHBA@�BJPV1�6=B�4�E � ��;UB

p

• ;}@�B�G�7:9

n

< 1�7?B�4�EY@�BJ6

W

M

<�ƒ

B�7

… �

� �	@up�� @ �����Vp������ @

j

•
� ZO1�7?BN@�BO6•132�B/C:4�E?B Ž

�

� �	@up�� @ �����Vp������ @

j

• � � ZO1�7?BN@�BO6•132�B/C:4�E?B � Ž

�

� � ����� ������� @

j

!

�

<

CS<�9=C?C?BN@�BA6•1'<�9

<

6=BA@H1�GHCF6=BN;�6•1�G…@�BOE?>

…

@

>�E?B�GH</B

# #

�

� �&Ÿ ��� � �Vp#Ÿ  �� ž

j

)

•

E?@�MQG�GH>/B�@�B`6•1 <�9

<

6=B€@H1�GHC—6=B…;�6•1�G“@�B

E?>

@

>�E?B�GH</B

# #

�

� �&Ÿ ��� � �Vp#Ÿ  �� ž

j

�

!

[

MQ2';�MVC‡1�G�7?BA@�BN6•13P�987?B/C?CSB

0

#

D

Ž

l

%

� …

žgp�� ��� ��žgp�� ����� p

j

�

)

[

MQ2';�MVC‡1�G�7?BA@�BN6•13P�987?B/C?CSB

0

#

D

Ž

l

%

� …

žgp�� ��� ��žgp�� ����� p

j

!$!

7

1�ES1�2•\+B�686898;HC?BNB�G

T

6=M

<

1�G�7?B

… • … …

p

j

)�)

7

1�ES1�2•\+B�686898;HC?BNB�G

T

6=M

<

1�G�7?B

…

�

… …

p

j

!3)

7

1�ES1�2•\+B�686898;HC?BNB�G

T

6=M

<

\

…

1�G

T

6=B

… …

p

j

�

�WG

T

6=B

N

GHMQG•4�7:98689=C?> O

%

%��	�	��


�

•

�

� � �gp��Vž�� p

j

�

�

�F987?B/CSC?BN1�G

T

4�6•1�98E?B

N

GHMQG•4�7:98689=CS> O

%

%��	�	�




�

•

D

Ž

l

%

� …

žgp�� ��� ��žgp�� ����� p

j

�&MQ7S1�6 žgp

j

���
	�7+ž#\ ž18‚j�7:E:4H<�7:4�E?BA@�B/CD@�MQG�GH>/B/CWE?B�G�P)M �)>/B/CY;�1�EL6=BNCSB�E:P)B�4�E

�

�

�

D

�
�

�

1��

�

r

Ž��

'

‘

a^d`D

Ž

a

t

1 P)B/<

J

8 ��X#6•1

<

1�GH@�BN;�1QC?CS1�G�7?BAB�G �

D

Ž

l

%

X

8
Ž��

X#6•1[7S1�98686=BN@�BO6

W

B�GHCSB�2

<

6=BN@�B/CFB�G�7?‡�7?B/CW@�BN;�E?MQ7?M�</MQ6=BNB�G

<

987 X

8
Ž

a

6•1[7S1�98686=BN@�B/CD@�MQG�GH>/B/CW;�MQ4�EL4�GHBA<�9

<

6=BNB�G

<

987 X

8 �~X�6•1

@

E?>/I�4HB�GH</BN@�BJES1

@

ES1"T•<SK�9=C?C?B�2�B�G�7Y@�B/CD@�MQG�GH>/B/CFB�G��FB�E:7��)X

8,‘
#

X#6=BOGHMQ2

<

E?BA@�B

B�D.E�F2GMHAD��

X

8,‘

and

XH6=BJGHMQ2

<

E?BA@�BA<�9

<

6=BO;�MQ4�EL6=B
l��

c

�

B�D.E�F2GMHAD

\

� 7:987:E?BN@

W

B

•

B�2';�6=BVX�B�G•;�E?B�G�1�G�7

J

8
Ž��

� }u{��

X0C?9
GHMQ4HCJGHMQ4HCYE?B�;UMQE:7?MQGHC

k

6

W

1�G�GHB

•

B

j

B�7

k�� [

MQ2������nX�B�G

@

1�9=C‡1�G�7O6•1—C?MQ2'2�B[@�B/C

7S1�98686=B/CR@�B/CeB�G�7?‡�7?B/CR@�B/C•;�E?MQ7?M�</MQ6=B/C��

B���HAD � H�B"!$# �%!'&)(��

\

[

BDP)MQ684�2�BJB/C:7•98GH</MQ2';�E?B/C?C:9

<

6=BJB�7

GHMQ4HCW@�B�P)MQGHCWB�G•7?B�G�98EW</MQ2';�7?BAI�4HB�6=I�4HBOC?MQ987D6•13G�1�7:4�E?BN@�B/CF@�MQG�GH>/B/CD7:ES1�GHC:2'9=CSB/C \

8
Ž

a

� {�*,+'�E� {V���

XH7S1�98686=BN@�B/CW@�MQG�GH>/B/CD7:ES1�GHC:2'9=C?B/CD;�1�ED4�G

B�D.E�F2GMH2D

;UMQ4�EL4�GHBN<�9

<

6=BV\

8 �

� {gy

X

@

E?>/I�4HB�GH</BN@�BOES1

@

ES1"T•<?K�9=C?CSB�2�B�G�7F@�B/CD982�1

T

B/CDP�9=@�>/M�@#4•C �#C:7

>

2�B

�.-0/

\

8,‘
#

�

M

�

X"6=B|GHMQ2

<

E?B•@�B

B�D(E�FAGMH2D �

GH>/</B/C?C‡1�98E?B/C&;UMQ4�E&</MQ4�P�E:98E�6

W

B�GHC?B�2

<

6=B•@#4A;�1�E

-

98G

T

@�B|6

W1#	2030#	-

3��54�� H768-:9 ; H �

\

8
k�l

s

M=<

l

<

‘
#

s

‘

and

� {V�

X�4�GqGHMQ2

<

E?BA@�BN<�9

<

6=B/CL982';UMQE:7S1�G�7F;�MQ4�EF<?K�1QI�4HB

B�D(E F2GMH2D >

6=BO@�>

<

987DGH>/</B/C?C‡1�98E?BNB/C:7D@�B

J



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

@HŸ

�

� {gy +

M

� + r~}u{��

'

{V� + {V���ct"�

M0M

}

|�|

�g�

�

D

Ž

l

%

�

MgM

{V�

D

M

{

� �

D

Ž

l

%

D

S.BJE?>/CSB 1�4—4�7:98689=CS>N1A4�GHB

<

1�GH@�BJ;�1QC?C‡1�G�7?BJ2�1

•

982A4�2 @�B

M

�g�

� �

D

Ž

l

%

\ :iG‚< 1QCL@�BJ<SK�1�E

T

BVX�2�‡�2�B

B�G GHBq@#9=C:;UMVCS1�G�7�I�4HBq@�B

%

%��

�

c

�

@�BqCS1…< 1�;�1Q<�987?>VXwC?MQ987•Ÿ

�c{„}c�

� �

D

Ž

l

%

X~GHMQ4HC�;UMQ4�P)MQGHC�B�GH</MQE?B

@

1�98E?B

7:ES1�GHC:987?B�ED6=B/CD98G

@

MQE:2�1�7:9=MQGHCF9=C?C:4HB/CL@�B/C

B�D.E�F2G"H2D��

\

� 
�	H
�� ��� (�‹–
������ � �ƒ� ���"!+� � �

ZO1�GHCY</B�7:7?BN;�1�E:7:9=BVX+GHMQ4HCWGHBOGHMQ4HCF98G�7?>�E?B/CSC?MQGHCJI�4

W k

6•1

<

1�GH@�BA;�1QCSCS1�G�7?BA4�7:98689=C?>/BN;�1�EF6=B/CF<�689=B�G�7?C

�*EMD G�����H �

@�>

ƒ?k

</MQG�GHB/<�7?>/CN1�4ZCSB�E:P)B�4�E \

[

B�686=B54�7:98689=CS>/B5;�1�EJ6=B/CJ7:ES1�2�B/CO@�B[</MQG�GHB

•

9=MQG.X�<

W

B/C?7

…�k …

@#98E?BVX

6=MQE?CD@�BO6

W

1

<

MQG�GHB�2�B�G�7J1�4ˆC?B�E:P�9=</BO@

W

4�G•GHMQ4�P)B 1�4`<�689=B�G�7 XHB/C:7D;UMQGH<�7:4HB�686=BNB�7D@�MQGH<OGH>

T

689

T

B 1

<

6=BV\

;}6 ��1O@�B�4

• @

1

)

MQGHCe@�BL7:ES1�GHC:2�B�7:7:E?BF6=B/Cw< 1�E:7?B/Ce1�4

•

<�689=B�G�7?C \�S&1O;�E?B�2'9

>

E?BFB/C:7w@�BW6=B

@

1�98E?BWGHMQ2'98G�1

…

7:98P)B�2�B�G�7 XU<

W

B/C:7

…�k …

@#98E?B[I�4

W

4�GHBN7:ES1�2�B3@�BA@�MQG�GH>/B/CJ</MQG�7?B�G�1�G�7O4�GHB5< 1�E:7?B5C?B�ES1—1Q@#E?B/C?C?>/B

k

4�G…<�689=B�G�7

;�1�E:7:9=<�4�689=B�E \$S�1[@�B�4

•

9

>

2�BVX�6•13;�684HC

ƒ

4H@#9=<�9=B�4HCSBVX�4�7:98689=C?BJ6=BJ2�M�@�B��

D�� E���F E �2B

@�B/CL;�E?MQ7?M�</MQ6=B/C �

B�� H2D �!HAB

B�7

# �

\~j#1Q<SK�1�G�7�I�4

W k

4�G 2�‡�2�B—2�MQ2�B�G�7 X~4�GHB—< 1�E:7?B‚@�B�6

W

B�G�P�98E?MQG�GHB�2�B�G�7�B/C:739=@�B�G�7:9=I�4HBqI�4HB�6=I�4HB

C?MQ987D6=BA<�689=B�G�7 X�</BN2�M�@�BN@�BN7:ES1�GHC:2'9=C?C:9=MQG`;�B�E:2�B�7W@�BNG

W

B�G�P)M �)B�EOI�4

W

4�GHBO7:ES1�2�BNP)B�E?CD6

W

B�GHC?B�2

<

6=B3@�B/C

<�689=B�G�7?C$\

S&1

@

MQE:2A4�6=B

T

>�GH>�ES1�6=B[;UMQ4�EO< 1�6=<�4�6=B�EO6•1

<

1�GH@�B3;�1QC?C‡1�G�7?B[4�7:98689=C?>/B[B�G�7:E?B[6=B3C?B�E:P)B�4�EN@�B[< 1�E:7?B/COB�7

6

W

B�GHC?B�2

<

6=BA@�B/CD<�689=B�G�7?CWB/C:7

J

�

�

�

D

r

Ž��

'

‘

bqD

Ž

b

t

1 P)B/<

J

8,‘

b

X#6=BJGHMQ2

<

E?B5@

W

M

<�ƒ

B�7?CF@H1�GHCL6

W

B�G�P�98E?MQG�GHB�2�B�G�7 X

8
Ž

b

X#6•137S1�98686=BN@�B/CW@�MQG�GH>/B/CW;�MQ4�EL4�GˆM

<�ƒ

B�7 \

� 7:987:E?B[@

W

B

•

B�2';�6=BVXUB�G…;�E?B�G�1�G�7O‘

b

� {V�

B�7 �

�

M

�

XUC?MQ987F4�G…ES1

@

ES1"T•<?K�9=C?C?B�2�B�G�7N@�BA6•1�< 1�E:7?B57?MQ4�7?B/C

6=B/CNŸ ���[2'9868689=CSB/</MQGH@�B/C X�GHMQ4HCWM

<

7?B�GHMQGHC

J

�

�

M

� + r~}u{��

'

{V� + {gy�*ct"� ygy„}��V�

�

D

Ž

l

%

� y„}

D

M

�

� �

D

Ž

l

%

D

S.BOC���C:7

>

2�BJ@�BJ7:ES1�GHC:2'9=CSC:9=MQGq4�7:98689=C?>OB/C:7L4�GqE?>/C?B 1�4 �

B���H2D7� HAB

KHB�E:7��/9=B�G.\+j#1

<

1�GH@�BO;�1QC?CS1�G�7?BOB/C:7

@�B

MgM

���

D

Ž

l

%

\GZO1�GHCY6=B5;�98E?B5@�B/CY< 1QC XU1�6=MQE?CYI�4HBA</B5E?>/C?B 1�4…GHMQ4HCJB/C:7F@�>/@#9=>VX�C:9
GHMQ4HCWGHB3@#9=C:;UMVC:9=MQGHC

I�4HBY@�B

%

%��

�

c

�

@�BY</B�686=B

…

<�9^X�</B�6•15E?B�;�E?>/C?B�G�7?B�ES1�987WB�GH</MQE?B

MgM

{�*

� �

D

Ž

l

%

\#j�MQ987R4�GHB

<

1�GH@�BY;�1QC?CS1�G�7?BJGHMQ4HC

;UB�E:2�B�7:7S1�G�7'@

W

1�4

T

2�B�G�7?B�E'7:E

>

C56•1�E

T

B�2�B�G�7'6•1

@

E?>/I�4HB�GH</B�@�B�ES1

@

ES1"T•<SK�9=C?C?B�2�B�G�7�@�B�GHMVC[< 1�E:7?B/C5B�736=B

GHMQ2

<

E?B5@

W

M

<�ƒ

B�7?CWC:4�98P�9=C$\



���������
	��
�����
��������	�������	������������ �!�����"	��#������$ ���&%'�(�)��������*+���,	-��./����*+��01���

@up



� �������	��

� �

������������������� ������! " �#��$%��&'!)(*('!

/

GHB';�1�E:7A982';UMQE:7S1�G�7?B�@�B�6•1q</MQGH</B�;�7:9=MQGŒ@�B�6

W

1�;�;�689=< 1�7:9=MQG

�*EMD G�����H �

</MQGH</B�E:GHB�6=B�@�>�P)B�6=MQ;�;UB

…

2�B�G�7'@�B—C?MQGŒ98G

@

ES1QC:7:E:4H<�7:4�E?B—2�1�7?>�E:9=B�686=BV\':|686=B‚</MQ2';�E?B�GH@Œ6•1ˆ< 1�ES1Q<�7?>�E:9=C‡1�7:9=MQG˜@�B/C

<

B/C?MQ98GHC X�6

W

>�7:4H@�B

@�B/COC:;U>/<�9

n

< 1�7:9=MQGHCN@�B/CO>/I�4�98;�B�2�B�G�7?CAC?MQ4�K�1�987?>/C X�6•1‚C?>�6=B/<�7:9=MQG�@�B'</B�4

•�…

<�9|B�7N@�B36=B�4�E?C

@

MQ4�E:G�9=CSC?B�4�E?C \

S

W

B�GHC?B�2

<

6=BN@�BJ</B/CR7,+Q<?KHB/CD@�>�;�1QCSC?BY6=BY< 1Q@#E?BO@�BY6•13</MQGH</B�;�7:9=MQG•6=M

T

9=<�9=B�686=BO2�1�9=C

@

1�987R;�MQ4�E:7S1�G�7L;�1�E:7:9=B

@#4•I�4HMQ7:9=@#9=B�G•@�BJ6

W

98G

T

>�G�9=B�4�EWB�Gq98G

@

MQE:2�1�7:9=I�4HBV\ ;}6U@�MQ987DB�G•B

‚

B�7 XH1�4

…

@�B�6

k

@�BOCS15;�E?MQ;�E?BJ7?B/<?K�GHMQ6=M

T

9=BVX

‡�7:E?BDCS1�GHC•</B/C?C?BL< 1�;�1

<

6=BF@

W

1�;�;�E?>�KHB�GH@�B�Ee@�BLGHMQ4�P)B 1�4

•

@�MQ2�1�98GHB/C•@�BD</MQ2';U>�7?B�GH</BY1

n

G�@

W

‡�7:E?BD6=BD<?KHB

@

@

W

MQE?<?KHB/C?7:E?BA@�BO;�E?M

ƒ

B�7?CL;�684HC

T

6=M

<

1�4

•

\

ZO1�GHCR6=BJ< 1QCL@�B

�*EMD G�����H �

X#6=B/CR</MQG�G�1�9=C?CS1�GH</B/CD@�B�2�1�GH@�>/B/CW</MQGH</B�E:GHB�G�7D6

W

MQ;�7:9=I�4HBVX#6•15E?M

<

MQ7:9=I�4HBVX

6

W

>�6=B/<�7:E:9=<�987?>VXH6=BA@�B/C?C:98Gq98GH@#4HC:7:E:9=B�6&B�7W6•1[</M�MQE?@#98G�1�7:9=MQG…@�BN@#9

‚

>�E?B�G�7?CW</MQE:;HCD@�BN2�>�7:9=B�E \

= <.- ?0/9@
L21 O

�

C J

S

�9D

�

H FIC

S

W

1�;�;�689=< 1�7:9=MQG

�*EMD G�����H �

4�7:98689=C?BO6=BNC���C:7

>

2�BO@�BAC:4�98P�9�@�BN<�9

<

6=BN@�>�P)B�6=MQ;�;U>N;�1�ED6

W

>/I�4�98;�B

�9D �43 E

\

[

B�684�9

…

<�9OB/C:7�< 1�;�1

<

6=BZ@�Bˆ7:ES1/PV1�98686=B�E

k

;�1�E:7:98E‚@�BˆG

W

982';UMQE:7?B`I�4HB�686=B…C?MQ4�E?</BˆP�9=@�>/M�\�;n6F4�7:98689=C?Bˆ;UMQ4�E

</B�6•1�@�B/CF< 1�E:7?B/CF@

W

1Q</I�4�9=C:987:9=MQG…</MQ2';�1�7:9

<

6=B/CJ1 P)B/<N6=B/C

�MD �45 H2D �76	8	9

;�MQ4�EF6=BNC �#C:7

>

2�BmS098G�4

•

\ ZO1�GHCD6=B

< 1Q@#E?BW@�B

�*EMD G�����H �

X�GHMQ4HCw4�7:98689=C?B�E?MQGHCe@�MQGH<W@�B/Ce< 1�2�>�ES1QC•P�9=@�>/M�\�S.BD2�1�E?<SKH>FM

‚

E?BD6=BF<?KHMQ9

•

B�G�7:E?BF4�G

T

ES1�GH@[GHMQ2

<

E?BW@�B•2�M�@

>

6=B/C \

[

B�4

•�…

<�9#P)MQG�7w@�Be6•1Y< 1�2�>�ES1

27:<;I<

1QCSC?BeE?>/C?MQ684�7:9=MQG

ƒ

4HCSI�4

W

1�4

•

< 1�2�>�ES1QC

G�4�2�>�E:9=I�4HB/C[</MQ4�6=B�4�E?C[@�B�6•1

<

MQES1�7?MQ98E?BV\8S.B/C57:ES1/PV1�4

•

2�B�GH>/C[C:4�EN6•1•P�9=C:9=MQGŒC?MQG�73C?MQ4�P)B�G�7

<

1QC?>/C3C:4�E

6

W

>�7:4H@�B'@�B56•1�</MQ4�6=B�4�EO@H1�GHCJ6

W

982�1

T

BVXUGHMQ4HCY;UMQE:7?B�E?MQGHCO@�MQGH<5GHMQ7:E?B'<SKHMQ9

•

C:4�EY4�GHB[< 1�2�>�ES1‚</MQ4�6=B�4�E \

:|GˆMQ4�7:E?BVXH6=B/CL2�M�@

>

6=B/CFC?>�6=B/<�7:9=MQG�GH>/CW@�B�P�E?MQG�7W;�MQ4�P)MQ98E�‡�7:E?BAC ��GH<SK�E?MQG�9=CS1

<

6=B/C \

	���� ��� �  !�

�

�  !$ �����

�

� �>=>���#$

ZJB�;�4�9=C|I�4HB�6=I�4HB/C~7?B�2';HC XV@�B/C|< 1�2�>�ES1QC

k

7:ES1�GHC?2'9=C?C:9=MQG[G�4�2�>�E:9=I�4HBVXVE?B/C:;UB/<�7S1�G�7|6•1YGHMQE:2�B

#

� � �

…

Ÿ ž�� @HX)C?MQG�7•@#9=C:;UMQG�9

<

6=B/CwC?4�E|6=BL2�1�E?<?KH>V\

[

B/C|2�M�@

>

6=B/CwM

‚

E?B�G�7w4�GHBW@�>

n

G�987:9=MQG�@

W

982�1

T

BD982';UMQE:7S1�G�7?BYB�7

C?MQG�7J</MQ2';�1�7:9

<

6=B/C51/P)B/<36•1�;�684�;�1�E:7N@�B/CJC �#C:7

>

2�B/CJ@�MQG�7

/ � �@?BA

\aiF> 1�G�2�MQ98GHC$X+6•1�GHMQE:2�B

#

� � �

…

Ÿ ž�� @

@�ž



���������
	��
��� � �(���'�
�W��	����4��	����
� *+�
	����
� ��� �K�

@"@

GHBN;UB�E:2�B�7W;�1QCY@

W

4�7:98689=C?B�EJ@�B/CW689•1�9=CSMQGHCF@�BA;�684HCF@�B6@H\  '2

>

7:E?B/CYCS1�GHCW4�7:98689=CSB�EF@�BNE?>�;U>�7?B�4�E?C \

[

MQ2'2�B

GHMQ4HC~6=BeP)B�E:E?MQGHC XQ6

W

1�;�;�689=< 1�7:9=MQG

�*E"D G�����H �

4�7:98689=C?Be;�684HC:9=B�4�E?C~689•1�9=C?MQGHC|P�9=@�>/MJ@�B�p��YB�7wžV F2

>

7:E?B/C \

7

MQ4�E

@�B/CRES1�9=C?MQGHCR@�BJ</M���7LB�7R@�B

n

1

<

9868987?>VX#986�G

W

B/C:7L@�MQGH<Y;�1QCR;�MVC?C?9

<

6=BF@

W

4�7:98689=C?B�ED</BY7 ��;UBF@�BY7:ES1�GHC:2'9=CSC:9=MQG.\

iYMQ4HCW1/P)MQGHCF@�MQGH<O;�E:98P�986=>

T

9=>N6=B/CD< 1�2�>�ES1QC

k

7:ES1�GHC?2'9=C?C:9=MQG`1�G�1�6=M

T

9=I�4HBV\

	���� ��� �  !�

�

�  !$  �� ��� ��� =����#$

7

684HC?9=B�4�E?C|</MQG�7:ES1�98G�7?B/CwC?MQG�7

k

;�E?B�GH@#E?BRB�G[</MQ2';�7?Be;�MQ4�E
6=B•<SKHMQ9

•

@�B•6•1W< 1�2�>�ES1#\VS.Be2�M�@

>

6=B•<SKHMQ9=C:9

@�MQ9878‡�7:E?Bw4�7:98689=CS1

<

6=BeB�GAB

•

7?>�E:9=B�4�E \„;}6�@�MQ987�@�MQG�GHB�E
6•1R;UMVC?C:9

<

9868987?>w@�B•</MQG�7:E��Q6=B�E~C?B/C.;�1�ES1�2

>

7:E?B/C
98G�7?B�E:GHB/C

k

@#9=C:7S1�GH</BV\

[

B/<�9e;UB�E:2�B�7 X&;�1�E[B

•

B�2';�6=BVX~@�B

n •

B�E36

W

MQ4�P)B�E:7:4�E?B‚@�B�6

W

98E:9=C'1

n

GƒI�4HB�6=B/C3C���C:7

>

2�B/C3@�B

C:4�98P�9�@�B•<�9

<

6=B/C�GHB•C?MQ9=B�G�7~;�1QC�;�B�E:7:4�E

<

>/C�;�1�E
@�B/C
<?K�1�G

T

B�2�B�G�7?C|@

W

98G�7?B�GHC:987?>e684�2'98GHB�4HC?BL1�4�7?MQ2�1�7:9=I�4HB/C

98G�7?B�2';UB/C:7:9

@

C \

S.BJ2�M�@

>

6=BO<?KHMQ9=C?9

�	�

�

[

�#Ÿ �&B/C:7L@�B/C:7:98GH>

k

6•13P�9=@�>/M

…

C:4�E:P)B�98686•1�GH</BVX�986.B/C?7R</MQG

)

4ˆ;�MQ4�E

@

MQGH<�7:9=MQG�GHB�E

B�GƒB

•

7?>�E:9=B�4�E�B�GŒ4�7:98689=CS1�G�7[4�G

<

M�T=7:9=B�E[@�B�;�E?MQ7?B/<�7:9=MQG 7:KHB�E:2�MVC:7S1�7?>V\ ;}6•B/C:7[>/I�4�98;�>‚@

W

4�GHB�98G�7?B�E

@

1Q</B

C?>�E:9=B

k

6•1NGHMQE:2�B

3�
8…

@ �V O;UB�E:2�B�7:7S1�G�7L@�BY</MQG�7:E��Q6=B�ELC?B/C•;�1�ES1�2

>

7:E?B/C•98G�7?B�E:GHB/C

k

;�684HC:9=B�4�E?Ce</B�G�7S1�98GHB/C

@�BJ2

>

7:E?B/CD@�BN@#9=C?7S1�GH</BOB�Gq4�7:98689=CS1�G�7F6=BJ;�E?MQ7?M�</MQ6=BO@�>/<�E:987W@H1�GHC

�	�

�

[

�gp��n\E:|G

n

G.XH986UB/C?7D>/I�4�98;U>O@

W

4�GHB

B�G�7:E?>/BL@�BRC ��GH<?K�E?MQG�9=C‡1�7:9=MQG�B

•

7?B�E:GHBe;UB�E:2�B�7:7S1�G�7w@�BR</MQG�7:E��Q6=B�E|6=B•2�MQ2�B�G�7w@

W

1Q</I�4�9=C:987:9=MQG�@�B/C
982�1

T

B/C \

	���� � � �  �  !
 �

�

����$  �"��� � 	��#$ �

���

�#
 �����($ � ����� ��$

�

$

ZJB/C~< 1�ES1Q<�7?>�E:9=C:7:9=I�4HB/Ci@�B/C~M

<�ƒ

B/<�7:9

@

C
PQ1Y@�>�;UB�GH@#E?B•6•1Y</MQ4�P)B�E:7:4�E?BL@�B•;�1�E

-

98G

T

;�E:9=CSB•B�G'</MQ2';�7?Be;�1�E

6

W

1�;�;�689=< 1�7:9=MQG

�,EMD G ����H �

\c;}6�GHMQ4HC

@

1�4�7|7?MQ4�7i@

W

1

<

MQE?@�@�>�7?B�E:2'98GHB�Ee</B/C � MQGHB/C \gS&1J;�E?B�2'9

>

E?BDP)B�E?C:9=MQG�@�B

�*EMD G�����H �

B/C:7JC:987:4H>/B3C:4�EF6=B5;�1�E

-

98G

T

1�E:E:9

>

E?B3@�B36

W1#	203�#	-

\G:|G…E?B�;�E?B�G�1�G�7O6=B/CY;�6•1�GHCJ@�B3</MQGH</B�;�7:9=MQG

@#4

<

+�7:982�B�G�73B�75B�G B

‚

B/<�7:4�1�G�75@�B/C52�B/C:4�E?B/C5C:4�EN6=B�7?B�E:ES1�98G.X&GHMQ4HCA</MQG�G�1�9=C?CSMQGHCA6

W

B�GHC?B�2

<

6=B�@�B�C?B/C

@#982�B�GHC:9=MQGHC \$S&1

noT

4�E?B&@H\8ŸVX�;�E?>/CSB�G�7?BO4�GˆCS<?KH>�2�1'@�BN< �Q7?>A@#4q;�1�E

-

98G

T

>/I�4�98;U>N@�B

�*EMD G�����H �

\

v

Garage

850

Halle robotique

200

650

150

250

700

2200

243l5�7	@H\8Ÿ�8‚j�<SKH>�2�1�@#4•;�1�E

-

98G

T

X�P�4HBO@�BO< �Q7?>

iYMQ4HC—1 P)MQGHC

n •

>`6=B/C�< 1�ES1Q<�7?>�E:9=C?7:9=I�4HB/CqC:4�98PV1�G�7?B/C�;UMQ4�E�6

W

98G

@

ES1QC:7:E:4H<�7:4�E?BZ@�B

�*E"D G�����H �

C:4�E—6=B

;�1�E

-

98G

T

J



���������
	��
��� � �(���'�
�W��	����4��	����
� *+�
	����
� ��� �K�

@� 

8,6•1�K�1�4�7?B�4�EN@�B/CY;�MQ7?B 1�4

•

C:4�;�;UMQE:7S1�G�7J6=B/CO< 1�2�>�ES1QCOB/C:7

n •

>/B

k

@�B�4

•

2

>

7:E?B/C \

j

9=B�G…I�4HB3GHMQ4HC

C‡1Q<?K�9=MQGHCRI�4HBW6=B/C•< 1�2�>�ES1QCR@�MQ98P)B�G�7�‡�7:E?BF;�6•1Q</>/B/Ce6=BD;�684HC•K�1�4�7•;UMVC?C:9

<

6=BW;�MQ4�Ee68982'987?B�Ee6=B/C•B

‚

B�7?C

@�B•6•1€;UB�E?C:;�B/<�7:98P)BVXw986DGHMQ4HC‚1

@

1�68684,7:E?MQ4�P)B�E�4�G›</MQ2';�E?MQ2'9=C—B�G�7:E?B•4�G,E?>/C:4�687S1�7�9=@�> 1�6YB�7�6•1

;�ES1�7:9=<�987?>Z@�B/C�2�1�G�98;�4�6•1�7:9=MQGHC \4:|7S1�G�7q@H1�GHC—4�G,</MQG�7?B

•

7?BZ@�B`E?B/<?KHB�E?<SKHBVXR986FB/C:7

@

E?>/I�4HB�G�7q@�B

@�B�P)MQ98E—2�M�@#9

n

B�E—6=Bˆ;�MVC?987:9=MQG�GHB�2�B�G�7•@�B/C—< 1�2�>�ES1QC \�S.B�4�E‚1Q</<

>

C‚@�MQ987 ‡�7:E?B

@

1Q<�986=B…B�7�GHB`;�1QC

;UMVC?B�ED@�BJ;�E?M

<

6

>

2�B/CY@�BOC?>/<�4�E:987?>V\

8,6=B‚<SK�1�2';˜@�B�P�9=C:9=MQGƒP)B�E:7:9=< 1�6D@�B—6•1ˆ< 1�2�>�ES1€1�E:E:98P)B

k

4�GHB—K�1�4�7?B�4�E�@�B…ŸVX  �2 1�4ƒG�98P)B 1�4˜@#4

T

1�ES1

T

BV\

[

B/<�9W;UB�E:2�B�7�6•1Š@�>�7?B/<�7:9=MQG›@�B/C�;UB�E?C?MQG�GHB/C�MQ4›@�B/C�P)>�K�9=<�4�6=B/C‚>�P)MQ684�1�G�7—6=B•6=MQG

T

@�B

</B�684�9

…

<�9^X

8,GHMQ4HCAB

•

<�684HMQGHCA4�GHB

<

1�GH@�B�@�B p#X  —2

>

7:E?B/C5@�B'6•1�E

T

BVX06=B'6=MQG

T

@�B[6•1qK�1�686=B'E?M

<

MQ7:9=I�4HBVX.I�4�9iB/C:7

< 1Q<SKH>/BN;�1�EL4�G`1�4�P)B�G�7 \

� ;�1�E:7:98E‚@�Bˆ</B/C‚@�MQG�GH>/B/C X•GHMQ4HC�< 1�6=<�4�6=MQGHC—6

W

1�G

T

6=B…@�BˆP�9=C:9=MQG P)B�E:7:9=< 1�6Y2'98G�984�2

’��

@�B/C—< 1�2�>�ES1QC

98GHC:7S1�686=>/B/CFC:4�EL6•13K�1�686=BOE?M

<

MQ7:9=I�4HB

J

’
�

�

•

�

‘

l

%

r

{g{V�g�

|

�g�

t

/

•

�

‘

l

%

r

{gyV�

�gyV�

t

�

ygy�s

�

*

�

D

�,;�1�E:7:98E•@�B

’
�

B�7iB�G�1 ��1�G�7e</MQG�G�1�9=C?CS1�GH</BW@�BR6•1N@#982�B�GHC:9=MQG�@�B/Ci< 1�;�7?B�4�E?C•@�BLGHMVCi< 1�2�>�ES1QC X�GHMQ4HC

;UMQ4�P)MQGHCW@�>�7?B�E:2'98GHB�EW6•136=MQG

T

4HB�4�E

@

M�< 1�6=BO@�B/CDM

<�ƒ

B/<�7:9

@

C

k

4�7:98689=C?B�E \

�—*��+�Š*)� �Q
%�`���…‹�	€()	H��*��"	

S&1

noT

4�E?B&@H\ p[E?B�;�E?>/C?B�G�7?BN6=BOC?<SKH>�2�1'< 1�ES1Q<�7?>�E:9=C:7:9=I�4HBA@�BO6•1

T

>/MQ2�>�7:E:9=B5@

W

4�GHBN< 1�2�>�ES1#\

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

f

h

Capteur CCD
Lentille

Centre optique

v

243l547	@H\ p 8	�J>/MQ2�>�7:E:9=BN@�BO6•1[< 1�2�>�ES1

S&1�6=MQG

T

4HB�4�E

@

M�< 1�6=B �€B/C?7W6•1�@#9=C:7S1�GH</BAB�G�7:E?B56=BA;�6•1�G…@�BA;�E?M

ƒ

B/<�7:9=MQG.X+9=<�9
6=BA< 1�;�7?B�4�E

( (�


XHB�7Y6=B

</B�G�7:E?B‚MQ;�7:9=I�4HB�@�B�6

W

M

<�ƒ

B/<�7:9

@

\(S.B/C5ES1 �)MQGHC[684�2'98GHB�4

•

;�1QC?C‡1�G�73;�1�E56=B�</B�G�7:E?B‚MQ;�7:9=I�4HB�GHB—C?MQG�73;�1QC



���������
	��
��� � �(���'�
�W��	����4��	����
� *+�
	����
� ��� �K�

@ �

@�>�P�9=>/CL;�1�ED6=B/CL6=B�G�7:98686=B/CF@�BJ6

W

M

<�ƒ

B/<�7:9

@��

\

S

W

>/I�4�1�7:9=MQG

N

@H\8Ÿ O|GHMQ4HC|;UB�E:2�B�7•@�BD< 1�6=<�4�6=B�Ei6•1O6=MQG

T

4HB�4�E

@

M�< 1�6=B

k

4�7:98689=CSB�E

k

;�1�E:7:98E•@�BD6•1JK�1�4�7?B�4�E

� @�BJGHMQ7:E?BN< 1�;�7?B�4�E

[�[

Z

J

�

�

�

{

D������
	��

+

D N

@H\8Ÿ O

S.BN7S1

<

6=B 1�4 @H\8ŸOGHMQ4HCLE?B�GHC?B�9

T

GHB5C:4�EL6=B/CD@#982�B�GHC:9=MQGHCF@�B/CD< 1�;�7?B�4�E?CD6=B/CD;�684HCW</MQ4�ES1�G�7?C$\

[

1�;�7?B�4�E � � •

Ÿ

!

ž

W

@H\ �[2'2 ž#\ �'2'2 �#\ �32'2

Ÿ

!

p

W

�#\ @�2'2 @H\ �'2'2 �#\ �32'2

p

!

ž

W

�#\ �[2'2 ��\ p'2'2 Ÿqp#\ �[2'2

� � 	 7#@H\8Ÿ�8&ZY982�B�GHC:9=MQGHCF@�B/CD< 1�;�7?B�4�E?CW</MQ4�ES1�G�7?C

•

G�E?B�2�1�E?I�4HBYI�4HBD6•1O6=MQG

T

4HB�4�ER@�B/C•@#9•1

T

MQG�1�6=B/CR@�MQG�GH>/B/C•GHBW</MQE:E?B/C:;UMQGH@�;�1QC

k

6•1A@�>�GHMQ2'98G�1�7:9=MQG

@�B/CD< 1�;�7?B�4�E?CY@�MQG�GH>/BAB�Gq;UMQ4H</BV\o;}6

@

1�4�7DC‡1/P)MQ98EFI�4HBO</B�7:7?BA@�>�GHMQ2'98G�1�7:9=MQG…B/C:7D4�GHBOPV1�6=B�4�ED7:KH>/MQE:9=I�4HB

B�7DI�4HBO6•1[C:4�E

@

1Q</BO4�7:986=BOB/C:7D7?MQ4

ƒ

MQ4�E?CL;�684HCD;UB�7:987?BV\

� ;�1�E:7:98EA@�B/C5C:;�>/<�9

n

< 1�7:9=MQGHC3@�B'6•1q< 1�2�>�ES1

�	�

�

[

�#Ÿ �•B�75B�G 1�;�;�689=I�4�1�G�756

W

>/I�4�1�7:9=MQG

N

@H\8Ÿ O¡X&GHMQ4HC

;UMQ4�P)MQGHCW@�>�7?B�E:2'98GHB�EW6•136=MQG

T

4HB�4�E

@

M�< 1�6=B

k

4�7:98689=C?B�E

J

�

�

}

D

�

{

D������
����� ���

+

��}

D

y

Mh# #

D

;}6

@

1�4�7‚CS1/P)MQ98E‚I�4HB`6=B/C‚M

<�ƒ

B/<�7:9

@

C‚M

‚

ES1�G�7‚4�G,7?B�6O1�G

T

6=BZ@�BˆP�4HB`CSMQ4

‚

E?B�G�7 XeB�G

T

>�GH>�ES1�6^XR@

W

4�GHB

982';UMQE:7S1�G�7?BA@#9=C?7?MQE?C:9=MQGˆMQ;�7:9=I�4HBV\

[

B�686=B

…

<�9&C?B�ES1'</MQE:E:9

T

>/BN;�1�ED6=BJ6=M

T

9=<�9=B�6^XHP)MQ98ED6•13;�1�E:7:9=B5ž#\ ž#\ p#\

	���� �
	 �  !� ��	� ����� � 	��#$ 
� !�� 
 �

�

� � $ ���>=>���#$ 
� ��
 ���

�

�#$

�

n

G @�B�PQ1�689=@�B�E56=B/CA< 1�ES1Q<�7?>�E:9=C:7:9=I�4HB/C[@�B/C5M

<�ƒ

B/<�7:9

@

C$X0GHMQ4HC31 P)MQGHC3E?> 1�689=C?>�4�GHB�2�M�@�>�689=CS1�7:9=MQGƒB�G

7:E?MQ9=CL@#982�B�GHC:9=MQGHCL@#4‚;�1�E

-

98G

T k

6

W

1�9=@�BO@#4‚6=M

T

9=<�9=B�6

- (�� 
 �

;}G�9 �Vž
�n\�S&1

noT

4�E?B @H\ ž3GHMQ4HCe;�E?>/C?B�G�7?BJ4�GHB

P�4HB

T

>�GH>�ES1�6=BA@#4q;�1�E

-

98G

T

>/I�4�98;U>N@�BO@�B�4

•

< 1�2�>�ES1QCWC?4�EL6=B�4�EWC:4�;�;UMQE:7 \

S.B56=M

T

9=<�9=B�6~@�BN2�M�@�>�689=CS1�7:9=MQGZGHMQ4HCW;UB�E:2�B�7Y@�BA;�6•1Q</B�EF6•1�< 1�2�>�ES1�P�98E:7:4HB�686=B3B�Gˆ689=B�4ZB�7W;�6•1Q</B3@�B/C

< 1�2�>�ES1QCDE?>/B�686=B/CFB�7D@�B

@

1�98E?BJPQ1�E:9=B�EWCSMQGˆ1�G

T

6=BN@�BOP�9=C:9=MQGqKHMQE:9 � MQG�7S1�6

’

�
\

:|G`CS1Q<?K�1�G�7FI�4HBJ6=BJES1�;�;�MQE:7����

;��

���

;

�

�

�

#

���

;

@�B/CD< 1�;�7?B�4�E?CWB/C?7W@�B

e

.

X#6=BO;�1QC?CS1

T

BO@�B

’��

k

’

�
C?B

@

1�987L;�1�E

6

W

>/I�4�1�7:9=MQG

J

’

�

�

�����

l

%

}�+

�����

’
�

x

D

���! #"�$&%('*)�+-,�.�/102 &354-,�37680*+9"�3�:;4�0=<>+-3?"�'*)�3@+-'� A'�B>"�+�CEDF,G<F%�HE+-,G4-,�37)�0�IJ'* &35BK0*3@3�02 J"�BK0�)L4-,GM�,� J"@)�,G'�B>"�+�CEDF,�.KN7'�DF37 PO ,( 

"�,� F'� &3QB&0*3RM�'*STBF"�,�+-M�+UM�02)54-,�3QM�'� F3?"@)�D&M("�,(DF)�3Q4VO +- J"�W�X2)�,� J"L<F0* F3R4�,1M�0*4-M�D&4Y<F,�4�0Z4-'� FX�DF,�DF)Q68'JM�0*4-,[<F,14-,�DF)�3Q'*\>]^,�M("�+9683�.



���������
	��
��� � �(���'�
�W��	����4��	����
� *+�
	����
� ��� �K�

@ �

2436547	@H\ ž98 ?`M�@�>�689=CS1�7:9=MQG`ž Z @#4q;�1�E

-

98G

T

>/I�4�98;�>O@�B

7

1�E

-

�Y9=B��

@H1�GHCWGHMQ7:E?BN< 1QC

J

’

�

�

�����

l

%

} +

�����

ygy

D

�

*

x

� *gx

�

D

S&1

noT

4�E?B&@H\ @�2�MQG�7:E?BA6=BJE?>/C:4�687S1�7W@�BO6•1[C?982A4�6•1�7:9=MQGˆ;UMQ4�EL4�G`1�G

T

6=B

’

�

� *gx

�V\

[

B�7:7?BNC?982A4�6•1�7:9=MQG`@�MQG�GHB

k

6

W

982�1

T

BO6=BOE?>/C:4�687S1�7FC?MQ4�K�1�987?>V\

= <�� �

S

B9J O�� D��/C D

��PQ1�G�7FI�4HBN6

W

98GHC:7S1�686•1�7:9=MQGZ@�B

�,EMD G ����H �

C?4�ED6=BN;�1�E

-

98G

T

@�BA6

W1#	203�#	-

C?MQ987WB

‚

B/<�7:98P)BVX+GHMQ4HCY1 P)MQGHC

2'9=CLB�Gq;�6•1Q</BJ4�G

<

1�GH<O@�BJ7?B/C:7 X#P�9=C:9

<

6=BJC:4�ER6•1

noT

4�E?B @H\  #\

[

B�684�9

…

<�9�1[>�7?>YE?> 1�689=C?>

k

6

W

>/<?KHB�686=BVX�<

W

B/C:7

…�k …

@#98E?BVXUI�4HB56=B5;�MVC:987:9=MQG�GHB�2�B�G�7N@�B/CJ< 1�2�>�ES1QCN1�98GHC:9�6=B�4�EJMQE:9=B�G�7S1�7:9=MQGŠE?B/C:;�B/<�7?B56=B/CY;�1�ES1�2

>

7:E?B/CJ;�E?>/</>

…

@�B�2'2�B�G�7Y@�>

n

G�9=C \

S&1

noT

4�E?B @H\ �[E?B�;�E?>/C?B�G�7?BA6=B/CW<?K�1�2';HCY@�BOP�9=C?9=MQGˆ@�B/CW< 1�2�>�ES1QCW;�E?M

ƒ

B�7?>/CFC:4�ED6=BO;�6•1�Gˆ@#4

<

1�GH<A@�B

7?B/C:7 \cS&B

T

E:98686=BW@�BD< 1�689

<

ES1�7:9=MQG—B/C:7i;�6•1Q</>/BD@H1�GHCw6•1 � MQGHBW@�BDP�9=C:9=MQG�</MQ2'254�GHBW;UMQ4�Ei6=B/Cw7?B/C:7?Ci@�B

@

4HC:9=MQG

@�BN@�MQG�GH>/B/C \

S.B/CF@�B�4

•

982�1

T

B/CF@�BJ6•1

noT

4�E?B&@H\ �[@�MQG�GHB�G�7W4�Gˆ1�;UB�E

)

4ˆ@�B/CL;UMQ98G�7?CF@�BJP�4HBN@�B/CW< 1�2�>�ES1QC \



���������
	��
��� � �(���'�
�W��	����4��	����
� *+�
	����
� ��� �K�

@ �

2436547	@H\ @�8‚j�982A4�6•1�7:9=MQG€ž Z @�BO6•13P�4HBO@#4•;�1�E

-

98G

T k

;�1�E:7:98EW@

W

4�GHBA< 1�2�>�ES1[;UMQ4�E

’

�

� *gx

�

2436547	@H\  98

j

1�GH<N@

W

B/C?CS1�9

7

1�E

-

�Y9=B��



���������
	��
��� � �(���'�
�W��	����4��	����
� *+�
	����
� ��� �K�

@ �

100

60Champ de vision

calibration

Caméra 1 Caméra 2

Zone de
vision

commune

Champ de vision

Limite champ de vision
caméra 1

Limite champ de vision
caméra 2

caméra 1 caméra 2

Grille de

2436547	@H\ �98

[

K�1�2';HCW@�BNP�9=C:9=MQG•@�B/CW< 1�2�>�ES1QCWC:4�ED6=B

<

1�GH<A@�BJ7?B/C:7

[

1�2�>�ES1 p

[

1�2�>�ES1qŸ

243l547	@H\ �)8

7

MQ98G�7?CF@�BJP�4HBO@�B�;�4�9=CD6=B/CD< 1�2�>�ES1QCF@#4

<

1�GH<N@�BJ7?B/C:7



���������
	��
��� � �(���'�
�W��	����4��	����
� *+�
	����
� ��� �K�

 ��

= <(; ����H9L�� �

Y

�/B�D O1H����4DML

Y

�/B�D

	�� � ��� � � ��
��	
������ � 	�� $ 
*� �"�	 ���

S

W

98G

@

ES1QC:7:E:4H<�7:4�E?B

�*E"D G�����H �

4�7:98689=C?B—@�B/C5;�MQ7?B 1�4

•

C?4�;�;�MQE:7S1�G�736=B/C3< 1�2�>�ES1QC \

7

684HC36=B/C3< 1�2�>�ES1QC

C?MQG�7e;�6•1Q</>/B/CLB�G—K�1�4�7?B�4�E X#2�MQ9=Ce6=B/CRB

‚

B�7?CR@�BF6•1A;UB�E?C:;UB/<�7:98P)BW98G
	H4HB�GH</B�G�7D6=BYC:4�98P�9U@�B/CRM

<�ƒ

B�7?C$\�iY> 1�G

…

2�MQ98GHC X�GHMQ4HC31 P)MQGHC3P�4ŒI�4HB�6=B/C5< 1�2�>�ES1QC[@�MQ98P)B�G�7 ‡�7:E?B‚1Q</</B/C?C:9

<

6=B/C

@

1Q<�986=B�2�B�G�7 \(iYMQ4HC[1/P)MQGHC[@�MQGH<

MQ;�7?>O;UMQ4�EL4�GHBOK�1�4�7?B�4�EF@�BO@�B�4

•

2

>

7:E?B/CW1

n

G`@

W

�‚1Q</</>/@�B�EYCS1�GHCD>/I�4�98;�B�2�B�G�7?CD;�1�E:7:9=<�4�689=B�E?C \

S&1

noT

4�E?B*@H\ �Y;�E?>/C?B�G�7?BD6=BL;�6•1�G�1 ��1�G�7•C?B�E:P�9

k

6•1

@

1

<

E:9=< 1�7:9=MQG�@�B/C|;�MQ7?B 1�4

•

\

[

B�4

•�…

<�9�C?MQG�7i>/I�4�98;U>/C

@

W

4�GHBOB�2

<

1QCSBO< 1�E:E?>/BY@�B

n •

1�7:9=MQG•1�4‚7?MQ987D@�BF6•15K�1�686=BYE?M

<

MQ7:9=I�4HBV\ ;}6=CR@#9=C:;�MVCSB�G�7D@

W

4�GHBY;�6•1�7:98GHBJKHMQE:9

…

� MQG�7S1�6=B

k

6=B�4�EiC?MQ2'2�B�7|@�B/C:7:98GH>/B

k

E?B/</B�P)MQ98Ei@�B/C|>/I�4�98;�B�2�B�G�7?C \gS

W

>/I�4�98;�B��

�B5 �

1F;�E?>�P�4'@

W

�598GHC:7S1�686=B�E

4�GHB3< 1�2�>�ES1�MQE:9=B�G�7S1

<

6=B

7

1�G

!

�R98687N@�B/C:7:98GH>/B'1�4

•

E?B/<SKHB�E?<?KHB/CNC:4�EF6=B5C?4�98P�9�ES1�;�;�E?M�<SKH>3@�B3<�9

<

6=B/C \0j�4�E

<?K�1QI�4HBO;UMQ7?B 1�4.X�4�GHBN< 1�2�>�ES1'B/C?7

n •

>/B

k

6

W

1�9=@�BA@

W

4�Gˆ</MQ68689=B�E XH6=BJ6=MQG

T

@#4`< ��6898GH@#E?BO;�E:98GH<�98;�1�6^\

400

150

10

2000

400

250

Platine équipements Embase de fixation

243l5�7	@H\ �98‚j�<SKH>�2�1�@�B/CD;UMQ7?B 1�4

•

C:4�;�;�MQE:7S1�G�7W6=B/CD< 1�2�>�ES1QC

	�� � ��� � � �����#
 ��� =����


����~‹%���'!&
���*����

[

K�1QI�4HBJ;�MQ7?B 1�4•B/C?7R>/I�4�98;U>O@�BO<�98GHI�</MQG�GHB

•

9=MQGHCLP�9=@�>/M�\EZJB�4

•

C?MQG�7L4�7:98689=C?>/B/CD;�MQ4�EL6=BY7:ES1�GHC:;UMQE:7

@�B/CL982�1

T

B/C X+@�B�4

•

1�4�7:E?B/CFC?MQG�7W4�7:98689=C?>/B/CD;UMQ4�ED6•1[C ��GH<?K�E?MQG�9=CS1�7:9=MQG.\aS&1'@�B�E:G�9

>

E?BAB/C:7D4�GHBN</MQG�GHB

•

9=MQG

@�BNC?B/</MQ4�E?CD4�7:98689=C?>/BNB�G•< 1QCW@�BO@�>

@

1�98686•1�GH</BA@�BJ6

W

4�GHBA@�B/CDI�4�1�7:E?BN;�E?B�2'9

>

E?B/C \

� ;�1�E:7:98EW@�B/CL;�6•1�GHCF@#4

<

+�7:982�B�G�7 X�6=B/CL6=MQG

T

4HB�4�E?CWC:4�98PV1�G�7?B/CFMQG�7D;�4	‡�7:E?BN@�>�7?B�E:2'98GH>/B/C

J

8  [< +

<

6=B/CF</M)1

•

9•1�4

•

�Q 

•

K�2�CF@�BNžV [2

>

7:E?B/C X

8  [< +

<

6=B/CF</M)1

•

9•1�4

•

�Q 

•

K�2�CF@�Bmp��[2

>

7:E?B/C \

�

�	H
�� ���&���
�ˆ(��+�Š�Š	H�&�
�

[

K�1QI�4HBA;UMQ7?B 1�4`B/C?7F>/I�4�98;�>5@�BA7:E?MQ9=CY@�MQ4

<

6=B/CW;�1�98E?B/CY7?MQE?CS1Q@�>/B/CF;UMQ4�EW6=B/CF689•1�9=C?MQGHC

3�
\…

@ �V #\3;n6��

B�G`134�GHBO;�1�ED< 1�2�>�ES1�1�98GHC:9.I�4

W

4�GHBNB�G•C?B/</MQ4�E?C XHCSMQ987

J

8 ž[< +

<

6=B/CF@�MQ4

<

6=B/CD;�1�98E?B/CL7?MQE?C‡1Q@�>/B/CW@�BAžV 32

>

7:E?B/C X



���������
	��
��� � �(���'�
�W��	����4��	����
� *+�
	����
� ��� �K�

 #Ÿ

8 ž[< +

<

6=B/CF@�MQ4

<

6=B/CD;�1�98E?B/CL7?MQE?C‡1Q@�>/B/CW@�B p��32

>

7:E?B/C \

� 
�	H
�� ���&���F�! ����Q�&���

S.B/CY;UMQ7?B 1�4

•

C?MQG�7Y>/I�4�98;�>/CF;UMQ4�E ‡�7:E?B3E?B�689=>/CY1�4…E?>/C?B 1�4Z@�BA6

W1#	2:3�#	-

B�GˆP�4HB5@�B56

W

4�7:98689=CS1�7:9=MQG€@�B

@

4�7:4�E?C&>/I�4�98;�B�2�B�G�7?C \ ;}6�B

•

9=C:7?BiB�G3B

‚

B�7 X"MQ4�7:E?Bi6=B/C.GHMQ4�P)B�686=B/C~< 1�2�>�ES1QC

k

7:ES1�GHC:2'9=CSC:9=MQGAG�4�2�>�E:9=I�4HBVX�@�B/C

>/I�4�98;�B�2�B�G�7?C
@#9=C?;�MVCS1�G�7
@�B•C?B�E:P)B�4�E

&)(���� # �

98G�7?B�E:GHBe< 1�;�1

<

6=Be@�B•2�B�7:7:E?B

k

@#9=C:;�MVC?987:9=MQG5@#98E?B/<�7?B�2�B�G�7

C:4�Eq6=BZE?>/C?B 1�4 @�B/Cq98G

@

MQE:2�1�7:9=MQGHC$\"ZO1�GHC•6=B

@

4�7:4�E XRGHMQ4HC•;UMQ4�E:E?MQGHCˆ1�98GHC:9N;�986=MQ7?B�E•6=B/Cˆ< 1�2�>�ES1QCˆB�G

C

W

1Q@#E?B/C?C‡1�G�7

k

6=B�4�EWCSB�E:P)B�4�ED98G�7?B�E:GHBV\

�

n

G�@�B3;�E?>�;�1�E?B�ENGHMQ7:E?B[98G

@

ES1QC?7:E:4H<�7:4�E?B

k

</B/CO>/I�4�98;UB�2�B�G�7?C XUGHMQ4HC51/P)MQGHCN@�MQ7?>'<SK�1QI�4HB[;UMQ7?B 1�4

@

W

4�GHBO689•1�9=C?MQGˆE?>/C?B 1�4ˆC?MQ987

J

8 ŸO< +

<

6=B �

B���H2D7� HAB

@�BNžV [2

>

7:E?B/C$X

8 ŸO< +

<

6=B �

B���H2D7� HAB

@�Bmp��[2

>

7:E?B/C$\

�—‹�
–�Š����� 	#�$
��+�

[

K�1QI�4HBO;UMQ7?B 1�4ˆB/C:7W1�68982�B�G�7?>5B�G	pgp��$� ;�MQ4�ED6

W

B�GHCSB�2

<

6=BA@�BOCSB/CD>/I�4�98;UB�2�B�G�7?C$\

�
	�� � 	����…�
����( ���~‹����

S.B•;�1QC?CS1

T

B•@�B/C�< +

<

6=B/C

k

7:ES1/P)B�E?C�6=B‚7?MQ987�@�B‚6•1€K�1�686=BqE?M

<

MQ7:9=I�4HBˆB/C?7�1QC?C:4�E?>‚;�1�E�@�B/C�</MQ6=C�@�B

< �

T

GHB/C5I�4�9e1QC?C?4�E?B�G�736

W

>�7S1�GH<?KH>�987?>VX
P)MQ98E

noT

4�E?B @H\ �#\8S&B�4�E3@#9•1�2

>

7:E?B�;�B�E:2�B�7[@

W

>�7?B�GH@#E?B

@

1Q<�986=B�2�B�G�7

�*EMD G�����H �

;�1�EL6

W

1Q@

ƒ

MQGH<�7:9=MQG•@�BYGHMQ4�P)B 1�4

•

< +

<

6=B/C \ S

W

4�7:98689=CS1�7:9=MQG•@�BO@�B�4

•

</MQ6=CL@�BJ< �

T

GHBF;UB�E:2�B�7D@�B

C?>�;�1�E?B�EY6=B/CW689

T

GHB/CJ@�B3@�MQG�GH>/B/C

N

</MQ4�ES1�G�7

@

1�9

<

6=B OW@�B/CO1�68982�B�G�7S1�7:9=MQGHC

N

</MQ4�ES1�G�7

@

MQE:7 OW1

n

G…@�B568982'987?B�E

6=B/CL;UB�E:7:4�E

<

1�7:9=MQGHCF>�6=B/<�7:E:9=I�4HB/C \

100 mm

�����

�����

�����

�����

�����

	�	�	

	�	�	

	�	�	

	�	�	

	�	�	


�
�
�
�
�



�
�
�
�
�



�
�
�
�
�



�
�
�
�
�



�
�
�
�
�


�����������

�����������

�����������

�����������

�����������

�������������

�������������

�������������

�������������

�������������


�
�
�
�
�



�
�
�
�
�



�
�
�
�
�



�
�
�
�
�



�
�
�
�
�


�������������

�������������

�������������

�������������

�������������

�������������

�������������

�������������

�������������

�������������

�����������

�����������

�����������

�����������

�����������

�����������

�����������

�����������

�����������

�����������

Toit de la halle robotique

2436547	@H\ �98

[

MQ6=CD@�BN< �

T

GHB



���������
	��
��� � �(���'�
�W��	����4��	����
� *+�
	����
� ��� �K�

 gp



� �������	��

� �

� $�� !)(������ !%" !%� ��� (���	�&*� &'!)(*�

[

BY<?K�1�;�987:E?BOB/C:7R</MQGHCS1Q<�E?>

k

6

W

98G

@

ES1QC:7:E:4H<�7:4�E?BY6=M

T

9=<�9=B�686=BO@�BF6

W

1�;�;�689=< 1�7:9=MQG

�*EMD G�����H �

\

[

B�686=B

…

<�90B/C:7

@#98P�9=C?>/BOB�Gˆ@�B�4

•

;�1�E:7:9=B/C

J

6=BO;�1�ES1�2�>�7:ES1

T

B5B�7D6

W

B

•

;�6=MQ987S1�7:9=MQG.\

S

W

B�GHCSB�2

<

6=BJ@�B/C•@�>�P)B�6=MQ;�;UB�2�B�G�7?CRMQG�7e>�7?>WE?> 1�689=C?>/C•B�G

(�
�
 �

j�7:E ���
��B�G�C

W

1Q@

ƒ

MQ9

T

G�1�G�7e@�B/C

<

9

<

689=M

…

7:K

>

I�4HB/CA7?B�686=B/C3I�4HB�


/ &�� �

j :ej �gp
�•;UMQ4�EA6•1

T

B/C:7:9=MQGŒ@�B�6

W

98G�7?B�E

@

1Q</B

T

ES1�;�K�9=I�4HBVX��

E�� ��E�9 �

;UMQ4�EA6=B

7:ES1�987?B�2�B�G�7Y@

W

982�1

T

B/C

�

?…<�S ���
�nXH1�98GHC?9.I�4HB

�

��MQ4 �#Ÿ �.;�MQ4�EW6•1

T

B/C:7:9=MQGˆ@�B/C

n

<SK�9=B�E?C�� �

/

\

[

BO<SK�1�;�987:E?BO4�7:98689=C?BJ6=B

@

MQE:2�1�689=C?2�B�� �

/

;UMQ4�EDC?B/CLC?<SKH>�2�1QCD@�MQG�7DMQGq7:E?MQ4�P)B�ES1'4�GHBO@�B/C?<�E:98;�7:9=MQG

@H1�GHC

�

� S ����X �|j �����n\

ZO1�GHC�4�GHBˆ;�E?B�2'9

>

E?B…;�1�E:7:9=BVX•GHMQ4HC�;�E?>/C?B�G�7?MQGHC—6

W

1�E?<?K�987?B/<�7:4�E?B

T

6=M

<

1�6=BZ@#4 6=M

T

9=<�9=B�6

�*EMD G�����H ���

iYMQ4HCi98G�7:E?M�@#4�98E?MQGHCeB�GHC:4�987?BD6=B/Ci</MQGH</B�;�7?C•;�1�E:7:9=<�4�689=B�E?CR@�BDC?MQG�;�1�ES1�2�>�7:ES1

T

BYB�G�@�>/<�E:98PV1�G�7•6

W

98G�7?B�E

@

1Q</B

T

ES1�;�K�9=I�4HB�E?> 1�689=C?>/B';�4�9=CN6=B'2�M�@#4�6=B������ �

6"!�#%$�&(' '

2�M�@�>�689=CS1�G�756=B/CAC:7:E:4H<�7:4�E?B/C5@�B�@�MQG�GH>/B/C \��F;�E

>

C

1/P)MQ98E•@�>/<�E:987|6

W

1�E?<?K�987?B/<�7:4�E?BWB�7|6=B/C~;�1�E:7:9=<�4�6•1�E:987?>/Ce@#4[;�1�ES1�2�>�7:ES1

T

BW@#4

B�D.E�F2GMHAD�� D �43 E

X�GHMQ4HCi@�>�7S1�98686=B

…

E?MQGHC|6=Be2�M�@#4�6=B)����� �

6"!�#%$ *

�

',+(#

�

6

E?> 1�689=CS1�G�7

k

6•1

@

MQ9=C~6•1

@

4HC:9=MQG�@�B/C|@�MQG�GH>/B/C•B�7~6=BLC?B�E:P)B�4�Ei@�BL< 1�E:7?BV\

:|G

n

G.X�GHMQ4HCF@�>/<�E:98E?MQGHCD4�G•7?B/C?7D@�B

@

4HC?9=MQG•B

‚

B/<�7:4H>V\

��<.- - F J /1L D��/JKDMH F �/.

Q

@ �

S"Q

�

S

W

1�;�;�689=< 1�7:9=MQG

�,EMD G ����H �

1�>�7?>AP)MQ4�684HB52�M�@#4�6•1�98E?B5@H1�GHCJCS1�</MQGH</B�;�7:9=MQG.\aS�1

noT

4�E?B[ #\8ŸN;UB�E:2�B�7

@�BDC

W

B�G�E?B�GH@#E?BW</MQ2';�7?BFB�G�;�E?>/C?B�G�7S1�G�7•6

W

B�GHCSB�2

<

6=BY@�B/Cw@�>�;UB�GH@H1�GH</B/C•B�G�7:E?BW6=B/Cw2�M�@#4�6=B/C \uS.BWC?<SKH>�2�1

C?>�;�1�E?BO6=B/CW@�>�P)B�6=MQ;�;�B�2�B�G�7?CW;�E?MQ;�E?B/C

k �*EMD G�����H �

@�B/CW1�4�7:E?B/CW2�M�@#4�6=B/CW4�7:98689=C?>/C \

7

684HC?9=B�4�E?C�ES1�9=C?MQGHC�MQG�7�2�MQ7:98P)>•</B�7:7?B•</MQGH</B�;�7:9=MQG.\ ZF4 ;�MQ98G�7�@�BqP�4HBq@#4

T

>�G�9=B•6=M

T

9=<�9=B�6^X|986DB/C:7

<

B 1�4H</MQ4�;`;�684HCYC:982';�6=B3@�BA</MQGH</B�P)MQ98EJB�7Y@�BA2�B�7:7:E?B5B�G`;�6•1Q</BA4�GHB31�E?<?K�987?B/<�7:4�E?B[6=MQE?C?I�4HBA</B�686=B

…

<�9~B/C:7

@#98P�9=C?>/B'B�G€2�M�@#4�6=B/C$\

[

K�1Q<�4�GŠ@

W

B�4

•

;�E?B�GH@Š1�6=MQE?CNB�G�<SK�1�E

T

B�6=B/CO7:ES1�987?B�2�B�G�7?C5B�7O6=B/CNC?7:E:4H<�7:4�E?B/CA@�B

@�MQG�GH>/B/Ci;�E?MQ;�E?B/C

k

4�GHBL;�E?M

<

6=>�2�1�7:9=I�4HBV\

[

B�7:7?BL;�E?M

<

6=>�2�1�7:9=I�4HBD;UMQ4�PV1�G�7"‡�7:E?BW</MQ2'2A4�GHB

k

;�684HC?9=B�4�E?C

1�;�;�689=< 1�7:9=MQGHC X|6•1`E?>�4�7:98689=CS1

<

9868987?>ˆ@#4˜</M�@�B—;�E?B�GH@˜1�6=MQE?C[7?MQ4�7�C?MQG C?B�GHC \ ;}6RG

W

B/C:7[;�MVC?C?9

<

6=B—@

W

1QCSC:4�E?B�E

</B�7:7?BYE?>�4�7:98689=CS1

<

9868987?>OI�4HBFC:9+6=BW2�M�@#4�6=BJB/C:7R</MQGHC:9=@�>�E?>J</MQ2'2�BJ1�4�7?MQGHMQ2�BOB�7RI�4

W

986U1A;�4

<

>�GH>

n

<�9=B�EL@�B

 Vž



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

  @

Parkview_UI

ParkviewApp Accès au serveur
d'images svideod

Bibliothèque de gestion
de fichier de configuration traitement d'images

Bibliothèque de Serveur d'images

Développement ParkView

et de la distorsion
Gestion des homographiesGestion des  fichiers

de configuration

Bibiothèques

243l5�7+ #\8Ÿ�8‚j�<SKH>�2�1�@�BO@�>�;UB�GH@H1�GH</BA@�B/CL2�M�@#4�6=B/CD;UMQ4�EL6

W

1�;�;�689=< 1�7:9=MQG…@�BJ;�1�ES1�2�>�7:ES1

T

B

7?B/C:7?CDB�7D@�BNPQ1�689=@H1�7:9=MQGHCW98GH@�>�;�B�GH@H1�G�7?C \

ZO1�GHC�6=B`< 1QC�@�B

�*EMD G�����H �

XwMQ4�7:E?Bˆ6•1€P)MQ6=MQG�7?>`@�BqE?>�4�7:98689=C‡1

<

9868987?>VX•<

W

B/C:7�6•1€@�>�;UB�GH@H1�GH</BˆP�9=C

…�k …

P�9=C5@

W

4�GHB�7?B/<?K�GHMQ6=M

T

9=BqI�4�9e1•2�MQ7:98P)>—</B�7:7?B—</MQGH</B�;�7:9=MQG.\ �W98GHC?9^X.;�1�E36

W

98G�7?B�E:2�>/@#9•1�98E?B•@�B�6•1ˆC?M�<�9=>�7?>

@

W

B

•

;�6=MQ987S1�7:9=MQG

;�9 ?	H

���

H ��� � H��

X�6

W

>/I�4�98;UB

�9D � 3 E

;�1�E:7:9=<�98;UB51�4

•

@�>�P)B�6=MQ;�;UB�2�B�G�7?CJ@�B/CL;�E?M�@#4�987?CW@�B

C:4�98P�9+@�BY<�9

<

6=B/CRP�9=@�>/M�\

[

B�E:7S1�98GHCe2�M�@#4�6=B/CR@�BF6

W

1�;�;�689=< 1�7:9=MQG

�*EMD G�����H �

</MQGH</B�E:G�1�G�7D</B/Ce7?B/<?K�GHMQ6=M

T

9=B/C

;UMQ4�E:E?MQG�7 X

k

7?B�E:2�BVXV‡�7:E?B•98G�7?>

T

E?>/C

k

</B/C~;�E?M�@#4�987?C \

[

B�E:7S1�98GHB/C

<

9

<

689=MQ7:K

>

I�4HB/C|689

<

E?B/C|@�BR@#E?MQ987?C~;�B�4�P)B�G�7

@#9 ��<�986=B�2�B�G�7 ‡�7:E?BZ4�7:98689=C?>/B/C•@H1�GHCq4�G“</MQG�7?B

•

7?B�</MQ2'2�B�E?<�9•1�6^\ ;n6OB/C:7q@�MQGH<ZGH>/</B/C?C‡1�98E?B€@�B€C?>�;�1�E?B�E

1�4ƒ2'9=B�4

•

6=B/C'@#9

‚

>�E?B�G�7?B/C�;�1�E:7:9=B/C�@#4ƒ6=M

T

9=<�9=B�6F1

n

G @�B‚;�MQ4�P)MQ98E[6=B/C[98G�7?B�E

…

<SK�1�G

T

B�E—MQ4ƒ6=B/C[98G�7?>

T

E?B�E

98GH@�>�;UB�GH@H1�2'2�B�G�7J@H1�GHCD@�BOGHMQ4�P)B 1�4

•

B�G�P�98E?MQG�GHB�2�B�G�7?C \

S&1

noT

4�E?B� #\ p—9868684HC:7:E?B'6•1—;UMVC?C:9

<

9868987?>[;UMQ4�EJ@�B/C51�;�;�689=< 1�7:9=MQGHCA@�B[P)B�G�98EAC

W

98G�7?B�E

@

1Q</B�E

k

@#9

‚

>�E?B�G�7?C

G�98P)B 1�4

•

@�B

�*EMD G�����H �

\

��<�� �

T

LNB�D��'F 


S

J � .�F

S

�
/1L ��H����
	���
��������
�����

S

W

98G�7?B�E

@

1Q</BY@�BL;�1�ES1�2�>�7:ES1

T

BY@�B

�*EMD G�����H �

1J;UMQ4�E

<

4�7wB/C?C?B�G�7:9=B�6+@�B

T

>�E?B�E•4�GHB

<

1QC?BD@�BW@�MQG�GH>/B/C

@�BN;UMQ98G�7?CFE?B�2�1�E?I�4�1

<

6=B/CF@H1�GHCF6=B/CD;�6•1�GHCJ1�;�;�B�6=>/C

9 E�� � 3 EMD G

1�98GHC:9
I�4HBN6=B/CD98GHC:7S1�GH</B/CY@�BA</B/CW;�MQ98G�7?C

@H1�GHCO6=B/C5@#9

‚

>�E?B�G�7?CN;�6•1�GHC \

[

B/CN;�MQ98G�7?CA@�B'</MQE:E?B/C:;UMQGH@H1�GH</B�C?B�E?MQG�75B�GHC:4�987?B�4�7:98689=C?>/CO;UMQ4�EO6=B�< 1�6=<�4�6

@�B/CL7:ES1�GHC

@

MQE:2�1�7:9=MQGHCFKHMQ2�M

T

ES1�;�K�9=I�4HB/C \

S.Be;�1�ES1�2�>�7:ES1

T

BLC

W

B

‚

B/<�7:4HB

k

6

W

1�9=@�BR@

W

4�GHBe98G�7?B�E

@

1Q</B

T

ES1�;�K�9=I�4HBRI�4�9�CSBwP)B�4�7
98G�7:4�987:98P)BV\ ZO1�GHC

<

9=B�G

@�B/CA< 1QC$X.986wB/C:75GH>/</B/C?CS1�98E?B�@�B�C?>�6=B/<�7:9=MQG�GHB�E[@�B/CA;UMQ98G�7?C5;�1�E:7:9=<�4�689=B�E?C5@H1�GHC56

W

982�1

T

BV\ � 6

W

1�9=@�B�@

W

4�GHB

98G�7?B�E

@

1Q</B

T

ES1�;�K�9=I�4HBVX)986+B/C:7|;�684HC

@

1Q<�986=BD@�BL6=B/C|;UMQ98G�7?B�Ee@#98E?B/<�7?B�2�B�G�7

k

6

W

1�9=@�BD@

W

4�GHBFC?MQ4�E:9=C|;�684�7��Q7•I�4HB



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

 V 

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

�����������������������������������������������������������������

Fusion
embarquée

Client
ParkviewClient

Interface graphique
Parkiew UI

Localisation par
laser Sick

Suivi de cible
PRIMA

Infrastructure matérielle

Parkview App
Paramétrage

ParkviewMapServ
Serveur

Applications expérimentales

243l5�7+ #\ p98 ;}G�7?B�E

@

1Q</B/CW@�B/CL2�M�@#4�6=B/C

�,EMD G ����H �

@�BNCS1�9=C?98EL6=B�4�E?CD</M�MQE?@�MQG�GH>/B/C$\

j

9=B�G�I�4HB3@H1�GHCACS1�P)B�E?C:9=MQGŠ1Q<�7:4HB�686=BVX06

W

1�;�;�689=< 1�7:9=MQG

�,EMD G ����H �

GHB[;�MVCSC

>

@�B[I�4HB[@�B�4

•

< 1�2�>�ES1QC X

C?MQG'98G�7?B�E

@

1Q</BDB/C?7
4�G ?+ZU;

�

B�7iB/C:7i@�>

ƒ?k

@�MQGH<L;�E?‡�7?BR;�MQ4�E|4�G';�684HC

T

ES1�GH@[GHMQ2

<

E?BV\c;}6HB�G�B/C:7|@�BR2�‡�2�B

;UMQ4�EL6•1

T

B/C:7:9=MQGˆ@�B/C

n

<SK�9=B�E?CW@�BN< 1�E:7?B/C$\

iYMQ4HCYGHMQ4HCW98G�7?>�E?B/C?C?B�E?MQGHCO@H1�GHCJ</B�7:7?B3;�1�E:7:9=B

k

6•1�@�B/CS<�E:98;�7:9=MQGZ@�B56

W

98G�7?B�E

@

1Q</B

T

ES1�;�K�9=I�4HB5B�GZ@�>

…

E?MQ4�6•1�G�7J6=BA;�E?M�</B/C?C?4HCW7 ��;UB5@�BA;�1�ES1�2�>�7:ES1

T

BV\IZJ1�GHCY4�G`;�E?B�2'9=B�EY7?B�2';HC$X�GHMQ4HCY@�>/<�E:98E?MQGHCY6

W

98G�7?B�E

@

1Q</B

;�E:98GH<�98;�1�6=B

T

>�ES1�G�7R6=BF;�6•1�G—@�BFE?>

@

>�E?B�GH</BV\�iYMQ4HCwGHMQ4HCe98G�7?>�E?B/C?C?B�E?MQGHCLB�GHC:4�987?B

k

6•1A;�E:9=C?BYB�G—</MQ2';�7?BJ@�B

GHMQ4�P)B 1�4

•

;�6•1�GHC \�ZO1�GHCw6=BF< 1QC•@�B/Cw;�6•1�GHCwP�9=@�>/M�X�GHMQ4HC•P)B�E:E?MQGHCe</MQ2'2�B�G�7R;�E?B�GH@#E?BFB�G—</MQ2';�7?BW6•1A@#9=C

…

7?MQE?C:9=MQG'MQ;�7:9=I�4HBV\ :iG

n

G.X"GHMQ4HC~< 1�6=<�4�6=B�E?MQGHC|6=B/C�;�1�ES1�2

>

7:E?B/Ci@

W

4�GHBeKHMQ2�M

T

ES1�;�K�9=BLB�7
GHMQ4HC
B

•

;UMQE:7?B�E?MQGHC

</B�7:7?BN</MQG

noT

4�ES1�7:9=MQG.\

����� ��� �5 �(�#��� �"��� 
����

�

�	��� 
9�� � 	�� ��� �	�	��� ��
��

S&1

@

B�Go‡�7:E?B—@�B�;�E?M

ƒ

B�75B/C?7A6•1q;�E?B�2'9

>

E?B—I�4�9e1�;�;�1�ES1"T=7[@

>

CN6=B�6•1�GH</B�2�B�G�7'@�B�6

W

1�;�;�689=< 1�7:9=MQG.X
P)MQ98E

noT

4�E?BA #\ ž#\

S&1';�E?B�2'9

>

E?BAMQ;U>�ES1�7:9=MQG

k

B

‚

B/<�7:4HB�EWB/C:7W@�BO<�E?>/B�EF4�GqGHMQ4�P)B 1�4ˆ;�E?M

ƒ

B�7 \

[

B�6•1'C?B

@

1�987WB�G•4�7:98689=CS1�G�7

6=BJ2�B�G�4

�9D��	
�H�B

P�9=C:9

<

6=BOC?4�EL6•1

noT

4�E?B5 #\ @H\

/

GHB

@

MQ9=CF4�G`;�E?M

ƒ

B�7Y<�E?>/>VX+6=B/CY2�B�G�4HC

��� �����

B�7 �

E ;:T

>�ES1�G�7Y6=B/CY;�6•1�GHCYP�9=@�>/M�B�7Y6=B/CF< 1�E:7?B/CJC?MQG�7

1Q</</B/C?C:9

<

6=B/C$\

S&1

@

B�Go‡�7:E?Be;�E:98GH<�98;�1�6=BL;UB�E:2�B�7i@�B

T

>�E?B�E|6=B/C~98GHC?7S1�GH</B/Ci@�B/C

9 E�� � 3 EMD G �

@H1�GHC~6=BR;�6•1�G'@�BRE?>

@

>�E?B�GH</BV\

7

MQ4�EFB�G…1

ƒ

MQ4�7?B�E XHMQG…C?>�6=B/<�7:9=MQG�GHB

- ��� / E�� � 3 EMD G

X�6•1

@

B�Go‡�7:E?BN@�BA<�E?> 1�7:9=MQG

!

1QC?C?M�<�9•1�7:9=MQG•;�E?>/C?B�G�7?>/B

B�G

noT

4�E?BJ #\  31�;�;�1�ES1"T=7 \�S&B/C•</M�MQE?@�MQG�GH>/B/CR@�B/Cw;UMQ98G�7?CR@H1�GHC•6=BD;�6•1�G‚@�BWE?>

@

>�E?B�GH</BFCSMQG�7•C‡1�9=C:9=C

k

6

W

1�9=@�B

@#4 <�6•1 P�9=B�E \8S.B/C598GHC:7S1�GH</B/C5@�B

9 E�� � 3 EMD G!�

1�;�;�1�ES1�9=C?C?B�G�7[1�6=MQE?C3C?MQ4HC

@

MQE:2�B�@�B�<�E?MQ9

•

\8S.MQE?C?I�4HB'6

W

MQG

��
7 &,Q+- J"�,()@6V02M�,�� /������ D&49"�+&/�'JM(D&ST,� J"�3��^ J"�,()@680*M�,��!B�,()�ST,(" <PO '*D&HJ)�+9) BF4�DF3@+-,�DF)�3 68,� ��("@)�,�3 <>DZS���ST, " I>B�,70�H ,(M7<>,�3

<F'* & F%�,�35<F+��;%()�,� J"�,�3Q<F0* F354�0 S��(ST,�0*BFB&4-+-M�02"�+-'* U.



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

 ��

2436547+ #\ ž98 �HB�Go‡�7:E?BA@�BJ;�E?M

ƒ

B�7 X�;�6•1�Gˆ@�BJE?>

@

>�E?B�GH</B

2436547+ #\ @�8 ?`B�G�4ˆ@�B

T

B/C:7:9=MQGˆ@�BN;�E?M

ƒ

B�7



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

 ��

1

ƒ

MQ4�7?B�@�B—GHMQ4�P)B 1�4

•

689

<

B�686=>/C[@�B

9 E�� �B3 E"D G �

@H1�GHC36•1

@

B�Go‡�7:E?B‚@�B�<�E?> 1�7:9=MQG

!

1QC?C?M�<�9•1�7:9=MQG.X�</B�4

•�…

<�9

C?MQG�7AB�GHC:4�987?B�@#9=C:;UMQG�9

<

6=B/CN;UMQ4�EN7?MQ4HCO6=B/CA;�6•1�GHC \

•

G�;UB�4�7OGHMQ7?B�E5I�4

W

986iB/C:7N;UMVC?C:9

<

6=B'@�B

@

1�98E?B[PV1�E:9=B�E

6

W

>/<?KHB�686=B5@�BOE?B�;�E?>/C?B�G�7S1�7:9=MQG`@�B/CL;UMQ98G�7?C

k

6

W

1�9=@�BA@#4•<�4�E?C?B�4�EDKHMQE:9 � MQG�7S1�6

��F E�9 H

\

2�3l547� #\   8 �HB�Go‡�7:E?BA@

W

1QC?CSM�<�9•1�7:9=MQG

!

<�E?> 1�7:9=MQG…@�BJ6•1�GH@#2�1�E

-

CF@H1�GHCD6=BJ;�6•1�Gˆ@�BNE?>

@

>�E?B�GH</B

S.B�2�B�G�4 �

E7;

;UB�E:2�B�7A@

W

1Q</</>/@�B�E51�4

•

< 1�E:7?B/CN@#4�;�E?M

ƒ

B�7 \ ;n6|;UB�E:2�B�7A>

T

1�6=B�2�B�G�75@

W

B�G 1

ƒ

MQ4�7?B�E X

B�G•6=B�4�EW1�7:7:E:9

<

4�1�G�7F4�Gq689

<

B�686=>VX�P)MQ98E

noT

4�E?BA #\ �#\

243l5�7� #\ � 8 ?…B�G�4`@�B

T

B/C:7:9=MQGˆ@�B/CD< 1�E:7?B/C X+1

ƒ

MQ4�7W@

W

4�GHBA< 1�E:7?B

����� ��� � �#$ ����� � 	��#$ 
� !�"�"�#$

S&1

noT

4�E?BA #\ �3;�E?>/C?B�G�7?BO6•1

@

B�Go‡�7:E?BN@�B

T

B/C:7:9=MQGˆ@�B/CD< 1�E:7?B/C$\

�L<�7:4HB�686=B�2�B�G�7 X+6=B/CF< 1�E:7?B/CFCSB�E:P)B�G�7W4�G�9=I�4HB�2�B�G�7

k

P)>�E:9

n

B�EJI�4HBN6=B/CD98GHC:7S1�GH</B/CY@�B

9 E�� � 3 EMD G

C?MQG�7

CS1�9=C:9=B/CACS1�GHCNB�E:E?B�4�E \

7

MQ4�E5</B�6•1#X&986wB/C:7O;UMVC?C:9

<

6=B�@�B�;�1�E?</MQ4�E:98EA6•1q< 1�E:7?B

k

6

W

1�9=@�B�@�B'6•1qC?MQ4�E:9=C5B�7A@�B

P�9=C:4�1�689=C?B�ED</BO;�1�E?</MQ4�E?CFC:4�EL6=BO;�6•1�G•@�BOE?>

@

>�E?B�GH</BV\

S

W

1

ƒ

MQ4�7‚@�B/C�98GHC?7S1�GH</B/C—@�B

9 E�� � 3 EMD G

@H1�GHC—4�GHB…< 1�E:7?B`CSB

@

1�987�@#98E?B/<�7?B�2�B�G�7 XLB�G <�689=I�4�1�G�7qC:4�E

</B�686=B

…

<�9^\oS&1

@

B�Go‡�7:E?BN@

W

1

T

ES1�GH@#9=CSC?B�2�B�G�7Y;�E?>/C?B�G�7?>/B5B�G

noT

4�E?BA #\ ��1�;�;�1�ES1"T=7F1�6=MQE?C$\

[

B�7:7?B

@

B�Go‡�7:E?B•M

‚

E?Bw;�684HC&@�Bi;�E?>/<�9=C?9=MQG5@H1�GHC.6=Bw;�MQ98G�7S1

T

B•@�B/C

9 E�� � 3 EMD G �

C:4�E.6•1D< 1�E:7?BV\ :|G3<�689=I�4�1�G�7

@H1�GHC36•1

@

B�Go‡�7:E?B‚@�B � M�MQ2•X&6•1

@

B�Go‡�7:E?B—@

W

1QC?C?M�<�9•1�7:9=MQGŒ98GHC:7S1�GH</B

!'/ E�� � 3 EMD G

1�;�;�1�ES1"T=7 X
P)MQ98E

noT

4�E?B

 #\ �#\



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

 ��

2�3l547� #\ �)8 �HB�Go‡�7:E?BN@�B

T

B/C?7:9=MQGˆ@�B/CD< 1�E:7?B/C

2�3l547� #\ �18 �HB�Go‡�7:E?BA@�B � M�MQ2 C:4�ED< 1�E:7?B

2436547+ #\ �98 �HB�Go‡�7:E?B5@�B

T

B/C:7:9=MQGˆ@�B/C

9 E�� �B3 E"D G �

B�7D@�BN6=B�4�E?CL98GHC:7S1�GH</B/CW@H1�GHCD4�GHBN< 1�E:7?B



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

 ��

S.B/C

9 E�� � 3 EMD G �

C?MQG�7W@#98E?B/<�7?B�2�B�G�7FE?B�;�E?>/CSB�G�7?>/CYC:4�EL6•1[< 1�E:7?BVX�P)MQ98E

noT

4�E?BA #\8Ÿ �#\

2436547+ #\8Ÿ �98&:

•

B�2';�6=BA@�BJE?B�;�E?>/C?B�G�7S1�7:9=MQG…@�B

9 E�� �B3 E"D G �

@H1�GHCW4�GHBO< 1�E:7?B

����� � � � �#$ ����� � 	��#$ 
9�� ��$�� � 	 �	�

S

W

1

ƒ

MQ4�7i@

W

4�G'GHMQ4�P)B 1�4�;�6•1�G[P�9=@�>/MN1�43;�E?M

ƒ

B�7iC?B

@

1�987

k

6

W

1�9=@�BL@#4[2�B�G�4

��� � H��

@H1�GHC~6•1

@

B�Go‡�7:E?BL@�B

;�E?M

ƒ

B�7 \oS

W

98G�7?B�E

@

1Q</BA@�B�2�1�GH@�B5@�BNC:;U>/<�9

n

B�EWC:4H</</B/C?C?98P)B�2�B�G�7W6=BJ689

<

B�686=>N@#4•;�6•1�Gˆ;�4�9=CD6•13E?>

@

>�E?B�GH</BA@#4

�

?�� H2D

P�9=@�>/M

� � 3 ��H

�V\

[

B�7:7?BAE?>

@

>�E?B�GH</B3B/C:7W</B�686=BAI�4�9�1�>�7?>O4�7:98689=C?>/BA6=MQE?CW@#4ˆ6•1�GH</B�2�B�G�7Y@#4`C?B�E:P)B�4�E

P�9=@�>/M

�9D � 3 E

B�7W;�B�E:2�B�7W@�BOCS>�6=B/<�7:9=MQG�GHB�EW6

W

4�GHBN@�B/CD< 1�2�>�ES1QCWE?B�689=>/B/C

k

6•1'C?7S1�7:9=MQGˆ@�BJ7:ES1/PV1�986^\

S&1

@

B�Go‡�7:E?B'@�B

T

B/C?7:9=MQG�@�B';�6•1�GHCOP�9=@�>/M�X0;�E?>/C?B�G�7?>/B�B�G

noT

4�E?B� #\8ŸVŸVX.B/C:7N@

W

4�GHB'4�7:98689=C‡1�7:9=MQGŠ</MQ2

…

;�1�ES1

<

6=B

k

</B�686=BJ@�B/CL< 1�E:7?B/C \�;n60B/C:7L1�98GHC:9U;�MVCSC:9

<

6=BJ@�BF;UMVC:987:9=MQG�GHB�EL@�B/CR98GHC:7S1�GH</B/CL@�B

9 E�� � 3 EMD G �

@H1�GHC

6

W

982�1

T

BOP�9•1[6•1

@

B�Go‡�7:E?BN@�B � M�MQ2•\

243l547� #\8ŸVŸ�8 ��B�Go‡�7:E?BA@�B

T

B/C:7:9=MQG`@�BJ;�6•1�GHCDP�9=@�>/M


A��������(V�$
��+� ���…‹�	€�

��/� �+�"�$
����

S&1Y</MQE:E?B/<�7:9=MQG�@�Be6•1Y@#9=C:7?MQE?C:9=MQG'C

W

B

‚

B/<�7:4HBRB�G[@�>/C?9

T

G�1�G�7i@�B/C~;UMQ98G�7?C|@H1�GHC~6

W

982�1

T

BR</MQ2'2�BL@�B�PQ1�G�7

‡�7:E?B�1�689

T

GH>/C \\S&1

noT

4�E?B� #\8Ÿqp—;�E?>/C?B�G�7?B�6=B/CO;UMQ98G�7?C5@�>/C:9

T

GH>/COE?B�689=>/CA;�1�EN@�B/CNC?B

T

2�B�G�7?C31�98GHC:9wI�4HB[6=B/C



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

���

E?>

@

>�E?B�GH</B/C�@�B/C�@#E?MQ987?B/C \ S.B‚7?B/C?7';�E?>/C?B�G�7?>ˆ1Z>�7?>qB

‚

B/<�7:4H>•1/P)B/<ˆ@�B/C

@

B�4�98686=B/C';�6•1Q</>/B/C�@�B�PQ1�G�7�6

W

4�GHB

@�B/CL< 1�2�>�ES1[@#4

<

1�GH<J@�BJ7?B/C:7 \

•

GqE?B�2�1�E?I�4HBOI�4HBY6=B/CLB

‚

B�7?CL@�BY6•13@#9=C:7?MQE?C:9=MQG•CSMQG�7L;�1�E:7:9=<�4�689

>

E?B�2�B�G�7

P�9=C:9

<

6=B/C

k

6•1[;U>�E:98;�KH>�E:9=BN@�BO6

W

982�1

T

BV\

2436547+ #\8Ÿqp98 ?Z1�E?I�4�1

T

BO@�B/CW689

T

GHB/CL;UMQ4�ED6•1[</MQE:E?B/<�7:9=MQG`@�BO6•1[@#9=C?7?MQE?C:9=MQG

/

GHB

@

MQ9=C�I�4HB•6=B/C�@#E?MQ987?B/C—CSMQG�7�7:ES1Q</>/B/C$Xi6•1�</MQE:E?B/<�7:9=MQG“C

W

B

‚

B/<�7:4HBˆB�G›<�689=I�4�1�G�7—C?4�E�6=B

<

MQ4�7?MQG

%

</MQ2';�4�7?B—@#9=C:7?M�\

'

\

[

B�7:7?B�</MQE:E?B/<�7:9=MQG G

W

B/C:75;�1QCAM

<

689

T

1�7?MQ98E?B�;�MQ4�E56=B�< 1�6=<�4�6R@�B'6

W

KHMQ2�M

T

ES1�;�K�9=BV\':|G

B

‚

B�7 X�6=MQE?C?I�4

W

MQG—4�7:98689=C?BF@�B/CR< 1�2�>�ES1QC

k

6=MQG

T

4HB

@

M�< 1�6=BVX�6=B/CRB

‚

B�7?Ce@�BF6•1A@#9=C:7?MQE?C?9=MQG—C?MQG�7•GH>

T

689

T

B 1

<

6=B/C$X

986
G

W

B/C:7Y@�MQGH<5;�1QCFGH>/</B/C?CS1�98E?B[@�BN6•1�</MQE:E:9

T

B�E \IZJ1�GHCY6•1

noT

4�E?B3 #\8ŸVŸVX+6•1�;�E:9=C?B5@�B5P�4HB51�>�7?>5B

‚

B/<�7:4H>/B

1/P)B/<54�GHBA< 1�2�>�ES1�>/I�4�98;U>/BA@

W

4�G…M

<�ƒ

B/<�7:9

@

@�BN6=MQG

T

4HB�4�E

@

M�< 1�6=BA;�684HCD982';UMQE:7S1�G�7?BV\

•

G•E?B�2�1�E?I�4HB5I�4HB

6•1�E?B/<�7:987:4H@�B'@#4`7:E?MQ7:7?MQ98E X0@H1�GHCY6•1�;�1�E:7:9=B3C?4�;�>�E:9=B�4�E?B[@#E?MQ987?B[@�B36

W

982�1

T

BVX+G

W

1�;�;�1�ES1"T=7O;�1QCY2�M�@#9

n

>/BV\

;]<�9^X#6•1'</MQE:E?B/<�7:9=MQGˆG

W

B/C:7L;�1QCDGH>/</B/C?CS1�98E?BV\

����� ��� �  !� 
 ���)	��#$ ��� � � � �� !
*�����#$

ZO1�GHCY<?K�1QI�4HB

@

B�Go‡�7:E?BA@�B

T

B/C?7:9=MQG`@�B/CD;�6•1�GHC$XH986 �•1[4�G

<

MQ4�7?MQG

%

</MQ2';�4�7?BAKHMQ2�M

T

ES1�;�K�9=B

'

\ ;}6.GHB

;UB�4�7"‡�7:E?BF4�7:98689=C?>FI�4HBWC

W

986+B

•

9=C:7?BF1�4�2�MQ98GHCeI�4�1�7:E?BF98GHC:7S1�GH</B/C•@�B

9 E�� � 3 EMD G

</MQ2'254�GHB/CL@H1�GHCw6=BW;�6•1�G

C?>�6=B/<�7:9=MQG�GH>3B�7F</B�684�9
@�BNE?>

@

>�E?B�GH</BV\�j�9�</BAG

W

B/C:7W;�1QCW6=BA< 1QC X�6

W

98G�7?B�E

@

1Q</B

T

ES1�;�K�9=I�4HB56=BNC:9

T

G�1�6=B5;�1�EW4�G

2�B/C?CS1

T

B[@

W

B�E:E?B�4�E \�j�9~6=B/CJ98GHC:7S1�GH<�9•1�7:9=MQGHC5C?MQG�7N</MQE:E?B/<�7?B�2�B�G�7

@

1�987?B/C X�6=B/CO</M�B ��<�9=B�G�7?CA@�B36•1—2�1�7:E:9=</B

@�BO7:ES1�GHC

@

MQE:2�1�7:9=MQG•KHMQ2�M

T

ES1�;�K�9=I�4HB5CSMQG�7L;�E:9=CWB�G•</MQ2';�7?BA;�1�EL6=BO6=M

T

9=<�9=B�6^\

ZO1�GHC
6=B•< 1QC
@�B/C
;�6•1�GHC
P�9=@�>/M�X"6

W

MQ;�>�ES1�7:9=MQG[7:9=B�G�7
</MQ2';�7?BR@�B•6

W

>�P)B�G�7:4HB�686=BL</MQE:E?B/<�7:9=MQG'@�B•@#9=C?7?MQE?C:9=MQG

B�G`1�2�MQG�7 X�B�Gq4�7:98689=CS1�G�7W6=B/CD</M�MQE?@�MQG�GH>/B/CW</MQE:E:9

T

>/B/CY@�B/CL98GHC:7S1�GH</B/CF@�B

9 E�� � 3 EMD G

;�MQ4�EL6=BA< 1�6=<�4�6&@�B/C

KHMQ2�M

T

ES1�;�K�9=B/C \

����� ��� � �#���	�� ����� � 	���� 
 �����	� 	�� 
� !�� ��� �"���#$

S.B

n

<?K�9=B�E'@�B�;�1�ES1�2

>

7:E?B/C

k

@�B/C:7:98G�1�7:9=MQGƒ@�B/C

B�D(E F2GMH2D �

B�7[@#4ƒC?B�E:P)B�4�E3@�B�< 1�E:7?B/C[B/C:7

T

>�GH>�E?>

k

;�1�E:7:98EW@�BO6

W

MQ;�7:9=MQG

%

B

•

;UMQE:7D;�1�ES1�2

n

6=B

'

@#4•2�B�G�4`@�B

T

B/C:7:9=MQGˆ@�BJ;�E?M

ƒ

B�7D;�E?>/C?B�G�7?>AB�G

noT

4�E?BA #\ @H\



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

�#Ÿ

:

•

B�2';�6=BN@�B

n

<SK�9=B�E�� �

/

@�BO;�1�ES1�2�>�7:ES1

T

B

J

�����������

+

�

8

�	���

+

��
�����


+��������




&����

���������

��+

�����

�

'

��� �

6 ! #%$��

�

6"!���#�� !����! ��

�

9

�#"

# 9 6

�

9%$,#&�('*)

��+

#

�,�-,��

$�.�/,#�'




�

��0

/

+��

#%1 6

�

9%$,#&�('�2�2�2�2�2�'




�

�

/��

+

�

, �,�

'�/�1��

�

+

2�2�6

�

9#$,#&�

��354

 � �6�7�8�9




�

�

+

2� 6

�

9#$,#&�

3:4

2� �6�8�;�2




�

�

+

2�<06

�

9#$,#&��7�6

4

6�2=6




�

�

+

 �2�6

�

9#$,#&�

��354>3

8� �;

3

<� 




�

�

+

 � 6

�

9#$,#&�

3:4

<�;�6 8

3

8




�

�

+

 �<06

�

9#$,#&�

�

8

4

7�7

3

6�8




�

�

+

<�2�6

�

9#$,#&�

��354>3�3

2 8�7B8�;




�

�

+

<� 6

�

9#$,#&�

3:4>3�3

8�;

3

<�8�9




�

�

+

<�<06

�

9#$,#&��2




�

�




/?�

+

�

, � �

'�/�1��

�




6 !��,#����

�

6"!���#�� !����@<��

�

9

�#"

# 9 6

�

9%$,#&�('*)

��+

#

�,�

�

�

�,!�A,#�'




�

��0

/

+��

#%1 6

�

9%$,#&�('= � � � � �'




�

�

/��

+

�

, �,�

'�/�1��

�

+

2�2�6

�

9#$,#&�

��354

8�6

3

7�2�7




�

�

+

2� 6

�

9#$,#&�

��354

2 8�<�;� � 




�

�

+

2�<06

�

9#$,#&��7�6

4

<� �;�;




�

�

+

 �2�6

�

9#$,#&�

3:4

2

3

<�9�8�<




�

�

+

 � 6

�

9#$,#&�

3:4

;�8

3

7�;�2




�

�

+

 �<06

�

9#$,#&�

�

8� 

4B3

6

3

2




�

�

+

<�2�6

�

9#$,#&�

3:4>3�3

<�9�;�9�8�9




�

�

+

<� 6

�

9#$,#&�

3:4>3

2�2�9� �;




�

�

+

<�<06

�

9#$,#&��2




�

�




/?�

+

�

, � �

'�/�1��

�

� !

0

A?�

�

A"!%�#C��

�

.=D 6

�

9%$ #-�E2�;�8

4

9B8� B8




�

�

.=1 6

�

9%$ #-�! 8�9GFH;�2�6�;�8




�

�

�

2�6

�

9%$ #-�

3:4

2=<�9B8�<�9B8




�

�

�

 06

�

9%$ #-�E2

4

8�9 8�6 8�; 8




�

�




� !

0

A��

�

A !#�%C��

�




6 !��,#����

�




'

� �(�

6"!�#�$?�

•

G…E?B�2�1�E?I�4HB[@H1�GHCY6=B

n

<?K�9=B�EOI�4HBA6=B/CJ</M�B ��<�9=B�G�7?CO@�B/CWKHMQ2�M

T

ES1�;�K�9=B/CNCSMQG�7O1QC?C?M�<�9=>/CY1�4

•

@�B�4

•

;�6•1�GHCeP�9=@�>/M�\

•

G‚E?B�2�1�E?I�4HBY>

T

1�6=B�2�B�G�7L6=B/Ce;�1�ES1�2

>

7:E?B/CL@�BF6•1A@#9=C?7?MQE?C:9=MQG—I�4�9�G

W

MQG�7L>�7?>F< 1�6=<�4�6=>/CLI�4HB

;UMQ4�EL6=BO;�6•1�G`ž#\



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

�gp

��<(; � �

Y

@WO1H

Q

� O � �

S

F

S
Y��

DMF

S

. � � 	���
������ �������

S.B…2�M�@#4�6=B���� �(�

6"!�#�$ &(' '

;�E?B�GH@“B�G“<?K�1�E

T

BZ6

W

B�GHC?B�2

<

6=B€@�B/CqC:7:E:4H<�7:4�E?B/Cq@�BZ@�MQG�GH>/B/Cq;�E?MQ;�E?B

1�4 ;�1�ES1�2�>�7:ES1

T

B…@�B•6

W

1�;�;�689=< 1�7:9=MQG.\

[

B/<�9F</MQGH</B�E:GHB`6=B/C�;�6•1�GHC�4�7:98689=C?>/C

N

< 1�E:7?B/C�MQ4 982�1

T

B/C�P�9=@�>/M O¡X

6•1q@#9=C:7?MQE?C?9=MQG MQ;�7:9=I�4HB�@�B/CA< 1�2�>�ES1QC$X.6=B/CA< 1�6=<�4�6=C5KHMQ2�M

T

ES1�;�K�9=I�4HB/C X.6

W

B

•

;�MQE:7S1�7:9=MQGƒ@�B/CA@�MQG�GH>/B/C3@�B

;�1�ES1�2�>�7:ES1

T

B5P)B�E?CL6=BO2�M�@#4�6=BN@

W

B

•

;�6=MQ987S1�7:9=MQG€1�98GHC:9&I�4HBJ6•1'CS1�4�P)B

T

1�E?@�B5@�B/CD;�E?M

ƒ

B�7?C \oS&1

noT

4�E?BA #\8Ÿ ž

;�E?>/C?B�G�7?BAC?MQG•@#9•1

T

ES1�2'2�B � �

/

@�BA<�6•1QC?C?BV\

��� � ��� �5 
 �� $ $ ���	�
����
��������

S&13<�6•1QC?CSB��������������! �"•B/C?7e</B�G�7:ES1�6=BJ1�4‚2�M�@#4�6=B �,��� �

6 ! #%$�&('('

\�:i686=BF;UB�E:2�B�7R@�B

T

>�E?B�ER6=B/CR</MQ686=B/<

…

7:9=MQGHCO@�B'@�MQG�GH>/B/CN@�B36

W

1�;�;�689=< 1�7:9=MQG.\\S&MQE?C?I�4

W

4�G�M

<�ƒ

B�7OB/C:7J98GHC:7S1�GH<�9=>[;�1�EO6

W

98G�7?B�E

@

1Q</B

T

ES1�;�K�9=I�4HBVX0CS1

E?>

@

>�E?B�GH</B�@�MQ987m‡�7:E?B';UMQE:7?>/B

k

6•1‚</MQG�G�1�9=C?CS1�GH</B�@�B[6

W

4�G�9=I�4HB�M

<�ƒ

B�7N@�B[7 ��;�B ��# �(�

��$�#%A&k

6

W

1�9=@�B�@�B/C

<�6•1QC?C?B/C �

���

4�4�4�4

\�S

W

1�6

T

MQE:987:K�2�BNC:4�98PV1�G�7L@�>/<�E:987L6•1N;�E?M�</>/@#4�E?BO<�6•1QC?C:9=I�4HBY@�BY<�E?> 1�7:9=MQG•B�7L@�BY;�E:9=C?BJB�G

</MQ2';�7?BN@

W

4�G•GHMQ4�P)B�6
M

<�ƒ

B�7D@H1�GHC ��� �(�

6"!�#�$ &(' '&%

&!'!' !�.=/,#�(�##C,#%A

�

#�)

�

#

�

A"!%�%C�)

"

$ #%A+* '

���,��+-,/.

*

�

) 9

�

0�0

#-C��%$ 6,# 90)

"

$ ##A��&C,#�$ *

�

)	9

�

0�0

#1* '

���,��+-,/.

. 9 #2'

�

�%$ 6,# 90)

"

$ ##A��

+

�%C('

�

�0$ #%A

4

�

����)

"

$�#%A3*HC��#$ 6,# 90)

"

$ ##A

,/.


A�+���/� �
�

()�$
%���˜�
�����+�&-��)� �547684:9<;>=�?0@

?…>�7:KHM�@�B ZJB/C?<�E:98;�7:9=MQG

�

B�7?MQ4�ED@

W

B�E:E?B�4�E

��# � �

��$ #?.=A

* .#�%C

0

A�.=/

���BA

C

��+

#

#�,

[

MQGHC:7:E:4H<�7?B�4�E

…

C

��# �(�

��$�#�.�AD*

, ZJB/C:7:E:4H<�7?B�4�E

…

E
*)�! ��0�������
� �����/�$
��+�,���…‹%	€�$	

�
!�� ��	����
�ˆ�

�
�
�"�H-����

/

G•;�E?M

ƒ

B�7FB/C:7D@�>

n

G�987Y;�1�EWC?MQG•689

<

B�686=>AB�7W;�1�ED6=BNGHMQ2 @�B5C?MQG

n

<SK�9=B�EF@�BAC‡1�4�P)B

T

1�E?@�BV\

[

B

n

<SK�9=B�E

B/C:7W1�4

@

MQE:2�1�7 � �

/

B�7D4�7:98689=C?BJ6•1

<

9

<

689=MQ7:K

>

I�4HB �

H2D.F H � �

��MQ4 �#Ÿ �n\

?…>�7:KHM�@�B ZJB/C?<�E:98;�7:9=MQG

�

B�7?MQ4�ED@

W

B�E:E?B�4�E



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

�Vž

!=C�A

0

##A!' ! 9(##C

��+

# *

,

ZJ>

n

G�987D6=BOGHMQ2 @#4

n

<?K�9=B�EY@

W

B�G�E?B

T

9=C:7:E?B�2�B�G�7

@#4q;�E?M

ƒ

B�7

…

Ÿ

…

S&B“GHMQ2 B/C:7

;�E:9=CDB�Gˆ</MQ2';�7?BVX

�

… [

B

n

<?K�9=B�E

B

•

9=C?7?B @�>

ƒ�k

X 6=B

GHMQ2 B/C:7 ;�E:9=C B�G

</MQ2';�7?BV\

.%�#C

0

A .�/

� � A

,

##A!' ! 9(##C

��+

# *

,

�

B�7?MQ4�E:GHB•6=BeGHMQ2 @�B

n

<?K�9=B�Ew</MQ4�ES1�G�7i@#4[;�E?M

…

ƒ

B�7DMQ45i

/

S_S

…

.%�#C

0

A .�/

� � A

,

##A

�

��+

# *

,

�

B�7?MQ4�E:GHBJ6=BOGHMQ2 @#4q;�E?M

ƒ

B�7

…

E *)�! ��0�������
��
%!+*����'�
�`�Š�0�

 � ()	#�$
��+�˜�
�ˆ�
����-/�)�

[

B/C•2�>�7:KHM�@�B/CeC?MQG�7•4�7:98689=C?>/B/Ce@H1�GHC•6

W

982';�6=>�2�B�G�7S1�7:9=MQG•@�B/C•2�>�7:KHM�@�B/CR@�B ��# �(�

��$�#�.�A

B�7•;�B�4�P)B�G�7

6

W

‡�7:E?BN@H1�GHCD</B�686=B/CF@�B/CD<�6•1QC?C?B/CW@�>�E:98P)>/B/CW@�B ��# � �

��$�#�.=A

\

?…>�7:KHM�@�B ZJB/C?<�E:98;�7:9=MQG

�

B�7?MQ4�ED@

W

B�E:E?B�4�E

6�� !��

0

##A��

0

*?��� !�' !�#�� *

,

7

6•1Q</Bi6

W

98GH@#9=< 1�7?B�4�E�98G�7?B�E:GHBw@�B|;�E?M

ƒ

B�7.2�M�@#9

n

>

k6%

P�ES1�9

'

\

…

!=C�A

,

##A��

0

*?��� !�' !�#�� *

,

�

B�7?MQ4�E:GHBJ6

W

>�7S1�7F@�BJ2�M�@#9

n

< 1�7:9=MQG`@#4q;�E?M

ƒ

B�7

…

Ÿ

…

S&Bi;�E?M

ƒ

B�7
1D>�7?>

2�M�@#9

n

>VX

�

…

S.BZ;�E?M

ƒ

B�7qG

W

1

;�1QCD<?K�1�G

T

>V\

E
*)�! ��0��������� 	�(�( 	����$* �

�
�����$
���‹R	

���
�"*

�
*�������()�������8�+�.-/�)� �

S.BJ2�M�@#4�6=B �,���(�

6 ! #%$ & '('

;UB�E:2�B�7L4�Gˆ1Q</<

>

CDC?>/I�4HB�G�7:9=B�6
1�4

•

M

<�ƒ

B�7?C \

[

B/<�90;UB�E:2�B�7D@�BJ;�1�E?</MQ4�E:98E

6

W

B�GHC?B�2

<

6=B5@�B/CFM

<�ƒ

B�7?CFCS1�GHCF1 P)MQ98EY</MQG�G�1�9=C?C‡1�GH</BA@�B/CF2�>/< 1�G�9=C:2�B/C

T

>�ES1�G�7F6=B/CF</MQ686=B/<�7:9=MQGHC \$S

W

982';�6=>

…

2�B�G�7S1�7:9=MQG @�B�</B�C �#C:7

>

2�B�@�B�C?>/I�4HB�GH</B�B/C:7

<

1QC?>/B�C:4�EA6

W

4�7:98689=C‡1�7:9=MQGŒ@�B/C3</MQG�7?B�GHB�4�E?C[@�B�6•1

<

9

<

689=M

…

7:K

>

I�4HBNC:7S1�GH@H1�E?@•@#4

(�
�
%�

j�7:E ���#X

[

K�1�;�987:E?B ;?;z; �n\

:|G

(�
�


X�<?K�1QI�4HB5M

<�ƒ

B�7D;UMVC?C

>

@�BN4�GHBNE?>

@

>�E?B�GH</BVX�C?MQG`1Q@#E?B/C?CSBVX+1�7:7:E:9

<

4H>/B5;�1�EW6=BNC �#C:7

>

2�BV\3S.MQE?C

@�B/C
MQ;�>�ES1�7:9=MQGHC~@�BwC‡1�4�P)B

T

1�E?@�BVX"</B�7:7?BR1Q@#E?B/C?C?BwGHBi;UB�4�7&;�1QC(‡�7:E?Bw;�E:9=C?B•B�G5</MQ2';�7?Be;�4�9=C?I�4

W

B�686=Bw@�>�;UB�GH@

@�BJ6•132�1Q<?K�98GHB5B�686=B

…

2�‡�2�BV\o;}6

@

1�4�7D@�MQGH<

T

>�E?B�EL4�G•C �#C:7

>

2�BO@�BO<�6=B

@

98GH@�>�;�B�GH@H1�G�7W@�BO6•13;�6•1�7?B

…�@

MQE:2�B

4�7:98689=C?>/BNI�4�90;�4�9=C?C?BJ2�1�98G�7?B�G�98EF6•1[</MQKH>�E?B�GH</B5@�B/CL689=B�GHCWB�G�7:E?BNM

<�ƒ

B�7?C \

?…>�7:KHM�@�B ZJB/C?<�E:98;�7:9=MQG

�

B�7?MQ4�ED@

W

B�E:E?B�4�E



���������
	��
����� � �W%�� � ��������*+���,	/� � ���4�
���(�����

� @

�

#

�

�

#

*

� �(�

!=C"!=A�(�#%A�.=/(*

��� �

*

,

;}G�987:9•1�689=C?BJ6•1'C?>/I�4HB�GH</B �

…�7

1QCF@

W

M

<�ƒ

B�7F@�B

6•1[</MQ686=B/<�7:9=MQG

�

#

�

�

# �

9

�

C !=C"!=A�(�#%A�.=/�� !��,#��

*

,

;}G�987:9•1�689=C?BJ6•1'C?>/I�4HB�GH</B �

…�7

1QCF@

W

M

<�ƒ

B�7F@�B

6•1[</MQ686=B/<�7:9=MQG

�

#

�

�

#

*

� �(���

9

�

C

!=C"!=A�(�#%A�.=/(*

��� � �

9

�

CD*

,

;}G�987:9•1�689=C?BJ6•1'C?>/I�4HB�GH</B �

…�7

1QCF@

W

M

<�ƒ

B�7F@�B

6•1[</MQ686=B/<�7:9=MQG

�

#

�

�

# �

9

�

C !=C"!=A�(�#%A�.=/(*

�

'D*

, ;}G�987:9•1�689=C?BJ6•1'C?>/I�4HB�GH</B �

…�7

1QCF@

W

M

<�ƒ

B�7F@�B

6•1[</MQ686=B/<�7:9=MQG

��#

*

�

'

A ,

##A�)#$

�(�

#%C�A(*

�

' *

,

�

B�7?MQ4�E:GHB�4�GŠ;UMQ98G�7?B�4�E[C:4�E56

W

M

<�ƒ

B�7[@�B�7 ��;UB

��#

*

�

'

</MQ4�ES1�G�7F@�BJ6•1'C?>/I�4HB�GH</B

2

�

/ /	…�7

1QCW@

W

M

<�…

ƒ

B�7D</MQ4�ES1�G�7 \

��#

*

� �(� A ,

#%A�)�$

� �

#%C�A *

���(�

*

,

�

B�7?MQ4�E:GHB�4�GŠ;UMQ98G�7?B�4�E[C:4�E56

W

M

<�ƒ

B�7[@�B�7 ��;UB

��#

*

� �(�—</MQ4�ES1�G�7W@�BO6•1[CS>/I�4HB�GH</B

2

�

/ /	…�7

1QCW@

W

M

<�…

ƒ

B�7D</MQ4�ES1�G�7 \

��#

� !���#��

A

,

##A�)�$

�(�

#%C�A�� !���#�� *

,

�

B�7?MQ4�E:GHB�4�GŠ;UMQ98G�7?B�4�E[C:4�E56

W

M

<�ƒ

B�7[@�B�7 ��;UB

��#

� !���#��

</MQ4�ES1�G�7F@�BO6•1[C?>/I�4HB�GH</B

2

�

/ /	…�7

1QCW@

W

M

<�…

ƒ

B�7D</MQ4�ES1�G�7 \

��#

*

� �(� �

9

�

C

A

,

##A�)�$

�(�

#%C�A *

� �(���

9

�

C *

,

�

B�7?MQ4�E:GHB�4�GŠ;UMQ98G�7?B�4�E[C:4�E56

W

M

<�ƒ

B�7[@�B�7 ��;UB

��#

*

� �(���

9

�

C

</MQ4�ES1�G�7Y@�BO6•1[C?>/I�4HB�GH</B

2

�

/ /	…�7

1QCW@

W

M

<�…

ƒ

B�7D</MQ4�ES1�G�7 \

�

#

�

�

# �

9

�

C

,

##A�)�$

�(�

#%C�A *

�

'���� *

,

�

B�7?MQ4�E:GHB[6•1q<�6=B

@

@�B[6

W

M

<�ƒ

B�7A@�B[7 ��;UB ��#

*

�

'

</MQ4�ES1�G�7W@�BO6•1[C?>/I�4HB�GH</B

2

�

/ /	…�7

1QCW@

W

M

<�…

ƒ

B�7D</MQ4�ES1�G�7 \

�

#

�

�

#

*

� �(�

,

##A�)�$

�(�

#%C�A *

� �(�

��� *

,

�

B�7?MQ4�E:GHBF6•15<�6=B

@

@�BF6

W

M

<�ƒ

B�7R@�BY7 ��;UB ��#

*

���(�

</MQ4�ES1�G�7W@�BO6•1[C?>/I�4HB�GH</B

�

… 7

1QC @

W

M

<�ƒ

B�7

</MQ4�ES1�G�7 \

�

#

�

�

# �

9

�

C

,

##A�)�$

�(�

#%C�A�� !���#������ *

,

�

B�7?MQ4�E:GHBi6•1D<�6=B

@

@�Bw6

W

M

<�ƒ

B�7~@�B|7 ��;UB ��#

� !���#��

</MQ4�ES1�G�7W@�BO6•1[C?>/I�4HB�GH</B

�

… 7

1QC @

W

M

<�ƒ

B�7

</MQ4�ES1�G�7 \

�

#

�

�

#

*

� �(���

9

�

C

,

##A�)�$

�(�

#%C�A *

� �(���

9

�

C���� *

,

�

B�7?MQ4�E:GHB 6•1 <�6=B

@

@�B 6

W

M

<�ƒ

B�7 @�B 7 ��;UB

��#

*

� �(�

' 9

�

C

</MQ4�ES1�G�7Y@�BO6•1[C?>/I�4HB�GH</B

�

… 7

1QC @

W

M

<�ƒ

B�7

</MQ4�ES1�G�7 \

��#

*

�

'

A

'�##A�.�/ *

�

' *

,

ZJ>�;�6•1Q</B 6=B <�4�E?C?B�4�E“C:4�E 6

W

M

<�ƒ

B�7„@�B 7 ��;UB

��#

*

�

'

C:4�98PV1�G�7DB�7WE?B�7?MQ4�E:GHBAC?MQGˆ1Q@#E?B/C?CSBV\

2

�

/ /	…�7

1QCW@

W

M

<�…

ƒ

B�7DC?4�98PQ1�G�7 \

��#

*

� �(� A

'�##A�.�/ *

� �(�

*

,

ZJ>�;�6•1Q</B 6=B <�4�E?C?B�4�E“C:4�E 6

W

M

<�ƒ

B�7„@�B 7 ��;UB

��#

*

� �(�—C:4�98PQ1�G�7DB�7DE?B�7?MQ4�E:GHBACSMQGˆ1Q@#E?B/C?C?BV\

2

�

/ /	…�7

1QCW@

W

M

<�…

ƒ

B�7DC?4�98PQ1�G�7 \

��#

� !���#��

A

'�##A�.�/�� !���#�� *

,

ZJ>�;�6•1Q</B 6=B <�4�E?C?B�4�E“C:4�E 6

W

M

<�ƒ

B�7„@�B 7 ��;UB

��#

� !���#��

C:4�98PV1�G�7DB�7DE?B�7?MQ4�E:GHBAC?MQG`1Q@#E?B/C?C?BV\

2

�

/ /	…�7

1QCW@

W

M

<�…

ƒ

B�7DC?4�98PQ1�G�7 \

��#

*

� �(� �

9

�

C

A

'�##A�.�/ *

� �(���

9

�

C *

,

ZJ>�;�6•1Q</B 6=B <�4�E?C?B�4�E“C:4�E 6

W

M

<�ƒ

B�7„@�B 7 ��;UB

��#

*

� �(���

9

�

C

C:4�98PV1�G�7 B�7 E?B�7?MQ4�E:GHB C?MQG

1Q@#E?B/C?CSBV\

2

�

/ /	…�7

1QCW@

W

M

<�…

ƒ

B�7DC?4�98PQ1�G�7 \

�

#

�

�

# �

9

�

C

'�##A�.�/ *

�

'���� *

,

ZJ>�;�6•1Q</B 6=B <�4�E?C?B�4�E“C:4�E 6

W

M

<�ƒ

B�7„@�B 7 ��;UB

��#

*

�

'

C:4�98PV1�G�7DB�7WE?B�7?MQ4�E:GHBACS1[<�6=B

@

\

�

… 7

1QC @

W

M

<�ƒ

B�7

C:4�98PV1�G�7 \

�

#

�

�

#

*

� �(�

'�##A�.�/ *

� �(�

���D*

,

ZJ>�;�6•1Q</B 6=B <�4�E?C?B�4�E“C:4�E 6

W

M

<�ƒ

B�7„@�B 7 ��;UB

�

�

�

E"D G

C?4�98PQ1�G�7WB�7DE?B�7?MQ4�E:GHBNCS1[<�6=B

@

\

�

… 7

1QC @

W

M

<�ƒ

B�7

C:4�98PV1�G�7 \

�

#

�

�

# �

9

�

C

'�##A�.�/�� !���#������D*

,

ZJ>�;�6•1Q</B 6=B <�4�E?C?B�4�E“C:4�E 6

W

M

<�ƒ

B�7„@�B 7 ��;UB

��#

� !���#��

C:4�98PV1�G�7DB�7DE?B�7?MQ4�E:GHBACS1[<�6=B

@

\

�

… 7

1QC @

W

M

<�ƒ

B�7

C:4�98PV1�G�7 \

�

#

�

�

#

*

� �(���

9

�

C

'�##A�.�/ *

� �(���

9

�

C���� *

,

ZJ>�;�6•1Q</B 6=B <�4�E?C?B�4�E“C:4�E 6

W

M

<�ƒ

B�7„@�B 7 ��;UB

��#

*

� �(���

9

�

C

C:4�98PV1�G�7WB�7WE?B�7?MQ4�E:GHBNCS1[<�6=B

@

\

�

… 7

1QC @

W

M

<�ƒ

B�7

C:4�98PV1�G�7 \



���������
	��
�����
�

�W%��
�

��������*+���,	/�
�

���4�
���(�����

�V 

P_Project(...)

getfilename()
getName()
setIsModified()
getIsModified()
initFetchMap()
initFetchMark()
initFetchVideo()
...

~P_Project()

P_Project

P_Map(...)
~P_Map()
getFilenamel()
setFilename(...)

P_Map

P_Plan(...)
~P_Plan()
getLabel()
setLabel(...)

P_Plan

P_Homography(...)
~P_Homography()
getPlanSrc()
getPlanDest()
addCorresPoints(...)
computeHomo()
reset()
getMatrix()
calcPoint(...)
getDescStream()

P_Homography

P_Line

P_Line(...)
~P_Line()
addPoint()
getPoint(...)
count()

P_Video(...)
~P_Video()
getShmKey()
setShmKey(...)

P_Video

P_Distortion

~P_Distortion()

calcPoint(...)
computeDisto()
addLine(...)

P_Distortion(...)

P_MarkPlan

P_MarkPlan(...)
~P_MarkPlan()
getMarkId()
setPlanId(...)

setPoint(...)
getPoint()

P_Mark

P_Mark(...)
~P_Mark()

setLabel(...)
getLabel()

P_DistoComp

~P_DistoComp()
P_DistoComp(...)

addLine(...)
computeDisto()
getCoef()
reset()

P_HomoComp

P_HomoComp(...)

computeHomo()
getMatrix()
reset()

addCorresPoints(...)
~P_HomoComp(...)
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