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5HPHUFLHPHQWV���
�
&H�WUDYDLO�D�pWp�HIIHFWXp�DX�VHLQ�GX�&HQWUH�GH�5HFKHUFKH�HQ�$XWRPDWLTXH�GH�1DQF\��&5$1���

GLULJp�SDU�OH�3URIHVVHXU�'LGLHU�:2/)�TXH�MH�UHPHUFLH�YLYHPHQW�SRXU�VRQ�DFFXHLO�DX�VHLQ�GX�
ODERUDWRLUH��

�-H�WLHQV�j�H[SULPHU�WRXWH�PD�UHFRQQDLVVDQFH�DX�3URIHVVHXU�)UDQFLV�/(3$*(�PRQ�GLUHFWHXU�
GH�WKqVH��SRXU�OD�FRQILDQFH�TX¶LO�D�HXH�HQ�PRL��OH�VRXWLHQ�FRQVWDQW�TX¶LO�P¶D�RIIHUW�SRXU�DYRLU�
HQFDGUp�PRQ� WUDYDLO� GH� WKqVH��SRXU� VHV� FRQVHLOV� pFODLUpV�� VHV� HQFRXUDJHPHQWV�� OD�SDWLHQFH� HW�
O¶LQWpUrW� TX¶LO� D� SRUWp� j�PHV� WUDYDX[� WRXW� DX� ORQJ� GH� OHXU� DYDQFHPHQW�� HW� SRXU� FHV� TXDOLWpV�
KXPDLQHV�UDUHV��

-H�UHPHUFLH�FKDOHXUHXVHPHQW�OH�3URIHVVHXU�7KLHUU\�9$/�SRXU�DYRLU�DFFHSWp�GH�UDSSRUWHU�
FHWWH� WKqVH��SRXU� VRQ� VRXWLHQ�� OHV�GLVFXWLRQV�TXH�QRXV� DYRQV� HXHV�� VHV�QRPEUHX[�FRQVHLOV� HW�
O
LQWpUrW�TX
LO�D�SRUWp�j�PRQ�WUDYDLO��-H�UHPHUFLH�WUqV�VLQFqUHPHQW�OH�3URIHVVHXU�.HQ�&+(1�TXL�
D�DFFHSWp�G
rWUH�UDSSRUWHXU�GH�FHWWH�WKqVH��

-H� UHPHUFLH� pJDOHPHQW� 0HVVLHXUV� OHV� 3URIHVVHXUV� -HDQ�-DFTXHV� /(6$*(� HW� 0LFKHO�
=$6$'=,16.,�SRXU�DYRLU�DFFHSWp�G¶H[DPLQHU�PHV�WUDYDX[�HW�GH�SDUWLFLSHU�DX�MXU\�GH�FHWWH�
WKqVH��

-H� UHPHUFLH� pJDOHPHQW� 0�� 9LQFHQW� /(&8,5(� SRXU� VD� SDWLHQFH�� VD� JHQWLOOHVVH�� HW� OHV�
QRPEUHXVHV�GLVFXVVLRQV�TXH�QRXV�DYRQV�SX�DYRLU�HQVHPEOH��

-H� UHPHUFLH� YLYHPHQW� � 0RQVLHXU� OH� 3URIHVVHXU� 7KLHUU\� ',928;�� GLUHFWHXU� DGMRLQW� GX�
&5$1��GH�P¶DYRLU�DFFXHLOOL�DX�VHLQ�GX�ODERUDWRLUH�SHQGDQW� OD�GXUpH�GH�FH�WUDYDLO�HW�SRXU�VD�
GLVSRQLELOLWp���

-H� UHPHUFLH� pJDOHPHQW�0��-HDQ�3KLOLSSH�*(25*(6� HW�0��(ULF�521'($8� SRXU� OHXU�
FROODERUDWLRQ�HW�OHXUV�GLVSRQLELOLWpV��

-¶DGUHVVH�PHV�UHPHUFLHPHQWV��j�0��$EGHOKDN�(11$&,5,�UHVSRQVDEOH�PDLQWHQDQFH�HW�0��
0RKDPHG�*+,$7�GLUHFWHXU�WHFKQLTXH�GH�OD�VRFLpWp� ,QJHOHF�&DVDEODQFD�0DURF��GH�P¶DYRLU�
GRQQp�O¶RFFDVLRQ�GH�IDLUH�GHV�H[SpULHQFHV�VXU�OD�PDFKLQH�GH�SHLQWXUH��

0HV�UHPHUFLHPHQWV�LURQW�DXVVL�j�WRXV�OHV�PHPEUHV�GH�OD�IDPLOOH�',285,�SRXU�OHXU�VRXWLHQ�
PRUDO�HW�ILQDQFLHU��

-H�UHPHUFLH�PRQ�pSRXVH�SRXU�VRQ�VRXWLHQ��VD�SDWLHQFH�HW�VHV�HQFRXUDJHPHQWV�FRQVWDQWV��-H�
VRXKDLWH� DXVVL� UHPHUFLHU� PHV� GHX[� HQIDQWV�$EGHUUDKPDQH� HW�0RKDPHG� 7DKD�� SRXU� OHXU�
DPRXU�HW�OHXU�VRXWLHQ�FRQVWDQW��

(QILQ�� MH� WLHQV� j� H[SULPHU�PD� JUDWLWXGH� j�PHV� IUqUHV� HW� j�PHV� EHDX[�SDUHQWV� VXU� TXL� M¶DL�
WRXMRXUV�SX�FRPSWHU�� �
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/HV�UpVHDX[�GH�FDSWHXUV�VDQV�ILO�RQW�IDLW�O¶REMHW�GH�QRPEUHX[�WUDYDX[�GH�UHFKHUFKH�GHSXLV�
SOXV�GH����DQV��'HSXLV�OD�VSHFWDFXODLUH�GpPRQVWUDWLRQ�GH�GpSORLHPHQW�G¶XQ�WHO�UpVHDX�FRPSRVp�
GH�����Q°XGV�VXU�OH�FDPSXV�GH�%HUNHOH\�HQ�DR�W�������GH�QRXYHDX[�DOJRULWKPHV�GH�URXWDJH��GH�
QRXYHDX[�SURWRFROHV�0$&��GHV�DOJRULWKPHV�GH�©�FOXVWHULQJ�ª��GHV�WHFKQLTXHV�GH�GpSORLHPHQW�
HW� GH� QRXYHOOHV� WHFKQLTXHV� GH� ORFDOLVDWLRQ� GHV� Q°XGV� � RQW� pWp� SURSRVpV� SRXU� DPpOLRUHU�
O¶HIILFDFLWp�GHV�UpVHDX[�GH�FDSWHXUV���SHUIRUPDQFHV�GHV�FRPPXQLFDWLRQV��HIILFDFLWp�pQHUJpWLTXH�
HW�GRQF�GXUpH�GH�YLH��TXDOLWp�GHV�LQIRUPDWLRQV�GpOLYUpHV��
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GH�FDSWHXU�FRPPH�REMHW� LQWULQVqTXH�GHV�pWXGHV�GRQF�HQ�GHKRUV�GH�VRQ�FRQWH[WH�G¶XWLOLVDWLRQ��
&¶HVW�OD�UDLVRQ�SRXU�ODTXHOOH�OHV�WUDYDX[�GH�UHFKHUFKH�UpDOLVpV�SRXU�FHWWH�WKqVH�VRQW�GpGLpV�DX[�
UpVHDX[�GH�FDSWHXUV�GDQV�XQ�FRQWH[WH�DVVH]�SUpFLV�WDQW�VXU�OH�SODQ�GH�O¶DLUH�GH�GpSORLHPHQW��XQ�
JUDQG� pTXLSHPHQW� PpFDQLTXH� HQ� PRXYHPHQW� UpSpWLWLI�� TXH� VXU� FHOXL� GH� O¶DSSOLFDWLRQ�� OD�
VXUYHLOODQFH� WHPSRUDLUH� GH� FHW� pTXLSHPHQW�� 1RXV� XWLOLVRQV� XQ� SUREOqPH� G¶LQJpQLHULH�� OH�
GpSORLHPHQW�G¶XQ�UpVHDX�GH�FDSWHXU�SRXU�VXUYHLOOHU�XQ�JUDQG�V\VWqPH�SK\VLTXH��SRXU�GRQQHU�GX�
VHQV�j�GHV�UHFKHUFKHV�PpWKRGRORJLTXHV�VXU�OHV�UpVHDX[�GH�FDSWHXUV�PRELOHV�HW�V¶DSSX\HU�VXU�GHV�
SDUDPqWUHV�UpHOV�SRXU�WHVWHU�OHV�SHUIRUPDQFHV�GHV�VROXWLRQV�SURSRVpHV��

/H� VFpQDULR� GH� O¶DSSOLFDWLRQ� HVW� GpGXLW� GHV� EHVRLQV� GHV� RUJDQLVPHV� GH� FHUWLILFDWLRQ� HW� GH�
YpULILFDWLRQ�GH�OD�VpFXULWp�GHV�JUDQGV�pTXLSHPHQWV�PRELOHV��(Q�LQVWUXPHQWDQW�O¶pTXLSHPHQW�j�
FRQWU{OHU�ORUV�GH�OD�YLVLWH��OHV�LQVSHFWHXUV�SHXYHQW�REWHQLU�GHV�LQIRUPDWLRQV�TXDQWLWDWLYHV�VXU�GHV�
SDUDPqWUHV�WUqV�YDULpV�GX�V\VWqPH�HQ�IRQFWLRQ�GHV�FRQGLWLRQV�G¶H[SORLWDWLRQ��$�WLWUH�G¶H[HPSOH�
WUqV� H[SOLFLWH�� LO� HVW� SRVVLEOH� DLQVL� GH�PHVXUHU� OH� EDODQFHPHQW� G¶XQ� VLqJH� G¶XQ� WpOpVLqJH� HQ�
IRQFWLRQ�GH�OD�YLWHVVH�GX�YHQW��GH�OD�YLWHVVH�GH�GpSODFHPHQW��GH�OD�PDVVH�GHV�SDVVDJHUV�HW�GH�OHXU�
SRVLWLRQQHPHQW� VXU� OH� VLqJH��/H�FKRL[�G¶HQUHJLVWUHU� OHV� LQIRUPDWLRQV�HQ� WHPSV� UpHO�GDQV�XQH�
VWDWLRQ�GH�VXUYHLOODQFH�LPSODQWpH�GDQV�XQ�ORFDO�DX�VRO�GRQQH�XQH�JUDQGH�VRXSOHVVH�G¶XWLOLVDWLRQ�
j�FH�V\VWqPH�G¶DFTXLVLWLRQ�GH�GRQQpHV��

8QH�pWXGH�ELEOLRJUDSKLTXH�D�PRQWUp� O¶DEVHQFH�GH� WUDYDX[�GH�UHFKHUFKHV�DQWpULHXUV�VXU�FH�
WKqPH��'¶XQ�SRLQW�GH�YXH�WHFKQLTXH��LO�H[LVWH�GHV�VROXWLRQV�GH�FDSWXUH�G¶LQIRUPDWLRQV�VXU�GHV�
JUDQGV� V\VWqPHV� HQ� PRXYHPHQW�� (OOHV� VRQW� IRXUQLHV� SDU� OHV� QRPEUHX[� ©�'DWDORJJHUV�ª� RX�
HQUHJLVWUHXUV�GH�GRQQpHV�GLVSRQLEOHV�VXU�OH�PDUFKp�TXL�LQWqJUHQW�GHV�FDSWHXUV�VDQV�ILO��FRPPH�
FHOXL�GH�OD�VRFLpWp�IUDQoDLVH�,QWHVHQV���0DLV�FHV�V\VWqPHV�XWLOLVHQW�GHV�WHFKQRORJLHV�VSpFLILTXHV�
HW� QH� WLUHQW� SDV� SURILW� GH� OD� WHFKQRORJLH� GHV� UpVHDX[� GH� FDSWHXUV� VDQV� ILO� QL� GH� WRXWHV� OHV�
PpWKRGRORJLHV�DVVRFLpHV��1RWUH�pWXGH�V¶DSSXLH�VXU�XQ�UpVHDX�GH�FDSWHXUV�VWDQGDUG��GLVSRQLEOH�
VXU�pWDJqUH��(OOH�YLVH�GRQF�j�H[SORLWHU�DX�PLHX[�OHV�FDUDFWpULVWLTXHV�GH�FHV�UpVHDX[�SRXU�UpDOLVHU�
XQ�V\VWqPH�G¶DFTXLVLWLRQ�SHUIRUPDQW��UREXVWH�HW�pFRQRPLTXH��3RXU�\�SDUYHQLU��O¶pWXGH�UpDOLVpH�
GDQV� FHWWH� WKqVH� GRLW� DERXWLU� j� GHV� SURSRVLWLRQV� G¶DUFKLWHFWXUHV� W\SHV� HW� GHV� SUpYLVLRQV� GH�
SHUIRUPDQFHV�DVVRFLpHV��

/D�FDUDFWpULVWLTXH�OD�SOXV�LPSRUWDQWH�GX�UpVHDX�GH�FDSWHXUV�j�GpSOR\HU�UpVLGH�GDQV�OD�PRELOLWp�
G¶XQH�SDUWLH�GHV�Q°XGV��/H�UpVHDX�FRPSUHQG�GRQF�XQH�OLDLVRQ�HQWUH�XQ�Q°XG�PRELOH�HW�XQ�Q°XG�
IL[H��DX�VRO��TXL�PHW�HQ�FRUUHVSRQGDQFH�GHV�Q°XGV�GLIIpUHQWV�DX�FRXUV�GX�WHPSV��GDQV�OH�FDV�
JpQpUDO��FDU�OD�SRUWpH�UDGLR�GHV�Q°XGV�HVW�LQIpULHXUH�j�O¶DPSOLWXGH�GX�GpSODFHPHQW�GX�V\VWqPH�
PRELOH��/D�WUDMHFWRLUH�pWDQW�FRQQXH�HW�pWDQW�LQYDULDQWH��XQ�IRQFWLRQQHPHQW�RSWLPLVp�GX�UpVHDX�
HVW�QDWXUHOOHPHQW�REWHQX�HQ�SODoDQW�MXGLFLHXVHPHQW�GHV�Q°XGV�UHODLV�DVVXUDQW�OD�FRQQHFWLYLWp�
SHUPDQHQWH�HQWUH�OH�RX�OHV�FDSWHXUV�HW�OH�SXLWV�DVVLPLOp�j�OD�VWDWLRQ�G¶HQUHJLVWUHPHQW�GHV�GRQQpHV��

�������������������������������������������������
1 http://intesens.com/ 
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/D�VWUDWpJLH�GH�SODFHPHQW�GH�FHV�UHODLV��GRQF�OD�WRSRORJLH�GX�UpVHDX��HVW�GRQF�j�pWXGLHU�HQ�GpWDLO�
HW�FRQVWLWXH�XQH�SDUWLH�LPSRUWDQWH�GH�FHWWH�WKqVH��

/D�WRSRORJLH�pWDQW�G\QDPLTXH��OH�URXWDJH�GHV�SDTXHWV�GRLW�O¶rWUH�DXVVL��/H�GpWHUPLQLVPH�GHV�
GpSODFHPHQWV�GRLW�rWUH�XWLOLVp�SRXU�FDOFXOHU�FH�URXWDJH�GH�PDQLqUH�VLPSOH��&HWWH�FDUDFWpULVWLTXH�
GpPDUTXH�FHWWH�pWXGH�GH�FHOOHV�HIIHFWXpHV�SRXU�OHV�0$1(7V�GDQV�OHVTXHOV�OD�PRELOLWp�HVW�SOXV�
DOpDWRLUH��/H�URXWDJH�D�EHVRLQ�GH�OD�SRVLWLRQ�GHV�Q°XGV�PRELOHV��/¶DSSOLFDWLRQ�D�DXVVL�EHVRLQ�
G¶DVVRFLHU� OD� SRVLWLRQ� DX[� GRQQpHV� FDSWpHV�� /H� EHVRLQ� HQ� ORFDOLVDWLRQ� GHV� Q°XGV� HVW� GRQF�
LPSRUWDQW��&¶HVW�GRQF�DXVVL�XQH�WKpPDWLTXH�pWXGLpH�GDQV�FHWWH�WKqVH��'HX[�VROXWLRQV��RQW�pWp�
WHVWpHV�HQ�VLWH�UpHO���G¶DXWUHV�H[SpULPHQWDWLRQV�Q¶RQW�SDV�DERXWLHV�IDXWH�GH�WHPSV��/D�ORFDOLVDWLRQ�
GHV�Q°XGV�HVW�XQ�VXMHW�ODUJHPHQW�pWXGLp�PDLV�PDOJUp�OHV�UpVXOWDWV�H[LVWDQWV��HOOH�FRQVWLWXH�HQFRUH�
XQ�SUREOqPH�ODUJHPHQW�RXYHUW��

/HV�UHFKHUFKHV�UpDOLVpHV�GDQV�OH�FDGUH�GH�FHWWH�WKqVH�VRQW�GRQF�FRQVWLWXpHV�GH�WURLV�YROHWV���
XQH�pWXGH�GH�WRSRORJLH�G¶XQ�UpVHDX�GH�FDSWHXUV�PRELOHV��XQH�pWXGH��GX�URXWDJH�FRUUHVSRQGDQW�j�
FKDTXH�WRSRORJLH�SURSRVpH�HW�XQH�pWXGH�GH�VROXWLRQV�GH�ORFDOLVDWLRQ��8QH�DUFKLWHFWXUH�GH�UpVHDX�
GH�FDSWHXUV�PRELOHV�HVW�FRQVWLWXpH�G¶XQ�WULSOHW���WRSRORJLH�±�URXWDJH���ORFDOLVDWLRQ!���FKDTXH�
pOpPHQW�HVW�XQH�SURSRVLWLRQ�GH�O¶pWXGH�FRUUHVSRQGDQWH�DX�GRPDLQH���

2UJDQLVDWLRQ�GX�PpPRLUH��

/H�PpPRLUH�HVW�RUJDQLVp�HQ���FKDSLWUHV�GRQW�FHWWH�LQWURGXFWLRQ�TXL�HQ�FRQVWLWXH�OH�FKDSLWUH�
���

/H�FKDSLWUH���SUpVHQWH�O¶REMHFWLI�GHV�UHFKHUFKHV�SXLV�OH�VFpQDULR�UHWHQX�SRXU�OHV�VLWXHU�GDQV�
OH�FRQWH[WH�DVVH]�SUpFLV�GH�OD�VXUYHLOODQFH�GHV�JUDQGV�V\VWqPHV�SK\VLTXHV�HQ�PRXYHPHQW�VXU�
XQH� WUDMHFWRLUH� LQYDULDQWH�� &HV� JUDQGV� V\VWqPHV� SUpVHQWHQW� GHV� FDUDFWpULVWLTXHV� WUqV�
YDULDEOHV�WDQW�SDU�OHXU�PRUSKRORJLH�TXH�SDU�OHXU�WUDMHFWRLUH��XQH�JUDQGH�pROLHQQH�HVW�GLIIpUHQWH�
G¶XQ� WpOpVLqJH�� &HFL� QRXV� D� FRQGXLWV� j� SURSRVHU� XQH� W\SRORJLH� HW� XQH� QRPHQFODWXUH�� 1RXV�
GpWHUPLQRQV�HQVXLWH�OHV�WURLV�SUREOpPDWLTXHV�GH�UHFKHUFKH�LVVXHV�GX�SUREOqPH�G¶LQJpQLHULH�j�
UpVRXGUH��� OD� WRSRORJLH� GHV� UpVHDX[� GH� FDSWHXUV�PRELOHV�� OH� URXWDJH� HW� OD� ORFDOLVDWLRQ��1RXV�
SRVLWLRQQHURQV�HQVXLWH�QRV�WUDYDX[�SDU�UDSSRUW�j�O¶H[LVWDQW�GDQV�FHV�WURLV�GRPDLQHV���

/H�FKDSLWUH���SUpVHQWH�GHV�SURSRVLWLRQV�G¶DUFKLWHFWXUHV�EDVpHV�VXU�GHV�UHODLV�IL[HV�SRXU�XQ�
V\VWqPH� PRELOH� VXU� XQH� WUDMHFWRLUH� FLUFXODLUH�� � 'DQV� FH� FDV�� OH� RX� OHV� FDSWHXUV� PRELOHV�
WUDQVPHWWHQW� OHV� GRQQpHV� YHUV� XQ� RX� SOXVLHXUV� UHODLV� IL[HV� HW� XQ� UpVHDX� GH� UHODLV� SHUPHW�
G¶DFKHPLQHU�OHV�SDTXHWV�YHUV�OH�SXLWV��7URLV�W\SHV�GH�WRSRORJLHV�VRQW�SURSRVpHV���XQH�V¶DSSX\DQW�
VXU�XQ�SDYHPHQW�FDUUp��XQH�DXWUH�VXU�GHV�UHODLV�SODFpV�VXU�RX�HQ�ERUGXUH�GH�OD�WUDMHFWRLUH�GX�
PRELOH�HW�OD�GHUQLqUH�EDVpH�VXU�OHV�DUEUHV�GH�6WHLQHU��8Q�DOJRULWKPH�GH�URXWDJH�HIILFDFH��XWLOLVDQW�
ELHQ� OHV�SURSULpWpV�GHV� WRSRORJLHV��HVW�SURSRVp�SRXU�FKDFXQH�GHV�GHX[�SUHPLqUHV� WRSRORJLHV��
8QH�pWXGH�GH�SHUIRUPDQFH�HVW�HQVXLWH�UpDOLVpH�SDU�VLPXODWLRQ�VXU�XQ�H[HPSOH�DFDGpPLTXH�HW�VXU�
OH� V\VWqPH� PpFDQLTXH� UpHO� HW� W\SLTXH� TXH� FRQVWLWXH� OD� JUDQGH� URXH� GH� 6LQJDSRXU� QRPPpH�
6LQJDSRUH� )O\HU�� /HV� UpVXOWDWV� PRQWUHQW� TXH� GHV� SpULRGHV� G¶pFKDQWLOORQQDJH� DVVH]� IDLEOHV�
SHXYHQW�rWUH�DWWHLQWHV�HW�GRQF�GHV�SKpQRPqQHV�WUqV�G\QDPLTXHV�SHXYHQW�rWUH�REVHUYpV��

/¶DSSURFKH� G¶DUFKLWHFWXUH� XWLOLVDQW� XQH� WRSRORJLH� GH� Q°XGV� HPEDUTXpV�� WRXMRXUV� SRXU� XQ�
PRELOH�VH�GpSODoDQW�VXU�XQH�WUDMHFWRLUH�FLUFXODLUH��IDLW�O¶REMHW�GX�FKDSLWUH����/D�OLDLVRQ�V\VWqPH�
PRELOH�±�VRO�HVW�DORUV�UpDOLVpH�DX�QLYHDX�GX�SXLWV��(OOH�HVW�pWDEOLH�WHPSRUDLUHPHQW�DYHF�OH�RX�OHV�
Q°XGV� UHODLV� PRELOHV� TXL� VH� WURXYHQW� GDQV� VRQ� GLVTXH� GH� SURSDJDWLRQ�� /HV� SDTXHWV� VRQW�
DFKHPLQpV� GDQV� OH� UpVHDX� HPEDUTXp� GHSXLV� OH� RX� OHV� FDSWHXUV� DFWLIV� JUkFH� j� XQ� URXWDJH�
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G\QDPLTXH�XWLOLVDQW�OD�ORFDOLVDWLRQ�GX�PRELOH��8QH�pWXGH�GH�SHUIRUPDQFH�UpDOLVpH�SDU�VLPXODWLRQ�
VXU�OD�JUDQGH�URXH�GH�6LQJDSRXU�PRQWUH�TXH�FHWWH�DSSURFKH�HVW�WUqV�SHUIRUPDQWH��(OOH�HVW�GH�SOXV�
WUqV�pFRQRPLTXH�SRXU�XQ�WHO�W\SH�GH�V\VWqPH�FDU�WRXV�OHV�UHODLV�VRQW�GHV�Q°XGV�FDSWHXUV�GRQF�LO�
Q¶\�D�DXFXQ�FR�W�DGGLWLRQQHO�SRXU�IDLUH�IRQFWLRQQHU�OH�UpVHDX���

/H� FKDSLWUH� �� HVW� FRQVDFUp� j� XQH� H[SpULPHQWDWLRQ� UpDOLVpH� VXU� XQ� V\VWqPH� UpHO� GDQV� XQH�
HQWUHSULVH�GH�IDEULFDWLRQ�GH�PDWpULHOV�pOHFWULTXHV��&H�V\VWqPH�HVW�XQ�FRQYR\HXU�� ,O� D�SX�rWUH�
XWLOLVp�SHQGDQW�XQH�FRXUWH�SpULRGH�G¶DUUrW�GH� OD�SURGXFWLRQ�SRXU�PDLQWHQDQFH��8Q� UpVHDX�GH�
FDSWHXUV�D�pWp�LQVWDOOp�HW�GHX[�V\VWqPHV�GH�ORFDOLVDWLRQ�RQW�pWp�PLV�HQ�°XYUH�HW�pYDOXpV��/HV�
UpVXOWDWV�PRQWUHQW�TX¶XQH�ORFDOLVDWLRQ�GH�UpVROXWLRQ�VXIILVDQWH�SHXW�rWUH�REWHQXH�j�SDUWLU�GH�OD�
SXLVVDQFH�GX�VLJQDO�UHoX�VXU�GHV�DQFUHV�HQ�XWLOLVDQW�OH�WUDLWHPHQW�GHV�HPSUHLQWHV�SDU�UpVHDX�GH�
QHXURQHV��

&H�PpPRLUH� VH� WHUPLQH� SDU� OH� FKDSLWUH� ��� ,O� SUpVHQWH� XQH� FRPSDUDLVRQ� GHV� DUFKLWHFWXUHV�
SURSRVpHV� HW� XQH� V\QWKqVH� GHV� SURSRVLWLRQV� DYHF� OHXUV� SHUIRUPDQFHV�� 'HV� SHUVSHFWLYHV�
G¶H[WHQVLRQ�GHV�WUDYDX[�VRQW�SURSRVpHV�QRWDPPHQW�GHV�WHVWV�GH�SHUIRUPDQFH�VXU�GHV�V\VWqPHV�
PpFDQLTXHV�GH�W\SRORJLH�GLIIpUHQWH�GH�FHOOH�UHWHQXH�SRXU�FHWWH�WKqVH���
� �
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&KDSLWUH���� 2EMHFWLI��6FpQDULR��SUREOpPDWLTXH�HW�
SRVLWLRQQHPHQW�

�
��� ,QWURGXFWLRQ�������������������������������������������������������������������������������������������������������������� 

��� 2EMHFWLI��������������������������������������������������������������������������������������������������������������������� 

��� 6FpQDULR�HW�K\SRWKqVHV��������������������������������������������������������������������������������������������� 

��� 7\SRORJLH�GHV�V\VWqPHV�HW�GpILQLWLRQ�G¶XQH�QRPHQFODWXUH�������������������������������������� 

��� 3UREOpPDWLTXHV�GH�UHFKHUFKH������������������������������������������������������������������������������������ 

��� 3RVLWLRQQHPHQW�GHV�WUDYDX[�������������������������������������������������������������������������������������� 

����� /HV�UpVHDX[�GH�FDSWHXUV�VDQV�ILO����������������������������������������������������������������������� 

������� *pQpUDOLWpV���������������������������������������������������������������������������������������������������� 

������� 7\SHV�GH�5&6)��������������������������������������������������������������������������������������������� 

������� 'RPDLQHV�G¶DSSOLFDWLRQ�G¶XQ�5&6)������������������������������������������������������������ 

������� &RQVRPPDWLRQ�G¶pQHUJLH�GDQV�XQ�5&6)����������������������������������������������������� 

����� 0RQLWRULQJ�j�O¶DLGH�G¶XQ�UpVHDX�GH�FDSWHXU������������������������������������������������������ 

����� 7RSRORJLH�GH�UpVHDX�GH�FDSWHXUV���������������������������������������������������������������������� 

����� 5RXWDJH�GDQV�XQ�UpVHDX�GH�FDSWHXUV�PRELOHV��������������������������������������������������� 

����� /RFDOLVDWLRQ�GHV�Q°XGV������������������������������������������������������������������������������������ 

������� ,QWURGXFWLRQ���OHV�GLIIpUHQWHV�PpWKRGHV�������������������������������������������������������� 

������� /RFDOLVDWLRQ�HQ�H[WpULHXUH�SDU�XQ�*36��������������������������������������������������������� 

������� /HV�WHFKQLTXHV�5DQJH�EDVHG������������������������������������������������������������������������ 

������� /HV�WHFKQLTXHV�5DQJH�IUHH��������������������������������������������������������������������������� 

������� ,GHQWLILFDWLRQ�SDU�HPSUHLQWHV������������������������������������������������������������������������ 

������� 3RVLWLRQQHPHQW�SDU�FDSWHXUV�SURSULRFHSWLIV������������������������������������������������� 

��� &RQFOXVLRQ���������������������������������������������������������������������������������������������������������������� 
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��� ,QWURGXFWLRQ�
/HV�SURJUqV�GDQV�OH�GRPDLQH�GHV�UpVHDX[�VDQV�ILO�HW�SDUWLFXOLqUHPHQW�OH�GpYHORSSHPHQW�GHV�

UpVHDX[�GH�FDSWHXUV�VDQV�ILO�GRQQHQW�GH�QRXYHOOHV�SRVVLELOLWpV�SRXU�DFTXpULU�GHV�LQIRUPDWLRQV�
SURYHQDQW�GH�V\VWqPHV�SK\VLTXHV��/D�QRWLRQ�GH�&\EHU�3K\VLFDO�6\VWHP�H[SULPH�OD�SRVVLELOLWp�
G¶LQWpJUHU�GH� O¶LQIRUPDWLRQ�GDQV�XQ�V\VWqPH�SK\VLTXH�HW�G¶DJLU�j�SDUWLU�GX� WUDLWHPHQW�GH�FHV�
LQIRUPDWLRQV���$SUqV�GH�QRPEUHX[�WUDYDX[�j�ILQDOLWp�JpQpUDOH�VXU�OHV�UpVHDX[�GH�FDSWHXU�VDQV�ILO��
LO�DSSDUDvW�TXH�OHV�QRXYHDX[�SURJUqV�VXU�OD�FRQQDLVVDQFH�GH�O¶XWLOLVDWLRQ�GH�FHV�V\VWqPHV�HW�GHV�
SHUIRUPDQFHV�TXL�SHXYHQW�rWUH�DWWHQGXHV�VHURQW�REWHQXV�SDU�GHV�pWXGHV�VXU�GHV�VFpQDULRV�SUpFLV�
GH� PLVH� HQ� VLWXDWLRQ�� &¶HVW� SRXUTXRL� QRXV� GpWDLOORQV� GDQV� FH� FKDSLWUH� O¶REMHFWLI� SUpFLV� GX�
FRQWH[WH� GDQV� OHTXHO� VH� SODFH� QRWUH� pWXGH��� XQ� V\VWqPH� GH� VXUYHLOODQFH� G¶XQ� JUDQG� V\VWqPH�
SK\VLTXH�HQ�PRXYHPHQW�UpSpWLWLI�HW�OH�VFpQDULR�UHWHQX�SRXU�FHWWH�VXUYHLOODQFH��/D�YDULpWp�GHV�
JUDQGV�V\VWqPHV�FRQFHUQpV�HW�GHV�WUDMHFWRLUHV�GH�OHXU�PRXYHPHQW�QRXV�D�FRQGXLWV�j�SURSRVHU�
XQH�W\SRORJLH�HW�XQH�QRPHQFODWXUH��1RXV�GpJDJHURQV�HQVXLWH�OHV�SUREOpPDWLTXHV�GH�UHFKHUFKH�
TXL�JXLGHURQW�QRV�WUDYDX[��(OOHV�RQW�WUDLW�j�WURLV�GRPDLQHV���OD�WRSRORJLH�GHV�UpVHDX[�GH�FDSWHXUV�
PRELOHV�� OH� URXWDJH� HW� OD� ORFDOLVDWLRQ�� /D� GpPDUFKH� VFLHQWLILTXH� QRXV� DPqQHUD� HQVXLWH� j�
SRVLWLRQQHU�QRWUH�pWXGH�SDU�UDSSRUW�DX[�WUDYDX[�H[LVWDQWV�HW�SDU�UDSSRUW�DX[�WHFKQRORJLHV�GHV�
UpVHDX[�GH�FDSWHXUV�VDQV�ILO��&H�SRVLWLRQQHPHQW�SHUPHW�GH�IDLUH�UHVVRUWLU�OHV�UpVXOWDWV�H[LVWDQWV�
H[SORLWDEOHV�HW�GH�SUpFLVHU� OHV� UHFKHUFKHV�j� FRQGXLUH�SRXU� ILQDOLVHU�QRWUH� pWXGH�VXU�TXHOTXHV�
H[HPSOHV�GH�V\VWqPHV�PpFDQLTXHV���

��� 2EMHFWLI�
/¶REMHFWLI�GHV�WUDYDX[�GH�UHFKHUFKH�HVW�GH�FRQFHYRLU�HW�G¶RSWLPLVHU�XQ�V\VWqPH�GH�PHVXUH�

GHVWLQp�j�OD�FDUDFWpULVDWLRQ�RX�j�OD�VXUYHLOODQFH�G¶XQ�JUDQG�pTXLSHPHQW�SK\VLTXH��PpFDQLTXH��
PRELOH�VXU�XQH�WUDMHFWRLUH�XQLTXH�FRQQXH��&H�V\VWqPH�D�SOXW{W�YRFDWLRQ�j�rWUH�XWLOLVp�GH�PDQLqUH�
WHPSRUDLUH�SRXU�FHUWLILHU�XQ�pTXLSHPHQW�RX�YpULILHU�VRQ�ERQ�IRQFWLRQQHPHQW��,O�SHXW�WRXWHIRLV�
rWUH� XWLOLVp� GH� PDQLqUH� SHUPDQHQWH�� PDLV� LO� VHUD� DORUV� GRWp� G¶XQH� DOLPHQWDWLRQ� pOHFWULTXH�
VSpFLILTXH�HW�VHUD�SDUDPpWUp�VSpFLILTXHPHQW��8Q�UpVHDX�GH�FDSWHXUV�VDQV� ILO�HVW�XQ�GLVSRVLWLI�
ELHQ�DSSURSULp�SRXU�UpDOLVHU�XQ�WHO�V\VWqPH��,O�SHUPHW�XQ�GpSORLHPHQW�UDSLGH�JUkFH�j�VHV�GHX[�
SURSULpWpV�DYDQWDJHXVHV���O¶DEVHQFH�G¶LQIUDVWUXFWXUH�HW�O¶DXWR�FRQILJXUDWLRQ��'H�SOXV�OHV�OLDLVRQV�
UDGLR�VRQW�ELHQ�DGDSWpHV�DX[�Q°XGV�PRELOHV��&RPPH�DX�PRLQV�XQ�Q°XG�HVW�PRELOH��FH�UpVHDX�
HVW�XQ�UpVHDX�GH�FDSWHXUV�PRELOH�RX�HQ�DQJODLV�0RELOH�:LUHOHVV�6HQVRU�1HWZRUN���0:61��8Q�
0:61�HVW�j�OD�IRLV�XQ�:61�HW�XQ�0$1(7��0RELOH�$G�KRF�1(7ZRUN���,O�VH�GLVWLQJXH�GX�FDV�
JpQpUDO�GHV�0$1(7�SDU� OD�SUpVHQFH�G¶XQ�RX�SOXVLHXUV�FDSWHXUV�VXU�FKDTXH�Q°XG�HW�SDU� OHV�
IDLEOHV�SXLVVDQFH�HW�UHVVRXUFHV�GLVSRQLEOHV��

3RXU�GHV�UDLVRQV�pFRQRPLTXHV�HW�SRXU�XQH�PDLQWHQDQFH�DLVpH��XQH�FRQWUDLQWH�HVW�G¶XWLOLVHU�XQ�
UpVHDX�GH�FDSWHXUV�GX�FRPPHUFH��GLVSRQLEOH�VXU�pWDJqUH��,O�H[LVWH�SOXVLHXUV�SURGXLWV��PDLV�OH�
FKRL[� HVW� DVVH]� UHVWUHLQW�� $LQVL� OHV� FDSDFLWpV� GH� WUDLWHPHQW� HW� GH� PpPRULVDWLRQ�� OHV�
FDUDFWpULVWLTXHV� GHV� OLHQV� UDGLR� HW� GX� SURWRFROH� 0$&� VRQW� SUpGpILQLHV�� ,O� HQ� UpVXOWH� GHV�
SHUIRUPDQFHV�OLPLWpHV�HQ�WHUPHV�GH�FDSDFLWp��GH�ILDELOLWp�GH�WUDQVPLVVLRQ�HW�GH�GpODL�GH�OLYUDLVRQ�
GHV�SDTXHWV���

�

/D� VXUYHLOODQFH� G¶XQ� JUDQG� V\VWqPH� PpFDQLTXH� PRELOH� HVW� XQ� YUDL� FKDOOHQJH� DX� QLYHDX�
FDSWXUH�G¶LQIRUPDWLRQV�SHUWLQHQWHV��&HOD�VLJQLILH�VDLVLU�GHV�GRQQpHV�j�GH�QRPEUHX[�HQGURLWV��OHV�
WUDQVPHWWUH� VXU� XQH� �UHODWLYHPHQW�� JUDQGH� GLVWDQFH� HQ� WUDYHUVDQW� XQH� OLDLVRQ�PRELOH� ±� IL[H���
/¶LQVWUXPHQWDWLRQ�SHXW�rWUH�FRQoXH�VRLW�SRXU�VXUYHLOOHU�HQ�FRQWLQX�O¶LQVWDOODWLRQ��GLDJQRVWLTXHU�
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���
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OHV�G\VIRQFWLRQQHPHQWV�HW�DLQVL�DVVXUHU�VD�VpFXULWp�VRLW�SRXU�IDLUH�GHV�PHVXUHV�GXUDQW�XQH�SKDVH�
GH�YpULILFDWLRQ�RX�GH�FHUWLILFDWLRQ��3RXU�FH�GHUQLHU�XVDJH��OH�FDSWHXU�RX�O¶HQVHPEOH�GHV�FDSWHXUV�
SHXYHQW�PHVXUHU�GHV�SDUDPqWUHV�VSpFLILTXHV�j�OD�SDUWLH�PRELOH��YLEUDWLRQV��IRUFHV�H[HUFpHV�VXU�
XQH�SLqFH�PpFDQLTXH�«��RX�GHV�SDUDPqWUHV�HQYLURQQHPHQWDX[�WRXW�OH�ORQJ�GH�OD�WUDMHFWRLUH�GX�
PRELOH��YLWHVVH�GX�YHQW��WHPSpUDWXUH�«��RX�XQH�FRPELQDLVRQ�GHV�GHX[���

��� 6FpQDULR�HW�K\SRWKqVHV�
&RQVLGpURQV�XQ�JUDQG�pTXLSHPHQW�GH� W\SH� WUDQVSRUWHXU�DpULHQ�GH�PDWpULDX[�FRPPH�FHOXL�

H[SORLWp�SDU�OD�VRFLpWp�9LFDW�GDQV�VD�FLPHQWHULH�GH�*UHQREOH���ORQJ�GH������PqWUHV�HW�GRWp�GH�
���JRGHWV��RX�OD�JUDQGH�URXH�G¶REVHUYDWLRQ�WRXULVWLTXH�GH�6LQJDSRXU��WKH�6LQJDSRUH�)O\HU���G¶XQ�
GLDPqWUH�GH�����PqWUHV��DYHF�XQH�KDXWHXU�WRWDOH�GH�����PqWUHV�HW�GRWpH�GH����QDFHOOHV��'DQV�OHV�
GHX[� FDV�� PDLV� SOXV� SDUWLFXOLqUHPHQW� GDQV� OH� VHFRQG�� OD� VpFXULWp� GH� O¶pTXLSHPHQW� GRLW� rWUH�
DVVXUpH� VDQV� GpIDLOODQFH�� 'HV� YLVLWHV� SpULRGLTXHV� G¶XQH� FRPPLVVLRQ� GH� VpFXULWp� VRQW�
SURJUDPPpHV�j�FHW�HIIHW��/D�GLVSRQLELOLWp�GRLW�pJDOHPHQW�rWUH�WUqV�pOHYpH���

3RXU�TXH�O¶DXGLW�GH�VpFXULWp�V¶DSSXLH�VXU�GHV�GRQQpHV�G¶REVHUYDWLRQ�SUpFLVHV��VXSSRVRQV�TXH�
OD�FRPPLVVLRQ�LQVWDOOH�XQ�GLVSRVLWLI�TXL�UpDOLVH�GHV�PHVXUHV�VXU�GLIIpUHQWHV�SDUWLHV�GX�PRELOH��
SDU�H[HPSOH�VXU�FKDTXH�JRGHW�RX�QDFHOOH��&H�GLVSRVLWLI�HQYRLH�OHV�YDOHXUV�PHVXUpHV�j�XQH�VWDWLRQ�
IL[H�SRXU�DQDO\VH��PpPRULVDWLRQ�HW�YLVXDOLVDWLRQ��&HWWH�VWDWLRQ�GRLW�rWUH�LQVWDOOpH�DX�VRO�SRXU�GH�
PXOWLSOHV� UDLVRQV��� DOLPHQWDWLRQ�pOHFWULTXH�SOXV� DLVpH��HQYLURQQHPHQW� WHPSpUp��SURSUH� HW�SHX�
DJUHVVLI��FRQIRUW�GH�O¶RSpUDWHXU����

/H� FDSWHXU� GRLW� rWUH� FDSDEOH� G¶HQYR\HU� VHV� GRQQpHV� LPPpGLDWHPHQW� DSUqV� OD� PHVXUH�
LQGpSHQGDPPHQW�GH�VD�SRVLWLRQ��&¶HVW�XQH�H[LJHQFH�SRXU�XQH�DSSOLFDWLRQ�GH�VXUYHLOODQFH��3RXU�
XQH�DSSOLFDWLRQ�GH�SULVH�GH�PHVXUHV�HQ�YXH�G¶XQH�FHUWLILFDWLRQ�WHFKQLTXH�RX�SRXU�XQ�DXGLW�G¶XQH�
FRPPLVVLRQ�GH�VpFXULWp�XQ�HQUHJLVWUHPHQW�GHV�PHVXUHV�HW�XQ�WUDLWHPHQW�GLIIpUp�VRQW�SRVVLEOHV��
7RXWHIRLV� XQ� WUDLWHPHQW� HQ� WHPSV� UpHO� SUpVHQWH� GHX[� DYDQWDJHV� SULQFLSDX[� SRXU� FH� W\SH�
G¶DSSOLFDWLRQ���O¶XQ�HVW�GH�JDJQHU�GX�WHPSV�HW�OH�VHFRQG�HVW�G¶DYRLU�OD�SRVVLELOLWp�GH�FKDQJHU�OH�
VFpQDULR�RSpUDWLRQQHO�GH�PHVXUH�HQ�PRGLILDQW�GHV�SDUDPqWUHV��DXWUHV�YLWHVVHV�GX�PRELOH��DXWUHV�
VWLPXOXV��VL�GHV�PHVXUHV�DSSURFKHQW�GHV�VHXLOV�RX�VL�GHV�DUWHIDFWV�VRQW�GpWHFWpV��

��� 7\SRORJLH�GHV�V\VWqPHV�HW�GpILQLWLRQ�G¶XQH�QRPHQFODWXUH�
/HV�JUDQGV�V\VWqPHV�PpFDQLTXHV�PRELOHV�VRQW�HQ�°XYUH�GDQV�O¶LQGXVWULH��GDQV�OHV�WUDQVSRUWV�

HW�GDQV�OHV�SDUFV�GH�ORLVLUV��&H�VRQW�GHV�WUDLQV��GHV�PpWURV��GHV�WUDPZD\V��GHV�FKDvQHV�GH�PRQWDJH�
RX�GH�FRQYR\DJH��GHV�pROLHQQHV��GHV�WpOpVLqJHV��GHV�PDQqJHV�HW�DWWUDFWLRQV�GLYHUVHV��8Q�JUDQG�
V\VWqPH�PpFDQLTXH�PRELOH�SHXW�rWUH�DXVVL�W\Sp�SDU�OD�WUDMHFWRLUH�TX¶LO�SDUFRXUW��'DQV�OH�EXW�GH�
FRQFHYRLU�XQ�V\VWqPH�GH�VXUYHLOODQFH�SHUIRUPDQW�HW�GpWHUPLQLVWH��QRXV�IRFDOLVRQV�QRWUH�pWXGH�
VXU� OHV�V\VWqPHV�TXL�SDUFRXUHQW�F\FOLTXHPHQW�XQH�WUDMHFWRLUH�XQLTXH��SpULRGLTXHPHQW�RX�
QRQ��(Q�HIIHW��FHWWH�SURSULpWp�SHUPHW�GH�FRQFHYRLU�XQ�UpVHDX�G¶DFTXLVLWLRQ�GH�GRQQpHV�VXU�OH�
PRELOH� DYHF� XQH� FRQQHFWLYLWp� SHUPDQHQWH� DVVXUpH� MXVTX¶DX� VLWH� IL[H� GH� WUDLWHPHQW� GHV�
LQIRUPDWLRQV��'H�SOXV� FHWWH� VSpFLILFLWp� GRLW� SHUPHWWUH� G¶RSWLPLVHU� OD� WRSRORJLH� GX� UpVHDX� GH�
FDSWHXUV�HW�GHX[�IRQFWLRQV�HVVHQWLHOOHV���OD�ORFDOLVDWLRQ�GX�RX�GHV�Q°XGV�FDSWHXUV�HW�OH�URXWDJH�
GHV�SDUTXHWV�G¶LQIRUPDWLRQ�GX�FDSWHXU�YHUV�OD�PDFKLQH�GH�WUDLWHPHQW��

�������������������������������������������������
2 http://www.poma.net/fr/project/index/view/id/28 
3 http://www.singaporeflyer.com 

http://www.singaporeflyer.com/
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/HXU�PRUSKRORJLH�SHUPHW�RX�QRQ�G¶LPSODQWHU�GHV�UHODLV�j�ERUG�HW�GH�SODFHU�RX�QRQ�XQ�SXLWV�
IL[H�j�O¶LQWpULHXU�GH�OD�WUDMHFWRLUH��1RXV�SURSRVRQV�GH�FODVVHU�FHV�V\VWqPHV�VHORQ�WURLV�W\SHV�GH�
PRUSKRORJLH���V\VWqPH�PRQROLWKLTXH��V\VWqPH�LVROp��VRXV�V\VWqPHV�FKDvQpV��

6\VWqPH�PRQROLWKLTXH�
/H�V\VWqPH�HVW�FRQVWLWXp�G¶XQH�VHXOH�SLqFH�RX�GH�SLqFHV�UHOLpHV�PpFDQLTXHPHQW�GH�PDQLqUH�

j�FRQVWLWXHU�XQ�VHXO�HQVHPEOH�QRQ�GpIRUPDEOH��/D�WDLOOH�GX�V\VWqPH�HVW�GH�O¶RUGUH�GH�FHOOH�GH�OD�
WUDMHFWRLUH�GH�PRELOLWp��F¶HVW�FHWWH�WDLOOH�UHODWLYH�TXL�OH�GLVWLQJXH�G¶XQ�V\VWqPH�LVROp��(Q�UDLVRQ�
GH�O¶HQFRPEUHPHQW�GX�V\VWqPH��LO�Q¶HVW�SDV�WRXMRXUV�SRVVLEOH�GH�SODFHU�OH�SXLWV�j�O¶LQWpULHXU�GH�
OD�WUDMHFWRLUH��8Q�H[HPSOH�FRXUDQW�GH�FH�W\SH�GH�V\VWqPH�HVW�XQH�JUDQGH�pROLHQQH��

6\VWqPH�LVROp��
&H�W\SH�HVW�FDUDFWpULVp�SDU�XQ�V\VWqPH�PpFDQLTXH�GH�WDLOOH�PRGHVWH�HQ�UHJDUG�GH�OD�WUDMHFWRLUH�

VXU�ODTXHOOH�LO�VH�GpSODFH��&H�Q¶HVW�GRQF�SDV�YpULWDEOHPHQW�XQ�JUDQG�V\VWqPH�PpFDQLTXH�VL�RQ�OH�
FRQVLGqUH�LVROpPHQW�GH�VRQ�PRXYHPHQW��&HOD�SHXW�rWUH�XQ�HQJLQ�DXWRPRWHXU�VH�GpSODoDQW�VXU�
XQH�SLVWH��JXLGp�SDU�XQ�RX�GHV�UDLOV�RX�SDU�XQ�V\VWqPH�VDQV�FRQWDFW��8Q�VHXO�Q°XG�FDSWHXU�PRELOH�
HVW�GRQF�LQVWDOOp��8Q�H[HPSOH�GH�V\VWqPH�GH�FH�W\SH�HVW�XQ�F\FOLVWH�IDLVDQW�XQH�FRPSpWLWLRQ�VXU�
XQH�SLVWH��

6\VWqPH�GLVWULEXp�
�&H�W\SH�HVW�FDUDFWpULVp�SDU�GHV�SHWLWV�PRGXOHV�OLpV�SDU�GHV�OLDLVRQV�GpIRUPDEOHV�VH�GpSODoDQW�

WRXV�VXU�OD�PrPH�WUDMHFWRLUH��8Q�Q°XG�FDSWHXU�HVW�LQVWDOOp�VXU�FKDTXH�PRGXOH��&KDTXH�Q°XG�
SHXW�rWUH�XWLOLVp�FRPPH�VLPSOH�FDSWHXU�RX�rWUH�XWLOLVp�FRPPH�VLPSOH�UHODLV�RX�UHPSOLU�OHV�GHX[�
IRQFWLRQV��8Q�H[HPSOH�FRXUDQW�GH�FH�W\SH�GH�V\VWqPH�HVW�XQ�WpOpVLqJH���

1RPHQFODWXUH�
/HV�GHX[�DSSURFKHV�GH�W\SRORJLH�SUpFpGHQWHV�GRLYHQW�rWUH�FRPELQpHV�SRXU�GpILQLU�SUpFLVpPHQW�
XQ�V\VWqPH��/D�QRPHQFODWXUH�UHWHQXH�SRVVqGH�GRQF�GHX[�DWWULEXWV���XQ�FRGH� WUDMHFWRLUH�±�XQ�
FRGH�PRUSKRORJLH��DYHF���

&RGH�WUDMHFWRLUH���7&� �WUDMHFWRLUH�FLUFXODLUH���7/)� �WUDMHFWRLUH�OLQpDLUH�IHUPpH��GHX[�OLJQHV�
SDUDOOqOHV� DYHF� ERXFODJH� DX[� H[WUpPLWpV��� 7/2� � WUDMHFWRLUH� OLQpDLUH� RXYHUWH� �SDUFRXUXH�
DOWHUQDWLYHPHQW�GDQV�FKDTXH�VHQV����74)� �WUDMHFWRLUH�TXHOFRQTXH�IHUPpH���742� �WUDMHFWRLUH�
TXHOFRQTXH�RXYHUWH��

&RGH�GH�PRUSKRORJLH���60� �V\VWqPH�PRQROLWKLTXH���6,� �V\VWqPH� LVROp���6'� �V\VWqPH�
GLVWULEXp��

([HPSOH���XQ�WpOpVLqJH�HVW�pWLTXHWp�7/)�±�6'��

��� 3UREOpPDWLTXHV�GH�UHFKHUFKH�
/¶REMHFWLI�JpQpUDO�GH�QRWUH�WUDYDLO�HVW�GH�FRQFHYRLU�XQ�V\VWqPH�GH�FDSWHXUV�FDSDEOH�G¶DFTXpULU�

OD�ERQQH�LQIRUPDWLRQ�DX�ERQ�HQGURLW��HQ�WHPSV�YRXOX�HW�DYHF�VXIILVDPPHQW�GH�SUpFLVLRQ�HW�GH�
WUDQVPHWWUH� OHV�GRQQpHV� j� OD� VWDWLRQ�GH� WUDLWHPHQW� HQ� WHPSV� UpHO� HW� VDQV�SHUWH��/H� IRUPDW�GH�
O¶LQIRUPDWLRQ�HW�VHV�FRQVpTXHQFHV�VXU� O¶LQWHURSpUDELOLWp�HW�VXU� OD�VpFXULWp�QH�VRQW�SDV�SULV�HQ�
FRPSWH�GDQV�FH� WUDYDLO��/¶XWLOLVDWLRQ�GX� VWDQGDUG� ,62�,(&�,(((��������:DQJ��-XQ\X�HW�DO���
������Q¶HVW�SDV�pYDOXpH��PDLV�FRQVWLWXH�FHUWDLQHPHQW�XQH�SLVWH�SRXU�GpWHUPLQHU�FH�IRUPDW��'DQV�
FHWWH� WKqVH��FKDTXH�PHVXUH�VHUD�FRQVLGpUpH�FRPPH�XQH�VXLWH�G¶HQYLURQ����RFWHWV� LQFOXDQW�VD�
ORFDOLVDWLRQ�GRQF�FRQVWLWXH�OD�FKDUJH�G¶XQ�SDTXHW�LVVX�G¶XQ�Q°XG�FDSWHXU��
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&RPPH� OD� WHFKQRORJLH� HVW� JOREDOHPHQW� GpWHUPLQpH�� OHV� YDULDWLRQV� GH� SHUIRUPDQFHV� VRQW�
pWURLWHPHQW�GpSHQGDQWHV�GHV�TXDOLWpV�GH�OD�WRSRORJLH�GX�UpVHDX�HW�GX�URXWDJH��/HV�SHUIRUPDQFHV�
DWWHQGXHV�GX�V\VWqPH�GH�PHVXUH��RX�VD�TXDOLWp�GH�VHUYLFH��VRQW�OH�PLQLPXP�GH�GpODL�HQWUH�OD�
VDLVLH� HW� OD� IRXUQLWXUH� GHV� GRQQpHV�� XQ� GpELW� VXIILVDQW� HW� XQ� WDX[� GH� SHUWH� WUqV� IDLEOH�� /HV�
SUREOpPDWLTXHV�GH�UHFKHUFKH�VRQW�GRQF�GH�WURXYHU�G¶XQH�SDUW�XQH�PpWKRGRORJLH�GH�FRQFHSWLRQ�
GH�WRSRORJLH�G\QDPLTXH�V¶DGDSWDQW�HQ�SHUPDQHQFH�j�OD�PRELOLWp�GX�RX�GHV�FDSWHXUV�HPEDUTXpV��
DVVXUDQW� HQ� SHUPDQHQFH� GHV� FKHPLQV� DYHF� XQ� QRPEUH� GH� VDXWV� RSWLPLVpV� HW� VDQV� JRXORW�
G¶pWUDQJOHPHQW�HW�G¶DXWUH�SDUW�XQH�PpWKRGH�GH�URXWDJH�TXL�VXLYH�SDUIDLWHPHQW�OD�G\QDPLTXH�GH�
OD�WRSRORJLH�HW�DVVXUH�TXH�OHV�SDTXHWV�WUDQVLWHQW�SDU�OH�PHLOOHXU�FKHPLQ���

/D�WRSRORJLH�
/D� WRSRORJLH� MRXH� XQ� U{OH� YLWDO� GDQV� OHV� UpVHDX[� GH� FDSWHXUV� HQ� PLQLPLVDQW� GLIIpUHQWHV�

FRQWUDLQWHV�FRPPH�O¶pQHUJLH�OLPLWpH�HPEDUTXpH�VXU�FKDTXH�Q°XG��OD�ODWHQFH��OHV�UHVVRXUFHV�GH�
FDOFXO�HW�GH�PpPRULVDWLRQ�HW�IDYRULVDQW� OD�TXDOLWp�GHV�FRPPXQLFDWLRQV��3DU�H[HPSOH�� OH�FR�W�
pQHUJpWLTXH�GH�OD�UpFHSWLRQ�G¶XQ�SDTXHW�GpSHQG�HW�GH�VD�WDLOOH��PDLV�VRQ�FR�W�G¶pPLVVLRQ�GpSHQG�
DXVVL�GH�OD�GLVWDQFH�HQWUH�OHV�Q°XGV�FRPPXQLFDQWV��/H�FR�W�pQHUJpWLTXH�GH�UpFHSWLRQ�HVW�SOXV�
JUDQG�TXH�OH�FR�W�HQ�pPLVVLRQ��)RXUW\�HW�DO����������/D�WRSRORJLH�GpILQLW�GHV�FKHPLQV�SRVVLEOHV�
GH�URXWDJH�GHV�SDTXHWV��PDLV�GpWHUPLQH�DXVVL�VL�OHV�SDTXHWV�GRLYHQW�rWUH�pPLV�HQ�PRGH�XQLFDVW��
F
HVW�j�GLUH� DGUHVVpV� j�XQ�GHVWLQDWDLUH�RX�HQ�PRGH� EURDGFDVW�� F
HVW�j�GLUH�GLIIXVpV�j� WRXV� OHV�
UpFHSWHXUV�SRWHQWLHOV��(OOH�GRLW�DVVXUHU�XQ�IDLEOH�WDX[�G¶LQWHUIpUHQFH�HW�XQH�GLVWDQFH�HQWUH�OHV�
Q°XGV�FRPPXQLFDQWV�TXL�PLQLPLVHQW�OD�SUREDELOLWp�GH�SHUWH�GH�SDTXHW��

/D�WRSRORJLH�G¶XQ�UpVHDX�GH�FDSWHXUV�HVW�G¶DERUG�OLpH�j�OD�WRSRORJLH�SK\VLTXH�F
HVW�j�GLUH�j�
O¶HPSODFHPHQW� JpRJUDSKLTXH� GHV� Q°XGV�� /D� WRSRORJLH� SK\VLTXH� GpSHQG� GX� PRGqOH� GH�
GpSORLHPHQW�GHV�Q°XGV�TXL�HVW�VRLW�GH�W\SH�DOpDWRLUH�VRLW�GH�W\SH�GpWHUPLQp��RX�RUJDQLVp���/H�
GpSORLHPHQW�DOpDWRLUH�QH�FRQGXLW�SDV�j�XQH�VROXWLRQ�RSWLPDOH�HW�VRQ�XWLOLVDWLRQ�HVW�UpVHUYpH�DX[�
UpVHDX[�GH�VXUYHLOODQFH�GH�JUDQGH�WDLOOH�DYHF�GHV�Q°XGV�IL[HV�RX�GpSOR\pV�VXU�XQH�]RQH�GLIILFLOH�
G¶DFFqV���

'DQV�OH�FDV�FRQVLGpUp��OH�GpSORLHPHQW�GRLW�rWUH�RSWLPLVp�HW�GRQF�OHV�HPSODFHPHQWV�GHV�Q°XGV�
GRLYHQW�rWUH�FDOFXOpV�VRLJQHXVHPHQW��/D�WRSRORJLH�GX�UpVHDX�GH�FDSWHXUV�HVW�ELHQ�V�U�OLpH�j�OD�
PRUSKRORJLH� GX� V\VWqPH� PRELOH��� OD� WRSRORJLH� GX� UpVHDX� LQVWDOOp� VXU� OD� JUDQGH� URXH� VHUD�
GLIIpUHQWH�GH�FHOOH�G¶XQ�UpVHDX�LQVWDOOp�VXU�OH�WUDQVSRUWHXU�GH�PDWpULDX[�� 

8QH�FRQWUDLQWH� IRUWH� UpVLGH�GDQV� OH� OLHQ� HQWUH� OD�SDUWLH�PRELOH�HW� OD�SDUWLH� IL[H�GX� UpVHDX��
6XLYDQW�OD�PRUSKRORJLH�GX�V\VWqPH�PRELOH�HW�OD�WUDMHFWRLUH��OD�WRSRORJLH�VHUD�FRQVWLWXpH�VXLYDQW�
WURLV�FDV��

� &DV�����XQ�RX�SOXVLHXUV�Q°XGV�FDSWHXUV�PRELOHV�HW�XQ�SXLWV�IL[H�VLWXp�GDQV�OD�FHOOXOH�GH�
FRPPXQLFDWLRQ� GH� FKDTXH� Q°XG� FDSWHXU� GRQF� OD� RX� OHV� OLDLVRQV� PRELOH�IL[H� VRQW�
LQYDULDEOHV�HW�OHV�SDTXHWV�VRQW�DFKHPLQpV�HQ�XQ�VDXW��)LJXUH�������

�

�



�

�

���

�

�

)LJXUH�����5pVHDX�DYHF�XQ�VHXO�VDXW�

� &DV�����SOXVLHXUV�Q°XGV�FDSWHXUV�PRELOHV�HW�XQ�SXLWV�IL[H��OHV�Q°XGV�PRELOHV�pWDQW�HQ�
SRVLWLRQ� UHODWLYH� IL[H� �LOV� ERXJHQW� WRXV� HQVHPEOH� XQLIRUPpPHQW�� HW� DVVXPDQW� SRXU�
FHUWDLQV�OD�VHXOH�IRQFWLRQ�GH�FDSWHXU�±pPHWWHXU��SRXU�G¶DXWUHV�OHV�IRQFWLRQV�GH�FDSWHXU�±�
pPHWWHXU�HW�GH�UHODLV�HW�SRXU�G¶DXWUHV�OD�VHXOH�IRQFWLRQ�GH�UHODLV���OH�UpVHDX�FRPSUHQG�
DORUV�XQH�SDUWLH�HPEDUTXpH�DYHF�XQH� WRSRORJLH�VSpFLILTXH��� OD� OLDLVRQ�PRELOH�IL[H�HVW�
UpDOLVpH�HQWUH�XQ�GHV�Q°XGV� UHODLV�PRELOHV�� FHOXL�FL�Q¶pWDQW�SDV� WRXMRXUV� OH�PrPH�DX�
FRXUV�GX�WHPSV��HW�OH�SXLWV��)LJXUH��������

�

)LJXUH�����5pVHDX�DYHF�UHODLV�HPEDUTXpV�



�

�

���

�

� &DV�����SOXVLHXUV�UHODLV�©�DX�VRO�ª�DILQ�TXH�OD�OLDLVRQ�PRELOH�IL[H�VRLW�UpDOLVpH�GH�PDQLqUH�
RSWLPDOH�HQWUH�FKDTXH�Q°XG�FDSWHXU�HW�XQ�GHV�Q°XGV�UHODLV�VLWXpV�DX�VRO��FHOXL�FL�Q¶pWDQW�
SDV� WRXMRXUV� OH� PrPH� DX� FRXUV� GX� WHPSV�� HW� XQ� HQVHPEOH� GH� UHODLV� DX� VRO� DVVXUDQW�
O¶DFKHPLQHPHQW�GHV�SDTXHWV�MXVTX¶DX�SXLWV��)LJXUH�������
�

�

)LJXUH�����5pVHDX�DYHF�UHODLV�DX�VRO�

/H� FDV� �� HVW� WULYLDO�� PDLV� QH� SHXW� SDV� VRXYHQW� rWUH� XWLOLVp�� &HUWDLQV� V\VWqPHV� HW� FHUWDLQHV�
WUDMHFWRLUHV�LPSRVHQW�VRLW�OH�FDV���VRLW�OH�FDV����3RXU�G¶DXWUHV�V\VWqPHV�HW�WUDMHFWRLUHV��OHV�FDV���
HW� �� VRQW� GHV� DOWHUQDWLYHV� IRQFWLRQQHOOHV�� ,O� FRQYLHQW� DORUV� GH� GpWHUPLQHU� OD� PHLOOHXUH� GHV�
VROXWLRQV��

/H� FRQWU{OH� GH� OD� WRSRORJLH�� REWHQX� HQ� PRGLILDQW� OD� SXLVVDQFH� G¶pPLVVLRQ�� VHUD� XWLOLVp�
QRWDPPHQW�SRXU�V¶DIIUDQFKLU�GH�FHUWDLQHV�FRQWUDLQWHV�SK\VLTXHV�QH�SHUPHWWDQW�SDV�GH�SODFHU�OHV�
Q°XGV�DX[�PHLOOHXUV�HQGURLWV��

(QILQ�LO�VHUDLW�FHUWDLQHPHQW�HIILFDFH�G¶XWLOLVHU�GHV�DQWHQQHV�GLUHFWLYHV�SRXU�FRQWU{OHU�HQFRUH�
SOXV�SUpFLVpPHQW�OD�WRSRORJLH��0DLV�FHWWH�pYHQWXDOLWp�QH�VHUD�SDV�H[SORUpH�GDQV�FHWWH�WKqVH�DILQ�
GH�OLPLWHU�O¶pWHQGXH�GH�O¶pWXGH��

�
/H�URXWDJH�

�

/H� URXWDJH�GpWHUPLQH� OH�FKHPLQ�GHV�SDTXHWV�SRXU�DOOHU�GX�Q°XG�FDSWHXU�PRELOH� MXVTX¶DX�
SXLWV�IL[H��,O�IDXW�UHPDUTXHU�TXH�VHXO�OH�URXWDJH�GDQV�OH�VHQV�FDSWHXU�YHUV�SXLWV�VHUD�FRQVLGpUp��
3RXUWDQW�OH�URXWDJH�SXLWV�YHUV�FDSWHXU�D�XQ�VHQV�GDQV�FH�W\SH�G¶DSSOLFDWLRQ�VL�RQ�YHXW�SRXYRLU�
FKDQJHU�OHV�SDUDPqWUHV�GH�PHVXUH�HQ�OLJQH��&HFL�SRXUUD�FRQVWLWXHU�XQH�VXLWH�j�FH�WUDYDLO�GH�WKqVH��



�

�

���

�

�7RXW�DOJRULWKPH�GH�URXWDJH�HVW�EDVp�VXU�XQH�RX�SOXVLHXUV�PpWULTXHV��'DQV�OHV�UpVHDX[�GH�
FDSWHXUV�VDQV�ILO�� OD�SRVLWLRQ�GX�Q°XG�YLV�j�YLV�GX�SXLWV��QRPEUH�GH�VDXWV�RX�FR�W��DLQVL�TXH�
O¶pQHUJLH�UpVLGXHOOH�VRQW�OHV�GHX[�PpWULTXHV�VRXYHQW�XWLOLVpHV�SRXU�OH�URXWDJH��/¶pQHUJLH�Q¶HVW�
SDV�XQ�pOpPHQW�FULWLTXH�GDQV�OH�VFpQDULR�pWXGLp�FDU�O¶LQVWDOODWLRQ�GX�UpVHDX�HVW�WHPSRUDLUH��OH�
QRPEUH� GH� Q°XGV� HVW� OLPLWp� HW� FHX[�FL� VRQW� DFFHVVLEOHV�� $LQVL� OHV� EDWWHULHV� SHXYHQW� rWUH�
UHFKDUJpHV�V¶LO�OH�IDXW���

/H�WUDQVIHUW�HQWUH�OH�Q°XG�FDSWHXU�HW�OH��SXLWV�Q¶HVW�SDV�GLUHFW�GDQV�OH�FDV�JpQpUDO�R��OHV�GHX[�
Q°XGV�QH�VRQW�SDV�UHOLpV�GLUHFWHPHQW�HQ�SHUPDQHQFH�SDU�XQH�OLDLVRQ�UDGLR��/HV�SDTXHWV�GRLYHQW�
DORUV�rWUH��UHOD\pV�SDU�GHV�Q°XGV�LQWHUPpGLDLUHV�VXLYDQW�OH�SULQFLSH�GHV�UpVHDX[�DG�KRF��&¶HVW�
O¶DSSOLFDWLRQ� TXL� IL[H� OD�TXDOLWp� GH� VHUYLFH� UHTXLVH� GDQV� OH� WUDQVSRUW� GHV� LQIRUPDWLRQV� HW� SDU�
FRQVpTXHQFH�OD�RX�OHV�PpWULTXHV�GH�URXWDJH��/¶DSSOLFDWLRQ�GH�VXUYHLOODQFH��TXL�IRQFWLRQQH�HQ�
WHPSV�UpHO�HW�TXL�SHXW�UHTXpULU�XQH�FHUWDLQH�V\QFKURQLVDWLRQ�GHV�GRQQpHV�VDLVLHV��LPSRVH�GRQF�
XQ�GpODL�PLQLPLVp��'DQV�FH�FDV��FHOD�IL[H�OD�PpWULTXH�DX�QRPEUH�GH�VDXWV��FULWqUH�j�PLQLPLVHU��
&HWWH�PLQLPLVDWLRQ�GRLW�VH�IDLUH�VRXV�OD�FRQWUDLQWH�G¶XQ�WUqV�IDLEOH�WDX[�GH�SHUWH�GH�SDTXHW��'RQF�
VHXOHV� OHV� OLDLVRQV� ILDEOHV� GRLYHQW� rWUH� SULVHV� HQ� FRPSWH�� /D� SRVLWLRQ� GX� FDSWHXU� FKDQJHDQW�
FRQVWDPPHQW�� OD� WRSRORJLH� GX� UpVHDX� FKDQJH� FH� TXL� LPSOLTXH� TX¶XQ� URXWDJH� G\QDPLTXH� HVW�
QpFHVVDLUH��3RXU�UpSRQGUH�DX�QLYHDX�GH�TXDOLWp�GH�VHUYLFH�GpVLUp��OD�YLWHVVH�GX�Q°XG�FDSWHXU�GRLW�
DXVVL�rWUH�SULVH�HQ�FRPSWH�HQ�SOXV�GH�OD�SRVLWLRQ��&HWWH�YLWHVVH�SHUPHW�G¶DQWLFLSHU�OH�FKDQJHPHQW�
GH�WRSRORJLH�GXUDQW�OH�WUDQVIHUW�GX�SDTXHW�j�WUDYHUV�OH�UpVHDX�HW�OH�FKDQJHPHQW�PDMHXU�GH�TXDOLWp�
GH�OD�OLDLVRQ�PRELOH�IL[H���

,O�HVW�SRVVLEOH�TXH�YRORQWDLUHPHQW�RX�QRQ�XQ�SDTXHW�VRLW�WUDQVIpUp�VXU�SOXVLHXUV�FKHPLQV��/H�
URXWDJH�PXOWL�FKHPLQ�SUpVHQWH�GHV�DYDQWDJHV�VL�OHV�FKHPLQV�VRQW�VXIILVDPPHQW�GLVMRLQWV�SRXU�
QH�SDV�FUpHU�G¶LQWHUIpUHQFHV�HQWUH�OHV�Q°XGV�pPHWWHXUV��FH�TXH�SHUPHWWHQW�FHUWDLQHV�WRSRORJLHV��
&¶HVW�O¶XWLOLVDWLRQ�G¶XQ�VHXO�FDQDO�TXL�LQGXLW�FHV�LQWHUIpUHQFHV�HQWUH�FKHPLQV�UDSSURFKHV��'DQV�
OH� FDV� G¶XQ� URXWDJH�PXOWL�FKHPLQ�� LO� FRQYLHQW� GH�PHWWUH� HQ� SODFH� XQ� SURWRFROH� GH� WUDQVSRUW�
PLQLPDO�SRXU�pOLPLQHU�OHV�SDTXHWV�UHoXV�HQ�SOXVLHXUV�FRSLHV�SDU�OH�SXLWV��

(QILQ�� FHUWDLQHV� WRSRORJLHV� HW� FHUWDLQV� DOJRULWKPHV� GH� URXWDJH� SHUPHWWHQW� IDFLOHPHQW� GH�
UpDOLVHU� GH� O¶DJUpJDWLRQ� GH� SDTXHWV��&HWWH� SRVVLELOLWp� SRXUUD� rWUH� FRQVLGpUpH� HW� VD� SHUWLQHQFH�
pYDOXpH��

�/D�ORFDOLVDWLRQ�
/D� ORFDOLVDWLRQ� G¶XQ� Q°XG� HVW� VRXYHQW� QpFHVVDLUH� GDQV� XQ� UpVHDX� GH� FDSWHXUV� SRXU� GHX[�

XVDJHV� �� DX�QLYHDX�DSSOLFDWLI��SRXU�DVVRFLHU�XQH�SRVLWLRQ�DX[�YDOHXUV�PHVXUpHV�SDU� OH�RX� OHV�
FDSWHXUV��DX�QLYHDX�URXWDJH�VL�XQ�DOJRULWKPH�GH�URXWDJH�JpRJUDSKLTXH�HVW�XWLOLVp��'DQV�OH�FDV�
G¶XQ� UpVHDX� GH� FDSWHXUV�PRELOHV� FRPPH� FHOXL� pWXGLp�� OD� ORFDOLVDWLRQ� HVW� XQH� IRQFWLRQQDOLWp�
IRQGDPHQWDOH� SRXU� OHV� GHX[� XVDJHV� FLWpV� SUpFpGHPPHQW�� &RPPH� GpFULW� GDQV� OH� SDUDJUDSKH�
�������GH�QRPEUHXVHV�WHFKQLTXHV�GH�ORFDOLVDWLRQ�RQW�pWp�GpYHORSSpHV��0DLV�OD�SOXSDUW�FRQVLGqUH�
XQ� HPSODFHPHQW� DOpDWRLUH� GX� Q°XG�� 'DQV� QRWUH� FDV�� OH� Q°XG� j� ORFDOLVHU� VH� WURXYH� VXU� XQH�
WUDMHFWRLUH�FRQQXH��'H�SOXV��LO�HVW�PRELOH��LO�\�D�GRQF�SRVVLELOLWp�G¶H[SORLWHU�OH�PRXYHPHQW�SRXU�
UpDOLVHU�OD�ORFDOLVDWLRQ��(QILQ��OD�WUDMHFWRLUH�pWDQW�SDUFRXUXH�F\FOLTXHPHQW��OD�ORFDOLVDWLRQ�SHXW�
V¶DSSX\HU�VXU�XQH�WHFKQLTXH�G¶DSSUHQWLVVDJH��

&HV� FRQVLGpUDWLRQV� RQW� pWp� SULVHV� HQ� FRPSWH� SRXU� SURSRVHU� TXHOTXHV� VROXWLRQV� DGDSWpHV��
1RWRQV�DXVVL�TXH�O¶XWLOLVDWLRQ�G¶DQWHQQHV�GLUHFWLYHV�SRXUUDLW�FRQWULEXHU�j�DPpOLRUHU�OD�YLWHVVH�GH�
ORFDOLVDWLRQ�HW�VD�SUpFLVLRQ���

�



�

�

���

�

��� 3RVLWLRQQHPHQW�GHV�WUDYDX[�
����� �/HV�UpVHDX[�GH�FDSWHXUV�VDQV�ILO�

������� *pQpUDOLWpV�
8Q�UpVHDX�GH�FDSWHXUV�HVW�FRQVWLWXp�GH�PLOOLHUV�GH�Q°XGV�DSSHOpV�Q°XGV�FDSWHXUV�RX�WRXW�

VLPSOHPHQW� FDSWHXUV�� SHUPHWWDQW� GH� FDSWHU� HW� FROOHFWHU� GHV� LQIRUPDWLRQV�� G¶DQDO\VHU� OHV�
WUDLWHPHQWV�HW�GH�WUDQVPHWWUH�OHV�LQIRUPDWLRQV�UHFXHLOOLHV�GDQV�GLIIpUHQWV�HQYLURQQHPHQWV��&HV�
Q°XGV� SHXYHQW� DYRLU� GHV� SRVLWLRQV� SDUWLFXOLqUHV� RX� ELHQ� rWUH� GpSOR\pV� DOpDWRLUHPHQW� SRXU�
VXUYHLOOHU� O¶HQYLURQQHPHQW��/HV�FRPPXQLFDWLRQV�GDQV�XQ�UpVHDX�GH�FDSWHXUV�VH� IRQW�VRXYHQW�
G¶XQH�PDQLqUH�PXOWL�VDXW��

/¶pFRXOHPHQW� GHV� GRQQpHV� VH� WHUPLQH� YHUV� GHV� Q°XGV� VSpFLDX[� DSSHOpV� Q°XGV�SXLWV� RX�
VWDWLRQV�GH�EDVH��©�VLQN�ª���&HV�Q°XGV�SXLWV�VRQW�GHV�EDVHV�GH�FRQWU{OH�TXL�SRVVqGHQW�SOXV�GH�
UHVVRXUFHV�PDWpULHOOHV�HW�SHUPHWWHQW�GH�FROOHFWHU�HW�VWRFNHU�OHV�LQIRUPDWLRQV�LVVXHV�GHV�FDSWHXUV��

(Q� G¶DXWUHV� WHUPHV� OH� IRQFWLRQQHPHQW� G¶XQ� UpVHDX� GH� FDSWHXUV� VH� GpURXOH� GH� OD�PDQLqUH�
VXLYDQWH� �� OHV�Q°XGV� VRQW�GpSOR\pV�GDQV�XQH�]RQH�DSSHOpH� ]RQH�G¶LQWpUrW�SRXU� OD� VXUYHLOOHU��
/RUVTX¶XQ�Q°XG�GpWHFWH�XQ�pYqQHPHQW��LO�OH�WUDLWH�ORFDOHPHQW�HW�O¶DFKHPLQH�YHUV�OD�VWDWLRQ�GH�
EDVH�YLD�XQH�FRPPXQLFDWLRQ�PXOWL�VDXW��&H�SURFHVVXV�HVW�LOOXVWUp�GDQV�OD�)LJXUH������

�

�
)LJXUH�����([HPSOH�G¶XQ�UpVHDX�GH�FDSWHXUV�

�
&DUDFWpULVWLTXHV�GHV�5&6)�
�/HV�FDUDFWpULVWLTXHV�OHV�SOXV�UHPDUTXDEOHV�GHV�5&6)��VRQW�OHV�VXLYDQWHV���

� $EVHQFH�G¶LQIUDVWUXFWXUH��FH�VRQW�GHV�UpVHDX[�$G�KRF����
� )DFWHXU�G¶pFKHOOH�±�/H�QRPEUH�GH�Q°XGV�GpSOR\pV�SRXU�XQH�DSSOLFDWLRQ�SHXW�DWWHLQGUH�

GHV�PLOOLHUV���
� ,QWHUIpUHQFHV�VL�GHX[�Q°XGV�SURFKHV�pPHWWHQW�VLPXOWDQpPHQW����
� 7RSRORJLH�G\QDPLTXH��GXH�j�OD�GpIDLOODQFH�GH�Q°XG�RX�j�O¶DMRXW�GH�QRXYHDX[�Q°XGV�DX�

UpVHDX�GpMj�GpSOR\p�RX�j�OD�PRELOLWp�GH�Q°XG�V����/HV�FDSWHXUV�SHXYHQW�pJDOHPHQW�rWUH�

%DVH�GH�GRQQpHV�



�

�

���

�

DWWDFKpV�j�GHV�REMHWV�PRELOHV�TXL�VH�GpSODFHQW�G¶XQH�IDoRQ� OLEUH�HW� DUELWUDLUH� UHQGDQW�
DLQVL�OD�WRSRORJLH�GX�UpVHDX�IUpTXHPPHQW�FKDQJHDQWH���

� 6pFXULWp�SK\VLTXH� OLPLWpH� ±� OHV� UpVHDX[�GH� FDSWHXUV� VDQV� ILO� VRQW�SOXV� WRXFKpV�SDU� OH�
SDUDPqWUH� GH� VpFXULWp� TXH� OHV� UpVHDX[� ILODLUHV� FODVVLTXHV�� &HOD� VH� MXVWLILH� SDU� OHV�
FRQWUDLQWHV�HW�OLPLWDWLRQV�SK\VLTXHV�TXL�IRQW�TXH�OH�FRQWU{OH�GHV�GRQQpHV�WUDQVIpUpHV�GRLW�
rWUH�PLQLPLVp���

� %DQGH�SDVVDQWH�DVVH]�IDLEOH���
� &RQWUDLQWH�GH�UHVVRXUFHV���pQHUJLH��GH�VWRFNDJH�HW�GH�FDOFXO���OD�FDUDFWpULVWLTXH�OD�SOXV�

FULWLTXH�GDQV�OHV�UpVHDX[�GH�FDSWHXUV�HVW�OD�PRGHVWLH�GH�VHV�UHVVRXUFHV�pQHUJpWLTXHV��FDU�
FKDTXH�Q°XG�HVW�DXWRQRPH�HW�DOLPHQWp�SDU�XQH�EDWWHULH��

�

&DUDFWpULVWLTXHV�G¶XQ�Q°XG�FDSWHXU�
�
8Q�Q°XG�FDSWHXU�VDQV�ILO�HVW�XQ�SHWLW�GLVSRVLWLI�pOHFWURQLTXH�FDSDEOH�GH�PHVXUHU�XQH�JUDQGHXU�

SK\VLTXH���WHPSpUDWXUH��OXPLqUH��SUHVVLRQ��HWF���HW�GH�OD�FRPPXQLTXHU�j�XQ�FHQWUH�GH�FROOHFWH�
GLUHFWHPHQW� RX� YLD� G¶DXWUHV� Q°XGV� TXL� IRQFWLRQQHQW� DORUV� FRPPH�GHV� URXWHXUV�� /HV� SURJUqV�
FRQMRLQWV�GH�OD�PLFURpOHFWURQLTXH��GHV�WHFKQRORJLHV�GH�WUDQVPLVVLRQ�VDQV�ILO�HW�GHV�ORJLFLHOV�RQW�
SHUPLV� GH� SURGXLUH� j� FR�W� UDLVRQQDEOH� GHV�PLFURFDSWHXUV� GH� TXHOTXHV�PLOOLPqWUHV� FXEHV� GH�
YROXPH��VXVFHSWLEOHV�GH�IRQFWLRQQHU�HQ�UpVHDX��.DKQ�HW�DO�����������

8Q�Q°XG�FDSWHXU�HVW�FRPSRVp�GH�TXDWUH�XQLWpV�GH�EDVH�HW�GH�GHX[�XQLWpV�RSWLRQQHOOHV���YRLU�
)LJXUH�������

�/¶XQLWp�G¶DFTXLVLWLRQ� ��HOOH�HVW�JpQpUDOHPHQW�FRPSRVpH�GH�GHX[�VRXV�XQLWpV�TXL� VRQW� OHV�
FDSWHXUV�HW�OHV�FRQYHUWLVVHXUV�DQDORJLTXH�QXPpULTXH��$'&���

�/¶XQLWp� GH� WUDLWHPHQW� �� VRXV� OH� FRQWU{OH� G¶XQ� V\VWqPH� G¶H[SORLWDWLRQ�� HOOH� H[pFXWH� OH�
SURJUDPPH� pFULW� SDU� O¶XWLOLVDWHXU� TXL� VH� WUDGXLW� SDU� OD� UpDOLVDWLRQ� GH� WkFKHV� G¶DFTXLVLWLRQ� GH�
JUDQGHXU� YLD� XQ� FDSWHXU�� GH� WUDLWHPHQW� GH� GRQQpHV� DFTXLVHV� HW� G¶pPLVVLRQ� YHUV� OH� Q°XG�
FROOHFWHXU���GH�SOXV��HOOH�DVVXUH�OH�URXWDJH�GH�SDTXHWV�UHoXV�GHVWLQpV�j�G¶DXWUHV�Q°XGV��

�8Q�PRGXOH� GH� FRPPXQLFDWLRQ� �7UDQVFHLYHU�� �� LO� HVW� FRPSRVp� G¶XQ� pPHWWHXU�UpFHSWHXU�
SHUPHWWDQW�OD�FRPPXQLFDWLRQ�HQWUH�OHV�GLIIpUHQWV�Q°XGV�GX�UpVHDX�YLD�XQH�OLDLVRQ�UDGLR��

�/D�EDWWHULH���HOOH�DOLPHQWH�O¶HQVHPEOH�GHV�XQLWpV�GX�Q°XG�
�/H� ©�0RELOLVDWHXU�ª� �0RELOL]HU�� �� RSWLRQQHO�� LO� HVW� XWLOLVp� SRXU� GpSODFHU� OH� Q°XG� SRXU�

DFFRPSOLU�OD�WkFKH�j�WUDLWHU��

�/H� V\VWqPH� GH� ORFDOLVDWLRQ� �/RFDWLRQ� )LQGLQJ� 6\VWHP�� �� RSWLRQQHO�� LO� IRXUQLW� GHV�
LQIRUPDWLRQV�VXU�OD�ORFDOLVDWLRQ�UHTXLVH�SDU�O¶DSSOLFDWLRQ�HW�RX�OH�URXWDJH��



�

�

���

�

�
)LJXUH�����/HV�FRPSRVDQWV�G¶XQ�Q°XG�FDSWHXU�

������� 7\SHV�GH�5&6)�
'DQV� EHDXFRXS� GH� FDV�� WRXV� OHV� Q°XGV� GX� UpVHDX� GH� FDSWHXUV� VRQW� IL[HV�� 5pSDUWLV�

XQLIRUPpPHQW�RX�DOpDWRLUHPHQW��OHV�Q°XGV�VRQW�VpSDUpV�OHV�XQV�GHV�DXWUHV�SDU�GHV�GLVWDQFHV�TXL�
OHXU� SHUPHWWHQW� GH� FRPPXQLTXHU� DX� PRLQV� DYHF� XQ� GH� OHXUV� SOXV� SURFKHV� YRLVLQV�� � /D�
FRQQHFWLYLWp�HVW�WRWDOH�VL�WRXV�OHV�Q°XGV�SHXYHQW�WURXYHU�XQ�FKHPLQ�MXVTX¶DX�SXLWV��8Q�UpVHDX�
VWDWLRQQDLUH� HVW� FRQVWLWXp� GH� Q°XGV� FDSWHXUV� IL[HV� GpGLpV� GDQV� OD� SOXSDUW� GX� WHPSV� j� OD�
VXUYHLOODQFH�G¶RFFXUUHQFHV�G¶pYqQHPHQWV�GDQV�XQH�]RQH�JpRJUDSKLTXH��5LQJZDOG�HW�DO���������
<DQJ�HW�DO����������'DQV�FH�FDV��OH�UpVHDX�Q¶HIIHFWXH�TXH�OD�VXUYHLOODQFH�HW�OHV�GRQQpHV�FDSWXUpHV�
VRQW�WUDQVPLVHV�HQ�PRGH�PXOWL�VDXWV�DX�Q°XG�FROOHFWHXU��&H�GHUQLHU�HVW�FKDUJp��DSUqV�UpFHSWLRQ�
GH�O¶LQIRUPDWLRQ��GH�PHWWUH�HQ�°XYUH�OHV�DFWLRQV�QpFHVVDLUHV��,O�SHXW�rWUH�FRQQHFWp��GH�PDQLqUH�
ILODLUH�j�XQ�DXWUH�UpVHDX��5DMDUDYLYDUPD�HW�DO����������

6L�OD�GHQVLWp�GH�UpSDUWLWLRQ�VSDWLDOH�GHV�Q°XGV�HVW�WURS�IDLEOH��OD�FRQQHFWLYLWp�Q¶HVW�SDV�WRWDOH��
,O�HVW�SRVVLEOH��VL�O¶DSSOLFDWLRQ�OH�SHUPHW��TX¶XQ�SXLWV�PRELOH�YLHQQH�VH�SODFHU�GH�WHPSV�HQ�WHPSV�
GDQV�OH�UD\RQ�GH�FRPPXQLFDWLRQ�GH�FKDTXH�Q°XG�FDSWHXU�HW�TXH�FHOXL�FL�OXL�HQYRLH�DORUV�OHV�
LQIRUPDWLRQV�TX¶LO�D�VDLVLHV�HW�HQUHJLVWUpHV�GHSXLV�OD�GHUQLqUH�FRPPXQLFDWLRQ��/H�GpODL�HQWUH�OD�
VDLVLH�GH�O¶LQIRUPDWLRQ�HW�VRQ�WUDQVIHUW�HVW�JUDQG�HW�FH�W\SH�GH�UpVHDX�HVW�TXDOLILp�GH�WROpUDQW�DX�
GpODL��HQ�DQJODLV��'71���'HOD\�7ROHUDQW�1HWZRUN���

/¶DSSOLFDWLRQ�SRXU�ODTXHOOH�OH�UpVHDX�GH�FDSWHXUV�HVW�GpSOR\p�SHXW�LQFOXUH�XQ�V\VWqPH�PRELOH�
SRUWHXU�G¶XQ�RX�SOXVLHXUV�Q°XGV�GX�UpVHDX��/H�UpVHDX�HVW�DORUV�XQ�UpVHDX�GH�FDSWHXUV�PRELOHV��
0RELOH�:LUHOHVV�6HQVRU�1HWZRUN�RX�0:61�HQ�DQJODLV��&HV�UpVHDX[�H[SORLWHQW�j�OHXU�DYDQWDJH�
OD�FDSDFLWp�G¶XQH�RX�SOXVLHXUV�OLDLVRQV�VDQV�ILO�j�UpDOLVHU�IDFLOHPHQW�XQH�OLDLVRQ�HQWUH�XQ�PRELOH�
HW�XQH�SDUWLH�IL[H��/D�WRSRORJLH�GX�UpVHDX�HVW�FKDQJHDQWH��OD�OLDLVRQ�PRELOH�±�IL[H�FKDQJHDQW�GH�
Q°XG�DX�FRXUV�GX�GpSODFHPHQW�GX�PRELOH�� ,O� IDXW� GRQF�JpUHU� OH� URXWDJH� DYHF� OD�G\QDPLTXH�
DGDSWpH���,O�IDXW�SDUWLFXOLqUHPHQW�JpUHU�OH�©�KDQGRYHU�ª��FRQVLVWDQW�SRXU�OH�PRELOH�j�FKDQJHU�GH�
©�EDVH�ª��F
HVW�j�GLUH�GH�FRUUHVSRQGDQW�GLUHFW�VXU�OD�SDUWLH�IL[H��&H�FKDQJHPHQW�Q¶HVW�SDV�SRVVLEOH�
HQ�FRXUV�G¶pPLVVLRQ�GH�SDTXHW�HW�GRLW�GRQF�rWUH�DQWLFLSp�SRXU�pYLWHU�OHV�SHUWHV�GH�SDTXHW��/D�
ORFDOLVDWLRQ�GX�PRELOH��GRQW�OD�SUREOpPDWLTXH�HVW�GLVFXWpH�GDQV�XQ�SDUDJUDSKH�VXLYDQW��FRQVWLWXH�
DORUV�XQH�IRQFWLRQ�SULPRUGLDOH�WDQW�SRXU�OH�IRQFWLRQQHPHQW�GX�UpVHDX�TXH�SRXU�FDUDFWpULVHU�OHV�
GRQQpHV�FDSWpHV��

8Q�5&6)�SHXW�DXVVL�rWUH�W\Sp�SDU�OH�W\SH�GH�GRQQpHV�FDSWpHV�HW�WUDQVSRUWpHV��/RUVTXH�FH�VRQW�
GHV� LPDJHV� RX� GH� OD� YLGpR�� OH� UpVHDX� HVW� DSSHOp� 5pVHDX� GH� &DSWHXUV�0XOWLPpGLD��:LUHOHVV�
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0XOWLPHGLD�6HQVRU�1HWZRUN�RX�:061�HQ�DQJODLV��/H�IOX[�G¶LQIRUPDWLRQ�JpQpUp�HVW�DORUV�JUDQG�
HW�LO�HVW�WHQWDQW�GH�FRPSUHVVHU�IRUWHPHQW�OHV�LPDJHV�RX�OD�YLGpR��8QH�SUREOpPDWLTXH�FRQVLVWH�j�
RSWLPLVHU� JOREDOHPHQW� O¶pQHUJLH� GpSHQVpH� j� OD� FRPSUHVVLRQ� GHV� GRQQpHV� HW� j� OHXU� WUDQVSRUW�
�'XUDQ�)DXQGH]�HW�DO����������

������� 'RPDLQHV�G¶DSSOLFDWLRQ�G¶XQ�5&6)�
$SSOLFDWLRQV�PLOLWDLUHV���/D�VXUYHLOODQFH�GH�WHUULWRLUH�RX�GH�IURQWLqUH�j�GHV�ILQV�PLOLWDLUHV�D�
pWp� OD�SUHPLqUH�DSSOLFDWLRQ�GHV� UpVHDX[�GH�FDSWHXUV��'DQV� OH�PrPH�REMHFWLI�PLOLWDLUH��GHV�
Q°XGV�FDSWHXUV�SHXYHQW�rWUH�GLVSHUVpV�VXU�XQ� WHUUDLQ�DGYHUVH�DILQ�GH� O¶DQDO\VHU�DYDQW�G¶\�
HQYR\HU�GHV�WURXSHV��GpWHFWLRQ�G¶DJHQWV�FKLPLTXHV��ELRORJLTXHV�RX�UDGLRDFWLIV����

$SSOLFDWLRQV� HQYLURQQHPHQWDOHV��� /HV� UpVHDX[� GH� FDSWHXUV� SHXYHQW� rWUH� XWLOLVpV� SRXU�
VXUYHLOOHU�OHV�FKDQJHPHQWV�HQYLURQQHPHQWDX[�DFFLGHQWHOV�RX�QDWXUHOV��/RXUHLUR�HW�DO����������
'DQV� �:HUQHU�$OOHQ� HW� DO��� ������ OHV� DXWHXUV� GpFULYHQW� OD�PLVH� HQ�°XYUH� G¶XQ� UpVHDX� GH�
FDSWHXUV�VXU�OH�YROFDQ�©�5HYHQWDWRU�ª�GDQV�OD�SDUWLH�RFFLGHQWDOH�GH�O¶$PD]RQH�HQ�eTXDWHXU��
/HV�GRQQpHV�UHFXHLOOLHV�DX�FRXUV�GHV�GpSODFHPHQWV�VRQW�WUDQVPLVHV�j�XQ�VDWHOOLWH�WDQGLV�TXH�
GHV�Q°XGV�VRQW�WRXMRXUV�j�OD�VXUIDFH��/D�GXUpH�GH�YLH�HVSpUpH�GHV�Q°XGV�HVW�G¶HQYLURQ����
DQV��,OV�SHXYHQW�rWUH�DXVVL�XWLOLVpV�SRXU�VXUYHLOOHU�GHV�DQLPDX[��

$SSOLFDWLRQV�PpGLFDOHV��� /HV� FDSWHXUV�SHXYHQW� rWUH� LPSODQWpV�GDQV� RX� VXU� OH� FRUSV�SRXU�
VXUYHLOOHU�XQ�SDWLHQW�HW�VRQ�pWDW�GH�VDQWp��'DQV��&KLQWDODSXGL�HW�DO����������OHV�DXWHXUV�RQW�
UpDOLVp�XQ�UpVHDX�GH�FDSWHXUV�SRXU�OD�VXUYHLOODQFH�GHV�©�VLJQHV�YLWDX[�ª���

$SSOLFDWLRQV�HQ�JpQLH�FLYLO���OHV�FDSWHXUV�SHXYHQW�rWUH�XWLOLVpV�SRXU�FRQWU{OHU�OHV�YLEUDWLRQV�
VXVFHSWLEOHV� G¶HQGRPPDJHU� OD� VWUXFWXUH� G¶XQ�EkWLPHQW�� G¶XQ�SRQW� RX� G¶XQ�EDUUDJH��'DQV�
�+HUULQJ�HW�DO����������OHV�DXWHXUV�GpFULYHQW�XQH�DSSOLFDWLRQ�TXL�VXUYHLOOH�O¶pWDW�GH�JUDQGHV�
VWUXFWXUHV�FRPPH�GHV�LPPHXEOHV�DGPLQLVWUDWLIV���

$SSOLFDWLRQV�HQ�GRPRWLTXH���OHV�UpVHDX[�GH�FDSWHXUV�SHXYHQW��rWUH�XWLOLVpV�SRXU�GpWHFWHU�OHV�
LQWUXVLRQV��FDSWHU��OD�WHPSpUDWXUH��HW�WRXWH�LQIRUPDWLRQ�XWLOH�SRXU�DVVXUHU�FRQIRUW�HW�VpFXULWp�
GDQV�XQH�PDLVRQ��

$SSOLFDWLRQV� HQ� DJULFXOWXUH��� OHV� FDSWHXUV� PHVXUHQW� O¶KXPLGLWp� GX� VRO� RX� G¶DXWUHV�
SDUDPqWUHV� VXU� OD� FXOWXUH� DILQ� G¶LUULJXHU� RX� WUDLWHU� DYHF� SUpFLVLRQ� OHV� VHXOV� HQGURLWV�
QpFHVVDLUHV��

$XWUHV� DSSOLFDWLRQV��� HQ� LQGXVWULH�� OHV� FDSWHXUV� SHXYHQW� UHPSODFHU� OHV� SXFHV�5),'� SRXU��
FRQWU{OHU�OHV�VWRFNV�GH�SURGXLWV��FRQWU{OHU�OHV�IOX[��VXUYHLOOHU�GHV�pTXLSHPHQWV���HQ�XUEDQLVPH��
OHV�FDSWHXUV�SHXYHQW�GpWHFWHU�OHV�GpSODFHPHQWV��FRPSWHU�OHV�YpKLFXOHV��GpWHFWHU�OHV�PDWLqUHV�
GDQJHUHXVHV�GDQV�OH�FLUFXLW�G¶DOLPHQWDWLRQ�HQ�HDX�«��

������� &RQVRPPDWLRQ�G¶pQHUJLH�GDQV�XQ�5&6)�
8Q��SUREOqPH�VRXYHQW�PDMHXU�GDQV�OHV�UpVHDX[�GH�FDSWHXUV�HVW�OD�FRQVRPPDWLRQ�G¶pQHUJLH�

SXLVTXH� OHV� Q°XGV� VRQW� DXWRQRPHV�� 'DQV� FHUWDLQV� FDV�� OH� UHPSODFHPHQW� GH� OD� EDWWHULH� HVW�
LPSRVVLEOH��FH�TXL�YHXW�GLUH�TXH�OD�GXUpH�GH�YLH�G¶XQ�FDSWHXU�GpSHQG�GH�OD�GXUpH�GH�YLH�GH�VD�
EDWWHULH���

7RXWHIRLV��FH�SUREOqPH�HVW�PRLQV�FUXFLDO�VL�OHV�Q°XGV�VRQW�IDFLOHPHQW�DFFHVVLEOHV�HW�GpSOR\pV�
SRXU�XQH�FRXUWH�GXUpH�FRPPH�F¶HVW�OH�FDV�GDQV�O¶DSSOLFDWLRQ�SULQFLSDOH�YLVpH�SDU�FHV�WUDYDX[�GH�
WKqVH��6L�OH�V\VWqPH�GRLW�rWUH�XWLOLVp�VXU�XQH�ORQJXH�GXUpH��LO�IDXW�RSWLPLVHU�OHV�pFKDQJHV�HW�OHV�
WUDLWHPHQWV�� � /¶XWLOLVDWLRQ� GH�'XW\� F\FOH�� F
HVW�j�GLUH� OD�PLVH� HQ� YHLOOH� UpJXOLqUH� GHV� Q°XGV��
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FRQVWLWXH�OD�VROXWLRQ�OD�SOXV�pFRQRPH�HQ�pQHUJLH��0DLV�HOOH�HVW�GLPLQXp�OHV�SHUIRUPDQFHV�HW�Q¶HVW�
GRQF�SDV�FRPSDWLEOH�DYHF�WRXWHV�OHV�DSSOLFDWLRQV��

����� 0RQLWRULQJ�j�O¶DLGH�G¶XQ�UpVHDX�GH�FDSWHXU�

/¶XWLOLVDWLRQ�G¶XQ�UpVHDX�GH�FDSWHXUV�VDQV�ILO�±�5&6)���SRXU�OD�VXUYHLOODQFH�HVW�ELHQ�FRQQXH�
GDQV�GHV�GRPDLQHV�FRPPH�OD�GpIHQVH�PLOLWDLUH��O¶HQYLURQQHPHQW��OHV�LQIUDVWUXFWXUHV�GH�JpQLH�
FLYLO��VRXYHQW�FRPPH�GHV�GLVSRVLWLIV�VXSSOpPHQWDLUHV�j�GHV�UpVHDX[�GH�FDSWHXUV�FkEOpV�H[LVWDQWV��
3DU�H[HPSOH�XQ�5&6)�GH�VXUYHLOODQFH�GH�O¶pWDW�GH�OD�VWUXFWXUH�D�pWp�FRQoX��LPSOpPHQWp��GpSOR\p�
HW�WHVWp�VXU�O¶DUFKH�SULQFLSDOH�ORQJXH�GH������PqWUHV�HW�OD�WRXU�6XG�GX�*ROGHQ�*DWH�%ULGJH��.LP�
HW�DO����������'HV�5&6)�VRQW�XWLOLVpV�GH�OD�PrPH�PDQLqUH�SRXU�OD�VXUYHLOODQFH�GH�PDLVRQV�RX�
LPPHXEOHV�HW�SRXU�OD�VXUYHLOODQFH�GH�OD�VDQWp�GH�SHUVRQQHV��$N\LOGL]�HW�DO����������&HV�VFpQDULRV�
VRQW�YUDLPHQW�GLIIpUHQWV�GH�FHOXL�TXL�PRWLYH�FH�VXMHW�GH�UHFKHUFKH��FDU�SUHVTXH�WRXW�OH�V\VWqPH�
VXUYHLOOp� HVW� VWDWLTXH� DLQVL� TXH� WRXV� OHV� Q°XGV� GX� UpVHDX� GH� FDSWHXUV�� 'HV� VFpQDULRV� GH�
VXUYHLOODQFH� DYHF� GHV� Q°XGV� PRELOHV� FRQQHFWpV� j� O¶DLGH� GH� WHFKQRORJLHV� VDQV� ILO� RQW� pWp�
GpYHORSSpV�GDQV�OHV�SURMHWV�&DUWHO�GX�0,7��+XOO�HW�DO���������HW�0RE(\HV�GH�O¶8&/$��/HH��8��
HW� DO��� ������ HQ� XWLOLVDQW� GHV� UpVHDX[� 9$1(7� �9HKLFXODU� $GKRF� 1HWZRUN��� 0DLV� FHWWH�
VXUYHLOODQFH�HVW�DGDSWpH�DX[�UpVHDX[�WROpUDQWV�OHV�GpODLV�RX�'71��'HOD\�7ROHUDQW�1HWZRUN��DYHF�
XQ� OLHQ� QRQ� SHUPDQHQW� HQWUH� XQ� Q°XG� HW� OH� SXLWV�� 'H� SOXV� OHV� Q°XGV� � VRQW� SXLVVDQWV� HQ�
FRPSDUDLVRQ�GH�FHX[�GX�UpVHDX�GH�FDSWHXUV�VDQV�ILO�PRELOH�XWLOLVp�GDQV�O¶DUFKLWHFWXUH�pWXGLpH�
GDQV�FHWWH�WKqVH��

/D�VXUYHLOODQFH�GH�PDFKLQHV�HQ�XWLOLVDQW�GHV�5&6)�Q¶HVW�SDV�IUpTXHPPHQW�LQYHVWLJXpH�GDQV�
OHV� SXEOLFDWLRQV� VFLHQWLILTXHV�� 0DLV� TXHOTXHV� 5&6)� VSpFLILTXHV� GpGLpV� DX[� V\VWqPHV�
DXWRPDWLVpV�LQGXVWULHOV�RQW�pWp�GpYHORSSpV�SDU�GHV�IDEULFDQWV�GH�UpVHDX[�LQGXVWULHOV��&KULVWLQ�HW�
DO����������,OV�VRQW�EDVpV�VXU�GHV�SURWRFROHV�VWDQGDUGV�GH�UpVHDX[�GH�FDSWHXUV�VDQV�ILO��PDLV�DYHF�
GHV�SDUWLFXODULWpV�UHQIRUoDQW�OD�TXDOLWp�GH�VHUYLFH�HW�OD�VpFXULWp��/D�PDMRULWp�GHV�FRQWULEXWLRQV�
PHWWHQW�O¶DFFHQW�VXU�O¶DSSOLFDWLRQ�HW�XWLOLVHQW�GHV�5&6)�VLPSOHV��&HUWDLQHV�DSSOLFDWLRQV�XWLOLVHQW�
OD�FDSDFLWp�GHV�OLDLVRQV�VDQV�ILO�SRXU�UpDOLVHU�OD�FRPPXQLFDWLRQ�PRELOH�IL[H�GDQV�OD�VXUYHLOODQFH�
GH�PRWHXUV�pOHFWULTXHV��/X�HW�DO�����������/LPD�)LOKR�HW�DO���������PDLV�G¶DXWUHV�FRQFHUQHQW�GHV�
V\VWqPHV�SOXV�JOREDX[�DYHF�O¶REMHFWLI�G¶RSWLPLVHU�O¶pQHUJLH�FRQVRPPpH��6DOYDGRUL�HW�DO���������
RX�SRXU�VXUYHLOOHU�GHV�PDFKLQHV�RXWLOV�HW�SDUWLFXOLqUHPHQW�O¶XVXUH�GHV�RXWLOV��7DQ�HW�DO����������
(Q�UDLVRQ�GX�IDLEOH�QRPEUH�GH�VDXWV�GDQV�FHV�UpVHDX[�OHV�FRQWULEXWLRQV�YLVDQW�j�DPpOLRUHU�OD�
TXDOLWp�GH�VHUYLFH�SRXU�VDWLVIDLUH�OHV�H[LJHQFHV�GHV�XVDJHV�LQGXVWULHOV�VRQW�FRQFHQWUpHV�VXU�OD�
FRXFKH�0$&��0HGLXP�$FFHVV�&RQWURO��FRPPH�O¶LQGLTXH�O¶pWDW�GH�O¶DUW�UpDOLVp�SDU��<LJLWHO�HW�
DO��� ������� 6HORQ� FHOXL�FL�� OD� PDMRULWp� GHV� SURWRFROHV� UpVXOWDQWV� VXLYHQW� XQH� DSSURFKH� GH�
GLIIpUHQWLDWLRQ� GH� VHUYLFHV�� /HV� SDTXHWV� VRQW� WUDLWpV� VXLYDQW� OHXU� FODVVH� HW� OHV� H[LJHQFHV�
FRUUHVSRQGDQWHV�HQ�UpJODQW�OHV�SDUDPqWUHV�GX�UpVHDX�DX�QLYHDX�GH�OD�FRXFKH�0$&��

/HV�Q°XGV�GH�5&6)�SHXYHQW�DYRLU�GHV�GpIDLOODQFHV�TXL�DIIHFWHQW�OD�TXDOLWp�GH�OD�VXUYHLOODQFH��
/D�ORFDOLVDWLRQ�GHV�FDSWHXUV�HQ�GpIDXW�D�pWp�pWXGLpH�SDU��&KHQ�HW�DO����������

�

(Q�FRQFOXVLRQ�DXFXQH�FRQWULEXWLRQ�Q¶D�pWp�WURXYpH�FRQFHUQDQW�VSpFLILTXHPHQW�OD�VXUYHLOODQFH�
GH�JUDQGHV�PDFKLQHV�j�O¶DLGH�G¶XQ�UpVHDX�GH�FDSWHXUV���
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����� 7RSRORJLH�GH�UpVHDX�GH�FDSWHXUV�

/D�WRSRORJLH�SK\VLTXH�GHV�UpVHDX[�GH�FDSWHXUV�GpSHQG�GX�PRGqOH�GH�GpSORLHPHQW��DOpDWRLUH�
RX�GpWHUPLQLVWH��/H�FKRL[�GH�FH�PRGqOH�HVW�UpDOLVp�HQ�IRQFWLRQ�GH�OD�GLIILFXOWp�GH�UpDOLVDWLRQ�GH�
FH�GpSORLHPHQW��OLpH�j�OD�WDLOOH�GX�UpVHDX�HW�j�O¶DFFHVVLELOLWp�GH�OD�]RQH�GH�GpSORLHPHQW��

/HV�pWXGHV�VXU�OH�GpSORLHPHQW�SK\VLTXH�YLVHQW�JpQpUDOHPHQW�j�GpWHUPLQHU�OD�FRXYHUWXUH�GX�
UpVHDX�HQ�WHUPHV�GH�GpWHFWLRQ�G¶pYpQHPHQWV��

/D�WRSRORJLH�ORJLTXH�GpWHUPLQH�VRXYHQW� OHV�TXDOLWpV�HW�SHUIRUPDQFHV�GX� UpVHDX���0DPXQ��
������D�UpDOLVp�XQH�FRPSDUDLVRQ�GpWDLOOpH�GH�TXDWUH�W\SHV�GH�WRSRORJLHV�ORJLTXHV�HQ�XWLOLVDQW�GL[�
PpWULTXHV�GLIIpUHQWHV��/HV�TXDWUH�WRSRORJLHV�VRQW���

� /D�WRSRORJLH�j�SODW�RX�QRQ�RUJDQLVpH��GDQV�ODTXHOOH�WRXV�OHV�Q°XGV�RQW�OH�PrPH�U{OH�HW�
OH�URXWDJH�GpWHUPLQp�j�FKDTXH�pPLVVLRQ��GRQF�HQ�XWLOLVDQW�GH�OD�GLIIXVLRQ�QRQ�DGUHVVpH���

� /D�WRSRORJLH�HQ�FOXVWHU�GDQV�ODTXHOOH�OHV�Q°XGV�VRQW�RUJDQLVpV�HQ�JURXSHV�HW�OH�URXWDJH�
RUJDQLVp� j� SULRUL� HQ� FKRLVLVVDQW� XQ� ©�FKHI�ª� GH� FOXVWHU� TXL� HVW� XQH� VRUWH� GH� SXLWV�
LQWHUPpGLDLUH�SRXU�VRQ�JURXSH���

� /D� WRSRORJLH� HQ� DUEUH� TXL� HVW� XQH� FRQVWUXFWLRQ� REWHQXH� SDU� OHV� URXWHV� FUppHV� HW�
PpPRULVpHV�GHSXLV�FKDTXH�Q°XG�FDSWHXU�YHUV�OH�SXLWV�TXL�HVW�OD�UDFLQH�GH�O¶DUEUH���

� /D�WRSRORJLH�HQ�FKDvQH�GDQV�ODTXHOOH�OHV�Q°XGV�IRUPHQW�XQH�RX�SOXVLHXUV�FKDvQHV�SDVVDQW�
SDU�OH�SXLWV��

/HV�GL[�PpWULTXHV� UHWHQXHV� SRXU� FHWWH� FRPSDUDLVRQ� VRQW��� O¶pQHUJLH� WRWDOH� FRQVRPPpH�� OD�
GLVWULEXWLRQ�GH� O¶pQHUJLH�� OD�GLVWULEXWLRQ�GH� OD�FKDUJH�� OD� UHGRQGDQFH�GHV�FRPPXQLFDWLRQV�� OD�
ILDELOLWp�GHV�GRQQpHV��OH�SDVVDJH�j�O¶pFKHOOH��OH�GpODL�G¶DFKHPLQHPHQW��OD�FRQQHFWLYLWp�GX�UpVHDX��
OD�GXUpH�GH�YLH�HW�OH�FR�W�GH�JHVWLRQ�GH�OD�WRSRORJLH��

/H�FRQWU{OH�GH�OD�WRSRORJLH�SDU�UpJODJH�GH�OD�SXLVVDQFH�G¶pPLVVLRQ�RX�SDU�PLVH�HQ�VRPPHLO�
GH�FHUWDLQV�Q°XGV�D�DXVVL�pWp�ELHQ�pWXGLp��'DQV�OH�SUHPLHU�FDV��O¶REMHFWLI�HVW�VRLW�O¶pFRQRPLH�
G¶pQHUJLH�VRLW�OH�IRQFWLRQQHPHQW�RSWLPDO�GX�UpVHDX��'H�FH�SRLQW�GH�YXH��LO�\�D�GX�SRXU�HW�GX�
FRQWUH� j� O¶DXJPHQWDWLRQ� GX� UD\RQ� GH� WUDQVPLVVLRQ�� &HOOH�FL� UpGXLW� OH� QRPEUH� GH� VDXWV� SRXU�
DWWHLQGUH�OH�SXLWV�HW�GRQF��GLPLQXH�OH�GpODL�G¶DFKHPLQHPHQW�HW�SDUIRLV�O¶pQHUJLH�FRQVRPPpH��
0DLV� OH�QRPEUH�GH�FRQWHQWLRQV�HQWUH�pPLVVLRQV�DXJPHQWH�IRUWHPHQW�FH�TXL�UpGXLW� OH�GpELW�HW�
DXJPHQWH�OH�GpODL��6HORQ��.OHLQURFN�HW�DO����������OH�QRPEUH�RSWLPDO�GH�YRLVLQV�GDQV�XQ�UpVHDX��
VWDWLRQQDLUH�HVW�VL[��'DQV�XQ�UpVHDX�DYHF�GHV�Q°XGV�PRELOHV��LO�Q¶\�D�SDV�G¶RSWLPXP�JOREDO��,O�
D� pWp� PRQWUp� TXH� OH� PHLOOHXU� WDX[� GH� GpOLYUDQFH� GHV� SDTXHWV� HVW� REWHQX� DYHF� XQ� UD\RQ� GH�
WUDQVPLVVLRQ�SURSRUWLRQQHO�j�OD�YLWHVVH�GH�PRELOLWp�GX�RX�GHV�Q°XGV�LPSOLTXpV��5R\HU�HW�DO���
�������

'DQV�OH�GHX[LqPH�FDV��O¶REMHFWLI�HVW��WRXMRXUV�G¶pFRQRPLVHU�GH�O¶pQHUJLH�HW�GH�SURORQJHU�OD�
YLH�GX�UpVHDX��3DU�H[HPSOH���OH�SURWRFROH�*$)��*HRJUDSKLFDO�$GDSWLYH�)LGHOLW\���+XOO�HW�DO���
������H[SORLWH�OH�SRVLWLRQQHPHQW�GpWHUPLQp�GHV�Q°XGV�VXU�XQH�JULOOH�SRXU�PHWWUH�HQ�VRPPHLO�
WHPSRUDLUHPHQW� GHV� Q°XGV� VDQV� SHUWH� GH� SHUIRUPDQFH� GDQV� OH� URXWDJH� GHV� SDTXHWV�� /HV�
SURWRFROHV�'0$&��6�'0$&�HW�&&�QH� SUpMXJHQW� SDV� GX� SRVLWLRQQHPHQW��PDLV� IRUPHQW� GHV�
FOXVWHUV�HW�XQ�EDFNERQH�UpVLVWDQWV�j�OD�GLVSDULWLRQ�WHPSRUDLUH�RX�SHUPDQHQWH�GH�Q°XGV��%DVDJQL�
HW�DO�����������

�/D�PRELOLWp�QH�SHXW�SDV�rWUH�UpGXLWH�j�VD�YLWHVVH��/D�WUDMHFWRLUH�HVW�ELHQ�V�U�WUqV�LQIOXHQWH�HW�
GHV� PRGqOHV� GH� PRELOLWp� RQW� pWp� pWXGLpV�� &HV� PRGqOHV� VRQW� HVVHQWLHOOHPHQW� XWLOLVpV� SRXU�
DPpOLRUHU�OH�URXWDJH�HQ�DQWLFLSDQW�OHV�PRGLILFDWLRQV�GH�WRSRORJLH�RX�HQ�IDLVDQW�GHV�K\SRWKqVHV�
VXU� OD� WRSRORJLH� DFWXHOOH� FRQQDLVVDQW� FHOOH� GX� SDVVp�� /H� SDUFRXUV� UpSpWLWLI� G¶XQH� WUDMHFWRLUH�
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FRPPH�GpILQL�GDQV�OH�VFpQDULR�pWXGLp�SHXW�DXVVL�rWUH�XWLOLVp�SRXU�DQWLFLSHU�OD�PRGLILFDWLRQ�GH�
WRSRORJLH�HQ�SUpSDUDQW�OHV�SDUDPqWUHV�GX�SURWRFROH�GH�WUDQVSRUW�SRXU�GLPLQXHU�VD�VHQVLELOLWp�DX�
KDQGRYHU��F
HVW�j�GLUH�OH�FKDQJHPHQW�GH�Q°XG�IL[H�OLp�SDU�FDQDO�UDGLR�DYHF�OH�PRELOH��%HUWDX[��
��������

����� 5RXWDJH�GDQV�XQ�UpVHDX�GH�FDSWHXUV�PRELOHV�

7RXW�DOJRULWKPH�GH� URXWDJH�HVW�EDVp�VXU�XQH�RX�SOXVLHXUV�PpWULTXHV��'DQV� OHV� UpVHDX[�GH�
FDSWHXUV��OD�SRVLWLRQ�GX�Q°XG�YLV�j�YLV�GX�SXLWV��QRPEUH�GH�VDXWV�RX�FR�W��DLQVL�TXH�O¶pQHUJLH�
UpVLGXHOOH�VRQW�OHV�GHX[�PpWULTXHV�VRXYHQW�XWLOLVpHV�SRXU�OH�URXWDJH���/HV�PpWKRGHV�GH�URXWDJH�
VRQW�QRPEUHXVHV� HW� VHXOHV� FHOOHV�XWLOLVDEOHV�GDQV�GHV� UpVHDX[�PRELOHV� VRQW� FRQVLGpUpHV��&HV�
PpWKRGHV�VRQW�LQVSLUpHV�GH�GHX[�GRPDLQHV���FHOXL�GHV�UpVHDX[�GH�FDSWHXUV�HW�FHOXL�GHV�UpVHDX[�
DG�KRF�PRELOHV��0$1(7���/HV�SURWRFROHV�GH��URXWDJH�GHV�UpVHDX[�GH�FDSWHXUV�RQW�SDUIRLV�GHV�
SUREOqPHV�G¶DGDSWDWLRQ��DX�FKDQJHPHQW�UDSLGH�GH�OD�WRSRORJLH�GX�UpVHDX��'¶XQ�DXWUH�F{Wp��OHV�
SURWRFROHV�GH�URXWDJH�GHV�0$1(7��ELHQ�DGDSWp�j�OD�PRELOLWp��VRQW�SRXU�OD�SOXSDUW�FRQoXV�SRXU�
GHV� FRPPXQLFDWLRQV� ELGLUHFWLRQQHOOHV�� FH� TXL� Q¶HVW� SDV� XQH� IRQFWLRQQDOLWp� UHTXLVH� GDQV� OH�
VFpQDULR�UHWHQX��

/HV�SURWRFROHV�GpGLpV�DX[�UpVHDX[�GH�FDSWHXUV�PRELOHV�VRQW�SUHVTXH�WRXV�GHV�DGDSWDWLRQV��GH�
SURWRFROHV�H[LVWDQWV��3DU�H[HPSOH�$'65��$QJOH�EDVHG�'\QDPLF�6RXUFH�5RXWLQJ���.ZDQJFKHRO��
HW�DO���������HVW�XQH�DGDSWDWLRQ�GX�SURWRFROH�SRXU�UpVHDX�VDQV�ILO�PDLOOp�'65��'\QDPLF�6RXUFH�
5RXWLQJ���$'65�XWLOLVH�O¶LQIRUPDWLRQ�GH�SRVLWLRQ�SRXU�HVWLPHU�O¶DQJOH�HQWUH�OH�Q°XG�VRXUFH��OHV�
Q°XGV�UHODLV�SRWHQWLHOV�HW�OH�SXLWV��&HWWH�LQIRUPDWLRQ�HVW�HQVXLWH�XWLOLVpH�SRXU�URXWHU�OHV�SDTXHWV�
FRQVWDPPHQW�HQ�GLUHFWLRQ�GX�SXLWV��'H�PrPH��/($&+�0���/RZ�HQHUJ\�$GDSWDWLYH�FOXVWHULQJ�
+LHUDUFK\�±0RELOH���5HQXJDGHYL�HW�DO���HVW�XQH�DGDSWDWLRQ�GX�SURWRFROH�/($&+�SRXU�UpVHDX�
GH� FDSWHXUV�� /H� SUREOqPH�PDMHXU� DYHF� FHWWH� DSSURFKH� KLpUDUFKLTXH� HVW� TXH� OH� RX� OHV� Q°XGV�
PRELOHV�FKDQJHQW�IUpTXHPPHQW�GH�FOXVWHU��&HOD�FUpp�GH�QRPEUHX[�pFKDQJHV�SRXU�Up�DWWDFKHU�FH�
RX�FHV�Q°XGV�DX�[��QRXYHDX�[��FOXVWHU�V�����

3DUPL� WRXV� OHV� SURWRFROHV� GH� URXWDJH�� FHX[� XWLOLVDQW� OD� SRVLWLRQ� JpRJUDSKLTXH� FRPPH�
PpWULTXH� VRQW� DWWUDFWLIV� HQ� UDLVRQ� GH� OHXU� VLPSOLFLWp� HW� OHXU� SDVVDJH� j� O¶pFKHOOH�� (Q� URXWDJH�
JpRJUDSKLTXH��0DXYH�HW�DO����������XQ�Q°XG�WUDQVIqUH�VLPSOHPHQW�OH�SDTXHW�YHUV�XQ�DXWUH�Q°XG�
SRXU�TXH� OH�SDTXHW�V¶DSSURFKH�GX�SXLWV�GHVWLQDWDLUH�HQ� WHUPHV�GH�GLVWDQFH�JpRJUDSKLTXH��&H�
URXWDJH�JpRJUDSKLTXH�GH�EDVH��QRPPp�URXWDJH�JORXWRQ�FDU�OD�VROXWLRQ�FKRLVLH�HVW�OD�PHLOOHXUH�
ORFDOHPHQW��HVW�VLPSOH��FDU�LO�QH�QpFHVVLWH�SDV�GH�PDLQWLHQ�GH�WDEOH�GH�URXWDJH�QL�GH�FRQQDLVVDQFH�
GH�OD�WRSRORJLH�JOREDOH�GX�UpVHDX��7RXWHIRLV��O¶DEVHQFH�G¶LQIRUPDWLRQ�JOREDOH�FRQGXLW�SDUIRLV�OH�
SDTXHW�YHUV�GHV�WURXV�RX�YHUV�GHV�REVWDFOHV��$LQVL�OH�Q°XG�DWWHLQW�QH�SHXW�SOXV�URXWHU�OH�SDTXHW�
YHUV� VD� GHVWLQDWLRQ� DYHF� FH� URXWDJH�� FDU� DXFXQ� Q°XG� SOXV� SURFKH� GH� OD� GHVWLQDWLRQ� Q¶HVW�
DFFHVVLEOH��

&H�SUREOqPH�SHXW�rWUH�IDFLOHPHQW�pYLWp�SDU�XQH�VWUDWpJLH�GH�FRQWRXUQHPHQW�VXUWRXW�ORUVTXH�
OD� GHVWLQDWLRQ� HVW� WRXMRXUV� VLWXpH� DX�PrPH� HQGURLW�� $LQVL� OHV� YDULDQWHV� VRQW� QRPEUHXVHV� HQ�
URXWDJH�JpRJUDSKLTXH��=%5��=RQH�%DVHG�5RXWLQJ��SURSRVp�SDU��$KPHG�HW�DO���������TXL�GpILQLW�
GHV�FOXVWHUV�JpRJUDSKLTXHV�SHUPHW�G¶DWWDFKHU�IDFLOHPHQW�OH�Q°XG�PRELOH�j�XQ�FOXVWHU�HQ�XWLOLVDQW�
VD� SRVLWLRQ�� �*25� �*HRJUDSKLFDOO\�2SSRUWXQLVWLF�5RXWLQJ�� �*25�� SURSRVp� SDU� �+DQ� HW� DO���
������HVW�XQ�SURWRFROH�SRXU�WRSRORJLH�ORJLTXH�j�SODW�TXL�SURMHWWH�OH�UpVHDX�VXU�XQH�JULOOH�HW�TXL�
XWLOLVH� O¶LQIRUPDWLRQ� JpRJUDSKLTXH� SRXU� WUDQVPHWWUH� OH� SDTXHW� OH� SOXV� ORLQ� SRVVLEOH� YHUV� OD�
GHVWLQDWLRQ�TXDQG�F¶HVW�SRVVLEOH��
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/HV�DXWHXUV��=KDR�HW�DO���������DPpOLRUHQW�OH�URXWDJH�JpRJUDSKLTXH�GDQV�OHV�UpVHDX[�PRELOHV�
SRXU�YpKLFXOHV��9$1(7��HQ�XWLOLVDQW��XQH�SUpGLFWLRQ�GH�OD�PRELOLWp�j�SDUWLU�GX�SODQ�ORFDO�GHV�
URXWHV�HW�GX�WUDILF�URXWLHU�DFWXHO��&H�FRQFHSW�G¶XWLOLVHU�OD�IXWXUH�SRVLWLRQ�HVW�YUDLPHQW�LQWpUHVVDQW�
SRXU�O¶pWXGH�PHQpH�GDQV�FHWWH�WKqVH��

/H�URXWDJH�JpRJUDSKLTXH�DSSDUDLW�GRQF�FRPPH�DSSURSULp�SRXU�GHV�WRSRORJLHV�FRQQX�DYHF�
XQH�PRELOLWp�SUpGLFWLEOH�� ,O�VHUD�XWLOLVp�DYHF�GHV�DGDSWDWLRQV�GDQV�OHV�DUFKLWHFWXUHV�SURSRVpHV�
GDQV�FHWWH�WKqVH���

����� /RFDOLVDWLRQ�GHV�Q°XGV�

������� ,QWURGXFWLRQ���OHV�GLIIpUHQWHV�PpWKRGHV�
/D� ORFDOLVDWLRQ� G¶XQ� Q°XG� PRELOH� HVW� GHYHQXH� XQH� IRQFWLRQQDOLWp� LPSRUWDQWH� GDQV� GHV�

UpVHDX[�WUqV�GLYHUV�HW�SRXU�GHV�WHUPLQDX[�FRPPH�OHV�VPDUWSKRQHV��OHV�YpKLFXOHV�FRQQHFWpV�HQ�
9$1(7��OHV�Q°XGV�GH�UpVHDX[�GH�FDSWHXUV��HWF«�/D�ORFDOLVDWLRQ�HQ�H[WpULHXU�HVW�VRXYHQW�EDVpH�
VXU�OH�V\VWqPH�*36��*OREDO�3RVLWLRQLQJ�6\VWHP���FDU�LO�HVW�UHODWLYHPHQW�SUpFLV�HW�SHX�FKHU��6RQ�
FR�W� pQHUJpWLTXH� HVW� HQ� UHYDQFKH� pOHYp�� j� FDXVH� GH� OD� GpWHFWLRQ� GHV� VDWHOOLWHV� HW� GH� OD�
V\QFKURQLVDWLRQ� GH� O¶KRUORJH� DYHF� OHV� VDWHOOLWHV� OHV� SOXV� SURFKHV�� &HFL� HQWUDLQH� GRQF� OD�
GLPLQXWLRQ�GH�OD�GXUpH�GH�YLH�HIIHFWLYH�GH�O
HQVHPEOH�GX�UpVHDX���/D�ORFDOLVDWLRQ�HQ�LQWpULHXU�QH�
SHXW�SDV�V¶DSSX\HU�VXU�OH�*36��FDU�OHV�VLJQDX[�VRQW�WURS�IDLEOHV�HW�QRQ�HQ�OLJQH�GLUHFWH��'LYHUVHV�
WHFKQLTXHV�RQW� pWp�GpYHORSSpHV�TXL�YRQW� rWUH�SUpVHQWpHV� UDSLGHPHQW�GDQV� FH�SDUDJUDSKH��(Q�
UDLVRQ� GH� OD� GLYHUVLWp� HW� GH� OD� FRPSOH[LWp� GHV� WHFKQLTXHV� GH� ORFDOLVDWLRQ�� GRQW� DXFXQH� Q¶HVW�
XQLYHUVHOOH�QL� WRWDOHPHQW� VDWLVIDLVDQWH�� OD�SUpVHQWDWLRQ�HVW� LFL� UpGXLWH� j�XQ� UpVXPp� LQVSLUp� HQ�
SDUWLH�GH�OD�WKqVH�GH�0XVWDSKD�'DNNDN��'DNNDN���������HW�FRPSOpWpH�SRXU�OHV�PRELOHV��

������� /RFDOLVDWLRQ�HQ�H[WpULHXUH�SDU�XQ�*36�

/H�*36�HVW�XQ�V\VWqPH�GH�SRVLWLRQQHPHQW�WHUUHVWUH�FRPSUHQDQW����VDWHOOLWHV�PRELOHV�VXU�XQH�
RUELWH�j��������NP�G
DOWLWXGH��'XTXHQQH�HW�DO����������8Q�UpFHSWHXU�*36�TXL�FDSWH�OHV�VLJQDX[�
G
DX� PRLQV� TXDWUH� VDWHOOLWHV� pTXLSpV� G¶KRUORJHV� DWRPLTXHV� SHXW�� HQ� FDOFXODQW� OHV� WHPSV� GH�
SURSDJDWLRQ�GH�FHV�VLJQDX[�HQWUH�OHV�VDWHOOLWHV�HW�OXL��FRQQDvWUH�VD�GLVWDQFH�SDU�UDSSRUW�j�FHX[�FL�
HW��SDU�WULODWpUDWLRQ��VH�VLWXHU�HQ�WURLV�GLPHQVLRQV�DYHF�XQH�SUpFLVLRQ�GH���j����PqWUHV�SRXU�OH�
V\VWqPH�VWDQGDUG��/H�*36�HVW�DLQVL�XWLOLVp�SRXU�ORFDOLVHU�GHV�SLpWRQV��GHV�YpKLFXOHV�URXODQWV��GHV�
QDYLUHV�HW�GHV�DYLRQV��

&HV�VDWHOOLWHV�pPHWWHQW�HQ�SHUPDQHQFH�GHV�VLJQDX[�VXU�GHX[�IUpTXHQFHV�SRUWHXVHV��XQH� �j�
���������0+]�HW� O¶DXWUH� j����������0+]�� �6XU� OD�SUHPLqUH�� OH� VLJQDO�GH�PRGXODWLRQ�HVW�XQH�
VpTXHQFH� UpVXOWDQW� GH� O
DGGLWLRQ� PRGXOR� �� G¶XQ� FRGH� SVHXGR�DOpDWRLUH� DSSHOp� &�$� �&RDUVH�
$FTXLVLWLRQ�� j� ������0E�V� HW� GHV� GRQQpHV� j� ���E�V� FRQWHQDQW� OHV� pSKpPpULGHV� GHV� VDWHOOLWHV�
�GRQQpHV�VHUYDQW�j�FDOFXOHU�OHXU�SRVLWLRQ��HW�G
DXWUHV�LQIRUPDWLRQV�GH�QDYLJDWLRQ��&¶HVW�FH�VLJQDO�
TXL�HVW�j�XVDJH�FLYLO��&
HVW�OH�FRGH�&�$�TXL�VHUW�GDQV�OHV�UpFHSWHXUV�j�GpWHUPLQHU�O
LQVWDQW�H[DFW�
G
pPLVVLRQ�GX�VLJQDO���

/D�SOXSDUW� GHV� UpFHSWHXUV� VRQW� FDSDEOHV�G
DIILQHU� OHXUV� FDOFXOV� HQ�XWLOLVDQW� SOXV�GH�TXDWUH�
VDWHOOLWHV��FH�TXL�UHQG�OHV�UpVXOWDWV�GHV�FDOFXOV�SOXV�SUpFLV��WRXW�HQ�{WDQW�OHV�VRXUFHV�SHX�ILDEOHV�
RX�WURS�SURFKHV�O
XQH�GH�O
DXWUH�SRXU�IRXUQLU�XQH�PHVXUH�FRUUHFWH��'H�PrPH�OH�*36�GLIIpUHQWLHO�
�HQ� DQJODLV� 'LIIHUHQWLDO� *OREDO� 3RVLWLRQLQJ� 6\VWHP��� '*36�� DPpOLRUH� OD� SUpFLVLRQ� GH�
ORFDOLVDWLRQ�� � ,O�XWLOLVH�XQ� UpVHDX�GH� VWDWLRQV� IL[HV�GH� UpIpUHQFH�TXL� WUDQVPHW� O¶pFDUW�HQWUH� OHV�
SRVLWLRQV�LQGLTXpHV�SDU�OHV�VDWHOOLWHV�HW�OHXUV�SRVLWLRQV�UpHOOHV�FRQQXHV��/H�UpFHSWHXU�SHXW�DLQVL�
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FRUULJHU� VHV�PHVXUHV�GH�SRVLWLRQV��/HV�PHLOOHXUHV� LPSOpPHQWDWLRQV�RIIUHQW�GHV�SUpFLVLRQV�GH�
PRLQV�GH����FP��

&HSHQGDQW�� OH� *36� Q
HVW� SDV� XWLOLVDEOH� GDQV� WRXWHV� OHV� VLWXDWLRQV�� OH� VLJQDO� pPLV� SDU� OHV�
VDWHOOLWHV�pWDQW�DVVH]�IDLEOH�HW�GLIIpUHQWV�IDFWHXUV�SHXYHQW�DIIHFWHU�OD�SUpFLVLRQ�GH�OD�ORFDOLVDWLRQ���
SUpVHQFH� GH� JRXWWHV� G
HDX� GDQV� O¶DLU�� PDVTXDJH� WRWDO� RX� SDUWLHO� SDU� GHV� IHXLOOHV� G¶DUEUHV��
RFFXOWDWLRQ�G¶XQ�VDWHOOLWH�SDU��©�HIIHW�FDQ\RQ�ª��PRQWDJQH�RX�VLPSOHPHQW�EkWLPHQW���¬�QRWHU�TXH�
GDQV�FH�FDV�XQ�pFKR�GX�VLJQDO�FRQWUH�XQH�VXUIDFH�Q
HPSrFKHUD�SDV�OD�ORFDOLVDWLRQ��PDLV�IRXUQLUD�
XQH�ORFDOLVDWLRQ�IDXVVH���F
HVW�OH�SUREOqPH�GHV�PXOWLWUDMHWV�GHV�VLJQDX[�*36��'
DXWUHV�HUUHXUV��
Q
D\DQW�SDV�GH�FRUUpODWLRQ�DYHF�OH�PLOLHX�GH�SULVH�GH�PHVXUH�QL�OD�QDWXUH�DWPRVSKpULTXH��SHXYHQW�
rWUH� SUpVHQWHV�� &H� VRQW� GHV� HUUHXUV� V\VWpPDWLTXHV� GXHV� HVVHQWLHOOHPHQW� DX[� PDXYDLVHV�
V\QFKURQLVDWLRQV�G¶KRUORJH���

8Q�FRPSRVDQW�UpFHSWHXU�HVW�DVVH]�SHWLW�HW�VRQ�FR�W�DYHF�DQWHQQH�UHVWH�PRGHVWH�����HXURV�+7�
HQ��������/H�*36�HVW�FHUWDLQHPHQW�XQH�ERQQH�VROXWLRQ�GH�ORFDOLVDWLRQ�SRXU�QRWUH�VFpQDULR�GDQV�
OH�FDV�G¶XQ�V\VWqPH�RSpUDQW�HQ�H[WpULHXU��

������� /HV�WHFKQLTXHV�5DQJH�EDVHG�
� /HV�WHFKQLTXHV�GH�ORFDOLVDWLRQ�5DQJH�%DVHG�VRQW�IRQGpHV�VXU�OD�PHVXUH�GH�OD�GLVWDQFH�

RX�GHV�DQJOHV�HQWUH�OHV�GLUHFWLRQV�j�GHV�Q°XGV�GH�UpIpUHQFH�DSSHOpV�DQFUHV���

�

)LJXUH�����PRQWUH�XQ�UpVHDX�FRQVWLWXp�G¶DQFUHV�HW�GH�Q°XGV�TXL�GRLYHQW�VH�ORFDOLVHU��/HV�
DQFUHV� �&��� &��� HW� &��� SRVVqGHQW� GHV� LQIRUPDWLRQV� SUpFLVHV� VXU� OHXU� SRVLWLRQ� �YLD� *36��
LQWHUYHQWLRQ�KXPDLQH����HW�OHV�Q°XGV�UHVWDQWV��1���1���1��HW�1���PHVXUHQW�OHXUV�GLVWDQFHV�RX�
OHXUV�DQJOHV�SDU�UDSSRUW�DX[�DQFUHV�� ,OV�DSSOLTXHQW�HQVXLWH�GHV� WHFKQLTXHV�GH�PXOWLODWpUDWLRQ��
GpFULWH�GDQV� OH�SDUDJUDSKH�VXLYDQW�� DILQ�G
HVWLPHU� OHXU�HPSODFHPHQW��¬�QRWHU�TXH� OH�QRPEUH�
G¶DQFUHV� XWLOLVpHV� HVW� JpQpUDOHPHQW� OpJqUHPHQW� SOXV� JUDQG�TXH� OH� QRPEUH� QpFHVVDLUH�� FH� TXL�
FRQGXLW�j�UpVRXGUH�XQ�V\VWqPH�VXUGLPHQVLRQQp�HW�GRQF�j�PLQLPLVHU�XQH�HUUHXU�G¶HVWLPDWLRQ�SRXU�
REWHQLU�OD�SRVLWLRQ��

�

)LJXUH�����/RFDOLVDWLRQ�j�O¶DLGH�G¶DQFUHV�

C1� C
2�

C3�

N1�

N2�N3�

N4�
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�
7HFKQLTXHV�EDVpHV�VXU�OD�GLVWDQFH�
� 3ULQFLSH�GH�OD�ORFDOLVDWLRQ�SDU�PHVXUH�GH�GLVWDQFHV���OD�WULODWpUDWLRQ�
/D�WULODWpUDWLRQ�HVW�XQH�PpWKRGH�PDWKpPDWLTXH�SHUPHWWDQW�GH�GpWHUPLQHU�OD�SRVLWLRQ�UHODWLYH�

G
XQ� SRLQW� HQ� XWLOLVDQW� OD� JpRPpWULH� GHV� WULDQJOHV� WRXW� FRPPH� OD� WULDQJXODWLRQ�� 0DLV�
FRQWUDLUHPHQW�j�FHWWH�GHUQLqUH�TXL�XWLOLVH�GHV�DQJOHV��YRLU�SDUDJUDSKH�VXLYDQW���OD�WULODWpUDWLRQ�
XWLOLVH�OHV�GLVWDQFHV�HQWUH�FH�SRLQW�HW�DX�PLQLPXP�GHX[�SRLQWV�GH�UpIpUHQFHV��

�&KDTXH�PHVXUH� GH� GLVWDQFH� GpILQLW� XQ� FHUFOH� DXWRXU� GH� O¶DQFUH� DYHF� XQ� UD\RQ� pJDO� j� OD�
PHVXUH�HW�VXU�OHTXHO�OH�Q°XG�GRLW�VH�VLWXHU��/
LQWHUVHFWLRQ�GH�GHX[�FHUFOHV��SDU�H[HPSOH�VXU�OD�
)LJXUH�����FHX[�WUDFpV�DXWRXU�GH�$��HW�$���GRQQH�GHX[�SRLQWV��(Q�O¶DEVHQFH�G¶LQIRUPDWLRQ�GH�
GLUHFWLRQ�� XQ� WURLVLqPH� FHUFOH� FRPPH� FHOXL� WUDFp� DXWRXU� GH� $�� SHUPHW� GH� GpWHUPLQHU�
O
HPSODFHPHQW�H[DFW�GX�Q°XG��0DLV�FHOD�VXSSRVH�TXH�OHV�PHVXUHV�GH�GLVWDQFH�VRLHQW�SDUIDLWHV��
FH�TXL�Q
HVW�SDV�OH�FDV��/H�SRLQW�G¶LQWHUVHFWLRQ�GHV�WURLV�FHUFOHV�Q¶H[LVWH�GRQF�SDV��LO�GRLW�GRQF�
rWUH�HVWLPp���

/HV� FRRUGRQQpHV� �[�\�� GH� Q°XG�1� VRQW� OLpHV� DX[�GLVWDQFHV� HW� FRRUGRQQpHV� FRQQXHV� GHV�
DQFUHV��SDU���������

 𝑑௜ = ඥ(𝑥௜ − 𝑥)ଶ + (𝑦௜ − 𝑦)ଶ (2-1) 

�

$LQVL��OD�GLIIpUHQFH�HQWUH�OHV�GLVWDQFHV�PHVXUpHV�HW�UpHOOHV�SHXYHQW�rWUH�UHSUpVHQWpV�FRPPH����

�

 𝜌௜ = 𝑑ప෡ − 𝑑௜ (2-2) 

�

3DU� FRQVpTXHQW�� SOXV� GH� WURLV� Q°XGV� VRQW� QpFHVVDLUHV� SRXU� XQH� PHLOOHXUH� SUpFLVLRQ� GH�
ORFDOLVDWLRQ��

/H�SUREOqPH�GH�PLQLPLVDWLRQ�GHV�PRLQGUHV�FDUUpV�SHUPHW�GH�GpWHUPLQHU��[�\��TXL�PLQLPLVH�
∑ (𝜌௜)ଶ௡
௜ୀଵ .  �&H�SUREOqPH�SHXW�rWUH�UpVROX�SDU�O
XWLOLVDWLRQ�GH�OD�WHFKQLTXH�GH�GHVFHQWH�GH�JUDGLHQW�

RX�SDU�GHV�WHFKQLTXHV�LWpUDWLYHV�G
DSSUR[LPDWLRQV�VXFFHVVLYHV��

�

)LJXUH�����/RFDOLVDWLRQ�j�EDVH�GH�GLVWDQFH�SDU�WULODWpUDWLRQ�



�

�

���

�

�
0HVXUH�GX�566,��©�5HFHLYHG�6LJQDO�6WUHQJWK�,QGLFDWLRQ�ª��

/D�PHVXUH�GH�OD�SXLVVDQFH�G¶XQ�VLJQDO�UDGLR�UHoX�RX�566,�HVW�WUqV�VLPSOH��JUDWXLWH�HW�QRQ�
LQWUXVLYH�� &KDTXH� Q°XG� SHXW� PHVXUHU� OD� SXLVVDQFH� GX� VLJQDO� UHoX� SRXU� FKDTXH� SDTXHW� GH�
GRQQpHV�HQWUDQW�VDQV�LPSDFWHU�QL�OD�EDQGH�SDVVDQWH�QL�O¶pQHUJLH��8QH�HVWLPDWLRQ�GH�OD�GLVWDQFH�
HQWUH�O¶pPHWWHXU�GX�SDTXHW�HW�OH�UpFHSWHXU�HVW�REWHQXH�j�SDUWLU�GH�FHWWH�SXLVVDQFH�GX�VLJQDO�UHoX��
HQ�FRQQDLVVDQW�OD�SXLVVDQFH�GX�VLJQDO�pPLV�HW�OH�PRGqOH�G¶DWWpQXDWLRQ�XWLOLVp�©�3DWK�ORVV�ª��/H�
PRGqOH�OH�SOXV�XWLOLVp�HVW�EDVp�VXU�OH�ORJ�QRUPDO�VKDGRZLQJ���

�����
 𝑃ோ = 𝑃் − 10𝑙𝑜𝑔(𝐷) + 𝑅 + 𝑋ఙ� (2-3) 

DYHF�35�OD�SXLVVDQFH�UHoXH�HW�PHVXUpH�HQ�G%P��37�OD�SXLVVDQFH�GX�VLJQDO�WUDQVPLVH�HQ�G%P��
Ș�HVW�OD�FRQVWDQWH�G
DWWpQXDWLRQ�GpSHQGDQWH�GX�PLOLHX�GH�SURSDJDWLRQ�GH�YDOHXU�FRPSULVH�HQWUH�
��HW����.�XQH�FRQVWDQWH�GpSHQGDQWH�GH�OD�IUpTXHQFH�HW�GX�PLOLHX�GH�SURSDJDWLRQ�HW�;�OH�IDFWHXU�
G
LQFHUWLWXGH�GXH�DX[�WUDMHWV�PXOWLSOHV��DX[�YDULDWLRQV�GH�SURSDJDWLRQ�VXUWRXW�HQ�HQYLURQQHPHQW�
PRELOH�HW�j�O¶RPEUDJH��'H�SOXV��+HXUWHIHX[�HW�DO���������PHWWHQW�HQ�DYDQW�O¶DQLVRWURSLH�GXH�DX[�
DQWHQQHV�SRXU�H[SOLTXHU�O¶LPSUpFLVLRQ��FH�TXL�UHYLHQW�j�H[SULPHU�TXH�37�HVW�FRQQXH�DYHF�XQH�
JUDQGH�LQFHUWLWXGH��(QILQ��37�HVW�OLpH�HQWUH�DXWUH�j�OD�FKDUJH�GH�OD�EDWWHULH�GH�O¶pPHWWHXU��YDULDEOH�
GDQV�OH�WHPSV��

(Q� FRQFOXVLRQ�� LO� HVW� LPSRVVLEOH� GDQV� OH� FDV� JpQpUDO� G¶REWHQLU� XQH�PHVXUH� SUpFLVH� GH� OD�
GLVWDQFH�HQWUH�GHX[�Q°XGV�j� O¶DLGH�GX�566,��/¶HUUHXU� HVW� WHOOH�TXH� OHV�GLIIpUHQWHV�PpWKRGHV�
G¶HVWLPDWLRQ� GH� OD� SRVLWLRQ� j� SDUWLU� GHV� PHVXUHV� GH� GLVWDQFHV� UpDOLVpHV� DYHF� XQ� QRPEUH�
VXUDERQGDQW�G¶DQFUHV�QH�SHUPHWWHQW�SDV�G¶REWHQLU�XQ�UpVXOWDW�VDWLVIDLVDQW��7RXWHIRLV�OD�PHVXUH�
GX�566,�D�XQ�LQWpUrW�HQ�O¶DVVRFLDQW�DX[�WHFKQLTXHV�5DQJH�IUHH�GpFULWHV�DX�SDUDJUDSKH�����������

� 0HVXUH�GX�WHPSV�G¶DUULYpH�
/D�WHFKQLTXH�72$��7LPH�RI�$UULYDO��SDUIRLV�DSSHOpH�72)��7LPH�2I�)OLJKW��HVW�EDVpH�VXU�OD�

PHVXUH�SUpFLVH�GX�WHPSV�pFRXOp�HQWUH�O¶pPLVVLRQ�HW�OD�UpFHSWLRQ�G¶XQ�VLJQDO��&HV�PHVXUHV�VRQW�
XWLOLVpHV�SRXU�HVWLPHU�OD�GLVWDQFH�HQ�VH�EDVDQW�VXU�OH�WHPSV�GH�SURSDJDWLRQ�HW�OD�YLWHVVH�GX�VLJQDO��
'HX[�FDV�VRQW�HQYLVDJpV��

���������� PHVXUHV� DOOHU�UHWRXU� �� OH� VLJQDO� UHoX� SDU� OH� Q°XG� j� SRVLWLRQQHU� HVW� UHQYR\p�
LPPpGLDWHPHQW� j� O¶DQFUH� pPHWWULFH� TXL� PHVXUH� j� OD� UpFHSWLRQ� OH� WHPSV� pFRXOp� GHSXLV�
O¶pPLVVLRQ��/D�GLVWDQFH�HVW�FDOFXOpH�GDQV�FKDTXH�DQFUH�L�SDU����

 𝑑௜ = (ଵ
ଶ
  ∆𝑡௜ − 𝜏)𝑐  (2-4) 

�

$YHF�F�OD�FpOpULWp�HW��OH�WHPSV�GH�UHWRXUQHPHQW��F
HVW�j�GLUH�OD�GXUpH�HQWUH�OD�UpFHSWLRQ�GX�
VLJQDO�GDQV�OH�Q°XG�j�SRVLWLRQQHU�HW�VD�UppPLVVLRQ��&H�WHPSV�GRLW�rWUH�HVWLPp�SDU�pWDORQQDJH��

����������PHVXUHV�DOOHU���GDQV�FH�FDV��O¶pPHWWHXU�HQYRLH�XQ�VLJQDO�KRURGDWp�SUpFLVpPHQW�DX�PRPHQW�
GH�O¶HQYRL��/H�UpFHSWHXU�UHOqYH�SUpFLVpPHQW�O¶KHXUH�G¶DUULYpH�GX�VLJQDO��$LQVL��DYHF�XQH�VLPSOH�
VRXVWUDFWLRQ�LO�SHXW�GpGXLUH�OH�WHPSV�GH�YRO�j�FRQGLWLRQ�TXH�OHV�KRUORJHV�GH�O¶pPHWWHXU�HW�GX�
UpFHSWHXU�VRLHQW�SDUIDLWHPHQW�V\QFKURQLVpHV�� �/D�GLVWDQFH�TXL�VpSDUH�OH�Q°XG�1L�GX�Q°XG�1�
V¶pFULW�FRPPH�VXLW���

 𝑑௜ = ∆𝑡 ∗ 𝑐 (2-5) 
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���

�

�
'DQV� OHV� GHX[� FDV�� OD� GLVWDQFH� FDOFXOpH� HVW� DIIHFWpH� SDU� O¶LPSUpFLVLRQ� GHV� KRUORJHV� HW� OD�

QDWXUH�GH� O¶HQYLURQQHPHQW��7RXWH�SHWLWH�HUUHXU�GDQV� OD�PHVXUH�GX� WHPSV� HQWUDvQH�XQH�HUUHXU�
LPSRUWDQWH�G
HVWLPDWLRQ�GH�GLVWDQFH�j�FDXVH�GH� OD�YLWHVVH�GH�SURSDJDWLRQ�pOHYpH�GHV� VLJQDX[�
UDGLR�GDQV�O
DLU��/HV�WHFKQLTXHV�GH�7R$�VRQW�SHX�HQYLVDJHDEOHV�SRXU� OHV�UpVHDX[�GH�FDSWHXUV�
WUDGLWLRQQHOV��HW�VXUWRXW�GDQV�OH�FDV�GHV�Q°XGV�PRELOHV�V¶LOV�Q¶RQW�SDV�GH�V\QFKURQLVDWLRQ�DYHF�
OHV�DXWUHV�Q°XGV� IL[HV��7RXWHIRLV�GDQV� OHV� HQYLURQQHPHQWV�GLIILFLOHV�FRPPH�VRXV� O
HDX�GDQV�
OHVTXHOV� OD� YLWHVVH� GH� SURSDJDWLRQ� HVW� IDLEOH� OHV� WHFKQLTXHV� GH� 7R$� SHXYHQW� rWUH� SOXV�
DSSURSULpHV��VDQV�RXEOLHU�OH�QRXYHDX�W\SH�GH�UDGLR�8:%��

�
� 8:%�5)���8OWUD�:LGH�%DQG�
/D� WHFKQRORJLH� GH� FRXFKH� SK\VLTXH�8:%�5)� D� FRQQX� XQ� JUDQG� HVVRU� DX� FRXUV� GH� FHWWH�

GHUQLqUH� GpFHQQLH�� (OOH� HVW� FDUDFWpULVpH� SDU� XQH� JUDQGH� ODUJHXU� GH� EDQGH� SDU� UDSSRUW� j� OD�
IUpTXHQFH�FHQWUDOH�GHV�RQGHV�pPLVHV��,O�\�D�GHX[�IDFWHXUV�GHUULqUH�OH�FRQFHSW�8:%���OD�EDQGH�
SDVVDQWH�UHODWLYHPHQW�ODUJH�HW�XQH�IUpTXHQFH�FHQWUDOH�UHODWLYHPHQW�SHWLWH��/D�JUDQGH�ODUJHXU�GH�
EDQGH�SHUPHW�GHV� UpVROXWLRQV� WHPSRUHOOHV�SUpFLVHV��/D�EDVVH� IUpTXHQFH�FHQWUDOH�TXDQW� j�HOOH�
GHYUDLW�SHUPHWWUH�XQ�PHLOOHXU�SDVVDJH�GHV�RQGHV�j�WUDYHUV�OHV�GLIIpUHQWV�PDWpULDX[���

�'LYHUV�V\VWqPHV�GH�ORFDOLVDWLRQ�RQW�pWp�WHVWpV�VXU�OHV�UDGLRV�8:%�HW�VHPEOHQW�GRQQHU�GHV�
UpVXOWDWV�WUqV�SURPHWWHXUV��'DOFH�HW�DO����������1pDQPRLQV�QRXV�Q
DYRQV�SDV�GHV�Q°XGV�pTXLSpV�
GH�GLVSRVLWLI�8:%��,O�VHPEOH�TXH�FHWWH�WHFKQRORJLH�HQ�VRLW�HQFRUH�DX�VWDGH�H[SpULPHQWDO��

�
 0HVXUH�GH�OD�GLIIpUHQFH�GHV�WHPSV�G¶DUULYpH�

/D�GLIIpUHQFH�HQWUH�OHV�PRPHQWV�GH�UpFHSWLRQ�GH�SOXVLHXUV�VLJQDX[�GLVWLQFWV��7LPH�'LIIHUHQFH�
2I�$UULYDO��7'2$��SHXW�rWUH�HPSOR\pH�SRXU�HVWLPHU�OD�GLVWDQFH�HQWUH�OHV�Q°XGV��/HV�WHFKQLTXHV�
GH�7'R$�SHXYHQW�rWUH�FODVVpHV�HQ�GHX[�FDWpJRULHV����

 �3OXVLHXUV�Q°XGV��PrPH�W\SH�GH�VLJQDO���XQ�VLJQDO�pPLV�SDU�OH�Q°XG�j�ORFDOLVHU�HVW�UHoX�
SDU�WURLV�DQFUHV�V\QFKURQLVpHV�TXL�UHOqYHQW�OHV�KHXUHV�G
DUULYpH��/D�GLIIpUHQFH�HQWUH�GHX[�
KHXUHV� G¶DUULYpH� GpILQLW� XQ� K\SHUERORwGH� VXU� OHTXHO� � OH� Q°XG�1� GHYUDLW� VH� WURXYHU� HW�
O¶LQWHUVHFWLRQ�GHV�WURLV�K\SHUERORwGHV�GpILQLW�OD�SRVLWLRQ��&HWWH�WHFKQLTXH�HVW�XWLOLVpH�SDU�
OHV�VLVPRJUDSKHV�SRXU�ORFDOLVHU�XQ�VpLVPH��

 �3OXVLHXUV�VLJQDX[���GHX[�VLJQDX[�TXL�RQW�GLIIpUHQWHV�YLWHVVHV�GH�SURSDJDWLRQ�SHXYHQW�rWUH�
HPSOR\pV�SDU�XQ�Q°XG�SRXU�HVWLPHU�VD�GLVWDQFH�SDU�UDSSRUW�j�XQ�DXWUH�Q°XG��3DU�H[HPSOH��
OHV�Q°XGV�FULFNHW��3UL\DQWKD��������XWLOLVHQW�XQ�VLJQDO�UDGLRIUpTXHQFH�TXL�VH�SURSDJH�j�
OD� YLWHVVH� F� HW� XQ� VLJQDO� j� XOWUDVRQV� TXL� VH� SURSDJH� j� OD� YLWHVVH� YX�� /D� PHVXUH� GHV�
GLIIpUHQFHV�G¶KHXUH�G¶DUULYpH�GK�SHUPHW�GH�FDOFXOHU�OD�GLVWDQFH�'�HQWUH�OHV�Q°XGV����
' ��F±�YX�
GK��&H�V\VWqPH�GRQQH�GHV�UpVXOWDWV�WUqV�SUpFLV��PDLV�WRXV�OHV�HQYLURQQHPHQWV�
QH�VRQW�SDV�DGDSWpV�DX[�XOWUDVRQV��

7HFKQLTXHV�EDVpHV�VXU�O¶DQJOH�
� 3ULQFLSH�GH�OD�ORFDOLVDWLRQ�SDU�PHVXUH�G¶DQJOHV���OD�WULDQJXODWLRQ�
/D� WULDQJXODWLRQ� HVW� XQH� WHFKQLTXH� SHUPHWWDQW� GH� GpWHUPLQHU� OD� SRVLWLRQ� G
XQ� SRLQW� HQ�

PHVXUDQW�OHV�DQJOHV�HQWUH�FH�SRLQW�HW�G
DXWUHV�SRLQWV�GH�UpIpUHQFH�GRQW�OD�SRVLWLRQ�HVW�FRQQXH�HW�
GRQF�OD�GLVWDQFH�HQWUH�HX[��&H�SRLQW�SHXW�rWUH�FRQVLGpUp�FRPPH�pWDQW�OH�WURLVLqPH�VRPPHW�G
XQ�
WULDQJOH��)LJXUH������GRQW�RQ�FRQQDvW�GHX[�DQJOHV�HW�OD�ORQJXHXU�G
XQ�F{Wp��&HWWH�WHFKQLTXH�D�pWp�



�

�

���

�

XWLOLVpH�SDU�7KDOqV�VL[�FHQWV�DQV�DYDQW�O
qUH�FKUpWLHQQH�SRXU�pYDOXHU�OD�GLVWDQFH�G
XQ�EDWHDX�HQ�
PHU� j� OD� F{WH�� 'HV� FDOFXOV� WULJRQRPpWULTXHV� DVVH]� VLPSOHV� SHUPHWWHQW� GH� FDOFXOHU� OHV�
FRRUGRQQpHV�GX�SRLQW��'DQV�XQ�SODQ�GHX[�DQFUHV�VRQW�VXIILVDQWHV�SRXU�VH�ORFDOLVHU��

�

)LJXUH�����/RFDOLVDWLRQ�j�EDVH�G¶DQJOHV�HW�WULDQJXODWLRQ�

�
� 0HVXUH�GH�O¶DQJOH�G¶DUULYpH�
/
DQJOH� G
DUULYpH� �$R$�� $QJOH� RI� $UULYDO�� HVW� XQH� WHFKQLTXH� UHSRVDQW� VXU� GHV� DQWHQQHV�

GLUHFWLRQQHOOHV�RX�GHV�UpVHDX[�G¶DQWHQQHV�SHUPHWWDQW�G¶HVWLPHU�O
$R$�GX�VLJQDO�GH�O¶DQFUH�SDU�
UDSSRUW�j�XQH�UpIpUHQFH��

/HV�LQFRQYpQLHQWV�VRQW�GH�GHX[�W\SHV���G¶XQH�SDUW�OD�FRPSOH[LWp�GHV�DQWHQQHV�HW�OD�WDLOOH�GH�
FHOOHV�FL�DILQ�G¶RIIULU�XQH�GLYHUVLWp�VSDWLDOH�HW�PHVXUHU�DYHF�SUpFLVLRQ�O¶DQJOH�G¶DUULYpH���G¶DXWUH�
SDUW� OHV� HUUHXUV� GXHV� j� OD� QRQ�YLVLELOLWp� 1/26� GX� VLJQDO� UHoX� SHXYHQW� rWUH� HQFRUH� SOXV�
LPSRUWDQWHV�TXH�FHOOHV�EDVpHV�VXU�OHV�WHFKQLTXHV�GH�566,�RX�7'R$��

������� /HV�WHFKQLTXHV�5DQJH�IUHH��
/HV� WHFKQLTXHV� 5DQJH�IUHH� �$VSQHV� HW� DO��� ������ /DQJHQGRHQ� HW� DO��� ������ UHTXLHUHQW�

O
H[LVWHQFH�G¶DQFUHV�TXL�GLVSRVHQW�FKDFXQH�G
LQIRUPDWLRQV�SUpFLVHV�VXU�VD�SRVLWLRQ�� OHV�DXWUHV�
Q°XGV�GDQV�OH�UpVHDX�HVWLPHQW�OHXU�GLVWDQFH�SDU�UDSSRUW�j�WURLV�DQFUHV�DX�PLQLPXP��6XU�OD�EDVH�
GH�FHV�LQIRUPDWLRQV��OD�ORFDOLVDWLRQ�G
XQ�Q°XG�HVW�HVWLPpH��'DQV�OH�FDV�GH�5DQJH�IUHH�RQ�Q
D�SDV�
EHVRLQ�G
XQ�HVWLPDWHXU�GH�OD�GLVWDQFH��%LHQ�TXH�O
H[LVWHQFH�G¶XQ�DQFUH�SXLVVH�QpDQPRLQV�rWUH�
UHTXLVH��O
HPSODFHPHQW�GHV�DXWUHV�Q°XGV�HVW�HVWLPp�SDU�OHV�WHFKQLTXHV�GH�5DQJH�)UHH�  

/HV� WHFKQLTXHV� 5DQJH�IUHH� VRQW� EDVpHV� VXU� O¶K\SRWKqVH� TX¶XQ� Q°XG� VLWXp� GDQV� XQ�
HQYLURQQHPHQW�VWDEOH�YLV�j�YLV�GHV�FRQGLWLRQV�GH�SURSDJDWLRQ�GHV�VLJQDX[�HVW�SHUoX�GH�PDQLqUH�
WRWDOHPHQW�GpSHQGDQWH�GH�VD�SRVLWLRQ�SDU�O¶HQVHPEOH�GHV�Q°XGV�IL[HV�TXL�FDSWHQW�VRQ�VLJQDO���&H�
VLJQDO� SHXW�rWUH� PHVXUp� HW� PRGpOLVp� SDU� XQH� RX� SOXVLHXUV� GHV� GLIIpUHQWHV� WHFKQLTXHV� YXHV�
SUpFpGHPPHQW��566,��72$��7'2$��$2$���/D�PHVXUH�GX�566,�pWDQW�OD�SOXV�VLPSOH��F¶HVW�HOOH�
TXL�HVW�XWLOLVpH��OH�SOXV�IUpTXHPPHQW��6RLHQW�1���1��«�1L�OHV�L�Q°XGV�TXL�FDSWHQW�OH�VLJQDO�GX�
Q°XG�j�ORFDOLVHU��VD�SRVLWLRQ��[�\��GDQV�XQ�SODQ��F¶HVW�YUDL�DXVVL�GDQV�O¶HVSDFH��� �

�
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�

� ,GHQWLILFDWLRQ�SDU�HPSUHLQWHV�
,OV� H[LVWHQW� DXVVL� GHV� PpWKRGHV� LQGpSHQGDQWHV� GH� O¶HVWLPDWLRQ� GHV� GLVWDQFHV�� TXL� VRQW�

LQGpSHQGDQW�GH�OD�QDWXUH�GH�O¶HQLYUHPHQW�TXH�oD�VRLW�HQ�1/26�RX�/26���&¶HVW�QRWDPPHQW�OH�
FDV�GH�OD�WHFKQLTXH�TXL�DVVRFLH�j�XQ�HPSODFHPHQW�XQH�PHVXUH�SDU�H[HPSOH�GH�OD�SXLVVDQFH�GX�
VLJQDO�566,��/RUVTXH�OH�PRWLI�HVW�REVHUYp�SOXV�WDUG��OD�VLWXDWLRQ�SHXW�rWUH�GpGXLWH��1RXV�QRXV�
IRFDOLVRQV� VXU� OH� PRGqOH� EDVp� VXU� OD� PHVXUH� GH� SXLVVDQFH� GX� VLJQDO�� &HWWH� FDWpJRULH� GH�
WHFKQLTXHV�FRQVLVWH�j�LGHQWLILHU�O¶HPSUHLQWH�GX�VLJQDO�GpMj�VWRFNp�GDQV�XQH�EDVH�GH�GRQQpHV�HW�
GH�GpGXLUH�O¶HPSODFHPHQW�

/D� WHFKQLTXH� FRPSRUWH� GHX[� SKDVHV��� OD� SUHPLqUH� GpQRPPpH� SKDVH� KRUV� OLJQH� RX� SKDVH�
G¶DSSUHQWLVVDJH� HVW� OD� FRQVWUXFWLRQ� G¶XQH� EDVH� GH� GRQQpHV� FRQWHQDQW� XQ� JUDQG� QRPEUH� GH�
FRXSOHV��SRVLWLRQ��HPSUHLQWH!��/D�GHX[LqPH�SKDVH�GLWH�WHPSV�UpHO�RX�OD�SKDVH�G¶H[SORLWDWLRQ�
FRQVLVWH�j�HVWLPHU�OD�SRVLWLRQ�GX�Q°XG�HQ�FRPSDUDQW�OH�YHFWHXU�PHVXUp�SRXU�OD�ORFDOLVDWLRQ�DX[�
HPSUHLQWHV�PpPRULVpHV�GDQV�OD�EDVH��&HWWH�SKDVH�XWLOLVH�GHV��WHFKQLTXHV�GH�UHFRQQDLVVDQFH�GH�
IRUPH�HW�GH�FODVVLILFDWLRQ���(OOH�QH�SHXW�SDV�rWUH�UpDOLVpH�VXU�OH�Q°XG�OXL�PrPH��FDU�FHOXL�FL�Q¶D�
SDV�XQH�PpPRLUH�GH�WDLOOH�VXIILVDQWH�SRXU�VWRFNHU�OD�EDVH�GH�GRQQpHV���HOOH�HVW�GRQF�UpDOLVpH�VXU�
XQ�VHUYHXU�GH�ORFDOLVDWLRQ�DYHF�OHTXHO�OH�Q°XG�FRPPXQLTXH���&HWWH�RUJDQLVDWLRQ�VH�WUDGXLW�SDU�
XQ�IRQFWLRQQHPHQW�XQ�SHX�OHQW�HW�GRQF�OLPLWH�OD�YLWHVVH�GH�GpSODFHPHQW�GX�Q°XG�j�SRVLWLRQQHU�
V¶LO�HVW�PRELOH��

/HV�DOJRULWKPHV�GH�SRVLWLRQQHPHQW�j�EDVH�G
HPSUHLQWHV�UpDOLVHQW�FKDFXQ�XQH�WHFKQLTXH�GH�
UHFRQQDLVVDQFH� GHV� IRUPHV� SDU� XQH� PpWKRGH� RX� XQ� GHV� PR\HQV� VXLYDQWV�� OHV� PpWKRGHV�
SUREDELOLVWHV���OD�PpWKRGH�GHV�N�SOXV�SURFKHV�YRLVLQV��.11���OHV�UpVHDX[�GH�QHXURQHV�DUWLILFLHOV�
�$11���OHV�PDFKLQHV�j�YHFWHXUV�GH�VXSSRUW���690���HW�OH�SOXV�SHWLW�SRO\JRQH�0�VRPPHW��603����

1RXV�UHPDUTXRQV�TXH�OHV�PpWKRGHV�5DQJH�IUHH�VRQW�ELHQ�DGDSWpHV�j�QRWUH�VFpQDULR�SXLVTXH�
OD�WUDMHFWRLUH�GX�PRELOH�HVW�FRQVWDQWH�GRQF�OD�SRVLWLRQ�j�HVWLPHU�VH�WURXYH�GDQV�OD�EDVH�RX�SDU�
LQWHUSRODWLRQ�VXU�OD�WUDMHFWRLUH�HQWUH�GHX[�SRVLWLRQV�HQUHJLVWUpHV��1RXV�HQ�DYRQV�WHVWp�XQH��FHWWH�
H[SpULPHQWDWLRQ�HVW�GpFULWH�GDQV�OH�FKDSLWUH����8QH�JUDQGH�YLWHVVH�GH�GpSODFHPHQW�GX�PRELOH�
SHXW�FHSHQGDQW�H[FOXUH�FHV�PpWKRGHV��

������� 3RVLWLRQQHPHQW�SDU�FDSWHXUV�SURSULRFHSWLIV�
/H�SRVLWLRQQHPHQW�SDU�FDSWHXUV�SURSULRFHSWLIV�HVW�UpDOLVp�VRLW�SDU�XQH�FHQWUDOH�LQHUWLHOOH�VRLW�

GDQV�OH�FDV�G¶XQ�PRELOH�VXU�URXHV�SDU�RGRPpWULH��$EXKDGURXV���������

8QH�FHQWUDOH�LQHUWLHOOH�GH�VL[�GHJUpV�GH�OLEHUWp�IRXUQLW�GHV�LQIRUPDWLRQV�VXU�OD�SRVLWLRQ�HW�OD�
YLWHVVH� HQ� �'�� (OOH� VH� FRPSRVH� GH� WURLV� DFFpOpURPqWUHV�� TXL� PHVXUHQW� OHV� PRXYHPHQWV� GH�
WUDQVODWLRQ�� HW� GH� WURLV� J\URVFRSHV�PRQWpV� GDQV� XQ� V\VWqPH� GH� WURLV� D[HV� RUWKRJRQDX[�� TXL�
PHVXUHQW� OHV� PRXYHPHQWV� GH� URWDWLRQ�� 'HSXLV� FHV� LQIRUPDWLRQV� OD� YLWHVVH�� O
DWWLWXGH� HW� SDU�
FRQVpTXHQW�OD�SRVLWLRQ�GX�PRELOH�SHXYHQW�rWUH�REWHQXHV�SDU�LQWpJUDWLRQ��$VVH]�SUpFLV�HW�ILDEOHV��
FHV� V\VWqPHV� RQW� pWp� UpVHUYpV� SHQGDQW� ORQJWHPSV� DX� GRPDLQH� PLOLWDLUH� HW� DX� GRPDLQH� GH�
O¶DYLRQLTXH�HQ�UDLVRQ�GH�OHXU�FR�W�pOHYp��8QH�WHOOH�FHQWUDOH�LQHUWLHOOH�HVW�OH�FDSWHXU�G¶XQ�V\VWqPH�
GH�QDYLJDWLRQ�LQHUWLHO�RX�,16��,QLWLDO�1DYLJDWLRQ�6\VWHP���

/H� GpYHORSSHPHQW� GHV� J\URVFRSHV� HQ� WHFKQRORJLH� 0(06� D� SHUPLV� G¶DEDLVVHU�
FRQVLGpUDEOHPHQW� OHV�FR�WV�HW�G¶LQWpJUHU�XQ�J\URVFRSH�GDQV� OD�SOXSDUW�GHV� VPDUWSKRQHV��/HV�
DFFpOpURPqWUHV� VRQW� LQWpJUpV� j� OD� FRQVWUXFWLRQ� GH� FHUWDLQV� Q°XGV� GH� UpVHDX� GH� FDSWHXUV��
&HSHQGDQW�FHV�V\VWqPHV�RQW�XQH�SUpFLVLRQ�OLPLWpH�TXL�VH�WUDGXLW�SDU�XQH�GpULYH�VXU�OH�FDOFXO�GH�
OD�SRVLWLRQ�HW�GRQF�OD�QpFHVVLWp�GH�UHFDODJH�SpULRGLTXH��8Q�DXWUH�V\VWqPH�GH�SRVLWLRQQHPHQW�j�
IRQFWLRQQHPHQW� LQWHUPLWWHQW� HVW� GRQF� QpFHVVDLUH�� 'DQV� OHV� V\VWqPHV� H[WpULHXUV�� OH� FRXSODJH�
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*36�� ,16� HVW� IUpTXHQW� SRXU� REWHQLU� XQ� SRVLWLRQQHPHQW� ILDEOH� V¶DIIUDQFKLVVDQW� GX� SDVVDJH� j�
GXUpH�OLPLWpH�GX�PRELOH�GDQV�GHV�]RQHV�G¶RPEUH�GX�*36��

/H�ILOWUDJH�GH�.DOPDQ�IRXUQLW�XQ�RXWLO�SXLVVDQW�SRXU�FUpHU�OH�V\QHUJLVPH�HQWUH�GHX[�FDSWHXUV�
GH�QDYLJDWLRQ���*36�HW�,16���SXLVTX
LO�SHXW�WLUHU�SURILW�GHV�DYDQWDJHV�HW�GHV�FDUDFWpULVWLTXHV�GHV�
GHX[� V\VWqPHV� SRXU� IRXUQLU� XQ� V\VWqPH� LQWpJUp� GH� QDYLJDWLRQ� SUpVHQWDQW� XQH� SHUIRUPDQFH�
VXSpULHXUH�j�FHOOH�GH�O
XQ�RX�GH�O
DXWUH�GHV�VRXV�HQVHPEOHV�GH�FDSWHXU�SULV�VpSDUpPHQW��*UHZDO�
HW�DO�����������

¬�QRWHU�TXH�ORUVTXH�OD�WUDMHFWRLUH�GX�PRELOH�HVW�XQH�GURLWH�RX�XQ�FHUFOH�HW�TXH�OH�PRELOH�QH�
WRXUQH�SDV�VXU�OXL�PrPH�OD�FHQWUDOH�SHXW�rWUH�UpGXLWH�j�GHX[�DFFpOpURPqWUHV�SXLVTXH�G¶XQH�SDUW�
OH�PRXYHPHQW�VH�VLWXH�GDQV�XQ�SODQ�HW�G¶DXWUH�SDUW�VRLW�LO�Q¶\�D�SDV�GH�PRXYHPHQW�GH�URWDWLRQ�
VRLW�FHOXL�FL�HVW�FRQQX�GRQF�VD�PHVXUH�HVW�LQXWLOH��

�8WLOLVDWLRQ�G¶RGRPqWUHV�
0RQWpV�VXU�OHV�URXHV�GX�PRELOH��OHV�RGRPqWUHV�PHVXUHQW�OH�QRPEUH�GH�WRXUV�GH�URXH�HIIHFWXpV�

SHQGDQW�XQH�GXUpH�GRQQpH��(Q�SUDWLTXH��FHWWH� LQIRUPDWLRQ�HVW�XWLOLVpH�VXU�XQH�FRXUWH�SpULRGH�
SRXU�HQ�GpGXLUH�XQH�PHVXUH�GH�OD�YLWHVVH�GH�URWDWLRQ�GHV�URXHV��$YHF�O¶K\SRWKqVH�G¶DEVHQFH�GH�
JOLVVHPHQW�HQWUH�OHV�URXHV�HW�OH�VRO�HW�FRQQDLVVDQW�OHV�GLDPqWUHV�GHV�URXHV��O¶RGRPpWULH�IRXUQLW�
OH�YHFWHXU�YLWHVVH�GX�GpSODFHPHQW HW�SDU�LQWpJUDWLRQ�OD�SRVLWLRQ��

'DQV�OD�SUDWLTXH��FHWWH�WHFKQLTXH�SHUPHW�XQH�HVWLPDWLRQ�FRUUHFWH�GH�OD�YLWHVVH��PDLV�O¶HUUHXU�
HVW� WRXWHIRLV� VXIILVDPPHQW� JUDQGH� SRXU� TXH� OH� FDOFXO� GH� OD� SRVLWLRQ� FXPXOH� XQH� HUUHXU�
UDSLGHPHQW��&HOOH�FL� SHXW� DWWHLQGUH� MXVTX
j� ����PqWUHV� DSUqV� XQH�PLQXWH� GH� IRQFWLRQQHPHQW�
�:RRGPDQ�HW�DO���������FH�TXL�QpFHVVLWH�XQ�UHFDODJH�DVVH]�IUpTXHQW� 

��� &RQFOXVLRQ�
/D�VXUYHLOODQFH�pWURLWH�G¶XQ�JUDQG�pTXLSHPHQW�SK\VLTXH�PRELOH�VXU�XQH�WUDMHFWRLUH�XQLTXH�

FRQQXH�HVW�VXVFHSWLEOH�G¶DYRLU�GHV�DSSOLFDWLRQV�FRQFUqWHV�LPSRUWDQWHV�WDQW�SRXU�OD�VpFXULWp�GHV�
XWLOLVDWHXUV� TXH� SRXU� FHOOH� GH� O¶pTXLSHPHQW� OXL�PrPH�� SRXU� VD� PDLQWHQDQFH� HW� SRXU�
O¶RSWLPLVDWLRQ� GX� VHUYLFH� UHQGX�� 8QH� WHOOH� VXUYHLOODQFH� PHWWDQW� HQ� °XYUH� GHV� FDSWHXUV�
HPEDUTXpV� FDSDEOHV� GH� PHVXUHU� GHV� YDULDEOHV� GX� � FRPSRUWHPHQW� SURSUH� GX� V\VWqPH� HW�
pYHQWXHOOHPHQW� GH� VRQ� HQYLURQQHPHQW� Q¶D� SDV� pWp� WURXYpH� GpFULWH� GDQV� OD� ELEOLRJUDSKLH�
FRQVXOWpH��'¶XQH�PDQLqUH�SOXV�JpQpUDOH��OD�VXUYHLOODQFH�GH�V\VWqPH�PRELOH�j�O¶DLGH�G¶XQ�UpVHDX�
GH�FDSWHXU�HVW�XQ�GRPDLQH�SHX�LQYHVWLJXp��

�1RXV� DYRQV� GpILQL� XQ� VFpQDULR� DVVH]� SUpFLV��PDLV� WRXWHIRLV� SDV� WURS� pWURLW� GH�PDQLqUH� j�
GpILQLU�GH�YUDLHV�SUREOpPDWLTXHV�GH�UHFKHUFKH�HW�QRQ�XQ�SUREOqPH�G¶LQJpQLHULH�VSpFLILTXH��&H�
VFpQDULR� HQJHQGUH� GHV� WUDYDX[� GH� UHFKHUFKH� GRQW� OH� EXW� D� pWp� OLPLWp� j� OD� FRQFHSWLRQ� HW� j�
O¶RSWLPLVDWLRQ�G¶XQ�V\VWqPH�GH�PHVXUH�GHVWLQp�j� OD�FDUDFWpULVDWLRQ�RX�j� OD� VXUYHLOODQFH�G¶XQ�
JUDQG�pTXLSHPHQW�SK\VLTXH��PpFDQLTXH��PRELOH�VXU�XQH�WUDMHFWRLUH�XQLTXH�FRQQXH��

3RXU�PLHX[�LGHQWLILHU�OHV�GLIIpUHQWV�V\VWqPHV�PpFDQLTXHV�VXU�OHTXHO�O¶LQVWUXPHQWDWLRQ�VHUDLW�
GpSOR\pH�QRXV�DYRQV�GpILQL�XQH�QRPHQFODWXUH�VLPSOH�DYHF�GHX[�DWWULEXWV���XQ�FRGH�WUDMHFWRLUH�±�
XQ�FRGH�PRUSKRORJLH��FHWWH�QRPHQFODWXUH�VHUD�XWLOLVp�GDQV�OD�VXLWH�GX�GRFXPHQW��

/¶REMHFWLI�JpQpUDO�GH�QRWUH� WUDYDLO� HVW�GRQF�GH�FRQFHYRLU�XQ�V\VWqPH�GH�FDSWHXUV�FDSDEOH�
G¶DFTXpULU� OD� ERQQH� LQIRUPDWLRQ� DX� ERQ� HQGURLW�� HQ� WHPSV� YRXOX� HW� DYHF� VXIILVDPPHQW� GH�
SUpFLVLRQ�HW�GH�WUDQVPHWWUH�OHV�GRQQpHV�j�OD�VWDWLRQ�GH�WUDLWHPHQW�HQ�WHPSV�UpHO�HW�VDQV�SHUWH��



�

�

���

�

&KDTXH� PHVXUH� VHUD� WUDQVPLVH� DYHF� VD� ORFDOLVDWLRQ� HW� DYHF� XQ� LGHQWLILFDWHXU� HW� O¶HQVHPEOH�
FRQVWLWXH�XQH�FKDUJH�G¶HQYLURQ����RFWHWV�SDU�SDTXHW�LVVX�G¶XQ�Q°XG�FDSWHXU��

&RPPH� OD� WHFKQRORJLH� HVW� JOREDOHPHQW� GpWHUPLQpH�� FDU� OHV� Q°XGV� GRLYHQW� rWUH� FKRLVLV�
GLVSRQLEOHV� VXU� pWDJqUH�� OHV� YDULDWLRQV� GH� SHUIRUPDQFHV� VRQW� pWURLWHPHQW� GpSHQGDQWHV� GHV�
TXDOLWpV�GH�OD�WRSRORJLH�GX�UpVHDX�HW�GX�URXWDJH��/HV�SHUIRUPDQFHV�DWWHQGXHV�VRQW�OH�SOXV�SHWLW�
GpODL��TXHOTXH�FHQWDLQH�GH�PV���XQ�GpELW�VXIILVDQW��!���NR�V���HW�XQ�WDX[�GH�SHUWH�WUqV�IDLEOH�����
����� 8QH� SUHPLqUH� SUREOpPDWLTXH� GH� UHFKHUFKH� HVW� GRQF� GH� WURXYHU� XQH� PpWKRGRORJLH� GH�
FRQFHSWLRQ�GH�WRSRORJLH�DGDSWpH�j�OD�PRUSKRORJLH�GX�V\VWqPH�PpFDQLTXH�HW�j�VRQ�PRXYHPHQW��
&HWWH� WRSRORJLH�HVW�SUHVTXH� WRXMRXUV�G\QDPLTXH�HQ�UDLVRQ�GH� OD�PRELOLWp�GX�RX�GHV�FDSWHXUV�
HPEDUTXpV��(OOH�GRLW�DVVXUHU�HQ�SHUPDQHQFH�O¶H[LVWHQFH�GH�FKHPLQV�HQWUH�FDSWHXU�V��HW�SXLWV��/D�
GHX[LqPH� SUREOpPDWLTXH� FRQFHUQH� O¶DOJRULWKPH� GH� URXWDJH� TXL� GRLW� VXLYUH� SDUIDLWHPHQW� OD�
G\QDPLTXH�GH�OD�WRSRORJLH�HW�DVVXUHU�TXH�OHV�SDTXHWV�WUDQVLWHQW�SDU�OH�PHLOOHXU�FKHPLQ��F
HVW�j�
GLUH�DYHF�XQ�QRPEUH�GH�VDXWV�RSWLPLVp�HW�VDQV�JRXORW�G¶pWUDQJOHPHQW��

/¶pWDW�GH�O¶DUW�UpDOLVp�PRQWUH�TXH�OD�ORFDOLVDWLRQ�HVW�HQFRUH�XQ�SUREOqPH�PDO�UpVROX�GDQV�OHV�
UpVHDX[�GH�FDSWHXU�PRELOHV��/D�ORFDOLVDWLRQ�pWDQW�XQH�QpFHVVLWp�G¶XQH�SDUW�SRXU�O¶DSSOLFDWLRQ�HW�
G¶DXWUH�SDUW�SRXU� OH� URXWDJH�GDQV� FHUWDLQV� FDV�� HOOH� FRQVWLWXH� OD� WURLVLqPH�SUREOpPDWLTXH�GHV�
WUDYDX[�GH�UHFKHUFKH�HQ�O¶LQVWDQFLDQW�VXU�OD�QRPHQFODWXUH�GX�W\SH�GH�V\VWqPH�j�LQVWUXPHQWHU��

/¶pWXGH�VHUDLW�DEVWUDLWH�HW�OHV�UpVXOWDWV�VHUDLHQW�VDQV�GRXWH�WURS�JpQpUDX[�HW�SHX�FUpGLEOHV�VL�
HOOH�QH�V¶DSSX\DLW�SDV�VXU�GHV�V\VWqPHV�UpHOV��&¶HVW�SRXUTXRL�GHX[�V\VWqPHV�UpHOV�RQW�pWp�FKRLVLV�
SRXU�PHQHU�OHV�UHFKHUFKHV�SUpVHQWpHV�GDQV�OHV�FKDSLWUHV�VXLYDQWV���OD�JUDQGH�URXH�GH�6LQJDSRXU��
XQ�EHO�H[HPSOH�GH�V\VWqPH�PRQROLWKLTXH�j�WUDMHFWRLUH�FLUFXODLUH��HW�XQ�FRQYR\HXU�GDQV�XQH�XVLQH�
GH�IDEULFDWLRQ�G¶pTXLSHPHQWV�pOHFWULTXHV���



�

�

�

���

�

�

�
�

&KDSLWUH���� 7RSRORJLH�GH�UHODLV�IL[HV�SRXU�XQ�V\VWqPH�
PpFDQLTXH�PRELOH�VXU�XQH�WUDMHFWRLUH�FLUFXODLUH�

��� ,QWURGXFWLRQ��������������������������������������������������������������������������������������������������������� 

��� 7\SRORJLH�GHV�V\VWqPHV�������������������������������������������������������������������������������������������� 

����� 6\VWqPH�LVROp���������������������������������������������������������������������������������������������������� 

����� 6\VWqPH�DYHF�GLVWULEXWLRQ�GH�VRXV�HQVHPEOHV�OH�ORQJ�GH�OD�WUDMHFWRLUH������������ 

����� 6\VWqPH�DYHF�UD\RQV�PpFDQLTXHV��������������������������������������������������������������������� 

��� 7RSRORJLH�SRXU�WUDMHFWRLUH�GH�SHWLW�UD\RQ������������������������������������������������������������������ 

��� 7RSRORJLH�SRXU�WUDMHFWRLUH�GH�JUDQG�UD\RQ���������������������������������������������������������������� 

����� ,QWURGXFWLRQ������������������������������������������������������������������������������������������������������� 

����� *ULOOH�j�SDYHPHQW�FDUUp������������������������������������������������������������������������������������� 

����� &KHPLQ�GH�ERUGXUH�������������������������������������������������������������������������������������������� 

����� 3ODFHPHQW�GH�Q°XG�UHODLV��������������������������������������������������������������������������������� 

��� 5RXWDJH�SRXU�WRSRORJLH�j�UHODLV�IL[HV����������������������������������������������������������������������� 

����� 5RXWDJH�SRXU�OH�SUHPLHU�VDXW���������������������������������������������������������������������������� 

����� 5RXWDJH�GDQV�OH�UpVHDX�IL[H������������������������������������������������������������������������������� 

������� $GUHVVDJH�HW�URXWDJH�GDQV�OD�WRSRORJLH�j�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH
� «�«««««««««««««««««««««««««««����� 

������� $GUHVVDJH�HW�URXWDJH�GDQV�OD�WRSRORJLH�j�FKHPLQ�GH�ERUGXUH����������������������� 

��� /RFDOLVDWLRQ��������������������������������������������������������������������������������������������������������������� 

����� 8WLOLVDWLRQ�G¶XQ�*36����������������������������������������������������������������������������������������� 

����� ,GHQWLILFDWHXU�GH�FHOOXOH������������������������������������������������������������������������������������ 

����� /RFDOLVDWLRQ�SDU�HPSUHLQWHV�GX�566,���������������������������������������������������������������� 

����� /RFDOLVDWLRQ�j�O¶DLGH�G¶DFFpOpURPqWUHV�������������������������������������������������������������� 

��� $QDO\VH�GH�SHUIRUPDQFHV������������������������������������������������������������������������������������������ 

����� 0RGqOH�GH�VLPXODWLRQ�HW�FULWqUHV�GH�SHUIRUPDQFHV������������������������������������������� 

����� (YDOXDWLRQ�VXU�O¶H[HPSOH���������������������������������������������������������������������������������� 
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������� 7RSRORJLH�VXU�XQH�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH�HW�XQ�VHXO�FDSWHXU������ 

������� 7RSRORJLH�VXU�XQH�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH�HW����FDSWHXUV������������ 

������� 7RSRORJLH�DYHF�UHODLV�IL[HV�VXU�ERUGXUH�HW�XQ�FDSWHXU���������������������������������� 

������� (YDOXDWLRQ�VXU�OD�JUDQGH�URXH�6\QJDSRUH�)O\HU�������������������������������������������� 

��� &RQFOXVLRQ���������������������������������������������������������������������������������������������������������������� 
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��� ,QWURGXFWLRQ��
3RXU�GRQQHU�XQ�DVSHFW�FRQFUHW�j�QRWUH�pWXGH�TXL�QH�SHXW�SDV�FRXYULU�GH�PDQLqUH�GpWDLOOpH�WRXW�

W\SH� GH� WUDMHFWRLUH�� QRXV� DYRQV� FKRLVL� G¶DSSURIRQGLU� FHOOH�FL� GDQV� OH� FDV� G¶XQH� WUDMHFWRLUH�
FLUFXODLUH��/¶REMHFWLI�HVW�GRQF�GH�SURSRVHU�XQH�DUFKLWHFWXUH�GH� UpVHDX�GH� FDSWHXUV�SHUPHWWDQW�
G¶DFTXpULU�HQ�WHPSV�UpHO��GHSXLV�XQ�SRVWH�IL[H��GHV�LQIRUPDWLRQV�VDLVLHV�SDU�XQ�RX�GHV�FDSWHXUV�
VXU�XQ�V\VWqPH�SK\VLTXH��PpFDQLTXH��PRELOH�VXU�XQH� WUDMHFWRLUH�FLUFXODLUH�FRQQXH�SDUFRXUXH�
F\FOLTXHPHQW��SpULRGLTXHPHQW�RX�QRQ��3DU�DUFKLWHFWXUH�QRXV�HQWHQGRQV�OD�GpILQLWLRQ�PDWpULHOOH�
GHV� Q°XGV�� OD� WRSRORJLH� GX� UpVHDX�� OHV� SURWRFROHV� XWLOLVpV� HQ� SDUWLFXOLHU� SRXU� OH� URXWDJH� GHV�
SDTXHWV� HW� OD� WHFKQLTXH� GH� ORFDOLVDWLRQ�� 7RXWHIRLV� QRXV� Q¶DYRQV� SDV� FKRLVL� XQH� WHFKQLTXH�
SDUWLFXODLUH�SRXU�FH�FDV�G¶pWXGH���

/D�FRPPXQLFDWLRQ�HQWUH�OH�RX�OHV�FDSWHXUV�HW�OH�SXLWV�HVW�UpDOLVpH�SDU�XQH�OLDLVRQ�UDGLR�G¶XQH�
SRUWpH�5F�WUqV�OLPLWpH��3RXU�UHQGUH�OH�UpVHDX�FRQQHFWp�HW�DVVXUHU�XQH�WRSRORJLH�RSWLPDOH��LO�SHXW�
rWUH�QpFHVVDLUH�GH�SODFHU�MXGLFLHXVHPHQW�XQ�FHUWDLQ�QRPEUH�GH�Q°XGV�UHODLV�HQWUH�OH�FDSWHXU�HW�
OH�SXLWV��/HV�UHODLV�VRQW�GHV�Q°XGV�TXL�SHXYHQW�DVVXUHU�OD�IRQFWLRQ�GH�URXWDJH�GHV�SDTXHWV�HW�VL�
QpFHVVDLUH� OD� IRQFWLRQ�GH� FDSWHXU�� GRQF� OD�PHVXUH�GH�JUDQGHXUV�SK\VLTXHV��/HV�Q°XGV� UHODLV�
SHXYHQW�DXVVL�SDUWLFLSHU�j� OD�ORFDOLVDWLRQ�GX�RX�GHV�Q°XGV�FDSWHXUV�PRELOHV�HQ�SDUWLFXOLHU�HQ�
MRXDQW�OH�U{OH�G¶DQFUHV��

(Q� IRQFWLRQ� GH� OD� W\SRORJLH� GX� V\VWqPH� SK\VLTXH� HW� GH� VD� WDLOOH�� GHX[� JUDQGV� W\SHV� GH�
WRSRORJLH�VRQW�HQYLVDJHDEOHV����

� 'DQV� OH�SUHPLHU� W\SH�� OD� OLDLVRQ� IL[H�PRELOH� HVW� VLWXpH� j� FKDTXH� LQWHUIDFH�G¶XQ�Q°XG�
FDSWHXU��LO�SHXW�\�HQ�DYRLU�SOXVLHXUV���&HOXL�FL�HQYRLH�OHV�GRQQpHV�PHVXUpHV�GLUHFWHPHQW�
DX� SXLWV� V¶LO� HVW� SOXV� ORFDOLVp� j� XQH� GLVWDQFH� GH� FHOXL�FL� SOXV� SHWLWH� TXH� OH� UD\RQ� GH�
SURSDJDWLRQ��6LQRQ��LO�HQYRLH�OHV�SDTXHWV�j�XQ�UHODLV�VLWXp�DX�VRO��/D�WRSRORJLH�GRLW�IRXUQLU�
XQH� FRQQHFWLYLWp� SHUPDQHQWH� GX� FDSWHXU� DX� SXLWV� FH� TXL� VLJQLILH��� �D�� DVVXUHU� XQH�
FRQQH[LRQ� PRELOH�IL[H� SHUPDQHQWH� GRQF� TXH� OH� SXLWV� RX� XQ� UHODLV� VRLW� VLWXp� HQ�
SHUPDQHQFH�j�XQH�GLVWDQFH�GX�FDSWHXU�LQIpULHXUH�DX�UD\RQ�GH�SURSDJDWLRQ�HW��E��DVVXUHU�
XQH�FRQQH[LRQ�SHUPDQHQWH�GDQV�OH�UpVHDX�GH�UHODLV�VLWXpV�DX�VRO��
�

� 'DQV�OH�GHX[LqPH�W\SH��OD�OLDLVRQ�PRELOH�IL[H�HVW�VLWXpH�DX�QLYHDX�GX�SXLWV��FI�ILJXUH��
���� /RUVTXH� OH� V\VWqPH� HVW� JUDQG�� XQ� Q°XG� FDSWHXU� SHXW� rWUH� HQ� GHKRUV� GX� UD\RQ� GH�
SURSDJDWLRQ�GX�SXLWV�HW�LO�HVW�GRQF�QpFHVVDLUH�GH�SRVLWLRQQHU�GHV�UHODLV�VXU�OH�PRELOH��/HV�
UHODLV�IRUPHQW�XQ�UpVHDX�HPEDUTXp�DYHF�GHV�FRQWUDLQWHV�V\PpWULTXHV�DX�SUHPLHU�W\SH�j�
VDYRLU��D��DVVXUHU�XQH�FRQQH[LRQ�PRELOH�IL[H�SHUPDQHQWH�GRQF�TXH�OH�FDSWHXU�RX�XQ�UHODLV�
VRLW�VLWXp�HQ�SHUPDQHQFH�j�XQH�GLVWDQFH�GX�SXLWV�LQIpULHXUH�DX�UD\RQ�GH�SURSDJDWLRQ�HW�
�E��DVVXUHU�XQH�FRQQH[LRQ�SHUPDQHQWH�GDQV�OH�UpVHDX�GH�UHODLV�HPEDUTXpV��

,O�VHUDLW�SRVVLEOH�GH�GpYHORSSHU�XQH�WRSRORJLH�K\EULGH�GHV�GHX[�SUpFpGHQWHV��GRQF�DYHF�GHV�
UHODLV�j�OD�IRLV�DX�VRO�HW�HPEDUTXpV�HW�XQH�OLDLVRQ�IL[H�PRELOH�HQWUH�UHODLV��6L�OH�UHODLV�DX�VRO�HVW�
WRXMRXUV�OH�PrPH��FH�FDV�HVW�VHPEODEOH�DX�GHX[LqPH�W\SH��OD�SDUWLH�DX�VRO�pWDQW�XQ�VLPSOH�OLHQ�
LQYDULDQW�G¶DFKHPLQHPHQW�YHUV� OH�SXLWV��6LQRQ�� OH�V\VWqPH�HVW� FRPSOH[H�HW�QRXV�Q¶DYRQV�SDV�
GpFHOp�O¶LQWpUrW�GH�FHWWH�FRPSOH[LILFDWLRQ��1RXV�pWXGLHURQV�OH�SUHPLHU�W\SH�GDQV�FH�FKDSLWUH�HW�OH�
GHX[LqPH�GDQV�OH�FKDSLWUH�VXLYDQW��



�

�

�

���

�

/¶pWXGH� HVW� QDWXUHOOHPHQW� PHQpH� GDQV� OH� FDGUH� GH� TXHOTXHV� K\SRWKqVHV� UpDOLVWHV� TXL�
SHUPHWWHQW�G¶HQ�OLPLWHU�OH�SpULPqWUH��

 +\SRWKqVH�����7RXV�OHV�FDSWHXUV�RQW�OH�PrPH�UD\RQ�GH�FRPPXQLFDWLRQ�HW�PrPH�VHQVLELOLWp�
HQ� UpFHSWLRQ� GRQF� OHV� OLDLVRQV� UDGLR� VRQW� V\PpWULTXHV� �LO� HVW� LPSRVVLEOH� GH� WURXYHU�
SUDWLTXHPHQW�GHV�Q°XGV�TXL�RQW�FHWWH�FDUDFWpULVWLTXH�GRQF�F¶HVW�XQH�K\SRWKqVH�GH�WUDYDLO���

�

 +\SRWKqVH�����/H�PRGqOH�GH�FRXFKH�SK\VLTXH�HVW�LGpDO��F¶HVW�OH�PRGqOH�GH�GLVTXH�ELQDLUH���
XQ�Q°XG�GHVWLQDWDLUH�&L� UHoRLW� WRXMRXUV�VDQV�HUUHXU�XQ�PHVVDJH�G¶XQ�Q°XG�pPHWWHXU�&M�
TXDQG�LO�VH�WURXYH�j�VD�SRUWpH��F
HVW�j�GLUH�VL�OD�GLVWDQFH�G��&L�&M����5F��DYHF�5F���UD\RQ�GH�
FRPPXQLFDWLRQ��YDOHXU�FRPSULVH�HQWUH���HW����PqWUHV�DYHF�OHV�WHFKQRORJLHV�FRQVLGpUpHV��

�

 +\SRWKqVH����OHV�FDOFXOV�HW�OHV�GpPRQVWUDWLRQV�VRQW�IDLWV�GDQV�XQ�HVSDFH��'��

��� 7\SRORJLH�GHV�V\VWqPHV��
/HV� JUDQGV� V\VWqPHV� PpFDQLTXHV� PRELOHV� VXU� XQH� WUDMHFWRLUH� FLUFXODLUH� SDUFRXUXH�

F\FOLTXHPHQW�VRQW�SUpVHQWV�GDQV�O¶LQGXVWULH�HW�GDQV�OHV�SDUFV�GH�ORLVLUV��/HXU�PRUSKRORJLH�SHUPHW�
RX�QRQ�G¶LPSODQWHU�GHV�UHODLV�j�ERUG�HW�GH�SODFHU�RX�QRQ�XQ�SXLWV�IL[H�DX�FHQWUH�GX�FHUFOH�RX�j�
SUR[LPLWp�GH�FHOXL�FL��1RXV�XWLOLVRQV�OD�W\SRORJLH�HW�OD�QRPHQFODWXUH�GpILQLHV�GDQV�OH�FKDSLWUH���
SRXU�FDUDFWpULVHU�FHV�V\VWqPHV���

����� 6\VWqPH�LVROp��

1RXV�DIIHFWRQV�OD�QRPHQFODWXUH�7&�6,�j�FH�W\SH�GH�V\VWqPH��&H�W\SH�HVW�FDUDFWpULVp�SDU�XQ�
RX�SOXVLHXUV�V\VWqPHV�PpFDQLTXHV�LQGpSHQGDQWV�GH�WDLOOH�PRGHVWH�HQ�UHJDUG�GX�FHUFOH�VXU�OHTXHO�
LOV�VH�GpSODFHQW��&H�Q¶HVW�GRQF�SDV�YpULWDEOHPHQW�XQ�JUDQG�V\VWqPH�PpFDQLTXH�VL�RQ�FRQVLGqUH�
FKDTXH�V\VWqPH�LVROpPHQW�GH�VRQ�PRXYHPHQW��&HOD�SHXW�rWUH�XQ�RX�SOXVLHXUV�HQJLQV�DXWRPRWHXUV�
VH�GpSODoDQW�VXU�XQH�SLVWH��JXLGp�SDU�XQ�RX�GHV�UDLOV�RX�SDU�XQ�V\VWqPH�VDQV�FRQWDFW�RX�URXODQW�
VXU�XQH�SLVWH�pWURLWH��SRXU�TXH�OD�WUDMHFWRLUH�VRLW�FRQVLGpUpH�FRPPH�FLUFXODLUH���8Q�VHXO�Q°XG�
FDSWHXU�PRELOH�HVW�LQVWDOOp�VXU�FKDTXH�PRELOH��1RXV�Q¶DYRQV�SDV�G¶H[HPSOH�SUpFLV�GH�V\VWqPH�
UpHO�GH�FH�W\SH��

����� 6\VWqPH�DYHF�GLVWULEXWLRQ�GH�VRXV�HQVHPEOHV�OH�ORQJ�GH�OD�WUDMHFWRLUH�

1RXV�DIIHFWRQV�OD�QRPHQFODWXUH�7&�6'�j�FH�W\SH�GH�V\VWqPH��&H�W\SH�HVW�FDUDFWpULVp�SDU�GHV�
SHWLWV�PRGXOHV�OLpV�PpFDQLTXHPHQW�VH�GpSODoDQW�VXU�OD�WUDMHFWRLUH�FLUFXODLUH��8Q�PDQqJH�HVW�XQ�
H[HPSOH� GH� FH� W\SH�� 3RXU� rWUH� SUpFLV�� LO� IDXGUDLW� pWXGLHU� GHX[� FDV��� FHOXL� R�� LO� HVW� SRVVLEOH�
G¶LPSODQWHU�XQ�SXLWV�IL[H�DX�FHQWUH�GX�FHUFOH�RX�j�SUR[LPLWp�GH�FHOXL�FL�HW�FHOXL�RX�FH�Q¶HVW�SDV�
SRVVLEOH��8Q�Q°XG�FDSWHXU�HVW�LQVWDOOp�VXU�FKDTXH�PRGXOH��&KDTXH�Q°XG�SHXW�rWUH�XWLOLVp�FRPPH�
VLPSOH�FDSWHXU�RX�rWUH�XWLOLVp�FRPPH�VLPSOH�UHODLV�RX�UHPSOLU�OHV�GHX[�IRQFWLRQV��1RXV�DYRQV�
pWXGLp�OH�SOXV�JUDQG�V\VWqPH�GH�FH�W\SH�j�QRWUH�FRQQDLVVDQFH�TXL�HVW�OD�JUDQGH�URXH�GH�6LQJDSRXU���
©�WKH�6LQJDSRUH�)O\HU�ª� LOOXVWUp�SDU�OD�)LJXUH������¬�QRWHU�TXH�FH�V\VWqPH�SRXUUDLW�DXVVL�rWUH�
FODVVp�GDQV�OH�W\SH�VXLYDQW��PDLV�LO�HVW�SOXV�DSSURSULp�GH�OH�FODVVHU�LFL��FDU�OD�GLVWDQFH�HQWUH�GHX[�
PRGXOHV�HVW�LQIpULHXUH�DX�UD\RQ�GX�FHUFOH��
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�
)LJXUH�����6LQJDSRUH�)O\HU�

����� 6\VWqPH�DYHF�UD\RQV�PpFDQLTXHV�

1RXV�DIIHFWRQV�OD�QRPHQFODWXUH�7&�60�j�FH�W\SH�GH�V\VWqPH�SXLVTX¶LO�HVW�PRQROLWKLTXH��8Q�
EUDV�PpFDQLTXH�UHOLH�FKDFXQ�GHV�PRGXOHV�TXL�SDUFRXUHQW�OD�WUDMHFWRLUH�FLUFXODLUH�DX�FHQWUH�GX�
FHUFOH� RX� OHV� EUDV� FRQVWLWXHQW� OHV�PRGXOHV� HX[�PrPHV�� /HV� EUDV� VRQW� OLpV�PpFDQLTXHPHQW� HW�
O¶HQVHPEOH� FRQVWLWXH� GRQF� XQ� V\VWqPH� PRQROLWKLTXH�� /D� GLVWDQFH� HQWUH� OHV� PRGXOHV� RX�
O¶H[WUpPLWp�GHV�EUDV�HVW�QRUPDOHPHQW�VXSpULHXUH�DX�UD\RQ�GX�FHUFOH��8Q�Q°XG�FDSWHXU�HVW�LQVWDOOp�
VXU� FKDTXH�PRGXOH� HW� GHV� Q°XGV� SHXYHQW� rWUH� LQVWDOOpV� VXU� FKDTXH� EUDV�� /H� SXLWV� SHXW� rWUH�
LPSODQWp�j�SUR[LPLWp�GX�FHQWUH�GX�FHUFOH��8Q�H[HPSOH�W\SLTXH�HVW�FHOXL�GHV�JUDQGHV�pROLHQQHV��
3DU�H[HPSOH��OD�VRFLpWp�$OVWRP�IDEULTXH�O¶pROLHQQH�+DOLDGH������GRQW�OD�SXLVVDQFH�DWWHLQW���0:��
FRQoXH�SRXU�rWUH�LQVWDOOpH�HQ�PHU��/H�URWRU�HVW�VLWXp�j�XQH�KDXWHXU�GH�����PqWUHV�HW�OHV�SDOHV�
PHVXUHQW������PqWUHV��OHV�H[WUpPLWpV�GpFULYDQW�XQ�FHUFOH�GH�GLDPqWUH�����PqWUHV��

�

 

)LJXUH�����(ROLHQQH�+DOLDGH�����
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��� 7RSRORJLH�SRXU�WUDMHFWRLUH�GH�SHWLW�UD\RQ�
�

/D�WDLOOH�GX�UD\RQ�U�GH�OD�WUDMHFWRLUH�GX�RX�GHV�FDSWHXUV�15&P�V¶DSSUpFLH�SDU�UDSSRUW�j�OD�
YDOHXU�GX� UD\RQ�GH�FRPPXQLFDWLRQ�5F��1RV�FDSWHXUV� UHWHQXV�VRQW�GHV�0LFD=�TXL�XWLOLVHQW� OH�
FRPSRVDQW�GH�FRPPXQLFDWLRQ�&KLS&RQ�&&������VXU�OHTXHO�OD�SXLVVDQFH�G¶pPLVVLRQ�GX�Q°XG�
SHXW�rWUH�UpJOpH��5F�D�XQH�YDOHXU�FRPSULVH�HQWUH���HW����PqWUHV�GDQV�QRV�K\SRWKqVHV��

8Q�VHXO�VDXW�
/H�SODFHPHQW�LGpDO�GX�SXLWV�VH�VLWXH�DX�FHQWUH�GX�FHUFOH��6L�FH�SODFHPHQW�SHXW�rWUH�UpDOLVp��HW�

VL�U���5F��DORUV�OH�RX�OHV�FDSWHXUV�SHXYHQW�WRXMRXUV�FRPPXQLTXHU�GLUHFWHPHQW�DYHF�OH�SXLWV�HQ�XQ�
VDXW��LO�Q¶HVW�SDV�XWLOH�G¶DYRLU�GHV�UHODLV��

6L�OH�SXLWV�QH�SHXW�SDV�rWUH�LQVWDOOp�DX�FHQWUH�GX�FHUFOH��PDLV�j�XQH�GLVWDQFH�D�GH�FHOXL�FL��OD�
FRQGLWLRQ�GH�FRPPXQLFDWLRQ�GLUHFWH�GHYLHQW���U���D�����5F�DYHF��D�U���ILJXUH�����D��RX��D�!�U�
�ILJXUH�����E���

�

� �
figure 3.3 a : cas a <r figure 3.3 b : cas a > r 

�)LJXUH�����3HWLW�UD\RQ��SXLWV�GpFDOp�GX�FHQWUH�G¶XQH�GLVWDQFH�D�

'HX[�VDXWV�
6RLW�XQH�WUDMHFWRLUH�FLUFXODLUH�GH�UD\RQ�U�WHO�TXH���

� √𝟐
5F!U!5F� ������

�8QH�K\SRWKqVH�VXSSOpPHQWDLUH�HVW�SRVpH���LO�HVW�SRVVLEOH�G¶LQVWDOOHU�GHV�UHODLV�j�
O¶LQWpULHXU�GX�FHUFOH��
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�

/D�)LJXUH�����UHSUpVHQWH�OD�VLWXDWLRQ�H[WUrPH��FHOOH�R��OH�PRELOH�HVW�OH�SOXV�pORLJQp�GHV�UHODLV��
&HWWH�SRVLWLRQ�HVW�FDUDFWpULVpH�SDU�XQH�GLVWDQFH�pJDOH�HQWUH�OH�PRELOH�HW�OHV�GHX[�UHODLV�OHV�SOXV�
SURFKHV���

6RLHQW�OH�YHFWHXU�𝑉  ሬሬሬ⃗ SRVLWLRQQDQW�XQ�GHV�GHX[�UHODLV�OHV�SOXV�SURFKHV�SDU�UDSSRUW�DX�FHQWUH�GH�
OD� WUDMHFWRLUH��𝑊ሬሬሬ⃗ �OH�YHFWHXU�SRVLWLRQQDQW� OH�PRELOH�SDU� UDSSRUW� j� FH�PrPH� FHQWUH� HQ�SRVLWLRQ�
H[WUrPH�HW��𝑈  ሬሬሬ⃗   �OH�YHFWHXU�H[SULPDQW�OD�SRVLWLRQ�GX�PRELOH�SDU�UDSSRUW�j�FH�UHODLV��6RLW�ȕ�O¶DQJOH�
TXL�VpSDUH�OHV�GHX[�YHFWHXUV���(𝑉ሬ⃗ ,𝑊ሬሬሬ⃗ )෣  �ȕ��

�
)LJXUH�������7UDMHFWRLUH�FLUFXODLUH�

2Q�D���

� �

� 𝑼  ሬሬሬ⃗  �𝑾ሬሬሬሬ⃗ ��𝑽ሬሬ⃗ � ������

�

'RQF����

� ฮ𝑼ሬሬ⃗ ฮ
𝟐
� ฮ𝑽ሬሬ⃗ ฮ

𝟐
�ฮ𝑾ሬሬሬሬ⃗ ฮ

𝟐
���ฮ𝑽ሬሬ⃗ ฮ ∗ ฮ𝑾ሬሬሬሬ⃗ ฮ ∗ 𝐜𝐨𝐬𝜷� ������

�

�$YHF���

� ฮ𝑽ሬሬ⃗ ฮ =    ฮ𝑼ሬሬ⃗ ฮ = 𝑹𝒄�HW�ฮ𝑾ሬሬሬሬ⃗ ฮ = 𝒓� ������
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�

/¶H[SUHVVLRQ�������GHYLHQW���
� 𝐑𝐜𝟐 =    𝐫𝟐 +  𝐑𝐜𝟐 − 𝟐 ∗ 𝐫 ∗ 𝐑𝐜 ∗ 𝐂𝐨𝐬𝛃� ������

��

� ȕ� �𝐜𝐨𝐬ି𝟏( 𝒓
𝟐∗𝑹𝒄

)� ������

�

/D�YDOHXU�PD[LPDOH�UPD[�GH�U�HVW�REWHQXH�SRXU��ȕ� 
గ
ସ
��VRLW��UPD[ ���√2
5F��

/H�QRPEUH�RSWLPDO�GH�Q°XGV�IL[HV�HVW�GRQF���SRXU�√2
5F!�U�!�5F��
�

3RXU�YLVXDOLVHU�OD�FRXYHUWXUH�UDGLR��QRXV�DYRQV�GpYHORSSp�XQH�VLPXODWLRQ�VRXV�0DWODE�TXL�
SUHQG�HQ�FRQVLGpUDWLRQ�OHV�FDUDFWpULVWLTXHV�GH�O¶LQWHUIDFH�UDGLR�GX�W\SH�GH�Q°XG�FDSWHXU�UHWHQX���
OH�0LFD=�GH�&URVVERZ��'DWDVKHHW��������DYHF�XQH�YDOHXU�GH�5F� ���PqWUHV��

�/D�VLPXODWLRQ�GH�OD�FRXYHUWXUH�UDGLR�HVW�YLVXDOLVpH�SDU�OH�QLYHDX�GH�566,�VXU�OD�)LJXUH������

1RWUH�VLPXODWHXU�QH�SUHQG�HQ�FKDUJH�TXH�O¶HVSDFH�OLEUH�HQ��'�©����P�[����P�ª�VDQV�REVWDFOH���

�

�
)LJXUH�����&DUWRJUDSKLH�GH�OD�FRXYHUWXUH�UDGLR�

3RXU�GHV�WUDMHFWRLUHV�j�UD\RQ�SOXV�JUDQG��GHX[�DSSURFKHV�JpQpULTXHV�VHURQW�GpYHORSSpHV�DX�
SDUDJUDSKH�VXLYDQW��
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��� 7RSRORJLH�SRXU�WUDMHFWRLUH�GH�JUDQG�UD\RQ�
����� ,QWURGXFWLRQ�

/RUVTXH�OH�UD\RQ�U�GH�OD�WUDMHFWRLUH�GX�RX�GHV�FDSWHXUV�PRELOHV�15&P�HVW�VXSpULHXU�j�√2𝑅௖�
LO� IDXW� FUpHU� XQ� UpVHDX� GH� Q°XGV� UHODLV� VDWLVIDLVDQW� OHV� GHX[� FRQGLWLRQV� GpFULWHV� GDQV�
O¶LQWURGXFWLRQ�GH�FH�FKDSLWUH�j�VDYRLU���
� �D��DVVXUHU�XQH�FRQQH[LRQ�PRELOH�IL[H�SHUPDQHQWH��FH�TXL�VLJQLILH�TX¶XQ�UHODLV�15L�GLW�

UHODLV�LQWHUIDFH�VRLW�VLWXp�HQ�SHUPDQHQFH�j�XQH�GLVWDQFH�GX�FDSWHXU�PRELOH�LQIpULHXUH�DX�
UD\RQ�GH�SURSDJDWLRQ��FH�TXL�V¶pFULW�IRUPHOOHPHQW��DYHF�W�OH�WHPSV����

∀t,   ∃ NRi tel que Distance (NRi, NRCm) < Rc�
� �E��DVVXUHU�XQH�FRQQH[LRQ�SHUPDQHQWH�GDQV�OH�UpVHDX�GH�UHODLV�VLWXpV�DX�VRO�SRXU�DVVXUHU�

OH�URXWDJH�GHV�SDTXHWV�GHSXLV�OH�UHODLV�LQWHUIDFH�GH�OD�OLDLVRQ�PRELOH�IL[H�MXVTX¶DX�SXLWV�
�LQWpJUp� GDQV� FHWWH� GpILQLWLRQ� j� O¶HQVHPEOH� GHV� Q°XGV� UHODLV� 15L��� FH� TXL� V¶pFULW�
IRUPHOOHPHQW���

∀�15L��∃ NRi tel que 'LVWDQFH��15L��15M����5F�
�

8QH�WRSRORJLH�UpJXOLqUH�VDWLVIDLVDQW�j�FHV�FRQGLWLRQV�SHXW�rWUH�FRQVWUXLWH�GH�GLIIpUHQWHV�IDoRQV��
/HV�WRSRORJLHV�UpJXOLqUHV�GH�UpVHDX�GH�FDSWHXUV�VRQW�KDELWXHOOHPHQW�GpILQLHV�j�SDUWLU�GH�GHX[�
FRQGLWLRQV���XQ�UD\RQ�GH�FDSWXUH�GHV�LQIRUPDWLRQV�HW�XQ�UD\RQ�GH�FRPPXQLFDWLRQ��'DQV�QRWUH�
FDV�� VHXO� OH� UD\RQ� GH� FRPPXQLFDWLRQ� GRLW� rWUH� SULV� HQ� FRPSWH�� 1RXV� DOORQV� H[DPLQHU� WURLV�
FRQVWUXFWLRQV��

�

����� *ULOOH�j�SDYHPHQW�FDUUp�

1RXV�UHVWRQV�GDQV�O¶K\SRWKqVH�GH�UHODLV�LPSODQWDEOHV�j�O¶LQWpULHXU�GX�FHUFOH�GH�OD�WUDMHFWRLUH��

8QH�SUHPLqUH�FRQVWUXFWLRQ�FRQVLVWH�j�SODFHU�OHV�Q°XGV�DX[�SRLQWV�G¶LQWHUVHFWLRQ�GHV�OLJQHV�HW�
GHV�FRORQQHV�G¶XQH�JULOOH��FHV�OLJQHV�HW�FRORQQHV�pWDQW�HVSDFpHV�G¶XQH�GLVWDQFH�pJDOH�G��FKRLVLH�
OpJqUHPHQW�LQIpULHXUH�j�5F��&HWWH�JULOOH�IRUPH�GRQF�XQ�SDYHPHQW�GH�FDUUpV��

3RXU�VLPSOLILHU�OH�SUREOqPH�GH�ERUGXUH���OD�JULOOH�HVW�FHQWUpH�VXU�OH�FHQWUH�GX�FHUFOH��F¶HVW�j�
GLUH� TXH� FHOXL�FL� HVW� SODFp� VXU� XQ� SRLQW� G¶LQWHUVHFWLRQ�� 8QH� K\SRWKqVH� VXSSOpPHQWDLUH�� SHX�
FRQWUDLJQDQWH��HVW�GH�SRXYRLU�SODFHU�OH�SXLWV�VXU�XQ�SRLQW�G¶LQWHUVHFWLRQ��VL�SRVVLEOH�DX�FHQWUH��
PDLV�FH�Q¶HVW�SDV�QpFHVVDLUH��&H�SODFHPHQW�GHV�Q°XGV�HVW�LOOXVWUp�SDU�OD�)LJXUH�����



�

�

�

���

�

�

)LJXUH�����*ULOOH�j�SDYHPHQW�FDUUp�FHQWUpH�VXU�OH�FHQWUH�GX�FHUFOH�

/LPLWH�GH�OD�JULOOH�
7KpRUqPH���/D� OLPLWH� GH� OD� JULOOH� GH� SODFHPHQW� GHV� UHODLV� HVW� FRQVWLWXpH� GH� VHV� SRLQWV� j�

O¶LQWpULHXU�GX�FHUFOH�VLWXpV�OHV�SOXV�SURFKHV�GH�FH�FHUFOH��

'pPRQVWUDWLRQ���
&RQVLGpURQV�XQ�FDUUp�VLWXp�GDQV�OH�SUHPLHU�TXDGUDQW�GX�FHUFOH��3RXU�OHV�DXWUHV�TXDGUDQWV��LO�

VXIILW�GH�FKDQJHU�OHV�DSSHOODWLRQV�GHV�VRPPHWV�GX�FDUUp�SRXU�UHWURXYHU�OHV�PrPHV�VLWXDWLRQV��

'DQV�FH�FDUUp�GH�F{Wp�G�HW�GH�VRPPHWV�$��%��&�HW�'��XQ�DUF�GH�FHUFOH�GH�UD\RQ�5�!�G�SHXW�
FRXSHU�OHV�F{WpV�GH�WURLV�IDoRQV���

� )����VXU�OHV�F{WpV�$%�HW�$'��$�HVW�OH�VHXO�SRLQW�LQWpULHXU�HW�WRXW�SRLQW�GX�FHUFOH�LQWpULHXU�
DX�SDYp�HVW�j�XQH�GLVWDQFH�GH�$�LQIpULHXUH�j�G��)LJXUH�������

�
� )LJXUH�����8Q�VHXO�VRPPHW�LQWpULHXU� �
�



�

�

�

���

�

� )����VXU�OHV�F{WpV�$%�HW�&'��UHVSHFWLYHPHQW�$'�HW�%&���/HV�GHX[�VRPPHWV�YRLVLQV�$�HW�
'��UHVSHFWLYHPHQW�$�HW�%��VRQW�VLWXpV�j�O¶LQWpULHXU�HW�WRXW�SRLQW�GX�FHUFOH� LQWpULHXU�DX�
SDYp�HVW�j�XQH�GLVWDQFH�GH�$�RX�GH�'��UHVSHFWLYHPHQW�$�RX�%��LQIpULHXUH�j�G��)LJXUH�
������2Q�LQWqJUH�DXVVL�OHV�FDV�OLPLWHV�GX�SDVVDJH�SDU�OHV�SRLQWV�%�RX�'��

�
)LJXUH�����'HX[�VRPPHWV�YRLVLQV�LQWpULHXUV���

� )����VXU�OHV�F{WpV�%&�HW�'&��/HV�GHX[�VRPPHWV�RSSRVpV�%�HW�'�VRQW�LQWpULHXUV�HW�WRXW�
SRLQW�GX�FHUFOH� LQWpULHXU�DX�SDYp�HVW�VLWXp�j�XQH�GLVWDQFH�GH�%�RX�GH�'�LQIpULHXUH�j�G�
�)LJXUH�������2Q�LQWqJUH�OH�FDV�OLPLWH�GX�SDVVDJH�SDU�OH�SRLQW�&��

�

�
)LJXUH�������'HX[�VRPPHWV�RSSRVpV�LQWpULHXUV���

��



�

�

�

���

�

1RXV� DYRQV� GpPRQWUp� SDU� O¶H[DPHQ� GHV� WURLV� FDV� SRVVLEOHV� TXH� OD� OLPLWH� GH� OD� JULOOH� GH�
SODFHPHQW�GHV�UHODLV�HVW�FRQVWLWXpH�GH�VHV�SRLQWV�j�O¶LQWpULHXU�GX�FHUFOH�VLWXpV�OHV�SOXV�SURFKH�GH�
FH�FHUFOH��

,QGH[DWLRQ�GHV�Q°XGV�UHODLV�
3RXU�XQH�FRQQDLVVDQFH�SDUIDLWH�GH� OD� WRSRORJLH�HW�SRXU� O¶DGUHVVDJH�TXL�HVW�XWLOH�j�FHUWDLQV�

SURWRFROHV�GH�URXWDJHV�LO�HVW�QpFHVVDLUH�G¶LQGH[HU�OHV�Q°XGV��FH�TXL�UHYLHQW�j�GpILQLU�XQH�DGUHVVH��
6RLHQW�L�O¶LQGH[�GHV�FRORQQHV�GH�OD�JULOOH�HW�M�O¶LQGH[�GHV�OLJQHV��L�HW�M�HQWLHUV�UHODWLIV��

�6RLW�XQ�V\VWqPH�GH�FRRUGRQQpHV�FDUWpVLHQQHV�j�GHX[�GLPHQVLRQV�VSDWLDOHV�;�HW�<�GDQV�OHTXHO�
OH�FHQWUH�RFFXSH�OHV�FRRUGRQQpHV�GX�SRLQW�G¶RULJLQH��[���\����/¶D[H�;�HVW�GRQF�OD�OLJQH�G¶LQGH[�
M ���HW�O¶D[H�<�OD�FRORQQH�G¶LQGH[�L� ����'DQV�XQ�WHO�V\VWqPH�GH�FRRUGRQQpHV��OHV�FRRUGRQQpHV�
�[L��\M��G¶XQ�Q°XG�UHODLV�VRQW�FDOFXOpV�j�O¶DLGH�GH�OHXUV�LQGH[�L�HW�M�SDU���

�

൜
𝑥௜   =    𝑥଴ + 𝑖 ∗ 𝑑        𝑎𝑣𝑒𝑐         − 𝐿 ≤ 𝑖 ≤ 𝐿
𝑦௝ = 𝑦଴ + 𝑗 ∗ 𝑑          𝑎𝑣𝑒𝑐           − 𝐿 ≤ 𝑗 ≤ 𝐿    �

𝑒𝑡 ∶   𝐿 = max(𝑖) 𝑡𝑒𝑙  𝑞𝑢𝑒  𝐿 ∗ 𝑑 < 𝑟��  ට𝑥௜ଶ +  𝑦௝ଶ < 𝑟���

�
3RXU�IDFLOLWHU�O¶pFULWXUH��RQ�QRWHUD�1L�M�OH�Q°XG�GH�FRRUGRQQpHV�[L�\M��
�

/HV�UHODLV�LQWHUIDFHV�15,L�M�VRQW�FHX[�TXL�VRQW�VLWXpV�DX�SOXV�SUqV�GX�FHUFOH��8Q�15,�ERUGH�OD�
JULOOH� SRXU� FKDTXH� OLJQH� HW� FKDTXH� FRORQQH� GDQV� FKDTXH� TXDGUDQW�� &RPPH� LO� SHXW� \� DYRLU�
SOXVLHXUV�15,�SRXU�XQH�OLJQH��GRQF�XQH�YDOHXU�GH�M��RX�SRXU�XQH�FRORQQH��GRQF�XQH�YDOHXU�GH�L����
LO�HVW�LQWpUHVVDQW�G¶XWLOLVHU�OD�SURSULpWp�VXLYDQWH�SRXU�GpWHUPLQHU�OHV�15,���

�

3URSULpWp��H[SULPpH�GDQV�OH�SUHPLHU�TXDGUDQW����XQ�VHXO�15,L�M�SDU�OLJQH�ERUGH�OD�JULOOH�SRXU�
L!M���H[SULPp�DXWUHPHQW��SRXU�L!M��15,L�M�HVW�XQLTXH�SRXU�FKDTXH�YDOHXU�GH�M��

'H�PrPH��XQ�VHXO�15,L�M�SDU�FRORQQH�ERUGH�OD�JULOOH�SRXU�L�M���H[SULPp�DXWUHPHQW��SRXU�L�M��
15,L�M�HVW�XQLTXH�SRXU�FKDTXH�YDOHXU�GH�L��

/H�FDV�L M P�HVW�SDUWLFXOLHU��

1RWRQV�TXH�P� �SDUWLH�HQWLqUH�� ௥
ௗ√ଶ

���

15,P�P�H[LVWH�VL�P�HVW�OD�SOXV�JUDQGH�YDOHXU�WHOOH�TXH�ඥ𝑥௠ଶ +  𝑦௠ଶ < 𝑟��HW�

�^15,P��P���HW�15,P���P`�Q¶H[LVWHQW�SDV��FRPPH�OH�PRQWUH�OD�ILJXUH�������6LQRQ�15,P�P�
Q¶H[LVWH�SDV��&HWWH�FRQGLWLRQ�G¶H[LVWHQFH�SHXW�DXVVL�V¶pFULUH���ඥ𝑥௠ଶ +  𝑦௠ଶ +

ௗ
√ଶ

< 𝑟�

�



�

�

�

���

�

�
)LJXUH��������([LVWHQFH�GH�15,P�P�

�
)LJXUH��������/D�WRSRORJLH�SRXU�U �����P�HW�5F� ����P��



�

�

�

���

�

([HPSOH��� /D� FRQILJXUDWLRQ� DYHF� XQ� UD\RQ� GH� OD� WUDMHFWRLUH� 5 � ���P� HW� OH� UD\RQ� GH�
FRPPXQLFDWLRQ�5&� ���P�GRQQH�OD�WRSRORJLH�UHSUpVHQWpH�VXU�OD�)LJXUH������DYHF�����Q°XGV�
UHODLV��OH�SXLWV�Q¶HVW�ELHQ�V�U�SDV�FRPSWp��GRQW����UHODLV�LQWHUIDFHV�15,��

�

2SWLPLVDWLRQ�GX�QRPEUH�GH�UHODLV�
/D� WRSRORJLH� HQ� JULOOH� FDUUpH� SHUPHW� GH� QRPEUHX[� FKHPLQV� GH� URXWDJH� GHSXLV� OHV� Q°XGV�

LQWHUIDFH� VLWXpV� SUqV� GX� FHUFOH� MXVTX¶DX� SXLWV�� &HWWH� UHGRQGDQFH� GH� FKHPLQV� PXOWLVDXW� HVW�
FR�WHXVH� HQ� WHUPHV� GH� Q°XGV� GpSOR\pV� HW� Q¶DXJPHQWH� SDV� OD� GXUpH� GH� YLH� GX� UpVHDX� OLpH� j�
O¶pQHUJLH�GDQV�OHV�Q°XGV�GDQV�OH�FDV�JpQpUDO�G¶XQ�pTXLSHPHQW�KRPRJqQH�GHV�Q°XGV�HQ�EDWWHULH��
KRUV�OH�SXLWV��(Q�HIIHW��OHV���Q°XGV�YRLVLQV�GX�SXLWV�VRQW�OHV�SUHPLHUV�pSXLVpV��FDU�LOV�GRLYHQW�
UHOD\HU�WRXV�OHV�PHVVDJHV�TXHO�TXH�VRLW�OH�FKHPLQ�XWLOLVp��&HWWH�UHGRQGDQFH�D�WRXWHIRLV�OD�TXDOLWp�
GH�FRQVHUYHU�XQH�URXWH�GDQV�OD�SOXSDUW�GHV�FDV�GH�PRUW�G¶XQ�Q°XG�UHODLV��0DLV�SRXU�TXH�FHWWH�
UHGRQGDQFH�VRLW�HIILFDFH�� LO� IDXGUDLW� O¶pWXGLHU� VSpFLILTXHPHQW�HQ�GpILQLVVDQW� IRUPHOOHPHQW� OHV�
DWWULEXWV�GH�VXUYLYDELOLWp�GX�UpVHDX��OD�VWUXFWXUH�HW�OHV�SUREDELOLWpV�GH�GpIDLOODQFH�GHV�FRPSRVDQWV�
GH�OD�VWUXFWXUH�RX�GHV�DWWDTXHV�GX�V\VWqPH��6WHUEHQ]�HW�DO����������&HWWH�pWXGH�GpSDVVH�OH�FDGUH�
GH�FHWWH�WKqVH��F¶HVW�SRXUTXRL�XQH�WRSRORJLH�SHUPHWWDQW�VLPSOHPHQW�XQH�FRQQHFWLYLWp�WRWDOH�HVW�
UHFKHUFKpH��

�

6WUDWpJLH�GH�UpGXFWLRQ�GX�QRPEUH�GH�UHODLV�

1RXV�FRQVLGpURQV�OH�FDV�OH�SOXV�VLPSOH�R��OH�SXLWV�HVW�VLWXp�DX�FHQWUH�GX�FHUFOH��6¶LO�HVW�GpFDOp��
LO�IDXW�OpJqUHPHQW�DGDSWHU�O¶DOJRULWKPH�SURSRVp��

�

/D�VWUDWpJLH�V¶DSSXLH�G¶DERUG�VXU�GHX[�FRQWUDLQWHV���

� 1H�SDV�VXSSULPHU�GH�Q°XG�TXL�VXSSULPHUDLW�OD�VHXOH�URXWH�j�FR�W�PLQLPDO��PLQLPXP�GH�

VDXWV���

� 0DLQWHQLU�OHV�TXDWUH�YRLVLQV�GX�SXLWV�SRXU�pTXLOLEUHU�DX�PLHX[�OH�WUDILF�DXWRXU�GX�SXLWV�HW�

pYLWHU�O¶pSXLVHPHQW�SUpFRFH�GX�RX�GHV�YRLVLQV�GX�SXLWV��

3ULQFLSH�GH�OD�UpGXFWLRQ�
/H�SULQFLSH�HVW�H[SOLTXp�HQ�VH�SODoDQW�GDQV�OH�SUHPLHU�TXDGUDQW��SRXU�OHV�DXWUHV�TXDGUDQWV��XQ�

RX�GHX[�LQGLFHV�VRQW�QpJDWLIV�HW�LO�VXIILW�G¶DGDSWHU�OHV�UHODWLRQV�j�FHV�LQGH[��3RXU�UDSSHO��FKDTXH�
UHODLV�DVVXUDQW�OD�OLDLVRQ�PRELOH�IL[H�HVW�DSSHOp�UHODLV�LQWHUIDFH��QRWp�LFL�15,L�M�HW�QH�GRLW�MDPDLV�
rWUH�VXSSULPp��

&RQVWDW��� WRXWHV� OHV� URXWHV�H[LVWDQWHV�GHSXLV�XQ�Q°XG�LQWHUIDFH�YHUV� OH�SXLWV�REWHQXHV�SDU�
URXWDJH�JpRJUDSKLTXH�RQW�GHV�FR�WV�LGHQWLTXHV�HW�FRQVWLWXHQW�XQ�PLQLPXP��YRLU��)LJXUH�������



�

�

�

���

�

&H�FRQVWDW�HW�OD�GHX[LqPH�FRQWUDLQWH�LQGXLVHQW�GH�GpILQLU���URXWHV�SULQFLSDOHV�SDUWDQW�GX�SXLWV�
�Q°XG�1��������FHV�URXWHV�VRQW�VXU�OHV�D[HV�;�HW�<��

3RXU�WRXW�Q°XG�15,��OH�URXWDJH�RSWLPDO�HVW�GH�UHMRLQGUH�OD�URXWH�SULQFLSDOH�OD�SOXV�SURFKH��,O�
HQ�UpVXOWH�TXH�FHUWDLQV�Q°XGV�VRQW�LQXWLOHV��3RXU�OHV�VXSSULPHU��XQH�PpWKRGH�HQ�GHX[�pWDSHV�D�
pWp�FRQoXH��

(WDSH����
�)RUPHOOHPHQW��O¶pFULWXUH�HVW�OD�VXLYDQWH���

 6RLW�OH�Q°XG�15,L�M�DYHF�L�HW�M�!����HU�TXDGUDQW��

 6L�L�!�M��15,L�M�GRLW�HQYR\HU�VHV�SDTXHWV�YHUV�OH�FKHPLQ�SULQFLSDO�2;��GRQF�YHUV�1�L�M���

 6L�L���M��15,L�M�GRLW�HQYR\HU�VHV�SDTXHWV�YHUV�OH�FKHPLQ�SULQFLSDO�2<��GRQF�YHUV�1�L���M�

 6L� L� � M� �P��15,P�P�V¶LO� H[LVWH� �YRLU�SUpFpGHPPHQW��HVW�SODFp�VXU� OD�ELVVHFWULFH�GX�
TXDGUDQW��OHV�GHX[�VROXWLRQV�VRQW�pTXLYDOHQWHV�HW�UHGRQGDQWHV��

�

3RXU�XQ�Q°XG�15,��L�!�M�HVW�pTXLYDOHQW�j�L�!�P��,O�HVW�UpVXOWp�TXH�O¶RQ�SHXW�VXSSULPHU�WRXV�
OHV�Q°XGV�1L�M�SRXU�L�� ���P���HW�M� ���P����SXLVTX¶LO�QH�VRQW�MDPDLV�VXU�XQH�URXWH��

&HWWH�SUHPLqUH�pWDSH�HVW�LOOXVWUpH�VXU�OD�)LJXUH������SDU�OHV�Q°XGV�UHSUpVHQWpV�SDU�XQH�FURL[�
��TXL�VRQW�VXSSULPpV��'DQV�FH�FDV�����UHODLV�RQW�pWp�VXSSULPpV�SRXU�FH�TXDGUDQW��

(WDSH�����

/H�UDLVRQQHPHQW�GpFULW�FL�DSUqV�QH�FRQFHUQH�TXH�OH�GHPL�TXDGUDQW�LQIpULHXU��F
HVW�j�GLUH�SRXU�
𝑗 <    ௅

ଶ
��8Q�UDLVRQQHPHQW�V\PpWULTXH�V¶DSSOLTXH�SRXU�OH�GHPL�TXDGUDQW�VXSpULHXU�HQ�UHPSODoDQW�

L�SDU�M�HW�HQ�FRQVLGpUDQW�O¶D[H�<�FRPPH�URXWH�SULQFLSDOH��

,O�IDXW�FRQVHUYHU�OD�URXWH�VXU�OD�FRORQQH�L� �P�SRXU�OHV�SDTXHWV�GX�UHODLV�15,P�P�V¶LO�H[LVWH�
�FDV�Q����DILQ�TX¶LOV�UHMRLJQHQW�O¶D[H�;��'RQF�FRQVHUYHU�OHV�Q°XGV�1P�M�DYHF�M� ����P����

6L�15,P�P�Q¶H[LVWH�SDV� �FDV�Q������15,�P���P�H[LVWH� HW� LO� IDXW� FRQVHUYHU� OD� URXWH�GH� OD�
FRORQQH�L� �P����'RQF�OHV�Q°XGV�1P����M�DYHF�M� ��P����

/HV�Q°XGV�15,L�M�DYHF�L!P�SHXYHQW�HQYR\HU�OHXUV�SDTXHWV�YHUV�O¶D[H�;�RX�YHUV�OD�FRORQQH�P�
�FDV�Q����RX�P����FDV�Q����DX�PrPH�FR�W�JOREDO��,O�HVW�GRQF�SRVVLEOH�GH�VXSSULPHU�GHV�Q°XGV��

3ULQFLSH�UHWHQX���OHV�Q°XGV�15,�HQYRLHQW�YHUV�O¶D[H�;�WDQW�TXH�OH�URXWH�H[LVWH�REOLJDWRLUHPHQW�
�IRUPpH�SDU�GHV�15,��RX�TXH�OD�GLVWDQFH�j�O¶D[H�;�HVW�LQIpULHXUH�j�OD�GLVWDQFH�j�OD�FRORQQH�P��FDV�
Q����RX�P����FDV�Q�����/HV�Q°XGV�LQIpULHXUV��M�SOXV�SHWLW��QH�SHXYHQW�SDV�rWUH�VXSSULPpV��6LQRQ��
OHV�Q°XGV�15,�HQYRLHQW�YHUV�OD�FRORQQH�P�RX�P���HW�OHV�Q°XGV�LQIpULHXUV�SHXYHQW�DORUV�rWUH�
VXSSULPpV��

/¶DOJRULWKPH�HVW�GRQF��SRXU�OH�FDV�Q����SDUWLU�GH�P���SRXU�OH�FDV�Q������

3RXU�L� �P����/��H[DPLQHU�WRXV�OHV�15,��L�M��



�

�

�

���

�

7URXYHU�15,��L�M��WHO�TXH�M!�L�P���VRLW�MQ�OD�YDOHXU�GH�M�FRUUHVSRQGDQWH��

6XSSULPHU�WRXV�OHV�Q°XGV�1��L��M� ����MQ����

ILQ3RXU�
([HPSOH���VXU�OH�FDV�LOOXVWUp�SDU�OD�ILJXUH�������P ���HW�OH�Q°XG�15,�������HVW�WHO�TXH���!��������
'RQF�OHV�Q°XGV�1���M �����VRQW�VXSSULPpV�VRLHQW�1�������1�������1������HW�1�������&HV�Q°XGV�
VRQW� PDUTXpV� G¶XQH� FURL[� [� VXU� OD� ILJXUH�� +XLW� QRXYHDX[� Q°XGV� VRQW� VXSSULPpV� GDQV� FH�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
TXDGUDQW�VRLHQW����HQ�WRXW��

/D�WRSRORJLH�ILQDOH�FRPSRUWH�GRQF�����±��
���±��
�� �����Q°XGV��/D�VWUDWpJLH�GH�UpGXFWLRQ�
D�GRQF�IDLW�pFRQRPLVHU�����GH�Q°XGV��

���5HPDUTXH��� LO� DXUDLW� pWp� SRVVLEOH� GH� VXSSULPHU� G¶DXWUHV� UHODLV� VDQV� UHVWUHLQGUH� OD�
FRQQHFWLYLWp��SDV�GDQV�OH�FDV�SULV�HQ�H[HPSOH���PDLV�HQ�FRXSDQW�GHV�URXWHV�j�FR�W�PLQLPDO�GRQF�
HQ�QH�UHVSHFWDQW�SDV�XQH�GHV�FRQWUDLQWHV�LPSRVpHV���

�

�

)LJXUH������2SWLPLVDWLRQ�GH�OD�WRSRORJLH�GDQV�OH�SUHPLHU�TXDGUDQW�

¬�QRWHU�TXH�FHWWH�WRSRORJLH��VXU�O¶H[HPSOH��SODFH�OHV�UHODLV�LQWHUIDFHV�j�XQH�GLVWDQFH�GH���j����
VDXWV�GX�SXLWV�GRQF�OHV�SDTXHWV�LVVXV�GX�Q°XG�FDSWHXU�PRELOH�IHURQW�HQWUH����HW����VDXWV�SRXU�
DWWHLQGUH�OH�SXLWV��



�

�

�

���

�

/D�SHUWH�G¶XQ�Q°XG�D�XQH�FRQVpTXHQFH�TXL�GpSHQG�GH�VD�SODFH�GDQV�OD�WRSRORJLH��/D�SHUWH�
G¶XQ�Q°XG�LQWHUIDFH�IDLW�SHUGUH�OD�OLDLVRQ�PRELOH�IL[H�VXU�OD�SRUWLRQ�GH�WUDMHFWRLUH�FRXYHUWH�SDU�
FH�Q°XG�WDQGLV�TXH�OD�SHUWH�G¶XQ�GHV�YRLVLQV�GX�SXLWV�IDLW�SHUGUH�XQ�TXDUW�GH�OD�WUDMHFWRLUH��

�
����� &KHPLQ�GH�ERUGXUH�

8QH�VROXWLRQ�LQWXLWLYH�HVW�GH�SODFHU�OHV�UHODLV�IL[HV�OH�ORQJ�GH�OD�WUDMHFWRLUH��,OV�VHURQW�SODFpV�
VXU�XQ�FHUFOH�FRQIRQGX�DYHF�FHOOH�FL�RX�VXU�XQ�FHUFOH�SURFKH�LQWpULHXU�RX�H[WpULHXU�VXLYDQW�OHV�
SRVVLELOLWpV� G¶LPSODQWDWLRQ� �)LJXUH� ������� /H� FHUFOH� GH� SRVLWLRQQHPHQW� GHV� UHODLV� D�
QpFHVVDLUHPHQW�XQ�UD\RQ�FRPSULV�HQWUH�U�5&�HW�U�5&��

�

�
)LJXUH������7RSRORJLH�W\SH�FKHPLQ�GH�ERUGXUH�

�

/D�WRSRORJLH�GX�UpVHDX�GH�UHODLV�IL[HV�HVW�DORUV�FLUFXODLUH��FH�VHUDLW�OD�PrPH�GpILQLWLRQ�VL�OD�
JpRPpWULH� Q¶pWDLW� SDV� XQ� FHUFOH�� DSSHOpH� DXVVL� HQ� ERXFOH� RX� HQ� DQQHDX�� &KDTXH� Q°XG� HVW�
FRQQHFWp�j�GHX[�DXWUHV��XQ�GH�FKDTXH�F{Wp�� �/H�SXLWV�HVW� LQWpJUp�GDQV�OD�ERXFOH��/¶K\SRWKqVH�
IDLEOH�TXL�HVW�UHWHQXH�HVW�TX¶LO�HVW�SODFp�VXU�OH�PrPH�FHUFOH�TXH�OHV�UHODLV�HW�TX¶LO�SHXW�DVVXUHU�
FRPPH�HX[�OD�OLDLVRQ�PRELOH�IL[H��&H�Q¶HVW�WRXWHIRLV�SDV�XQH�REOLJDWLRQ��

&HWWH�VROXWLRQ�D�XQ� LQWpUrW�pYLGHQW� ORUVTXH� OH�SXLWV�QH�SHXW�SDV�rWUH�SODFp�j� O¶LQWpULHXU�GX�
GLVTXH� GpILQL� SDU� OD� WUDMHFWRLUH� GX�PRELOH�� 'DQV� FH� FDV�� OD� SRVVLELOLWp� GH� SODFHU� OHV� UHODLV� j�
O¶LQWpULHXU�GX�GLVTXH�HVW�DXVVL�SHX�SUREDEOH��



�

�

�

���

�

�

�

1RPEUH�GH�Q°XGV�
$YHF�O¶K\SRWKqVH�GX�SODFHPHQW�VXU�OD�WUDMHFWRLUH��OH�FDOFXO�GX�QRPEUH�1�GH�Q°XGV�VXU�OH�

FHUFOH��UHODLV�SOXV�SXLWV��HVW�GpGXLW�j�SDUWLU�GX�UD\RQ�U�GX�FHUFOH�HW�GX�UD\RQ�GH�SURSDJDWLRQ�5F��
SDU�OH�FDOFXO�VXLYDQW��)LJXUH��������DYHF�1[�OH�QRPEUH�WKpRULTXH�LGpDO�GH�Q°XGV���

���������������������𝛼 = ଶగ
ே௫
�

'RQF�𝛼 = గ
ே௫

 

sin(𝛼) = ோ௖
ଶ௥
��GRQF��sin ቀ గ

ே௫
ቁ = ோ௖

ଶ௥
�

'RQF�𝑁𝒙 = 𝝅

𝑨𝒓𝒄𝒔𝒊𝒏(𝑹𝒄𝟐𝒓)
�

1�HVW�O¶HQWLHU�LPPpGLDWHPHQW�VXSpULHXU�j�1[��

�

([HPSOH���(Q�UHSUHQDQW�OHV�YDOHXUV�GH�O¶H[HPSOH�SULV�SRXU�OD�WRSRORJLH�j�JULOOH�FDUUp��GRQF�
XQ�FHUFOH�GH�UD\RQ�����PqWUHV�HW�XQ�UD\RQ�GH�SURSDJDWLRQ�GH����PqWUHV��RQ�WURXYH���

�1[ �������
�'RQF��1� ����Q°XGV�VXU�OD�ERXFOH�VRLHQW����UHODLV��

&HV�Q°XGV�VRQW�WRXV�GHV�UHODLV�LQWHUIDFHV�15,��

�
)LJXUH������&DOFXO�GX�QRPEUH�GH�UHODLV�



�

�

�

���

�

/H�URXWDJH�GHV�SDTXHWV�SHXW�rWUH�UpDOLVp�GDQV�XQ�VHQV�GH�OD�ERXFOH�RX�GDQV�O¶DXWUH��(Q�SUHQDQW�
OH�VHQV�OH�SOXV�IDYRUDEOH�OH�QRPEUH�GH�VDXWV�GDQV�OD�WRSRORJLH�DX�VRO��SRXU�O¶H[HPSOH��HVW�GRQF�
FRPSULV�HQWUH���HW�����/HV�SDTXHWV�LVVXV�GX�FDSWHXU�IHURQW�GRQF�HQWUH���HW����VDXWV�SRXU�DWWHLQGUH�
OH�SXLWV��¬�QRWHU�TXH�FHWWH�WRSRORJLH�SHXW�IRQFWLRQQHU�HQ�PRGH�GpJUDGpH�DSUqV�OD�SHUWH�G¶XQ�Q°XG��
OH�URXWDJH�pWDQW�WRXMRXUV�DVVXUp�HQ�XWLOLVDQW�OH�VHQV�UHVWDQW�IRQFWLRQQHO��PDLV�OD�OLDLVRQ�PRELOH�
IL[H� Q¶pWDQW� SOXV� DVVXUpH� VXU� OD� SRUWLRQ� GH� WUDMHFWRLUH� FRXYHUWH� SDU� OH� Q°XG� UHODLV� LQWHUIDFH�
GpIDLOODQW��

����� 3ODFHPHQW�GH�Q°XG�UHODLV�SDU�DUEUH�GH�6WHLQHU�

/¶REMHFWLI�SULQFLSDO�GX�SODFHPHQW�HVW�GH�GpSOR\HU�XQ�QRPEUH�PLQLPDO�GH�Q°XGV�UHODLV�SRXU�
DVVXUHU� OD�FRQQHFWLYLWp�HQWUH�XQ�Q°XG�GH�ERUGXUH�TXHOFRQTXH�HW� OH�SXLWV��)LJXUH��������(WDQW�
GRQQp�XQ�HQVHPEOH�GH�Q°XGV�GDQV� OH�SODQ�HXFOLGLHQ��QRWUH�REMHFWLI� HVW�GH�SODFHU�XQ�QRPEUH�
PLQLPDO�GH�Q°XGV�UHODLV�GH�VRUWH�TXH�OH�UpVHDX�VRLW�FRQQHFWp��,O�H[LVWH�GHX[�YDULDQWHV��*XSWD�HW�
DO����������OD�SUHPLqUH�FRQVLVWH�j�GpSOR\HU�OH�PrPH�W\SH�GH�Q°XGV��UHODLV�HW�PRELOH���DYHF�OH�
PrPH� UD\RQ� GH� FRPPXQLFDWLRQ�� 'DQV� OD� GHX[LqPH� YDULDQWH�� OHV� Q°XGV� UHODLV� RQW� GHV�
FDUDFWpULVWLTXHV�GLIIpUHQWHV�GHV�Q°XGV�PRELOHV��OHXU�UD\RQ�GH�FRPPXQLFDWLRQ�HVW�SOXV�JUDQG�TXH�
FHOXL�GX�Q°XG�PRELOH��

'DQV�OH�FDV�GH�OD�SUHPLqUH�YDULDQWH��OHV�DXWHXUV��&KHQJ�HW�DO���������FRQVLGqUHQW�XQ�UpVHDX�GH�
FDSWHXUV�KRPRJqQHV�R��WRXV�OHV�Q°XGV�RQW�OD�PrPH�OD�SXLVVDQFH�GH�WUDQVPLVVLRQ��'DQV�OHXUV�
WUDYDX[��OHV�DXWHXUV�WHQWHQW�G¶RSWLPLVHU�OH�QRPEUH�GH�Q°XGV�UHODLV�GDQV�OD�]RQH�G
LQWHUFRQQH[LRQ�
WRXW�HQ�DVVXUDQW�XQH�FRXYHUWXUH�RSWLPDOH��/HV�DXWHXUV��/LQ�HW�DO���������RQW�IRUPXOp�OH�SUREOqPH�
HQ�WDQW�TX¶$UEUH�GH�6WHLQHU�PLQLPXP�DYHF�QRPEUH�PLQLPDO�GH�Q°XGV�GH�6WHLQHU�HW�GpOLPLWp�OH�
SUREOqPH�DYHF�OD�ORQJXHXU�GH�O¶DUrWH��UD\RQ�GH�FRPPXQLFDWLRQ�GHV�Q°XGV���,OV�RQW�SURXYp�TXH�
OH�SUREOqPH�HVW�13�FRPSOHW�HW�LOV�RQW�SURSRVp�XQ�DOJRULWKPH�EDVp�VXU�DUEUH�GH�6WHLQHU�FRXYUDQW�
PLQLPXP�j���VDXWV��6XLWH�j�FH�WUDYDLO��SOXVLHXUV�DXWHXUV�RQW�DERUGp�OH�SUREOqPH�GH�OD�FRQQHFWLYLWp�
HW�OH�SODFHPHQW�GHV�Q°XGV�UHODLV�HQ�SURSRVDQW�GLIIpUHQWV�DOJRULWKPHV�G¶DSSUR[LPDWLRQ���

(Q� IDLVDQW�XQH�JpQpUDOLVDWLRQ�GH�FH�PRGqOH�� OHV� DXWHXUV� �/OR\G�HW� DO���������SURSRVHQW�XQ�
PRGqOH�G
RSWLPLVDWLRQ�R��OHV�Q°XGV�UHODLV�RQW�XQH�FRXYHUWXUH�UDGLR�SOXV�JUDQGH�TXH�OHV�DXWUHV�
Q°XGV��FH�TXL�PLQLPLVH�OH�QRPEUH�GH�FDSWHXUV�\�FRPSULV�OHV�Q°XGV�UHODLV��$LQVL�OH�PRGqOH�HVW�
RSWLPLVp� HQ� XWLOLVDQW� XQH� DSSUR[LPDWLRQ� EDVpH� VXU� O¶DOJRULWKPH� GX� 6SDQQLQJ�7UHH�PLQLPXP�
�067���

/D�WRSRORJLH�WKpRULTXHPHQW�RSWLPLVpH�HQWUH�OHV�Q°XGV�LQWHUIDFHV�HW�OH�SXLWV�HVW�REWHQXH�SDU�
O¶DUEUH�GH�6WHLQHU�HQ�H[SORLWDQW�OD�GLVWULEXWLRQ�SRODLUH�XQLIRUPH�GHV�VRPPHWV�HW�HQ�OLPLWDQW�DLQVL�
OHV�VRPPHWV�GX�JUDSKH�DX[�Q°XGV�LQWHUIDFH��&HWWH�pWXGH�HVW�GRQF�OLPLWpH�DX�FDV�R��OH�SXLWV�HVW�
SODFp�DX�FHQWUH�GX�FHUFOH��/¶DUEUH�GH�6WHLQHU�GRLW�QRXV�GRQQHU�WRXV�OHV�SOXV�FRXUWV�FKHPLQV�GHSXLV�
OHV�Q°XGV�UHODLV�LQWHUIDFHV�DX�SXLWV��

3UHPLqUHPHQW��QRXV�GHYRQV�FRPPHQFHU�j�SODFHU�OHV�Q°XGV�UHODLV�LQWHUIDFHV�RX�GH�ERUGXUH��
FRPPH�OH�PRQWUH�OD�)LJXUH�������FDU�FH�VRQW�FHX[�TXL�DVVXUHQW�OD�OLDLVRQ�PRELOH�IL[H��
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�

�

���

�

�

)LJXUH��������&RXYHUWXUH�GH�OD�WUDMHFWRLUH�DYHF�OHV�Q°XGV�GH�ERUGXUH�

� /¶DOJRULWKPH��

���/H�SUREOqPH�HVW�IRUPXOp�FRPPH�VXLW��pWDQW�GRQQp�OHV�FRRUGRQQpHV�G¶XQ�HQVHPEOH�GH�Q°XGV�
GH�ERUGXUHV�;��WURXYHU�XQ�HQVHPEOH�PLQLPDO�GH�Q°XGV�UHODLV�<�WHO�TXH�OD�GLVWDQFH�VRLW�LGHQWLTXH�
SRXU�FKDTXH�Q°XG��DYHF�OD�GLVWDQFH�LQIpULHXUH�DX�UD\RQ�GH�SURSDJDWLRQ��

�/H�JUDSKH�QRQ�RULHQWp�LQGXLW��HVW�IRUPXOp���𝐺 = (𝑋 ∪ 𝑌,𝑊)��DYHF����

 ;���/¶HQVHPEOH�GHV�VRPPHWV�GX�JUDSKH��
 <���(QVHPEOH�GHV�SRLQWV�GH�6WHLQHU�
 :���/¶HQVHPEOH�GHV�DUrWHV�UHOLDQW�OHV�VRPPHWV�DYHF�OH�SXLWV��

'¶XQH�PDQLqUH�IRUPHOOH��O¶DOJRULWKPH�HVW�GpILQL�FRPPH�VXLW��

�

$OJRULWKPH����$OJRULWKPH�GH�3ODFHPHQW�GH�Q°XGV�UHODLV�

(QWUpH���6RLW�;�O¶HQVHPEOH�GH�Q°XGV�;� �^[���[��«��[Q`�GH�ERUGXUH�GDQV�XQ�HVSDFH�HXFOLGLHQ�UpHO�
SRVLWLI���5F! ���UHSUpVHQWH�OH�UD\RQ�GH�FRPPXQLFDWLRQ�GHV�Q°XGV��[��UHSUpVHQWH�OH�SXLWV���

6RUWLH���(QVHPEOH�<�GHV�Q°XGV�UHODLV�©�SRLQW�GH�6WHLQHU�ª�<� �̂ <��«��<N`�DYHF�|𝑌|  𝑒𝑠𝑡  𝑚𝑖𝑛𝑖𝑚𝑢𝑚�

(WDSH������
&DOFXOHU�O¶DUEUH�FRXYUDQW�GH�SRLGV�PLQLPDO�7PVW�j�SDUWLU�GX�JUDSKH�GX�JUDSKH�*�

(WDSH�����
. ��
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�

�

���

�

)DLUH��
�3RXU�FKDTXH�DUUrW��[L�[M��GH�7PVW�
�6L��5F����__[L�[M__�� ��5F��
�� . N���

�� 3ODFHU�XQ�Q°XG�<N�UHODLV�j�OD�PrPH�GLVWDQFH�5F�GH�;L�HW��;M��

�6LQRQ�
�� 3ODFHU���Q°XGV�UHODLV�DYHF���

�� <N���DYHF�OD�GLVWDQFH�5F�HW�;L�

�� <N���DYHF�OD�GLVWDQFH�HQWUH�5F�HW�;M�

3ODFH]�||ଡ଼୧.ଡ଼୨||ିଶୖୡ
ୖୡ

�Q°XGV� UHODLV�<N����<N����««��<N�ቂห|ଡ଼୧.ଡ଼୨|หିଶୖୡ
ୖୡ

ቃ + 1�VXU� OH� VHJPHQW� ><N����

<N��@��FHV�Q°XGV�UHODLV�VpSDUHQW�OH�VHJPHQW�><N����<N��@�HQ�ቂห|ଡ଼୧.ଡ଼୨|หିଶୖୡ
ୖୡ

ቃ�SDUWLHV�pJDOHV��

��� .� 𝑘 + 2 ቂห|ଡ଼୧.ଡ଼୨|หିଶୖୡ
ୖୡ

ቃ − 1�

�)LQ�VL�
�)LQ�SRXU�
7DQW�TXH��O¶DUEUH�Q¶HVW�SDV�IRUPp��

(WDSH�����5HWRXUQH�<� �^<��«��<N`�

�

/D� )LJXUH� ����� PRQWUH� OH� UpVXOWDW� JUDSKLTXH� GX� SURJUDPPH� GpYHORSSp� VRXV� 0DWODE�
DSSOLTXp�j�QRWUH�H[HPSOH�W\SH��F
HVW�j�GLUH�DYHF�XQH�WUDMHFWRLUH�GH�UD\RQ�U ����P�HW�XQ�UD\RQ�
GH�SURSDJDWLRQ�5F� ��P����

/H�QRPEUH�GH�Q°XGV�GpSOR\pV�GDQV�FHWWH�VROXWLRQ�HVW�GH�����Q°XGV�\�FRPSULV�OHV�Q°XGV�
GH� ERUGXUH� HW� OH� SXLWV�� &H� UpVXOWDW� SHXW� rWUH� FRPSDUp� DYHF� FHOXL� REWHQX� DYHF� OD� JULOOH� j�
SDYHPHQW�FDUUp��SDUDJUDSKH��������/H�QRPEUH�GH�Q°XGV�pWDLW�DORUV�GH�����DYDQW�OH�SURFHVVXV�
G¶pOLPLQDWLRQ�GHV�Q°XGV�VXU�OHV�URXWHV�UHGRQGDQWHV��/H�SODFHPHQW�SDU�DUEUH�GH�6WHLQHU�HVW�
GRQF�SOXV�SHUIRUPDQW�j�O¶pWDW�EUXW��0DLV�OH�SURFHVVXV�G¶pOLPLQDWLRQ�GHV�URXWHV�UHGRQGDQWHV�
HVW� DORUV� FRPSOH[H� HW� QRXV� QH� O¶DYRQV� SDV� GpYHORSSp�� ,Q� ILQH�� OH� SODFHPHQW� VXU� JULOOH� j�
SDYHPHQW�FDUUp�HW� OH�SODFHPHQW� VLPSOH�VXU�FKHPLQ�GH�ERUGXUH� VRQW�SOXV�pFRQRPLTXHV�HQ�
WHUPHV�GH�QRPEUHV�GH�Q°XGV�SRXU�REWHQLU�XQH�WRSRORJLH�WRWDOHPHQW�FRQQHFWpH���

�



�

�

�

���

�

�
)LJXUH������5pVXOWDW�GHV�HPSODFHPHQWV�GHV�Q°XGV�UHODLV�DYHF�O¶DUEUH�GH�6WHLQHU�

�

��� 5RXWDJH�SRXU�WRSRORJLH�j�UHODLV�IL[HV�
/H�URXWDJH�FRQVLVWH�j�DFKHPLQHU�OHV�SDTXHWV�GHSXLV�OH�RX�OHV�Q°XGV�FDSWHXUV�PRELOHV�YHUV�OH�

SXLWV�IL[H�XQLTXH��'DQV�OH�FDV�pWXGLp��LO�IDXW�VpSDUHU�OH�URXWDJH�SRXU�OH�SUHPLHU�VDXW�F
HVW�j�GLUH�
VXU�OD�OLDLVRQ�PRELOH�IL[H�GX�URXWDJH�SRXU�OHV�DXWUHV�VDXWV��

����� 5RXWDJH�SRXU�OH�SUHPLHU�VDXW�

3RXU� FKDTXH� Q°XG� FDSWHXU�� LO� VXIILW� GH� GLIIXVHU� OHV� SDTXHWV� VDQV� DGUHVVH� GH� GHVWLQDWLRQ�
LPPpGLDWH��F
HVW�j�GLUH�DYHF�XQH�DGUHVVH�GH�QLYHDX�OLDLVRQ�©�EURDGFDVW�ª��(Q�HIIHW��OHV�WRSRORJLHV�
SURSRVpHV�VRQW�WHOOHV�TX¶LO�\�D�WRXMRXUV�XQ�Q°XG�UHODLV�LQWHUIDFH�j�SRUWpH�UDGLR��F
HVW�j�GLUH�j�XQH�
GLVWDQFH�LQIpULHXUH�DX�UD\RQ�GH�FRPPXQLFDWLRQ��&HWWH�WHFKQLTXH�GH�GLIIXVLRQ�VLPSOH�pYLWH�GH�
JpUHU�OH�KDQGRYHU��F
HVW�j�GLUH�GH�VDYRLU�j�TXHO�Q°XG�HQYR\HU�OH�SDTXHW��/¶LQFRQYpQLHQW�HVW�TX¶LO�
HVW�DLQVL�SRVVLEOH�TX¶XQ�SDTXHW�VRLW�UHoX�FRUUHFWHPHQW�SDU�SOXVLHXUV�Q°XGV�LQWHUIDFHV��3RXU�TXH�
OD�UHGRQGDQFH�VRLW�GpWHFWpH�HW�TX¶XQ�VHXO�SDTXHW�SDUYLHQQH�DX�SXLWV�RX�VRLW�FRQVHUYp�SDU�FHOXL�
FL��OHV�SDTXHWV�GRLYHQW�SRUWHU�O¶DGUHVVH�GX�FDSWHXU�HW�XQ�QXPpUR�GH�VpTXHQFH�GH�SDTXHW��1RXV�
SURSRVRQV�GH�VXSSULPHU�OH�QXPpUR�GH�SDTXHW�TXDQG�FHOXL�FL�HVW�KRURGDWp�SXLVTXH�O¶KRURGDWDJH�
SHUPHW�DORUV�GH�GpWHFWHU�OHV�GRXEORQV��

�



�

�

�

���

�

����� 5RXWDJH�GDQV�OH�UpVHDX�IL[H��

/H�URXWDJH�GDQV�OH�UpVHDX�IL[H�SHXW�rWUH�VWDWLTXH�HW�SDUDPpWUp�PDQXHOOHPHQW�RX�rWUH�DXWRJpUp��
'DQV�OHV�GHX[�FDV�LO�IDXW�G¶DERUG�GpILQLU�XQ�DGUHVVDJH�DGDSWp��5RXWDJH�HW�DGUHVVDJH�GpSHQGHQW�
GH�OD�WRSRORJLH�HW�VRQW�GRQF�pWXGLpV�GDQV�OD�VXLWH�HQ�IRQFWLRQ�GH�FHOOH�FL�SRXU�OD�JULOOH�j�SDYHPHQW�
FDUUp�HW�SRXU�OH�FKHPLQ�GH�ERUGXUH��

�

������� $GUHVVDJH�HW�URXWDJH�GDQV�OD�WRSRORJLH�j�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH�
�

'DQV� OH� FDV� GH� OD� WRSRORJLH� j� JULOOH� j� SDYHPHQW� FDUUp�� O¶DGUHVVDJH� UHWHQX� HVW� FHOXL� GH�
O¶LQGH[DWLRQ�GpILQLH�DYHF�OD�WRSRORJLH�GRQF�EDVp�VXU�OHV�FRRUGRQQpHV�FDUWpVLHQQHV�GX�Q°XG��8QH�
DGUHVVH�HVW�GRQF�XQ�FRXSOH�IRUPp�GHV�LQGH[�L�M�VRLW�$GUHVVH� �̂ L�M`��DYHF�L�HW�M�GHV�QRPEUHV�HQWLHUV�
UHODWLIV�FRGpV�FKDFXQ�VXU���ELWV�HQ�FRPSOpPHQW�j�GHX[��XQH�H[WHQVLRQ�VXU����ELWV�HVW�SRVVLEOH�VL�
QpFHVVDLUH��� 'DQV� QRWUH� FDV�� WRXV� OHV� Q°XGV� UHODLV� VRQW� SODFpV� j� GHV� HQGURLWV� SUpFLV� HW� OHV�
FRRUGRQQpHV� GH� FKDFXQ� SHXYHQW� rWUH� IDFLOHPHQW� LQWURGXLWHV� GDQV� OH� Q°XG�� ,O� Q¶\� D� SDV� GH�
GLVWLQFWLRQ�GDQV�O¶DGUHVVH�HQWUH�Q°XG�UHODLV�VLPSOH�HW�Q°XG�UHODLV�LQWHUIDFH���

,O�HVW�SRVVLEOH�GH�IDLUH�XQ�URXWDJH�KRUV�OLJQH�HW�G¶LQWURGXLUH�PDQXHOOHPHQW�O¶DGUHVVH�GX�Q°XG�
GX�SURFKDLQ�VDXW�GHV�SDTXHWV��0DLV�FH�Q¶HVW�SDV�XWLOH��FDU�XQ�URXWDJH�DXWRPDWLTXH�DXWRQRPH�HVW�
IDFLOH�j�UpDOLVHU��

/D�WRSRORJLH�XWLOLVpH�VH�SUrWH�SDUIDLWHPHQW�DX�URXWDJH�JpRJUDSKLTXH�SXLVTX¶XQ�Q°XG�FRQQDLW�
VD�SRVLWLRQ�HW�OD�SRVLWLRQ�GX�SXLWV��(Q�O¶DEVHQFH�G¶REVWDFOH��K\SRWKqVH�UHWHQXH��OH�URXWDJH�JORXWRQ�
VLPSOH�IRQFWLRQQH�SDUIDLWHPHQW�VDQV�RSWLPXP�ORFDO�SXLVTX¶LO�Q¶\�D�SDV�GH�WURX��

&KDTXH�Q°XG�FRQQDLW�VRQ�$GUHVVH� ^L�M`��/H�URXWDJH�JpRJUDSKLTXH�FRQVLVWH�SRXU�FH�Q°XG�j�
HQYR\HU�OH�SDTXHW�j�VRQ�YRLVLQ�GRQW�O¶DGUHVVH�HVW�©�SOXV�SHWLWH�ª�F¶HVW�j�GLUH���

� 6RLW�$GUHVVH¶� �^L¶�M`�DYHF�����𝑖ᇱ <    |𝑖|�
� 6RLW�$GUHVVH¶� �^L�M¶`�DYHF����𝑗ᇱ <    |𝑗|�

�
0LVH�HQ�°XYUH���
¬�O¶LQLWLDOLVDWLRQ�GX�UpVHDX��FKDTXH�Q°XG�GRLW�GpFRXYULU�O¶DGUHVVH�GH�VHV�YRLVLQV�j�XQ�VDXW��

3RXU� FHOD�� LO� GLIIXVH� XQ� PHVVDJH� >+HOOR� �VD� SURSUH� DGUHVVH�@� VDQV� DGUHVVH� GH� GHVWLQDWLRQ��
5HPDUTXRQV� TX¶XQ� Q°XG� SHXW� DYRLU� DX�PD[LPXP��� YRLVLQV�� ,O� UpSqWH� VRQ� pPLVVLRQ� MXVTX¶j�
UpFHSWLRQ�G¶DX�PRLQV�XQ�PHVVDJH�+HOOR�FRQWHQDQW�XQH�DGUHVVH�©�SOXV�SHWLWH�ª�W\SH�©�$GUHVVH¶�ª��
8QH�VHXOH�DGUHVVH�UpSRQG�JpQpUDOHPHQW�DX�FULWqUH��HOOH�HVW�PpPRULVpH�GDQV�OD�YDULDEOH�$GGHVW��
0DLV� LO� HVW� SRVVLEOH� TX¶LO� \� HQ� DLW� GHX[�� 'DQV� FH� FDV� VHXOH� OD� SUHPLqUH� DGUHVVH� UHoXH� VHUD�
FRQVHUYpH�GDQV�$GGHVW��

/H�URXWDJH�HVW�UpDOLVp�HQ�HQYR\DQW�RX�HQ�UHQYR\DQW�WRXW�SDTXHW�UHoX�DSUqV�DYRLU�SODFp�$GGHVW�
FRPPH�DGUHVVH�GH�GHVWLQDWLRQ��

�
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������� $GUHVVDJH�HW�URXWDJH�GDQV�OD�WRSRORJLH�j�FKHPLQ�GH�ERUGXUH�
/¶DGUHVVDJH�GDQV�OD�WRSRORJLH�j�FKHPLQ�GH�ERUGXUH�HVW�EDVp�VXU�OHV�FRRUGRQQpHV�SRODLUHV�GH�

UD\RQ� GpWHUPLQp�� GRQF� XWLOLVDQW� XQH� VHXOH� YDULDEOH�� 3RXU� TXH� OH� URXWDJH� VRLW� RSWLPDO�� LO� IDXW�
XWLOLVHU�OD�URXWH�OD�SOXV�FRXUWH�GHSXLV�OH�Q°XG�MXVTX¶DX�SXLWV��'DQV�FH�FDV�pJDOHPHQW�XQ�URXWDJH�
JpRJUDSKLTXH� HVW� OD� VROXWLRQ� OD� SOXV� VLPSOH� HW� RSWLPDOH� SXLVTX¶LO� Q¶\� D� Q¶\� WURX�QL� REVWDFOH��
/¶DGUHVVDJH�GRLW�IDYRULVHU�FH�URXWDJH��,O�HVW�UpDOLVp�DYHF�OHV�FRQYHQWLRQV�VXLYDQWHV���

� 6RLW���OH�VHQV�WULJRQRPpWULTXH�HW�±�OH�VHQV�KRUDLUH��
� 8QH�DGUHVVH�HVW�FRQVWLWXpH�GH�GHX[�YDULDEOHV���OH�VHQV����RX����HW�XQ�LQGH[��
� 6RLW�����O¶DGUHVVH�GX�SXLWV��RULJLQH�GX�V\VWqPH�G¶LQGH[DWLRQ�
� /HV�DGUHVVHV�VRQW�REWHQXHV�HQ�LQFUpPHQWDQW�O¶LQGH[�j�SDUWLU�GX�SXLWV�HW�HQ�DIIHFWDQW���SRXU�

XQ�LQGH[�FDOFXOp�GDQV�OH�VHQV�WULJRQRPpWULTXH�HW�±�SRXU�XQ�LQGH[�FDOFXOp�GDQV�OH�VHQV�KRUDLUH��
� /HV�DGUHVVHV�VRQW�LQWURGXLWHV�PDQXHOOHPHQW�FRPPH�GDQV�OH�FDV�SUpFpGHQW��

�

0LVH�HQ�°XYUH���
$SUqV�O¶LQLWLDOLVDWLRQ�GH�VRQ�DGUHVVH��FKDTXH�Q°XG�UHODLV� LQLWLDOLVH�VD�YDULDEOH�$GGHVW�DYHF�

VRQ�DGUHVVH�PRGLILpH�SDU�GpFUpPHQWDWLRQ�GH�O¶LQGH[���

/H�URXWDJH�HVW�UpDOLVp�HQ�HQYR\DQW�RX�HQ�UHQYR\DQW�WRXW�SDTXHW�UHoX�DSUqV�DYRLU�SODFp�$GGHVW�
FRPPH�DGUHVVH�GH�GHVWLQDWLRQ���

��� /RFDOLVDWLRQ�
8Q� LQWpUrW� G¶XWLOLVHU� XQH� WRSRORJLH� DYHF� GHV� UHODLV� IL[HV� HVW� GH� GLVSRVHU� G¶DQFUHV� SRXU� OD�

ORFDOLVDWLRQ�� 7RXV� OHV� Q°XGV� UHODLV� LQWHUIDFHV� SHXYHQW� MRXHU� FH� U{OH�� &RPSWH� WHQX� GH� FHWWH�
SRVVLELOLWp�HW�GH�O¶pWXGH�ELEOLRJUDSKLTXH�SUpVHQWpH�DX�FKDSLWUH����TXDWUH�PpWKRGHV�GH�ORFDOLVDWLRQ�
VHPEOHQW�SRXYRLU�rWUH�UHWHQXHV���O¶XWLOLVDWLRQ�G¶XQ�*36��O¶LGHQWLILFDWHXU�GH�FHOOXOH��OHV�HPSUHLQWHV�
566,�HW�O¶XWLOLVDWLRQ�G¶DFFpOpURPqWUHV��

����� 8WLOLVDWLRQ�G¶XQ�*36�

6L�OH�V\VWqPH�pYROXH�HQ�H[WpULHXU�HW�GDQV�XQH�]RQH�GpJDJpH�SRXU�pYLWHU�©�O¶HIIHW�FDQ\RQ�ª��
O¶XWLOLVDWLRQ�G¶XQ�*36�SRXU�UpDOLVHU�OD�ORFDOLVDWLRQ�HVW�XQH�VROXWLRQ�VLPSOH��DVVH]�SUpFLVH��DVVH]�
UREXVWH�HW�SDV�WUqV�RQpUHXVH�FRPPH�QRXV�O¶DYRQV�LQGLTXp��,O�Q¶\�D�GDQV�FH�FDV�SDV�GH�SUREOqPH�
SDUWLFXOLHU�VDXI�j�pYHQWXHOOHPHQW�SUpYRLU�XQ�FKDQJHPHQW�GH�UHSqUH�SRXU�H[SORLWHU�OD�ORFDOLVDWLRQ��
PDLV�FHFL�VHUD�IDLW�GDQV�O¶DSSOLFDWLRQ�GH�VXUYHLOODQFH�VXU�O¶RUGLQDWHXU�K{WH��/D�ORFDOLVDWLRQ�SHXW�
rWUH� FRGpH� GH� GLIIpUHQWHV�PDQLqUHV�� 3DU� H[HPSOH�� DYHF� OH� VWDQGDUG�10($� �1DWLRQDO�0DULQH�
(OHFWURQLFV� $VVRFLDWLRQ�� W\SHV� **$� �*OREDO� 3RVLWLRQQLQJ� 6\VWHP� )L[HG� 'DWD�� RX� *//�
�*HRJUDSKLF� /DWLWXGH� /RQJLWXGH��� OD� UHSUpVHQWDWLRQ� HVW� GH� W\SH��� 6�1� GGPP�PPPP�� (�:�
GGGPP�PPPP��FKDTXH�FDUDFWqUH��GRQW�OH�FKLIIUH�GpFLPDO��pWDQW�FRGp�VXU�XQ�RFWHW���6DXI�j�IDLUH�
XQH�FRQYHUVLRQ�GHV�YDOHXUV�HQ�ELQDLUH�SRXU�JDJQHU�HQ�WDLOOH�GH�UHSUpVHQWDWLRQ��OD�ORFDOLVDWLRQ�HVW�
DORUV�FRGpH�VXU����RFWHWV��WDLOOH�TX¶LO�IDXW�SUpYRLU�GDQV�OD�FKDUJH�GHV�SDTXHWV�GH�GRQQpHV��'H�SOXV�
FHV�JUDQGHV�WUDPHV�LQGXLVHQW�XQ�UHWDUG�GDQV�OH�FDOFXO�GH�OD�SRVLWLRQ�HW�GRQF�XQH�HUUHXU�ORUVTXH�OH�
PRELOH�VH�GpSODFH�UDSLGHPHQW��
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����� ,GHQWLILFDWHXU�GH�FHOOXOH��

8QH�PpWKRGH�WUqV�VLPSOH�HVW�GH�ORFDOLVHU�OH�V\VWqPH�PRELOH�DX�PR\HQ�GH�O¶LGHQWLILFDWHXU�
GH�VD�FHOOXOH�GH�FRPPXQLFDWLRQ��HQ�IDLVDQW�O¶K\SRWKqVH�TXH�O¶XWLOLVDWHXU�GLVSRVH�GHV�FRRUGRQQpHV�
JpRJUDSKLTXHV�GH�O¶HVSDFH�RSpUDWRLUH�GH�FHWWH�FHOOXOH��/D�SUpFLVLRQ�GpSHQG�DORUV�GH�OD�WDLOOH�GH�
OD�FHOOXOH��/D�ORFDOLVDWLRQ�HVW�OD�SRUWLRQ�GH�WUDMHFWRLUH�TXL�WUDYHUVH�OD�]RQH�JpRJUDSKLTXH�FRXYHUWH�
SDU�OD�FHOOXOH��

'DQV�OH�V\VWqPH�pWXGLp��OD�QRWLRQ�GH�FHOOXOH�Q¶D�MDPDLV�pWp�H[SOLFLWpH��(OOH�FRUUHVSRQG�GH�
IDLW�j�O¶HVSDFH�RSpUDWRLUH��OD�]RQH�GH�FRXYHUWXUH�UDGLR��GX�Q°XG�UHODLV�LQWHUIDFH�TXL�UpFHSWLRQQH�
OH�SDTXHW�GLIIXVp�SDU�OH�FDSWHXU�PRELOH��,O�VXIILW�GRQF�TXH�OH�FKDPS�ORFDOLVDWLRQ�GHV�GRQQpHV�VRLW�
UHPSOL�QRQ�SDV�SDU�OH�Q°XG�FDSWHXU��PDLV�SDU�OH�Q°XG�UHODLV�LQWHUIDFH��SDU�VRQ�DGUHVVH��&RPPH�
LQGLTXp�GDQV�OH�SDUDJUDSKH�VXU�OH�URXWDJH��LO�HVW�SRVVLEOH�TXH�OH�SDTXHW�VRLW�UHoX�SDU�GHX[�UHODLV�
LQWHUIDFH�TXDQG�OH�PRELOH�VH�WURXYH�GDQV�XQH�SRVLWLRQ�LQWHUPpGLDLUH��/H�V\VWqPH�GH�VXSSUHVVLRQ�
GHV�SDTXHWV�GRXEORQV�DX�QLYHDX�GX�SDTXHW�VXLYDQW�MXVTX¶DX�SXLWV�LQFOXV�YD�HQ�VXSSULPHU�XQ�GHV�
GHX[�GRQF�OD�ORFDOLVDWLRQ�VHUD�DIIHFWpH�j�XQH�VHXOH�FHOOXOH��/H�PpFDQLVPH�GH�VXSSUHVVLRQ�GHV�
SDTXHWV�GRXEORQV�XWLOLVH�OH�QXPpUR�GH�VpTXHQFH��8Q�V\VWqPH�GH�ORFDOLVDWLRQ�SOXV�SUpFLV�SRXUUDLW�
rWUH� UpDOLVp� HQ� H[SORLWDQW� FH� GRXEORQ�� PDLV� VRQ� XWLOLWp� QH� SDUDLW� SDV� YDORLU� OD� FRPSOH[LWp�
VXSSOpPHQWDLUH�GDQV�OH�FDV�JpQpUDO��

(Q�FRQFOXVLRQ�� FH� V\VWqPH�HVW� OH�SOXV� VLPSOH�� LO� QH�QpFHVVLWH�QL� FDSWHXU� QL� WUDLWHPHQW�
VRSKLVWLTXp���'DQV�O¶H[HPSOH�XWLOLVp�SRXU�FRQFHYRLU�OD�WRSRORJLH��F
HVW�j�GLUH�XQH�WUDMHFWRLUH�GH�
����PqWUHV�HW�XQ�UD\RQ�GH�FRPPXQLFDWLRQ�GH����PqWUHV��OD�SUpFLVLRQ�GH�ORFDOLVDWLRQ�HVW�GH�O¶RUGUH�
GH����PqWUHV�TXHOTXH�VRLW�OD�WRSRORJLH�UHWHQXH��&HWWH�SUpFLVLRQ�HVW�FHUWDLQHPHQW�VXIILVDQWH�GDQV�
EHDXFRXS�G¶DSSOLFDWLRQ�GH�VXUYHLOODQFH��

����� /RFDOLVDWLRQ�SDU�HPSUHLQWHV�GX�566,�

8QH� IRLV� TXH� QRXV� DYRQV� IL[p� OHV� SRVLWLRQV� GX� SXLWV� HW� GHV� Q°XGV� UHODLV� TXL� DVVXUHQW� OD�
FRXYHUWXUH�GH�OD�WUDMHFWRLUH�GRQW� OH�UD\RQ�HVW�ERUQp�HQWUH�5F�HW�√𝑅஼��OH�UpVHDX�SDVVH�SDU�GHX[�
SKDVHV�DYDQW�OH�GpSORLHPHQW���

�
��������������3KDVH� ���� ©�LQLWLDOLVDWLRQ�ª��� OH� SXLWV� HW� OHV� Q°XGV� UHODLV� TXL� VRQW� HQ� UHJDUG�GH� OD�

WUDMHFWRLUH� VRQW�FRQILJXUpV�PDQXHOOHPHQW��/D� WDEOH�GH�FKDTXH�Q°XG�UHODLV�FRQWLHQW� WRXWHV� OHV�
LQIRUPDWLRQV�FRQFHUQDQW�VD�SRVLWLRQ��[�\���VRQ�QRP�HW�OH�QXPpUR�GH�FDQDO���

�
��������������3KDVH�����$SSUHQWLVVDJH��LO�V¶DJLW�GH�FUpHU��XQH�EDVH�GH�GRQQpHV�j��JUHIIHU�DX�QLYHDX�

GX�Q°XG�PRELOH��FHWWH�EDVH�GH�GRQQpH�VHUD�DOLPHQWpH��DXWRPDWLTXHPHQW�DYHF�OH�FRXSOH�DQJOH�  𝛽�
��SXLVVDQFH��FI��ILJXUH��������VRXV�OD�IRUPH��𝛽���566,���566,���566,���566,�!���RX�𝛽�HVW�O¶DQJOH�
HQWUH� O¶D[H�GHV�[�HW� OD�GURLWH�TXL� SDVVH�SDU� OH�PRELOH�HW� OH�SXLWV�� HW�566,L� DYHF� L ������ HVW� OD�
SXLVVDQFH� GX� VLJQDO� PHVXUp� j� O¶DQJOH     𝛽 �� /HV� LQIRUPDWLRQV� VRQW� UHQWUpHV� G¶XQH� PDQLqUH�
VpTXHQWLHOOH��DILQ�GH�IDFLOLWHU�OD�UHFKHUFKH�GH�O¶DQJOH�VXU�OH�Q°XG�PRELOH��



�

�

�

���

�

�
)LJXUH������$VVRFLDWLRQ��ȕ��HPSUHLQWH�GX�566,��

������������3KDVH�RSpUDWLRQQHOOH�
$SUqV�OD�SKDVH�G¶DSSUHQWLVVDJH���OH�Q°XG�PRELOH��FRPPHQFH�j�HQYR\HU�GHV�SDTXHWV�+(//2�

DILQ�GH�PHVXUHU�OH�566,�GH�OD�UpSRQVH�HW�GH�FKHUFKHU�O¶DQJOH�TXL�FRUUHVSRQG�j�FHWWH�PHVXUH���
0DLV�LO�V¶DYqUH�TX¶LO�\¶D�GHX[�OLHX[�GH�PHVXUH�TXL�RQW�OD�PrPH�YDOHXU�GH�566,���OHV�SRVLWLRQV�
SRXU� OHV�DQJOHV� �𝛽�HW� �2𝜋 − 𝛽  (cf  Figure  3-­‐17)  ��3RXU�SDOOLHU�j�FH�SUREOqPH�� OH�PRELOH�DWWHQG�
TX¶LO�GpWHFWH�OD�SXLVVDQFH�GH�566,�GHV�Q°XGV�1L���HW�1L��/HV�566,V�PHVXUpHV�VRQW�FRPSDUpHV�
DYHF� HPSUHLQWHV� HQUHJLVWUpHV� SDUPL� FHOOH�FL�� OD� YDOHXU� OD� SOXV� SURFKH� HVW� VpOHFWLRQQpH� HW� VD�
SRVLWLRQ�DVVRFLpH�H[WUDLWH�SRXU�rWUH�XWLOLVpH��

0DOKHXUHXVHPHQW��OHV�VLJQDX[�UDGLR�VRQW�GLVSHUVpV��GLIIUDFWpV�RX�UpIOpFKLV�SDU�GHV�QRXYHDX[�
REVWDFOHV�HW�PrPH�SDU�OH�GpSODFHPHQW�GHV�SHUVRQQHV��3DU�FRQVpTXHQW��OHV�YDOHXUV�G
HPSUHLQWHV�
GLJLWDOHV� YDULHQW� FRQVLGpUDEOHPHQW� G
XQ� MRXU� j� O
DXWUH� HW� DXVVL� G¶XQH� KHXUH� j� O¶DXWUH�� 3DU�
FRQVpTXHQW�� GHV� PLVHV� j� MRXU� UpJXOLqUHV� GHYUDLHQW� rWUH� HIIHFWXpHV� VXU� O¶LGHQWLILFDWLRQ� SDU�
HPSUHLQWHV��GH�SOXV�OH�SURFqGH�WLHQW�FRPSWH�GH�O¶LPSUpFLVLRQ�GHV�YDOHXUV��

�

����� /RFDOLVDWLRQ�j�O¶DLGH�G¶DFFpOpURPqWUHV�

�

&RPPH�LQGLTXp�GDQV�O¶pWDW�GH�O¶DUW��OD�ORFDOLVDWLRQ�SDU�V\VWqPH�LQHUWLHO�HW�DFFpOpURPqWUHV�HVW�
FRQVLGpUp�FRPPH�OD�SOXV�V�UH�HW�O¶XQ�OH�SOXV�SUpFLVH��3RXU�OH�V\VWqPH�SK\VLTXH�pWXGLp��pYROXDQW�
GDQV�XQ�SODQ�HW�GRQW�OD�WUDMHFWRLUH�HVW�FRQQXH��OHV�J\URVFRSHV�VRQW�LQXWLOHV�HW�LO�VXIILW�G¶XWLOLVHU�
GHX[� DFFpOpURPqWUHV� SRXU� VH� ORFDOLVHU�� &HWWH� WHFKQLTXH� SDUDLW� WUqV� DWWUDFWLYH�� FDU� OHV� Q°XGV�
FDSWHXUV�XWLOLVpV�SRXU�OHV�H[SpULPHQWDWLRQV��0LFD=�GH�&URVVERZ��LQWqJUHQW�FHV�DFFpOpURPqWUHV�
SDU�FRQVWUXFWLRQ��

/HV�PHVXUHV� GLVSRQLEOHV� HQ� VRUWLH� GX� FRPSRVDQW� DFFpOpURPqWUHV� VRQW� GHX[� DFFpOpUDWLRQV�
RUWKRJRQDOHV�D[�HW�D\��,O�HVW�LQWpUHVVDQW�GH�IL[HU�OH�FRPSRVDQW�VXU�OH�PRELOH�GH�WHOOH�PDQLqUH�TXH�
OD�SUHPLqUH�VRLW�O¶DFFpOpUDWLRQ�UDGLDOH��FHQWULIXJH��HW�OD�VHFRQGH�O¶DFFpOpUDWLRQ�WDQJHQWLHOOH��,O�HQ�
UpVXOWH�TXH�OD�SRVLWLRQ�HVW�FDOFXOpH�HQ�FRRUGRQQpHV�SRODLUHV�^��U`��DYHF��DQJOH�HW�U�OH�UD\RQ�
DYHF�U�FRQVWDQW�� ��
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Nous avons : 𝑎௫ = 𝑟𝜃̇ଶ 

 𝑎௬ = 𝑟𝜃̈ 

&KDFXQH�GHV�GHX[�pTXDWLRQV�SHUPHW�G¶REWHQLU��SDU�LQWpJUDWLRQ��0DLV�O¶LQWpJUDWLRQ�j�SDUWLU�GH�
YDOHXUV�PHVXUpHV�HVW�XQH�RSpUDWLRQ�VHQVLEOH�DX�EUXLW�GH�PHVXUH��'H�SOXV��OHV�DFFpOpURPqWUHV�QH�
SHXYHQW�MDPDLV�rWUH�PRQWpV�SDUIDLWHPHQW�VXLYDQW�OHV�D[HV�UD\RQ�±�WDQJHQWH�GH�OD�WUDMHFWRLUH��,O�
HQ�UpVXOWH�XQ�ELDLV�GH�PHVXUH���

/D�GLVSRQLELOLWp�GHV�GHX[�pTXDWLRQV�SHUPHW�G¶REWHQLU�XQH�HVWLPDWLRQ�GH�OD�SRVLWLRQ�j�SDUWLU�GH�
OD�PR\HQQH�GHV�GHX[� UpVXOWDWV�GH�FDOFXO��0DLV� O¶LQWpJUDWLRQ�GLYHUJH� HQ� UDLVRQ�GHV�HUUHXUV�GH�
PHVXUH�HW�LO�HVW�QpFHVVDLUH�GH�UHFDOHU�OD�SRVLWLRQ�FDOFXOpH�j�FKDTXH�WRXU�GH�OD�WUDMHFWRLUH��FH�TXL�
HVW� IDFLOH�JUkFH�j�XQ�FDSWHXU�GH�SRVLWLRQ�VDQV�FRQWDFW� W\SH� FDSWHXU�PDJQpWLTXH�TXL�GpWHFWH� OD�
SRVLWLRQ�G¶XQ�UHSqUH�IL[H�TXL�SHXW�GpILQLU�O¶DQJOH�LQLWLDO�� ����

8QH�SODWHIRUPH�G¶H[SpULPHQWDWLRQ�D�pWp�FRQVWUXLWH�SRXU�WHVWHU�OD�IDLVDELOLWp�GH�FHWWH�VROXWLRQ���

(OOH� HVW� FRQVWLWXpH� G¶XQ� EUDV� PRELOH� GH� UD\RQ� ���P� HQ� URWDWLRQ� HQWUDLQp� SDU� XQ� PRWHXU�
pOHFWULTXH��)LJXUH���������

/H�Q°XG�FDSWHXU�VDQV�ILO�0LFD=�HVW�PRQWp�j�XQH�H[WUpPLWp��LO�HVW�GRWp�G¶XQ�DFFpOpURPqWUH�
W\SH�$';/�����:HLQEHUJ�HW�DO���������j�GHX[�D[HV��[�\���DYHF�XQH�PDUJH�GH�PHVXUH�GH�����J��
/¶$';/����SHXW�PHVXUHU�j�OD�IRLV�XQH�DFFpOpUDWLRQ�G\QDPLTXH��SDU�H[HPSOH��OHV�YLEUDWLRQV���
HW�XQH�DFFpOpUDWLRQ�VWDWLTXH� �SDU�H[HPSOH� OD�JUDYLWp��� ,O� HVW�PRQWp�FRPPH� O¶LQGLTXH� OD�SKRWR�
UHSURGXLWH�VXU�OD�)LJXUH�������

�

�

�

�

�

�

�

 

 
)LJXUH������5HSqUH�OLp�j�O¶DFFpOpURPqWUH�

/H�FDSWHXU�PRELOH�PHVXUH� O¶DFFpOpUDWLRQ��D[�HW�D\��FKDTXH����V�� OH�PRELOH�HQYRLH� OHV�GHX[�
PHVXUHV�©�O¶DFFpOpUDWLRQ�HW�O¶pWDW�GX�FDSWHXU�PDJQpWLTXH�WRXW�RX�ULHQ�ª�YHUV�OH�3&��

&RQWUHSRLG
SRLGV�

0RWHXU�FRPPDQGp�SDU�YDULDWHXU�GH�YLWHVVH�

1°XG�FDSWHXU��DYHF�DFFpOpURPqWUH�

)LJXUH������6FKpPD�GH�OD�SODWHIRUPH��

D[�

D\�



�

�

�

���

�

/HV�PHVXUHV� UpDOLVpHV� DYHF� XQH� YLWHVVH� FRQVWDQWH� VRQW� SUpVHQWpHV� VXU� OD� )LJXUH� ������ /H�
WUDLWHPHQW� GH� FHV� PHVXUHV� Q¶D� SDV� SHUPLV� G¶REWHQLU� OD� SRVLWLRQ� DYHF� XQH� SUpFLVLRQ� HW� XQH�
UpSpWDELOLWp�FRUUHFWH��,O�IDXGUDLW�UpDOLVHU�XQ�WUDLWHPHQW�SOXV�VRSKLVWLTXp�GHV�PHVXUHV��SDU�H[HPSOH�
DYHF�XQ�ILOWUH�GH�.DOPDQ�TXL�HVW�WUqV�VRXYHQW�XWLOLVp�GDQV�OHV�V\VWqPHV�GH�SRVLWLRQQHPHQW�SDU�
FDSWHXUV�LQHUWLHOV��

�
)LJXUH������0HVXUH�GHV�DFFpOpUDWLRQV�UDGLDOHV�HW�WDQJHQWLHOOHV�

��� $QDO\VH�GH�SHUIRUPDQFHV�
����� 0RGqOH�GH�VLPXODWLRQ�HW�FULWqUHV�GH�SHUIRUPDQFHV��

1RXV� pYDOXRQV� OHV� SHUIRUPDQFHV� GH� QRV� DSSURFKHV� DYHF� GHV� PRGXOHV� GpYHORSSpV� VXU� OH�
VLPXODWHXU�231(7�0RGHOHU�������231(7����������1RXV�XWLOLVRQV�OD�FRXFKH�SK\VLTXH�GpILQLH�
GDQV�OD�QRUPH�,(((������������������(UJHQ��������TXL�RSqUH�GDQV�OHV�EDQGHV�GH�IUpTXHQFHV�
DXWRXU�GH�����*+]��DYHF�XQ�GpELW�GH����NE�V��/D�SRUWpH�UDGLR�HVW�DMXVWpH�GDQV�FKDFXQ�GHV�GHX[�
FDV�UHVSHFWLYHPHQW�j����PqWUHV�HW�j����PqWUHV�SDU�XQH�VpULH�G¶HVVDLV�GH�SXLVVDQFH�YDULDEOH��1RXV�
DYRQV� XWLOLVp� OH�PRGqOH� GH� OD� FRQVRPPDWLRQ� pQHUJpWLTXH� GpILQL� GDQV� OD� SDJH�ZHE�2SHQ�=%�
�&XQKD�HW�DO����������3RXU�OD�FRXFKH�0$&��QRXV�DYRQV�DGRSWp�FHOOH�GpILQLH�GDQV�OD�QRUPH�HW�OH�
SURWRFROH�&60$�&$�QRQ�VORWWp�HW�QRQ�EHDFRQ�DFWLYH��/HV�PRGqOHV�GpYHORSSpV�FRUUHVSRQGHQW�
DX�Q°XG�FKRLVL��OH�0LFD=�GH�OD�ILUPH�&URVV%RZ��/HV�PHVVDJHV�RQW�pWp�IRUPpV�DYHF�XQH�FKDUJH�
GH����RFWHWV��

/HV� FULWqUHV� GH� SHUIRUPDQFH� UHWHQXV� VRQW� OD� FKDUJH� VXSSRUWpH� �RX� WDX[� GH� JpQpUDWLRQ� GH�
SDTXHWV��SRXU�XQ�WDX[�GH�OLYUDLVRQ�GHV�SDTXHWV�VXSpULHXU�j�����HW�OH�GpODL�G¶DFKHPLQHPHQW��

7RXV�OHV�UpVXOWDWV�LQGLTXpV�GDQV�FHWWH�WKqVH�VRQW�REWHQXHV�SDU�PR\HQQH�GHV�UpVXOWDWV�GH����
VLPXODWLRQV���



�

�

�

���

�

����� (YDOXDWLRQ�VXU�O¶H[HPSOH�

/¶H[HPSOH�XWLOLVp�SRXU�LOOXVWUHU� OD�FRQFHSWLRQ�GHV�GLIIpUHQWHV�WRSRORJLHV�HVW�G¶DERUG�UHSULV�
SRXU� pYDOXHU� OHV� SHUIRUPDQFHV� GHV� DUFKLWHFWXUHV� SURSRVpHV�� ,O� V¶DJLW� GRQF� G¶XQH� WUDMHFWRLUH�
FLUFXODLUH�GH�UD\RQ�����PqWUHV�DYHF�GHV�Q°XGV�D\DQW�XQ�UD\RQ�GH�SURSDJDWLRQ�GH����PqWUHV��/D�
GXUpH�GH�OD�VLPXODWLRQ�D�pWp�IL[pH�j���PLQXWHV�DSUqV�GLIIpUHQWV�HVVDLV��FDU�XQH�GXUpH�SOXV�ORQJXH�
Q¶DSSRUWH�DXFXQH�LQIRUPDWLRQ�VXSSOpPHQWDLUH��/HV�SDTXHWV�UHoXV�HQ�GRXEOH�VRQW�VXSSULPpV��

/D�WRSRORJLH�UHWHQXH�HQ�SUHPLHU�HVW�FHOOH�VXU�XQH�JULOOH�j�SDYHPHQW�FDUUp�DYHF�VXSSUHVVLRQ�
GHV� Q°XGV� UHGRQGDQWV� VDQV� DXJPHQWHU� OD� GLVWDQFH� HQ� XWLOLVDQW� O¶DOJRULWKPH� SUpVHQWp� GDQV� OH�
SDUDJUDSKH������/H�URXWDJH�HVW�UpDOLVp�DYHF�OD�PpWKRGH�JpRJUDSKLTXH�SURSRVpH��'HX[�W\SHV�GH�
V\VWqPHV�PRELOHV�VRQW�PLV�HQ�°XYUH�VXU�FHWWH� WUDMHFWRLUH�SRXU� O¶pYDOXDWLRQ���XQ�DYHF�XQ�VHXO�
FDSWHXU�WRXUQDQW�j�YLWHVVH�IL[H��O¶DXWUH�DYHF����PRELOHV�j�PrPH�YLWHVVH�SRUWDQW�FKDFXQ�XQ�Q°XG�
FDSWHXU��/¶LQIOXHQFH�GH�OD�YLWHVVH�GH�GpSODFHPHQW�D�pWp�pWXGLpH�SRXU�OH�FDSWHXU�VHXO��

������� 7RSRORJLH�VXU�XQH�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH�HW�XQ�VHXO�FDSWHXU�
/D�)LJXUH������PRQWUH�OD�WRSRORJLH�XWLOLVpH�DYHF�OH�SXLWV�DX�FHQWUH�GX�FHUFOH�GH�OD�WUDMHFWRLUH�

HW�OH�FDSWHXU�PRELOH�VXU�FHWWH�WUDMHFWRLUH��

�
)LJXUH������7RSRORJLH�GH�O¶H[HPSOH�VXU�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH�HW�XQ�FDSWHXU�

9LWHVVH�GH�GpSODFHPHQW�GH��P�V�VRLW�HQYLURQ����WU�PLQ���

/HV�VLPXODWLRQV�RQW�pWp�IDLWHV�SRXU�GHV�SpULRGHV�GH�JpQpUDWLRQ�GH�SDTXHWV�GH���PV����PV��
��PV����PV����PV����PV�����PV�HW��V��/HV�UpVXOWDWV�UHODWLIV�j�OD�FKDUJH�VXSSRUWpH��GpGXLWH�SDU�
OD�PHVXUH�GX�WDX[�GH�SHUWH�GH�SDTXHWV�HIIHFWXpH�VXU�OD�GXUpH�GH�VLPXODWLRQ���PLQ���VRQW�GRQQpV�
GDQV�OH�WDEOHDX������/H�WDX[�GH�SHUWH��GHVFHQG�HQ�GHVVRXV�GH����ORUVTXH�OD�SpULRGH�GH�JpQpUDWLRQ�



�

�

�

���

�

GH�SDTXHWV�HVW�DX�PRLQV�pJDOH�j����PV��/H�WDX[�GH�SHUWH�HVW�LQIpULHXU�j����j�SDUWLU�GH����PV��
0DLV�O¶DQDO\VH�GHV�FRXUEHV�GHV�GpODLV�G¶DFKHPLQHQW�GH�ERXW�HQ�ERXW�j�GHV�YDOHXUV�GH�SpULRGH�
SRXU� OHVTXHOOHV� OH� IRQFWLRQQHPHQW� GHYLHQW� VDWLVIDLVDQW� �)LJXUH� ������ � PRQWUH� TXH� OH�
IRQFWLRQQHPHQW�HVW�WUqV�IOXLGH�j�SDUWLU�G¶XQH�SpULRGH�GH����PV��DYHF�XQ�DEDLVVHPHQW�GH�FH�
GpODL�j�XQH�YDOHXU�PR\HQQH�GH�����PV�HQYLURQ�HW�XQH�YDOHXU�PD[LPDOH�XQ�SHX�LQIpULHXUH�j�����
PV��/H�GpODL�GHVFHQG�j�XQH�YDOHXU�PR\HQQH�GH����PV�j�SDUWLU�G¶XQH�SpULRGH�LQWHU�SDTXHWV�GH����
PV��

�

�D� 3pULRGH�LQWHU�SDTXHWV� ����PV�

�

�E� 3pULRGH�LQWHU�SDTXHWV� ����PV�

�WRXU�



�

�

�

���

�

�

�F� 3pULRGH�LQWHU�SDTXHWV� ����PV�

)LJXUH������'pODLV�GH�ERXW�HQ�ERXW�SRXU�XQ�FDSWHXU�HW���YDOHXUV�GH�SpULRGH�LQWHU�SDTXHWV�

�

8Q�VHXO�FDSWHXU�PRELOH��YLWHVVH�GH�GpSODFHPHQW���P�V�

WHPSV�LQWHU�
SDTXHW�

3DTXHWV� pPLV�
�QRPEUH��

3DTXHWV� UHoXV�
�QRPEUH��

3DTXHWV�SHUGXV�
�QRPEUH��

3DTXHWV�SHUGXV�
����

��PV� ������ ������ ������ �������

��PV� ������ ������ ����� �������

��PV� ������ ������ ���� ������

��PV� ������ ������ ���� ������

��PV� ������ ����� ��� ������

��PV� ����� ����� �� ������

��PV� ����� ����� �� ������

���PV� ����� ����� �� ������

�V� ���� ���� �� ������

7DEOHDX����7HQXH�j�OD�FKDUJH�SRXU�XQ�FDSWHXU�HW�XQH�YLWHVVH�GH��P�V�

�

�



�

�

�

���

�

9LWHVVH�GH�GpSODFHPHQW�GH����P�V��HQYLURQ�����NP�KHXUH�VRLW�����WU�PLQ���

/HV� UpVXOWDWV� PRQWUDQW� XQH� DVVH]� IDLEOH� LQIOXHQFH� GH� OD� YLWHVVH� GH� GpSODFHPHQW� VXU� OHV�
SHUIRUPDQFHV�GX�UpVHDX��VHXOV�GHX[�SpULRGHV�RQW�pWp�UHWHQXHV�SRXU�OHV�VLPXODWLRQV��WDEOHDX�������
2Q�FRQVWDWH�PDOJUp�WRXW�XQH�OpJqUH�GpJUDGDWLRQ�GHV�SHUIRUPDQFHV��/D�GpJUDGDWLRQ�VHUDLW�VDQV�
GRXWH� SOXV� LPSRUWDQWH� j� YLWHVVH� YUDLPHQW� pOHYpH�� SOXVLHXUV� FHQWDLQHV� GH� NP�K�� SRXU� ODTXHOOH�
O¶HIIHW�'RSSOHU�HW� OHV�QRPEUHX[�FKDQJHPHQWV�GH�UHODLV�HQ�FRXUV�GH�WUDQVPLVVLRQ�G¶XQ�SDTXHW�
DXUDLHQW�XQ�HIIHW�SHUFHSWLEOH��5DSSHORQV�TX¶LO�D�pWp�PRQWUp�TXH�OH�UD\RQ�GH�SURSDJDWLRQ�G¶XQ�
Q°XG�PRELOH�GRLW�rWUH�DXJPHQWp�DYHF�VD�YLWHVVH�SRXU�FRQVHUYHU�OH�PrPH�WDX[�GH�GpOLYUDQFH�GHV�
SDTXHWV��5R\HU�HW�DO���������

�

8Q�VHXO�FDSWHXU�PRELOH��YLWHVVH�GH�GpSODFHPHQW����P�V�

7HPSV�
LQWHU�
SDTXHW�

3DTXHWV��pPLV�
�QRPEUH��

3DTXHWV� UHoXV�
�QRPEUH��

3DTXHWV� SHUGXV�
�QRPEUH��

3DTXHWV�
SHUGXV�����

��PV� ����� ����� ��� ������

�V� ���� ���� �� ������

7DEOHDX�����7HQXH�j�OD�FKDUJH�SRXU�XQ�FDSWHXU�HW�XQH�YLWHVVH�GH����P�V�

������� 7RSRORJLH�VXU�XQH�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH�HW����FDSWHXUV�
/D�WRSRORJLH�GX�UpVHDX�IL[H�UHVWH�LGHQWLTXH�DX�FDV�SUpFpGHQW��PDLV�OH�UpVHDX�HVW�pWHQGX�VXU�VD�

SDUWLH�HPEDUTXpH�TXL�FRPSUHQG�GL[�FDSWHXUV��)LJXUH���������&HV�FDSWHXUV�HQYRLHQW�GLUHFWHPHQW�
OHXUV�SDTXHWV�DX[� UHODLV� LQWHUIDFHV�DX�VRO��/HV� VLPXODWLRQV� VRQW� UpDOLVpHV�SRXU�XQH�YLWHVVH�GH�
GpSODFHPHQW�GH���P�V�DYHF�GLIIpUHQWHV�SpULRGHV�GH�JpQpUDWLRQ�GHV�SDTXHWV��/H�WDEOHDX�����PRQWUH�
OH�WDX[�GH�SHUWH�GHV�SDTXHWV�HQ�IRQFWLRQ�GH�FHWWH�SpULRGH��GRQF�OD�WHQXH�GX�UpVHDX�j�XQH�FKDUJH�
UpSDUWLH��/HV�UpVXOWDWV�PRQWUHQW�TXH�OH�UpVHDX�HVW�VHQVLEOHPHQW�PRLQV�SHUIRUPDQW�DYHF�XQH�FKDUJH�
UpSDUWLH�TX¶LO�O¶HVW�DYHF�XQH�FKDUJH�ORFDOLVpH��(Q�HIIHW��SRXU������SDTXHWV�pPLV�SDU�O¶HQVHPEOH�
GHV�FDSWHXUV�SHQGDQW�OHV���PLQXWHV�GH�VLPXODWLRQV�DYHF�XQH�SpULRGH�GH�JpQpUDWLRQ�GH���V�VRLW�XQH�
FKDUJH�GH����SDTXHWV�V������SDTXHWV�VRQW�SHUGXV�GRQF�OH�WDX[�GH�SHUWH�HVW�GH�������DORUV�TX¶XQ�
VHXO�SDTXHW�HVW�SHUGX�VL�OHV������SDTXHWV�VRQW�pPLV�SDU�XQ�VHXO�FDSWHXU�DYHF�XQH�SpULRGH�GH�����
PV�VRLW�OD�PrPH�FKDUJH�GH����SDTXHWV�V��WDEOHDX�������/H�GpODL�PR\HQ�HVW�OpJqUHPHQW�DOORQJp��
PDLV�OH�GpODL�PD[LPDO�HVW�SOXW{W�SOXV�IDLEOH�VDQV�GRXWH�HQ�UDLVRQ�G¶XQH�pOLPLQDWLRQ�GHV�SDTXHWV�
HQWUDQW�SOXVLHXUV�IRLV�HQ�FROOLVLRQ�DX�PrPH�HQGURLW��ILJXUH��������/¶H[SOLFDWLRQ�HVW�SUREDEOHPHQW�
TXH�FRPPH�OHV�SDTXHWV�DUULYHQW�DX�SXLWV�SDU�OHV�TXDWUH�URXWHV�j�OD�IRLV��OH�SXLWV�HVW�XQ�JRXORW�
G¶pWUDQJOHPHQW� GX� UpVHDX�� /HV� SDTXHWV� \� DUULYHQW� GH�PDQLqUH� V\QFKURQH� HW� GRQF� UHQWUHQW� HQ�
FROOLVLRQ�SRXU�FH�GHUQLHU�VDXW�DORUV�TX¶LOV�VRQW�VpTXHQFpV�DX�GpSDUW�GDQV�OH�FDV�G¶XQ�VHXO�FDSWHXU�
DYHF�XQH�SpULRGH�GL[�IRLV�SOXV�SHWLWH��



�

�

�

���

�

�
)LJXUH������7RSRORJLH�GH�O¶H[HPSOH�VXU�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH�HW�GL[�FDSWHXUV�

���FDSWHXUV�PRELOHV��YLWHVVH�GH�GpSODFHPHQW���P�V�

WHPSV�
LQWHU�
SDTXHW�

3DTXHWV�
pPLV�

�QRPEUH��

3DTXHWV�
UHoXV�

�QRPEUH��

3DTXHWV�
SHUGXV�
�QRPEUH��

3DTXHWV�
SHUGXV�����

�V� ����� ����� ���� ������

�V� ���� ���� ��� ������

��V� ���� ���� �� ������

��V� ���� ���� �� ������

��V� ���� ���� �� ������

��V� ���� ��� �� ������

7DEOHDX�����7HQXH�j�OD�FKDUJH�SRXU�GL[�FDSWHXUV���



�

�

�

���

�

�
)LJXUH������'pODL�GH�ERXW�HQ�ERXW�SRXU����FDSWHXUV�HW�XQH�SpULRGH�LQWHU�SDTXHW�GH���V�

�

������� 7RSRORJLH�DYHF�UHODLV�IL[HV�VXU�ERUGXUH�HW�XQ�FDSWHXU�
�

/¶pYDOXDWLRQ�GH�O¶DUFKLWHFWXUH�SURSRVpH�SDU�VD�FRPSRVDQWH�WRSRORJLH�DX�SDUDJUDSKH�����HW�SDU�
VRQ�URXWDJH�DX�SDUDJUDSKH�������D�pWp�UpDOLVpH�VXLYDQW�OD�PrPH�DSSURFKH��SRXU�XQ�VHXO�FDSWHXU�
PRELOH��/D�WRSRORJLH�HVW�LOOXVWUpH�SDU�OD�ILJXUH������DYHF�OH�FKRL[�GDQV�FHW�H[HPSOH�GHV�UHODLV�
SODFpV�HQ�ERUGXUH�LQWpULHXUH�j�OD�WUDMHFWRLUH��$�QRWHU�TXH�FHWWH�DUFKLWHFWXUH�Q¶HVW�SDV�pYDOXpH�SRXU�
���FDSWHXUV�PRELOHV��FDU�HOOH�Q¶D�SDV�GH�VHQV��LO�IDXW�DORUV�OXL�SUpIpUHU�O¶DUFKLWHFWXUH�EDVpH�VXU�
XQH�WRSRORJLH�GH�UHODLV�HPEDUTXpV�WHOOH�TXH�SUpVHQWpH�DX�FKDSLWUH����/HV�UpVXOWDWV�GH�WHQXH�j�OD�
FKDUJH�SRXU�XQH�YLWHVVH�GH�GpSODFHPHQW�GH���P�V�VRQW�SUpVHQWpV�GDQV�OH�WDEOHDX������/D�WHQXH�j�
OD�FKDUJH�HVW�VHQVLEOHPHQW�PRLQV�ERQQH�TXH�FHOOH�G¶XQH�DUFKLWHFWXUH�XWLOLVDQW�XQH�WRSRORJLH�VXU�
JULOOH��/HV�GpODLV�G¶DFKHPLQHPHQWV�VRQW��QDWXUHOOHPHQW�WUqV�YDULDEOHV�HQ�IRQFWLRQ�GH�OD�SRVLWLRQ�
GX�PRELOH�HW�DWWHLJQHQW�HQYLURQ�����PV�SRXU�XQH�SpULRGH�LQWHU�SDTXHWV�GH�����PV��ILJXUH������D�
HW�E��DORUV�TXH� OD�YDOHXU�PD[LPDOH�HVW�GH����PV�SRXU� OD�PrPH�SpULRGH� LQWHU�SDTXHWV�DYHF� OD�
WRSRORJLH� VXU� JULOOH�� ,O� IDXW� UDSSHOHU� WRXWHIRLV� TXH� OD� WRSRORJLH� DYHF� UHODLV� IL[HV� VXU� ERUGXUH�
XWLOLVHQW����Q°XGV�FRQWUH�����SRXU�OD�WRSRORJLH�VXU�JULOOH�j�SDYHPHQW�FDUUp��(QILQ�OD�WHQXH�j�OD�
FKDUJH�D�pWp�WHVWpH�SRXU�XQH�YLWHVVH�GH�GpSODFHPHQW�GH����P�V��/HV�UpVXOWDWV�VRQW�WUqV�SURFKHV�GH�
FHX[�REWHQXV�SRXU�OD�YLWHVVH�GH���P�V��LO�Q¶HVW�SDV�XWLOH�GH�OHV�SUpVHQWHU��



�

�

�

���

�

�
�

)LJXUH������7RSRORJLH�DYHF�UHODLV�HQ�ERUGXUH�GH�OD�WUDMHFWRLUH���

5HODLV�GH�ERUGXUH��XQ�FDSWHXU�PRELOH��YLWHVVH�GH�GpSODFHPHQW���P�V�
'XUpH�GH�VLPXODWLRQ����PLQXWHV�

WHPSV�
LQWHU�
SDTXHW�

3DTXHWV�

pPLV�
�QRPEUH��

3DTXHWV�

UHoXV�
�QRPEUH��

3DTXHWV�

SHUGXV�
�QRPEUH��

3DTXHWV�
SHUGXV�����

��PV� ������ ������ ������ �������

��PV� ������ ������ ������ �������

��PV� ������ ������ ���� ������

���PV� ����� ����� �� ������

�V� ���� ���� �� ������

7DEOHDX�����7HQXH�j�OD�FKDUJH�XQH�WRSRORJLH�j�UHODLV�GH�ERUGXUH�



�

�

�

���

�

�
�D��3pULRGH�LQWHU�SDTXHW�GH����PV�

�
�E��3pULRGH�LQWHU�SDTXHW�GH�����PV�

)LJXUH������'pODL�GH�ERXW�HQ�ERXW�DYHF�WRSRORJLH�GH�ERUGXUH�

������� (YDOXDWLRQ�SDU�VLPXODWLRQ�VXU�OD�JUDQGH�URXH�6LQJDSRUH�)O\HU�
6HXOH� OD� WRSRORJLH� HQ�JULOOH� j�SDYHPHQW� FDUUp� HVW� pYDOXpH��PDLV� VXU�GHX[�FDV��� XQ� FDSWHXU�

HPEDUTXp�GDQV�XQH�VHXOH�QDFHOOH�HW�XQ�FDSWHXU�HPEDUTXp�GDQV�FKDFXQH�GHV����QDFHOOHV��3RXU�
TXH�OHV�UpVXOWDWV�VRLHQW�FRPSDUDEOHV�DYHF�FHX[�GH�OD�WRSRORJLH�GH�UHODLV�HPEDUTXpV�pWXGLpH�DX�
FKDSLWUH�VXLYDQW��OD�SRUWpH�UDGLR�GHV�Q°XGV�HVW�IL[pH�j����PqWUHV��5DSSHORQV�TXH�OD�URXH�WRXUQH�
DSSUR[LPDWLYHPHQW�j�OD�YLWHVVH�GH�GHX[�WRXUV�KHXUH�VRLW��������UDG�V�RX�����P�V��

�

�

��7RXU�



�

�

�

���

�

8QH�VHXOH�QDFHOOH�LQVWUXPHQWpH�
/D�WRSRORJLH�HVW�GpFULWH�VXU�OD�ILJXUH������SRXU�XQ�VHXO�FDSWHXU��/H�SXLWV�HVW�SODFp�DX�FHQWUH�

�j�SUR[LPLWp��HW�LO�HVW�QpFHVVDLUH�GH�SODFHU����Q°XGV�UHODLV�GDQV�O¶LQIUDVWUXFWXUH�GH�OD�URXH��,OV�
VHURQW�GLWV�DX�VRO�FDU�OLpV�VWDWLTXHPHQW�DX�VRO�PDLV�VRQW�HQ�IDLW�HQ�O¶DLU��GDQV�XQ�SODQ�SDUDOOqOH�j�
OD�URXH��

�
)LJXUH������7RSRORJLH�SRXU�OD�VXUYHLOODQFH�G¶XQH�QDFHOOH�GH�OD�URXH�6LQJDSRUH�)O\HU�

/D� WHQXH� j� OD� FKDUJH� D� pWp� pYDOXpH� HQ� JpQpUDQW� SpULRGLTXHPHQW� OHV� SDTXHWV�� �� YDOHXUV� GH�
SpULRGH�RQW�pWp�FKRLVLHV����� V������PV�����PV�����PV�HW����PV��/HV� UpVXOWDWV� UHODWLIV�DX� WDX[�
G¶DUULYpH� GHV� SDTXHWV� VRQW� UHSRUWpV� GDQV� OH� WDEOHDX� ����� /D� FRQFOXVLRQ� HVW� TXH� OH� UpVHDX�
IRQFWLRQQH�WUqV�ELHQ�DYHF�XQH�SpULRGH�GH�JpQpUDWLRQ�GHV�SDTXHWV�DX�PRLQV�pJDOH�j����PV��

�

3pULRGH�GH�
JpQpUDWLRQ�GHV�SDTXHWV�

1RPEUH�GH�
SDTXHWV�pPLV�

1RPEUH�GH�
SDTXHWV�UHoXV�

��SDTXHWV�pFDUWpV�

��PV� ������� ������� �������

��PV� ������� ������� �����������

��PV� ������ ������ �����������

���PV� ������ ������ �����������

�V� ����� ����� �������

7DEOHDX�����7HQXH�j�OD�FKDUJH�SRXU�XQ�VHXO�FDSWHXU�

/H�GpODL�G¶DFKHPLQHPHQW�GHV�SDTXHWV�D�DXVVL�pWp�PHVXUp�SDU�OH�VLPXODWHXU��3RXU�XQH�SpULRGH�
GH�JpQpUDWLRQ�GH�SDTXHWV�GH�����PV��OHV�UpVXOWDWV�VRQW�YLVXDOLVpV�VXU�OD�ILJXUH�������/H�GpODL�YDULH�



�

�

�

���

�

QDWXUHOOHPHQW�HQ�IRQFWLRQ�GX�QRPEUH�GH�VDXWV�UpDOLVpV��/D�YLDELOLWp�GH�GpODL�G¶DFKHPLQHPHQW�j�
FKDTXH�LQVWDQW�VH�WUDGXLW�SDU�XQH�FRXUEH�pSDLVVH���

�

�
)LJXUH������'pODL�G¶DFKHPLQHPHQW�SRXU�XQH�SpULRGH�LQWHU�SDTXHW�GH�����PV��

�
)LJXUH������7RSRORJLH�DYHF�XQ�FDSWHXU�SDU�QDFHOOH�



�

�

�

���

�

�
7RXWHV�OHV�QDFHOOHV�LQVWUXPHQWpHV�
3RXU�XQ�FDSWHXU�SDU�QDFHOOH��OD�WRSRORJLH�HVW�GpFULWH�SDU�OD�ILJXUH�������/D�WHQXH�j�OD�FKDUJH�

HVW�pJDOHPHQW�pYDOXpH�HQ�JpQpUDQW�GHV�SDTXHWV�SpULRGLTXHPHQW��PDLV�OHV�SpULRGHV�FKRLVLHV�VRQW�
DORUV��� �V�� �V�� ��V�� ��V�� ��V�� ��V�� ��V�� /HV� UpVXOWDWV� VRQW� UHSRUWpV� GDQV� OH� WDEOHDX� ����� /D�
FRQFOXVLRQ� HVW� TXH� OH� UpVHDX� IRQFWLRQQH� ELHQ� �PRLQV� GH� ��� GH� SHUWH�� DYHF� XQH� SpULRGH� GH�
JpQpUDWLRQ�GHV�SDTXHWV�DX�PRLQV�pJDOH�j����V��/H�GpODL�G¶DFKHPLQHPHQW�GHV�SDTXHWV�D�DXVVL�pWp�
PHVXUp�SDU�OH�VLPXODWHXU��3RXU�XQH�SpULRGH�GH�JpQpUDWLRQ�GH�SDTXHWV�GH���V��OHV�UpVXOWDWV�VRQW�
YLVXDOLVpV� VXU� OD� ILJXUH� ������ /H� GpODL� YDULH� QDWXUHOOHPHQW� HQ� IRQFWLRQ� GX� QRPEUH� GH� VDXWV�
UpDOLVpV��

�

3pULRGH�GH�
JpQpUDWLRQ�GHV�SDTXHWV�

1RPEUH�
GH�SDTXHWV�

pPLV�

1RPEUH�GH�
SDTXHWV�UHoXV�

��SDTXHWV�pFDUWpV�

�V� ������ ������ �������

�V� ������ ����� �������

��V� ����� ����� �������

��V� ����� ����� ������

��V� ����� ����� ������

��V� ����� ����� ������

��V� ����� ����� ������

7DEOHDX�����7HQXH�j�OD�FKDUJH�SRXU����FDSWHXUV�

�
)LJXUH������'pODL�G¶DFKHPLQHPHQW�SRXU�XQH�SpULRGH�LQWHU�SDTXHW�GH����V�DYHF����FDSWHXUV�



�

�

�

���

�

�

��� &RQFOXVLRQ�
/HV�V\VWqPHV�VH�GpSODoDQW� VXU�XQH� WUDMHFWRLUH�FLUFXODLUH�RQW� VHUYLV�GH� VXSSRUW�j�XQH�pWXGH�

DSSURIRQGLH�G¶DUFKLWHFWXUH�GH�UpVHDX�GH�FDSWHXUV�XWLOLVDQW�XQH� WRSRORJLH�GH�UHODLV�DX�VRO��/HV�
WURLV�FRPSRVDQWHV�GH�O¶DUFKLWHFWXUH�RQW�pWp�pWXGLpHV���OD�WRSRORJLH��OH�URXWDJH�HW�OD�ORFDOLVDWLRQ��
/HV�WUDYDX[�RQW�SHUPLV�GH�SURSRVHU�WURLV�VWUXFWXUHV�GH�WRSRORJLHV�HW�GH�SURSRVHU�GHV�PpWKRGHV�
GH�FDOFXO�GHV�HPSODFHPHQWV�GHV�Q°XGV�SRXU�FKDFXQH�G¶HOOHV��

8Q� SURWRFROH� GH� URXWDJH� JpRJUDSKLTXH� HVW� SDUWLFXOLqUHPHQW� ELHQ� DGDSWp� SRXU� WRXWHV� OHV�
WRSRORJLHV�UHWHQXHV��'¶XQH�SDUW�OD�SRVLWLRQ�GX�SXLWV�HVW�FRQQXH�GH�WRXW�Q°XG�HW�HVW�IL[H��'¶DXWUH�
SDUW��OHV�WRSRORJLHV�RQW�OD�FDUDFWpULVWLTXH�TXH�WRXW�Q°XG��VDXI�FHOXL�SRXYDQW�FRPPXQLTXHU�DYHF�
OH�SXLWV��D�XQ�YRLVLQ�SOXV�SURFKH�GX�SXLWV�TXH�OXL�HW�TXH�FH�YRLVLQ�SRVVqGH�OD�PrPH�SURSULpWp��
&HWWH�UpFXUVLYLWp�SHUPHW�j�O¶DOJRULWKPH�JORXWRQ�G¶rWUH�JOREDOHPHQW�RSWLPDO��

3OXVLHXUV� VROXWLRQV� GH� ORFDOLVDWLRQ� VRQW� XWLOLVDEOHV� VXU� FHWWH� DUFKLWHFWXUH�� 6XLWH� j� O¶pWXGH�
ELEOLRJUDSKLTXH�QRXV�SUpFRQLVRQV�SDUWLFXOLqUHPHQW�TXDWUH���O¶XWLOLVDWLRQ�G¶XQ�*36��LGHQWLILFDWHXU�
GH�FHOOXOH��OHV�HPSUHLQWHV�566,�HW�O¶XWLOLVDWLRQ�G¶DFFpOpURPqWUHV��/D�SOXV�VLPSOH�HVW�G¶XWLOLVHU�
O¶LGHQWLILFDWHXU�GX�UHODLV�LQWHUIDFH�TXL�UHoRLW�OH�SDTXHW�YHQDQW�GX�FDSWHXU�PDLV�HOOH�HVW�SHX�SUpFLVH��
(OOH� SHXW� rWUH� VXIILVDQWH� SRXU� FHUWDLQHV� DSSOLFDWLRQV� GH� VXUYHLOODQFH� SXLVTXH� OD� ]RQH� GH�
ORFDOLVDWLRQ�HVW�XQH�SRUWLRQ�GH�OD�WUDMHFWRLUH�D\DQW�XQH�ORQJXHXU�pJDOH�DX�PD[LPXP�j�GHX[�IRLV�
OH�UD\RQ�GH�SURSDJDWLRQ�VRLW�GH�TXHOTXHV�GL]DLQHV�j�XQH�FHQWDLQH�GH�PqWUHV��8QH�DXWUH�PpWKRGH�
SHXW� rWUH� FKRLVLH� HQ� IRQFWLRQ� GX� FRQWH[WH�� GH� OD� SUpFLVLRQ� UHTXLVH� HW� GHV�PR\HQV� ILQDQFLHUV�
GLVSRQLEOHV��

'HX[�GHV� DUFKLWHFWXUHV� SURSRVpHV� RQW� pWp� pYDOXpHV� VXU� GHX[� FULWqUHV� GH� SHUIRUPDQFHV��� OH�
SUHPLHU� HVW� OD� WHQXH� j� OD� FKDUJH� RX� SOXV� SUpFLVpPHQW� OD� SpULRGH�PLQLPDOH� GH� JpQpUDWLRQ� GH�
SDTXHWV�GH�FKDUJH�IL[H�GH����RFWHWV�FRQGXLVDQW�j�XQ�WDX[�DFFHSWDEOH�GH�SHUWH�GHV�SDTXHWV�HW�OH�
GHX[LqPH�OH�GpODL�G¶DFKHPLQHPHQW�GHV�SDTXHWV��/HV�pYDOXDWLRQV�RQW�pWp�UpDOLVpHV�SDU�VLPXODWLRQ�
VRXV�231(7��/HV�UpVXOWDWV�PRQWUHQW�TXH�OHV�DUFKLWHFWXUHV�SURSRVpHV�VRQW�DVVH]�SHUIRUPDQWHV�HW�
IRXUQLVVHQW�XQH�TXDOLWp�GH�VHUYLFH�FHUWDLQHPHQW�VXIILVDQWH�SRXU�GH�QRPEUHXVHV�DSSOLFDWLRQV�GH�
VXUYHLOODQFH��

/¶XWLOLVDWLRQ�G¶XQH� WRSRORJLH�GH� UHODLV�DX�VRO�SUpVHQWH� O¶LQFRQYpQLHQW�PDMHXU�GH�QpFHVVLWHU�
O¶DFTXLVLWLRQ�HW�OH�GpSORLHPHQW�GH�Q°XGV�GH�UpVHDX�SRXU�OH�VHXO�U{OH�GH�UHOD\DJH�GHV�SDTXHWV��
&¶HVW�LQGLVSHQVDEOH�SRXU�XQ�V\VWqPH�LVROp�PDLV�SDV�SRXU�XQ�V\VWqPH�PRQROLWKLTXH�RX�XQ�V\VWqPH�
GLVWULEXp�� 1RXV� DOORQV� pWXGLHU� GDQV� OH� FKDSLWUH� VXLYDQW� XQH� DUFKLWHFWXUH� j� EDVH� GH� UHODLV�
HPEDUTXpV�TXL�SHXW�rWUH�XQH�VROXWLRQ�DOWHUQDWLYH�LQWpUHVVDQWH��

�

�

�

�
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&KDSLWUH���� 7RSRORJLH�GH�UHODLV�HPEDUTXpV�SRXU�XQ�
V\VWqPH�PpFDQLTXH�PRELOH�VXU�XQH�WUDMHFWRLUH�FLUFXODLUH�

 

��� ,QWURGXFWLRQ�������������������������������������������������������������������������������������������������������������� 

��� 7RSRORJLH�DYHF�UHODLV�HPEDUTXpV����������������������������������������������������������������������������� 

��� 3URSRVLWLRQ�G¶XQ�URXWDJH�G\QDPLTXH�DGDSWp������������������������������������������������������������ 

��� (YDOXDWLRQ�GHV�SHUIRUPDQFHV����������������������������������������������������������������������������������� 

����� 0pWKRGH������������������������������������������������������������������������������������������������������������ 

����� 5pVXOWDWV����������������������������������������������������������������������������������������������������������� 

��� &RQFOXVLRQ���������������������������������������������������������������������������������������������������������������� 
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��� ,QWURGXFWLRQ�
+RUV� OH� FDV� SDUWLFXOLHU� GH� OD� OLDLVRQ� SHUPDQHQWH� HQWUH� OH� RX� OHV� FDSWHXUV� HW� OH� SXLWV�� TXL�

FRQFHUQH�OHV�V\VWqPHV�SK\VLTXHV�GH�WDLOOH�UpGXLWH�RX�O¶DMRXW�GH�PRGXOHV�GH�WUDQVPLVVLRQ�j�JUDQGH�
SRUWpH�SDU�H[HPSOH�OHV�PRGXOHV�;%HHSUR��:DQJ��-LQJ;LD�HW�DO����������OD�OLDLVRQ�VRO�PRELOH�HVW�
UpDOLVpH�VRLW�DX�QLYHDX�GX�RX�GHV�FDSWHXUV�VRLW�DX�QLYHDX�GX�SXLWV��/H�SUHPLHU�FDV�D�pWp�pWXGLp�
GDQV�OH�FKDSLWUH�SUpFpGHQW��/H�GHX[LqPH�FDV�LPSOLTXH�GH�GpSOR\HU�GHV�UHODLV�HPEDUTXpV�j�ERUG�
GX�PRELOH��8QH�WRSRORJLH�DYHF�GHV�UHODLV�HPEDUTXpV�HVW�LQWXLWLYHPHQW�ELHQ�DGDSWpH�j�FHUWDLQV�
W\SHV�GH�V\VWqPHV�SK\VLTXHV��&¶HVW�SDUWLFXOLqUHPHQW�OH�FDV�GHV�JUDQGV�V\VWqPHV�GLVWULEXpV�RX�
GHV� JUDQGV� V\VWqPHV� PRQROLWKLTXHV�� 8Q� H[HPSOH� GX� SUHPLHU� W\SH� HVW� XQ� WpOpVLqJH� RX� XQ�
WUDQVSRUWHXU�DpULHQ�GH�PDWpULDX[��pWLTXHWp��7/)�±�6'�DYHF�QRWUH�QRPHQFODWXUH��8Q�H[HPSOH�GX�
GHX[LqPH� W\SH� HVW� XQH� JUDQGH� URXH� DFWXHOOHPHQW� FRPPH� FHOOH� TXL� D� VHUYL� GH� VXSSRUW�
G¶DSSOLFDWLRQ�YLUWXHOOH�GDQV�OH�FKDSLWUH�SUpFpGHQW�j�VDYRLU�OD�6LQJDSRUH�)O\HU��&¶HVW�FH�V\VWqPH��
pWLTXHWp�7&�60��TXL�HVW�DXVVL�XWLOLVp�GDQV�FH�FKDSLWUH�FRPPH�VXSSRUW�G¶DSSOLFDWLRQ�YLUWXHOOH��FH�
TXL� SHUPHWWUD� GH� IDLUH� XQH� FRPSDUDLVRQ� HQWUH� OHV� GHX[� W\SHV� GH� WRSRORJLHV� VXU� XQ� V\VWqPH�
PpFDQLTXH�GH� FH� W\SH�SRXU� OHTXHO� OHV�GHX[�VROXWLRQV� VRQW�DOWHUQDWLYHV��1RXV�FRQVHUYRQV� OHV�
K\SRWKqVHV� GX� FKDSLWUH� SUpFpGHQW� FRQFHUQDQW� O¶XQLFLWp� GHV� UD\RQV� GH� FRPPXQLFDWLRQ�5F�� OH�
PRGqOH�LGpDO�GH�SURSDJDWLRQ�HW�OD�JpRPpWULH�GDQV�XQ�SODQ��1RXV�DOORQV�VXFFHVVLYHPHQW�pWXGLHU�
OD� WRSRORJLH� GX� UpVHDX�� OH� URXWDJH� G\QDPLTXH� DGDSWp� j� FHWWH� WRSRORJLH� SXLV� O¶pYDOXDWLRQ� GH�
SHUIRUPDQFH�GH�O¶DUFKLWHFWXUH�SURSRVpH���

��� 7RSRORJLH�DYHF�UHODLV�HPEDUTXpV�
�

/RUVTXH�OH�V\VWqPH�SK\VLTXH�HVW�GH�JUDQGH�WDLOOH��LO�SHXW�VXSSRUWHU�GHV�Q°XGV�UHODLV�GLVWULEXpV�
VSDWLDOHPHQW��/HV�Q°XGV�FDSWHXUV�SHXYHQW�DYDQWDJHXVHPHQW�MRXHU�FH�U{OH�SRXU�pYLWHU�G¶DMRXWHU�
GHV�Q°XGV�HQ�SOXV�GH�FHX[�QpFHVVDLUHV�j�O¶DFTXLVLWLRQ�GH�PHVXUHV��1RWRQV�WRXMRXUV�15&L�XQ�
Q°XG�TXL�DVVXPH�VRLW�XQH�IRQFWLRQ�XQLTXH�GH�FDSWHXU�RX�GH�UHODLV�RX�OD�GRXEOH�IRQFWLRQ�FDSWHXU�
HW�UHODLV��

5DSSHORQV�WRXW�G¶DERUG�OHV�FDUDFWpULVWLTXHV�LPSRVpHV�j�FHWWH�WRSRORJLH����

��OD�OLDLVRQ�IL[H�PRELOH�HVW�VLWXpH�DX�QLYHDX�GX�SXLWV��

��OHV�UHODLV�15&L�IRUPHQW�XQ�UpVHDX�HPEDUTXp�DYHF�GHV�FRQWUDLQWHV�j�VDYRLU���

��D�� DVVXUHU� XQH� FRQQH[LRQ� SHUPDQHQWH� GDQV� OH� UpVHDX� GH� UHODLV� HPEDUTXpV� GRQF�
IRUPHOOHPHQW���

�∀�15&L�∃ NRCj tel que 'LVWDQFH��15&L��15&M����5F�
��E�� DVVXUHU� XQH� FRQQH[LRQ� PRELOH� IL[H� SHUPDQHQWH� GRQF� TXH� OH� FDSWHXU� RX� XQ� UHODLV�

TXHOFRQTXH�VRLW�VLWXp�HQ�SHUPDQHQFH�j�XQH�GLVWDQFH�GX�SXLWV�LQIpULHXUH�DX�UD\RQ�GH�SURSDJDWLRQ��
GRQF�IRUPHOOHPHQW�DYHF�W�UHSUpVHQWDQW�OH�WHPSV����

∀t,  ∃ NRCi tel que Distance (NRCi, puits) < Rc.�
�

6RLW� XQ� V\VWqPH� SK\VLTXH� FRQVWLWXp� G¶XQH� JUDQGH� URXH� GH� GLDPqWUH� U�� DYHF� 1� QDFHOOHV�
UpSDUWLHV�XQLIRUPpPHQW�VXU�VD�SpULSKpULH��&KDTXH�QDFHOOH�HVW�pTXLSpH�G¶XQ�Q°XG�TXL�SHXW�MRXHU�
VRLW�OH�VLPSOH�U{OH�GH�FDSWHXU��SRXU�XQH�VHXOH�QDFHOOH���VRLW�OH�VLPSOH�U{OH�GH�UHODLV��SRXU�OHV�



�

�

�

���

�

DXWUHV�QDFHOOHV���VRLW�OH�GRXEOH�U{OH��FDV�JpQpUDO���/D�WRSRORJLH�GX�UpVHDX�HPEDUTXp�HVW�GRQF�
LQYDULDQWH��/HV�Q°XGV�VXLYHQW�WRXV�OD�PrPH�WUDMHFWRLUH��/H�SXLWV�DX�VRO�HVW�VLWXp�OpJqUHPHQW�j�
O¶H[WpULHXU�GH�OD�WUDMHFWRLUH�GHV�QDFHOOHV�GRQF�j�XQH�GLVWDQFH�GH�FHOOH�FL�WUqV�LQIpULHXUH�DX�UD\RQ�
GH� SURSDJDWLRQ�� /D� YDOHXU� GH� OD� GLVWDQFH� IL[H� HQWUH� OHV� Q°XGV� SHUPHW� G¶DMXVWHU� OH� UD\RQ� GH�
SURSDJDWLRQ�RX�GH�YpULILHU�OD�IDLVDELOLWp�GDQV�XQ�FDV�H[WUrPH��

6RLW� 1� OH� QRPEUH� GH� QDFHOOHV� �GRQF� GH� Q°XGV��� 6RLW� 2𝛼 �O¶DQJOH� HQWUH� GHX[� UD\RQV�
FRQVpFXWLIV�GH�QDFHOOH���2Q�D��)LJXUH�������

������������������2𝛼 = ଶగ
ே
�

'RQF�𝛼 = గ
ே

 

sin(𝛼) = ோ௖
ଶ௥
��GRQF��sin ቀగ

ே
ቁ = ோ௖

ଶ௥
�

�����'RQF���5F� ��U�VLQ�ቀ஠
୒
ቁ�

,O�V¶DJLW�G¶XQH�YDOHXU�PLQLPDOH��LO�IDXW�GRQF�UpJOHU�OD�SXLVVDQFH�G¶pPLVVLRQ�GHV�Q°XGV�SRXU�
TXH�5F�VRLW�XQ�SHX�SOXV�JUDQG��PDLV�SDV�WURS�JUDQG�SRXU�pYLWHU�OHV�LQWHUIpUHQFHV�HQWUH�Q°XGV��
/H�UpJODJH�GH�5F�HVW�IDFLOH�HQ�VLPXODWLRQ�DYHF�OH�PRGHOp�GH�SURSDJDWLRQ�UHWHQXH��GLVTXH���,O�
QpFHVVLWHUDLW�GHV�HVVDLV�GpOLFDWV�GDQV�OD�UpDOLWp��

�
)LJXUH�����&DOFXO�GX�UD\RQ�GH�SURSDJDWLRQ�5F�

([HPSOH���/D�6LQJDSRUH�)O\HU�D�XQ�UD\RQ�GH����PqWUHV�HW�SRVVqGH����QDFHOOHV��2Q�D�GRQF���

5F� ���
����
�VLQ������� �������PqWUHV��

/D�SXLVVDQFH�G¶pPLVVLRQ�SHXW�GRQF�rWUH�UpJOpH�SRXU�REWHQLU�XQ�UD\RQ�GH�SURSDJDWLRQ�GH����
PqWUHV��SDU�H[HPSOH��&HWWH�YDOHXU�SHUPHW�G¶DWWHLQGUH�OH�SXLWV��SDU�H[HPSOH�VLWXp�j�XQ�PqWUH�j�
O¶H[WpULHXU�GH�OD�WUDMHFWRLUH��VDQV�SUREOqPH�SDU�OH�UHODLV�PRELOH�OH�SOXV�SURFKH��3RXU�XQH�JUDQGH�
SDUWLH�GHV�SRVLWLRQV�GH�OD�URXH�OH�SXLWV�HVW�GDQV�OD�FHOOXOH�GH�O¶XQ�RX�O¶DXWUH�GHV�GHX[�UHODLV�TXL�
VRQW�VLWXpV�GH�SDUW�HW�G¶DXWUH�GX�UD\RQ�26��ILJXUH��������DYHF�2�OH�FHQWUH�GH�URWDWLRQ�GH�OD�URXH�
HW�6�OH�SXLWV��6LQN���



�

�

�

���

�

¬� QRWHU� TXH� FHWWH� WRSRORJLH� QH� FR�WH� DXFXQ� Q°XG� UHODLV� ORUVTXH� WRXWHV� OHV� QDFHOOHV� VRQW�
LQVWUXPHQWpHV��F
HVW�j�GLUH�TXDQG�FKDTXH�Q°XG�HVW�FDSWHXU��

�

$GUHVVDJH�
&KDTXH�Q°XG�HVW�GRWp�G¶XQH�DGUHVVH�TXL�YD�SHUPHWWUH�GHV� pFKDQJHV�GH�SDTXHWV�HQ�PRGH�

XQLFDVW�� 8QH� DGUHVVH� HVW� VLPSOHPHQW� FRQVWLWXpH� G¶XQ� QRPEUH� FRGp� VXU� XQ� RFWHW�� FH� TXL� HVW�
VXIILVDQW� SRXU� OD� SOXSDUW� GHV� V\VWqPHV�� 0DLV� ULHQ� Q¶HPSrFKH� GH� FRGHU� VXU� GHX[� RFWHWV� VL�
QpFHVVDLUH��

/¶DWWULEXWLRQ�GH�O¶DGUHVVH�HVW�IDLWH�PDQXHOOHPHQW��/HV�Q°XGV�IRUPHQW�XQH�FKDvQH�IHUPpH��8Q�
Q°XG�TXHOFRQTXH�HVW�FKRLVL�FRPPH�RULJLQH��O¶DGUHVVH�GH�YDOHXU�]pUR�OXL�HVW�DWWULEXpH��/D�FKDLQH�
GH� Q°XGV� HVW� SDUFRXUXH� GDQV� XQ� VHQV� TXHOFRQTXH� RX� SOXV� ORJLTXHPHQW� GDQV� OH� VHQV� GX�
PRXYHPHQW� GX� V\VWqPH� VL� FHOXL�FL� HVW� WRXMRXUV� RULHQWp� GDQV� OH� PrPH� VHQV�� /¶DGUHVVH� HVW�
LQFUpPHQWpH�SRXU�FKDTXH�Q°XG�VXFFHVVLI� MXVTX¶DX�GHUQLHU�TXL�IHUPH�OD�ERXFOH��XQ�YRLVLQ�GX�
Q°XG�LQLWLDO��3DU�H[HPSOH�GDQV�OH�FDV�GH�OD�URXH�6LQJDSRUH�)O\HU��OHV�DGUHVVHV�GHV�Q°XGV�VRQW�
GRQF�����������«���������

7DEOH�GHV�YRLVLQV�
/H�V\VWqPH�G¶DGUHVVDJH�SHUPHW�j�XQ�Q°XG�G¶DIIHFWHU�DXWRPDWLTXHPHQW�OHV�DGUHVVHV�GH�VHV�

GHX[�YRLVLQV�DX[TXHOV�LO�HVW�VXVFHSWLEOH�G¶HQYR\HU�GHV�SDTXHWV���FHOXL�G¶DGUHVVH�LPPpGLDWHPHQW�
VXSpULHXUH�j�OD�VLHQQH��pWLTXHWpH�$GGHVW���SRXU�O¶XQ�HW�FHOXL�G¶DGUHVVH�LPPpGLDWHPHQW�LQIpULHXUH�
SRXU�O¶DXWUH��pWLTXHWpH�$GGHVW���0DLV�FH�SULQFLSH�QH�IRQFWLRQQH�SDV�SRXU�OH�Q°XG�G¶DGUHVVH�]pUR�
HQ� FH� TXL� FRQFHUQH� VRQ� Q°XG� G¶DGUHVVH� LQIpULHXUH� TX¶LO� QH� SHXW� SDV� FRQQDvWUH� j� SULRUL�� 8Q�
SURWRFROH� GH� GpFRXYHUWH� GHV� Q°XGV� YRLVLQV� HVW� WUqV� VLPSOH� j� PHWWUH� HQ� °XYUH�� PDLV� XQH�
FRQILJXUDWLRQ�PDQXHOOH�GH�OD�WDEOH�HVW�DXVVL�WUqV�IDFLOH�j�UpDOLVHU�HW�F¶HVW�FH�TXL�D�pWp�XWLOLVp�SRXU�
QRV�H[SpULPHQWDWLRQV��

�

��� �3URSRVLWLRQ�G¶XQ�URXWDJH�G\QDPLTXH�DGDSWp�
/H�UpVHDX�GH�FDSWHXU�PRELOH�DLQVL�FRQVWLWXp�D�XQH�WRSRORJLH�G\QDPLTXH��PDLV�FHWWH�WRSRORJLH�

SHXW� rWUH� FRQQXH� HW� SUpGLWH� j� WRXW� LQVWDQW� j� FRQGLWLRQ� GH� FRQQDLWUH� OD� ORFDOLVDWLRQ� H[DFWH� GX�
PRELOH�� &HWWH� ORFDOLVDWLRQ� SHXW� rWUH� REWHQXH� SDU� GLIIpUHQWV� PR\HQV� FRPPH� FHX[� GpFULWV� DX�
FKDSLWUH����SDUDJUDSKH��������7RXWHIRLV��XQ��LQFRQYpQLHQW�LPSRUWDQW�GH�OD�WRSRORJLH�DYHF�UHODLV�
HPEDUTXpV�HVW�GH�QH�SDV�GLVSRVHU�G¶DQFUHV�DX�VRO��KRUPLV�OH�SXLWV��SRXU�UpDOLVHU�XQH�ORFDOLVDWLRQ�
j�SDUWLU�GHV�VLJQDX[�pPLV�RX�UHoXV�SDU�FHOOHV�FL��2Q�VXSSRVHUD�GRQF�GDQV�OD�VXLWH�TXH�OHV�Q°XGV�
PRELOHV� GLVSRVHQW� G¶XQH� ORFDOLVDWLRQ� VXIILVDPPHQW� SUpFLVH� SRXU� OH� ERQ� IRQFWLRQQHPHQW� GX�
URXWDJH�SURSRVp�HW�SRXU�O¶DSSOLFDWLRQ�GH�VXUYHLOODQFH��&HOOH�FL�SRXUUD�QRWDPPHQW�rWUH�REWHQXH�
SDU�XQ�FDSWHXU�GH�SRVLWLRQ�GpGLp��RX�SDU�LQWpJUDWLRQ�GH�OD�PHVXUH�G¶XQ�RGRPqWUH�RX�SDU�GRXEOH�
LQWpJUDWLRQ�GH�OD�PHVXUH�G¶XQ�DFFpOpURPqWUH��DYHF�ILOWUDJH�HW�UHFDGUDJH�j�FKDTXH�WRXU��

$�WRXW�LQVWDQW�FKDTXH�Q°XG��KRUPLV�FHOXL�TXL�HVW�OH�SOXV�SURFKH�GX�SXLWV�HW�TXL�SHXW�DLQVL�
GLUHFWHPHQW�OXL�HQYR\HU�VHV�SDTXHWV��GLVSRVH�GH�GHX[�URXWHV�SRXU�DWWHLQGUH�OH�SXLWV���XQH�URXWH�
GDQV� ODTXHOOH� OH� WUDQVIHUW� GHV� SDTXHWV� HVW� UpDOLVp� GDQV� OH�PrPH� VHQV� TXH� OH� GpSODFHPHQW� GX�
PRELOH��DSSHOpH�URXWH�©�YHUV� O¶DYDQW�ª�HW�XQH� URXWH�GDQV� ODTXHOOH� OH� WUDQVIHUW�GHV�SDTXHWV�HVW�
UpDOLVp�GDQV�OH�VHQV�LQYHUVH�DX�GpSODFHPHQW�GX�PRELOH��GLWH�URXWH�©�YHUV�O¶DUULqUH�ª��)LJXUH��������
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)LJXUH�����6HQV�GH�WUDQVIHUW�GHV�SDTXHWV�HW�VHQV�GH�GpSODFHPHQW�GX�PRELOH�

�

3RXU�FKDFXQH�GH�FHV�URXWHV��GDQV�OH�FDV�G¶XQH�WUDMHFWRLUH�FLUFXODLUH��OH�URXWDJH�RSWLPDO�HVW�GH�
W\SH�JpRJUDSKLTXH�VL�RQ�QpJOLJH�OD�YLWHVVH�GH�URWDWLRQ�GX�PRELOH��(Q�HIIHW��OH�SOXV�FRXUW�FKHPLQ�
YHUV�OH�SXLWV��GHSXLV�Q¶LPSRUWH�TXHO�Q°XG��HVW�FHOXL�SDVVDQW�SDU�OH�Q°XG�YRLVLQ�OH�SOXV�SURFKH�
GX�SXLWV��

$OJRULWKPH�IRUPHO�GH�URXWDJH�
6RLW�OD�VLWXDWLRQ�GHV�Q°XGV�HW�GX�SXLWV�GpFULWH�VXU�OD�)LJXUH������DYHF�2�OH�FHQWUH�GX�FHUFOH�

UHSUpVHQWDQW�OD�WUDMHFWRLUH�HW�6�OH�SXLWV��/D�SRVLWLRQ�GH�FKDTXH�Q°XG�SHXW�rWUH�DYDQWDJHXVHPHQW�
GpILQLH�HQ�XWLOLVDQW�XQ�V\VWqPH�GH�FRRUGRQQpHV�SRODLUHV�DYHF�O¶D[H�26�HW�O¶DQJOH��HQWUH�OH�UD\RQ�
SDVVDQW�SDU�FH�Q°XG�HW��O¶D[H�26��6RLW�1�OH�QRPEUH�GH�Q°XGV�HPEDUTXpV�PHPEUHV�GH�OD�FKDLQH�
�WRXV�D�SULRUL���

'DQV�FKDTXH�Q°XG��SRXU�WRXW�SDTXHW�j�HQYR\HU��

�

Algorithme 2 : Algorithme de routage 

faire 

Si /N ou  /N, diffuser pour tous 

Sinon 

 Si envoyer à Addest- 

 Sinon envoyer à Addest+ 

Fin si 

 Fin si 

 

�
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3ULVH�HQ�FRPSWH�GH�OD�YLWHVVH�GH�GpSODFHPHQW�GX�PRELOH�
6L�OH�PRELOH�WRXUQH�DYHF�XQH�YLWHVVH�DVVH]�pOHYpH��HW�RX�VL�OH�QRPEUH�GH�Q°XGV�HVW�JUDQG��LO�

IDXW�WHQLU�FRPSWH�GH�FHWWH�YLWHVVH�SRXU�RSWLPLVHU�OH�URXWDJH��(Q�HIIHW�OD�ORQJXHXU�GX�FKHPLQ�
GDQV�OH�VHQV�©�YHUV�O¶DYDQW�ª�GLPLQXH�SHQGDQW�OH�WUDQVIHUW�G¶XQ�SDTXHW�j�WUDYHUV�OHV�GLIIpUHQWV�
Q°XGV�UHODLV�HW�FRURODLUHPHQW�FHOOH�GX�FKHPLQ�©�YHUV�O¶DUULqUH�ª�DXJPHQWH��,O�IDXW�GRQF�HVWLPHU�
FHWWH� GLIIpUHQFH� GH� ORQJXHXU� SRXU� HQ� WHQLU� FRPSWH� j� SULRUL� ORUV� GX� URXWDJH� GHSXLV� OH� Q°XG�
SURGXFWHXU�GHV�LQIRUPDWLRQV�GX�SDTXHW��&HWWH�HVWLPDWLRQ�HVW�EDVpH�VXU�OH�QRPEUH�N�GH�VDXWV�TXH�
GHYUDLW�IDLUH�OH�SDTXHW�HW�OD�GXUpH�PR\HQQH�7�G¶XQ�VDXW��,O�IDXW�QRWHU�TXH�FHWWH�GXUpH�PR\HQQH�
GRLW�rWUH�PHVXUpH�RX�HVWLPHU�DYHF�SUpFDXWLRQ��HQ�YpULILDQW�TXH�O¶pFDUW�W\SH�HVW�IDLEOH��(OOH�GpSHQG�
HVVHQWLHOOHPHQW� GX� GpELW� GH� OD� WUDQVPLVVLRQ� HW� GX� SURWRFROH� XWLOLVp� DX� QLYHDX� 0$&�� SOXV�
OpJqUHPHQW�GX�SURWRFROH�GH�URXWDJH��VL�QRWUH�VROXWLRQ�HVW�XWLOLVpH��FDU�HOOH�HVW�SHX�FR�WHXVH�HQ�
WHPSV�GH�WUDLWHPHQW��&HWWH�YDOHXU�HVW�HQUHJLVWUpH�FRPPH�XQ�SDUDPqWUH�GX�SURWRFROH�GH�URXWDJH�
JpRJUDSKLTXH�SURSRVp��

&HWWH�SULVH�HQ�FRPSWH�GH�OD�YLWHVVH�FRQGXLW�j�O¶DOJRULWKPH�VXLYDQW�GH�URXWDJH�GDQV�FKDTXH�
Q°XG��

&RQVLGpURQV�$�FH�Q°XG��QRQ�SURFKH�GX�SXLWV��HW�VHV�YRLVLQV�%�HW�&��)LJXUH�������

6RLW�7�OD�GXUpH�PR\HQQH�G¶DFKHPLQHPHQW��WUDQVPLVVLRQ�SOXV�WUDLWHPHQWV�G¶pPLVVLRQ�HW�GH�
UpFHSWLRQ��G¶XQ�SDTXHW�j�XQ�VDXW���VRLW�1�OH�QRPEUH�GH�Q°XGV�PHPEUHV�GH�OD�FKDLQH�HW�¶�OD�
YLWHVVH�DQJXODLUH�GH�URWDWLRQ�GX�PRELOH��

6L�OH�Q°XG�$�FKRLVL�OD�URXWH�YHUV�O¶DYDQW��OH�Q°XG�&�YD�UHFHYRLU�OH�SDTXHW�ORUVTXH�VD�SRVLWLRQ�
VHUD��� 3&� ����1���Ú7��

'H�OD�PrPH�PDQLqUH��VL�OD�URXWH�YHUV�O¶DUULqUH�HVW�FKRLVLH��OH�Q°XG�%�YD�UHFHYRLU�OH�SDTXHW�
ORUVTXH�VD�SRVLWLRQ�VHUD��� 3%� ����1���Ú7�

(Q�JpQpUDOLVDQW��DSUqV�N�VDXWV�OH�SDTXHW�DWWHLQW�OH�Q°XG�VLWXp�DORUV�j�OD�SRVLWLRQ���

3N� ����N��1���Ú7��SRXU�OD�URXWH�YHUV�O¶DYDQW��

HW�3N� �����N��1���Ú7���SRXU�OD�URXWH�YHUV�O¶DUULqUH��
(Q�VLWXDWLRQ�LGpDOH�� OH�Q°XG�PRELOH�ILQDO�GH�OD�FKDLQH�GH�URXWDJH�GRLW�rWUH�VLWXp�VXU�O¶D[H�

RULJLQH��6HV�FRRUGRQQpHV�DQJXODLUHV�VRQW�GRQF���DYHF�OD�URXWH�YHUV�O¶DYDQW�HW���DYHF�OD�URXWH�
YHUV�O¶DUULqUH���

/H� QRPEUH� WKpRULTXH� GH� VDXWV� SHUPHWWDQW� G¶DWWHLQGUH� FH� Q°XG� YDXW�NI� SRXU� OD� URXWH� YHUV�
O¶DYDQW�WHO�TXH���

���NI��1���Ú7�� ��

6RLW�NI� ����±�����1���Ú7��
/H� QRPEUH� WKpRULTXH� GH� VDXWV� SHUPHWWDQW� G¶DWWHLQGUH� FH� Q°XG� YDXW�NU� SRXU� OD� URXWH� YHUV�

O¶DUULqUH�WHO�TXH���

���NU��1���Ú7�� ���

6RLW���NU ���1���Ú7��

/H�SRLQW�G¶pTXLOLEUH�HVW�REWHQX�TXDQG�NU� �NI�SRXU�XQ�DQJOH���WHO�TXH���
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�� �Ú17���

¬� QRWHU� TXH� O¶DQQXODWLRQ� GH� OD� YLWHVVH� GDQV� FHWWH� H[SUHVVLRQ� GRQQH� ELHQ� ��  � � XWLOLVp�
DXSDUDYDQW�ORUVTXH�OD�YLWHVVH�pWDLW�QpJOLJpH��

�

Algorithme 3 : Algorithme formel de routage 

Dans  chaque  nœud,  pour  tout  paquet  à  envoyer,   

faire 

Calculer 0 = ˙NT/2 

Si /N- T˙/2 ou  /N)- T˙/2,  diffuser pour tous 

Sinon 

 Si 0 envoyer à Addest- 

 Sinon envoyer à Addest+ 

Fin si 

 Fin si 
�

�

)LJXUH�����3RVLWLRQ�GHV�Q°XGV�PRELOHV�HQ�FRRUGRQQpHV�SRODLUHV�

��� (YDOXDWLRQ�GHV�SHUIRUPDQFHV�
����� 0pWKRGH�

/HV�SHUIRUPDQFHV�GX�SURWRFROH�GH�URXWDJH�SURSRVp�RQW�pWp�pYDOXpHV�SDU�VLPXODWLRQ���O¶DLGH�
GX�VLPXODWHXU�:61HW��&KHOLXV�HW�DO����������(Q�FRQVLGpUDQW�OH�VFpQDULR�GH�OD�JUDQGH�URXH�GH�
6LQJDSRXU��6LQJDSRUH�)O\HU��GpMj�XWLOLVp�GDQV�OH�FKDSLWUH�SUpFpGHQW��FH�QRXYHDX�VLPXODWHXU�D�
pWp� FKRLVL� SRXU� WHVWHU� VD� IDFLOLWp� G¶XWLOLVDWLRQ� HW� OHV�PRGqOHV� GH� SURWRFROHV� TX¶LO� LQWqJUH�� (Q�
FRQVpTXHQFH�����Q°XGV�PRELOHV�HW�XQ�SXLWV�VWDWLTXH�VRQW�GpSOR\pV�VXU�XQH�DLUH�GH�WDLOOH�����
PqWUHV�SDU�����PqWUHV��/H�FHQWUH�GX�FHUFOH�HVW�SODFp�DX�PLOLHX��VHV�FRRUGRQQpHV�VRQW�GRQF������
�����/H�FHUFOH�D�XQ�UD\RQ�GH����PqWUHV��/H�SXLWV�HVW�SODFp�DX[�FRRUGRQQpHV����������F
HVW�j�GLUH�
j���PqWUHV�GX�VRO��VXU�O¶DUPDWXUH�GH�OD�URXH��/HV�Q°XGV�PRELOHV�pWDQW�SODFpV�GDQV�OHV�QDFHOOHV�
GH�OD�JUDQGH�URXH�VRQW�GLVWULEXpV�UpJXOLqUHPHQW�VXU�OD�FLUFRQIpUHQFH��/HV�FRRUGRQQpHV�LQLWLDOHV�
GX�Q°XG���VRQW������������FHOOHV�GX�Q°XG���VRQW������������������FHOOHV�GX�Q°XG���VRQW����������
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�

�������HW�DLQVL�GH�VXLWH��/HV�Q°XGV�PRELOHV�VH�GpSODFHQW�VXU�OD�WUDMHFWRLUH�FLUFXODLUH�j�XQH�YLWHVVH�
DQJXODLUH�GH��������UDG�V��&¶HVW�XQH�YLWHVVH�WUqV�IDLEOH��(OOH�SHXW�rWUH�QpJOLJpH�GDQV�O¶DOJRULWKPH�
GH�URXWDJH�JpRJUDSKLTXH���

/H�PRGqOH�UDGLR�UHWHQX��FI�WDEOHDX������SRXU�OHV�VLPXODWLRQV�HVW�FHOXL�GX�WUDQVFHSWHXU�5)�
&&�����TXL�HVW�XWLOLVp�GDQV�EHDXFRXS�GH�FDSWHXUV�VDQV�ILO�GRQW�OHV�WUqV�FRQQXV�0LFD=��7HORV%�
DQG�,PRWH���,O�RSqUH�GDQV�OD�EDQGH�GH�IUpTXHQFH�DXWRXU�GH�����*+]�HQ�XWLOLVDQW�XQH�PRGXODWLRQ�
2�436.�HW�IRQFWLRQQH�j�XQ�GpELW�QRPLQDO�GH�����NESV��

$X�QLYHDX�0$&��OH�IDPHX[�SURWRFROH�%�0$&��3RODVWUH�HW�DO���������HVW�FKRLVL��/¶DYDQWDJH�
GH�%�0$&�SDU�UDSSRUW�DX�SURWRFROHV����������HVW�GH�SRXYRLU� IRQFWLRQQHU�HQ�PRGH�pFRXWH�j�
EDVVH�SXLVVDQFH��ORZ�SRZHU�OLVWHQLQJ�±�/3/���'DQV�FH�PRGH��OH�Q°XG�V¶HQGRUW�SpULRGLTXHPHQW��
VH�UpYHLOOH�EULqYHPHQW�SRXU�GpWHFWHU�XQH�pYHQWXHOOH�DFWLYLWp�VXU�OH�FDQDO�GH�UpFHSWLRQ�SXLV�VH�
UHQGRUW�VL�DXFXQH�DFWLYLWp�Q¶HVW�GpWHFWpH��%�0$&�HVW�FRQILJXUDEOH�DYHF�SOXVLHXUV�SDUDPqWUHV�
TXL�SHXYHQW�GH�SOXV�rWUH�FKDQJpV�G\QDPLTXHPHQW���/¶LQWHUYDOOH�GH�WHVW�GX�FDQDO�RX�LQWHUYDOOH�GH�
UpYHLO�IDLW�QRWDPPHQW�SDUWLH�GH�FHV�SDUDPqWUHV�G\QDPLTXHV��'H�SOXV�� OH�PRGH�/3/�SHXW�rWUH�
DFWLYp�RX�GpVDFWLYp��1DWXUHOOHPHQW�OH�GpODL�PR\HQ�GH�WUDQVIHUW�G¶XQ�SDTXHW�j�XQ�VDXW��F
HVW�j�
GLUH� OH� SDUDPqWUH� 7� GDQV� O¶DOJRULWKPH� GH� URXWDJH� SURSRVp�� GpSHQG� GHV� SDUDPqWUHV� GH�
FRQILJXUDWLRQ�GH�%�0$&��/¶DFWLYDWLRQ�GX�PRGH�/3/�D�pYLGHPPHQW�XQH�LQIOXHQFH�VXU�OH�GpODL�
GH�WUDQVIHUW�HW�FHOXL�FL�DXJPHQWH�ORUVTXH�O¶LQWHUYDOOH�GH�WHVW�GX�FDQDO�DXJPHQWH���

/HV�SDUDPqWUHV�GH�VLPXODWLRQ�VRQW�GRQQpV�GDQV�OH�7DEOHDX������/D�GXUpH�GH�OD�VLPXODWLRQ�HVW�
FKRLVLH�j�XQH�YDOHXU�GH������VHFRQGHV�TXL�FRUUHVSRQG�DX�WHPSV�QpFHVVDLUH�j�OD�URXH�SRXU�IDLUH�
GHX[� WRXUV�� /HV� VLPXODWLRQV� RQW� pWp� UpDOLVpHV� SRXU� OHV� GHX[� PRGHV� GH� IRQFWLRQQHPHQW� GX�
SURWRFROH�%�0$&�F
HVW�j�GLUH�DYHF� OH�PRGH�/3/�DFWLYp�G¶XQH�SDUW�HW�GpVDFWLYp�G¶DXWUH�SDUW��
4XDQG�OH�PRGH�/3/�HVW�DFWLYp��O¶LQWHUYDOOH�GH�WHVW�GX�FDQDO�HVW�IL[p�j����PV��

'DQV�OH�EXW�GH�SRXYRLU�FRPSDUHU�OH�SURWRFROH�GH�URXWDJH�SURSRVp�DYHF�XQ�SURWRFROH�H[LVWDQW�
OHV�VLPXODWLRQV�RQW�pWp�IDLWHV�G¶XQH�SDUW�DYHF�XQ�URXWDJH�EDVLTXH�SDU�LQRQGDWLRQ�HW�G¶DXWUH�SDUW�
DYHF�OH�SURWRFROH�SURSRVp��/HV�GHX[�FULWqUHV�KDELWXHOV�GH�SHUIRUPDQFH�VRQW�XWLOLVpV���OH�WDX[�GH�
SHUWH�GH�SDTXHWV�HW�OH�GpODL�G¶DFKHPLQHPHQW�GH�ERXW�HQ�ERXW��

�
0RGqOH�UDGLR� 5D\RQ�GH�SURSDJDWLRQ� ���PqWUHV�

0RGXODWLRQ� 2�436.�

'pELW� ����NESV�

,QWHUIpUHQFHV� 2UWKRJRQDOHV�

$QWHQQHV� 2PQLGLUHFWLRQQHOOHV�

3URWRFROHV� &RXFKH�0$&� %�0$&�

&RXFKH�UpVHDX� 3URWRFROH�SURSRVp�RX���
LQRQGDWLRQ�

&RXFKH�DSSOLFDWLRQ� &%5��FKDUJH�GH����RFWHWV�

7DEOHDX�����3DUDPqWUHV�GH�VLPXODWLRQ�
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����� �5pVXOWDWV�

/HV�GLIIpUHQWV�UpVXOWDWV�VRQW�SUpVHQWpV�VRXV�IRUPH�V\QWKpWLTXH�GDQV�OHV�)LJXUH�����HW�)LJXUH�
����HW�GDQV�OHV�WDEOHDX[�����HW������%LHQ�TXH�VHXOV�OHV�FULWqUHV�GH�SHUIRUPDQFH�PHVXUpV�VRLHQW�OH�
WDX[�GH�SHUWH�GH�SDTXHWV�HW�OH�GpODL�GH�ERXW�HQ�ERXW��LO�HVW�IDFLOH�GH�GpGXLUH�GH�FHV�UpVXOWDWV�OD�
EDQGH�SDVVDQWH�GLVSRQLEOH��(Q�HIIHW�� OD�PpWKRGH� GH�PHVXUH�GH� OD�EDQGH� SDVVDQWH�GLVSRQLEOH�
EDVpH�VXU�OH�3UREH�5DWH�0RGHO��350���0LFKDXW�HW�DO���������FRQVLGqUH�ELHQ�TX¶HOOH�HVW�pJDOH�DX�
GpELW�GH�FKDUJH�GX�UpVHDX�ORUVTXH�OHV�SHUWHV�GH�SDTXHWV�FRPPHQFHQW�j�DXJPHQWHU��

'pODL�G¶DFKHPLQHPHQW�

�

)LJXUH�������'pODL�G¶DFKHPLQHPHQW�GH�ERXW�HQ�ERXW�GHV�SDUTXHWV�SRXU�OH�Q°XG���

/D�)LJXUH�����PRQWUH�OD�YDULDWLRQ�GX�GpODL�GH�ERXW�HQ�ERXW�DX�FRXUV�GH�OD�URWDWLRQ�GH�OD�URXH�
VXU�GHX[�WRXUV��&H�GpODL�HVW�FHOXL�G¶XQ�SDTXHW�HQYR\p�SDU�OH�Q°XG���HW�UHoX�SDU�OH�SXLWV��/H�Q°XG�
��HVW�FHOXL�VLWXp�DX�SOXV�SUqV�GX�SXLWV�DX�WHPSV�W ���7RXV�OHV����Q°XGV�HQYRLHQW�GHV�SDTXHWV�
GXUDQW� OD�VLPXODWLRQ�DYHF�OD�PrPH�IUpTXHQFH�IL[pH�SDU�OH�SDUDPpWUDJH�GH�O¶DSSOLFDWLRQ�&%5�
�&RQVWDQW�%LW�5DWH��XWLOLVpH��3RXU�OHV�UpVXOWDWV�PRQWUpV�VXU�OD�ILJXUH������OD�SpULRGH�GH�IRUPDWLRQ�
GHV�SDTXHWV�HVW�IL[pH�j����VHFRQGHV�GH�PDQLqUH�j�rWUH�V�U�TXH�OH�GpELW�VRLW�ELHQ�LQIpULHXU�j�OD�
EDQGH� SDVVDQWH� GLVSRQLEOH�� 6XU� FHWWH� ILJXUH�� VHXOV� OHV� SDTXHWV� HQYR\pV� SDU� OH� Q°XG� �� VRQW�
REVHUYpV��PDLV�FHX[�GHV�DXWUHV�Q°XGV�RQW�GHV�GpODLV�VLPLODLUHV�DYHF�XQ�GpFDODJH�GDQV�OH�WHPSV�
GpSHQGDQW�GH�OHXU�SRVLWLRQ�UHODWLYH�VXU�OD�URXH��/HV�GHX[�FRXUEHV�GH�OD�)LJXUH�����PRQWUHQW�TXH�
OH�GpODL�HVW�GLUHFWHPHQW�OLp�DX�QRPEUH�GH�VDXWV�HQWUH�OD�VRXUFH�HW�OD�GHVWLQDWLRQ��UpVXOWDW�DWWHQGX��
/H�GpODL�HVW�GRQF�PLQLPDO�ORUVTX¶LO�Q¶\�D�TX¶XQ�VHXO�VDXW�F
HVW�j�GLUH�ORUVTXH�OH�FDSWHXU�PRELOH�
HVW�GDQV�OH�GLVTXH�GH�SURSDJDWLRQ�GX�SXLWV��&HFL�VH�SURGXLW�ORUVTXH�W�D�XQH�YDOHXU�SURFKH�GH���
RX�GH������RX�GH������VHFRQGHV��/H�GpODL�HVW�PD[LPDO�ORUVTXH�OH�Q°XG�HVW�VLWXp�OH�SOXV�ORLQ�
SRVVLEOH�GX�SXLWV��FH�TXL�VLJQLILH�DORUV�TXH�OH�SDTXHW�IDLW����VDXWV��/¶LQIOXHQFH�GX�PRGH�/3/�
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DSSDUDLW�ELHQ�VXU� OD� ILJXUH�SDU� OD�GLIIpUHQFH�HQWUH� OHV�GHX[�FRXUEHV� ��XQH�DYHF� OH�PRGH�/3/�
GpVDFWLYpH�SRXU�ODTXHOOH�OHV�GpODLV�UHVWHQW�LQIpULHXUV�j�TXHOTXHV�GL]DLQHV�GH�PLOOLVHFRQGHV�HW�XQH�
DYHF�OH�PRGH�/3/�DFWLYp�DYHF�XQ�LQWHUYDOOH�GH�WHVW�GH����PLOOLVHFRQGHV�SRXU�ODTXHOOH�OHV�GpODLV�
DWWHLJQHQW�SUqV�GH�����PLOOLVHFRQGHV��

/H�7DEOHDX�����&RPSDUDLVRQ�GHV�GpODLV�GH�ERXW�HQ�ERXW�GRQQH�XQH�DQDO\VH�VWDWLVWLTXH�GH�FH�
GpODL�G¶DFKHPLQHPHQW�GH�ERXW�HQ�ERXW�DYHF�OHV�YDOHXUV�PLQLPDOHV��PD[LPDOHV�HW�OHV�PR\HQQHV��
/HV�FRPSDUDLVRQV�VRQW�IDLWHV�QRQ�VHXOHPHQW�HQWUH�OHV�PRGHV�GX�SURWRFROH�%�0$&��PDLV�DXVVL�
DYHF�OHV�GHX[�DOJRULWKPHV�GH�URXWDJH��OD�VLPSOH�LQRQGDWLRQ�HW�OH�URXWDJH�JpRJUDSKLTXH�SURSRVp��
'DQV�WRXV�OHV�FDV�OH�GpODL�HVW�XQ�SHX�SOXV�IDLEOH�DYHF�OH�URXWDJH�SDU�LQRQGDWLRQ�TX¶DYHF�OH�URXWDJH�
SURSRVp��&HOD�V¶H[SOLTXH�SDU�OH�IDLW�TXH�OH�URXWDJH�SDU�LQRQGDWLRQ�HVW�SOXV�VLPSOH�TXH�OH�URXWDJH�
JpRJUDSKLTXH�HW�TX¶LO�QH�GHPDQGH�SDV�GH�IDLUH�GHV�WUDLWHPHQWV�DYDQW�G¶pPHWWUH�XQ�SDTXHW��0DLV�
OD�GLIIpUHQFH�HVW�IDLEOH��'¶DXWUH�SDUW�LO�IDXW�SUHQGUH�HQ�FRQVLGpUDWLRQ�OH�IDLW�TXH�OH�UpVHDX�VRLW�
SHX�FKDUJp�SXLVTXH�OD�SpULRGH�GH�IRUPDWLRQ�GHV�SDTXHWV�HVW�GH����VHFRQGHV��/D�GLIIpUHQFH�HQWUH�
OHV�YDOHXUV�REWHQXHV�HQ�DFWLYDQW�OH�PRGH�/3/�HW�FHOOHV�REWHQXHV�VDQV�O¶DFWLYHU�HVW�HQ�UHYDQFKH�
LPSRUWDQWH��/H�GpODL�HQ�PRGH�/3/�GpVDFWLYp�UHVWH�WRXMRXUV�IDLEOH�DYHF�XQH�YDOHXU�PD[LPDOH�GH�
���PV�HQYLURQ��

�
3URWRFROHV�%�0$&�HW�URXWDJH� 9DOHXU�PLQLPDOH�

�PV��
9DOHXU�PR\HQQH�

�PV��
9DOHXU�PD[LPDOH�

�PV��

/3/�GpVDFWLYp�HW�QRWUH�URXWDJH�
JpRJUDSKLTXH�

����� ������ ������

/3/�GpVDFWLYp�HW�LQRQGDWLRQ� ����� ������ ������

/3/�DFWLYp�HW�QRWUH�URXWDJH�
JpRJUDSKLTXH�

������ ������ �������

/3/�DFWLYp�HW�LQRQGDWLRQ� ������ ������ �������

7DEOHDX�����&RPSDUDLVRQ�GHV�GpODLV�GH�ERXW�HQ�ERXW�

7DX[�GH�SHUWH�GH�SDTXHWV�
/¶DSSOLFDWLRQ�&%5�TXL�JpQqUH�OHV�XQLWpV�GH�GRQQpHV�j�O¶RULJLQH�GH�OD�FUpDWLRQ�GHV�SDUTXHWV�

IRQFWLRQQH�DYHF�XQH�SpULRGH�DMXVWDEOH���3XLVTXH�QRXV�FRQVHUYRQV�XQH�WDLOOH�IL[H�GHV�XQLWpV�GH�
GRQQpHV��j����RFWHWV��OD�YDULDWLRQ�GH�OD�FKDUJH�GX�UpVHDX�HVW�REWHQXH�SDU�YDULDWLRQ�GH�OD�SpULRGH�
GH�O¶DSSOLFDWLRQ�&%5��/HV�VLPXODWLRQV�UpDOLVpHV�YLVHQW�j�PHVXUHU�OH�WDX[�GH�SHUWH�GHV�SDTXHWV�
HQ�IRQFWLRQ�GH�OD�SpULRGH�GH�O¶DSSOLFDWLRQ�&%5��(OOHV�RQW�pWp�UpDOLVpHV�DYHF�OHV�GHX[�SURWRFROHV�
GH�URXWDJH���OH�URXWDJH�SDU�LQRQGDWLRQ�HW�OH�URXWDJH�JpRJUDSKLTXH�SURSRVp��'DQV�OHV�GHX[�FDV��
OH�PRGH�/3/�GX�SURWRFROH�%�0$&�HVW�DFWLYp�DYHF�XQH�SpULRGH�GH�WHVW�GH����PV��/HV�UpVXOWDWV�
VRQW�SUpVHQWpV�VRXV�IRUPH�GH�FRXUEHV�VXU�OD�)LJXUH������&HV�UpVXOWDWV�PRQWUHQW�TXH�OHV�GHX[�
SURWRFROHV�VRQW�HIILFDFHV�WDQW�TXH�OD�SpULRGH�GH�JpQpUDWLRQ�GHV�SDTXHWV�HVW�VXSpULHXUH�j����V�
SXLVTXH�OH�WDX[�GH�SHUWH�GH�SDTXHWV�HVW�TXDVL�QXO��,O�HVW�HQ�IDLW�LQIpULHXU�j�����0DLV�TXDQG�OD�
SpULRGH�GH�JpQpUDWLRQ�GHV�SDUTXHWV�HVW�DMXVWpH�j�XQH�YDOHXU�HQ�GHVVRXV�GH����V��OH�WDX[�GH�SHUWH�
GH� SDUTXHWV� DXJPHQWH� EUXWDOHPHQW� GDQV� OH� FDV� GH� O¶XWLOLVDWLRQ� GX� URXWDJH� SDU� LQRQGDWLRQ��
/RUVTXH� OH� URXWDJH� JpRJUDSKLTXH� SURSRVp� HVW� XWLOLVp�� OH� WDX[� GH� SHUWH� GH� SDTXHWV� UHVWH�
LQVLJQLILDQW�HQ�GLPLQXDQW�OD�SpULRGH�GH�JpQpUDWLRQ�GHV�SDTXHWV�MXVTX¶j�XQH�YDOHXU�GH���V��&HV�
UpVXOWDWV� PRQWUHQW� TXH� OH� SURWRFROH� GH� URXWDJH� SURSRVp� SHUPHW� G¶DEDLVVHU�
VLJQLILFDWLYHPHQW� OH� VHXLO� GH� OD� YDOHXU�GH� OD�SpULRGH�G¶pFKDQWLOORQQDJH�GHV�PHVXUHV� SDU�
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UDSSRUW�j�O¶XVDJH�G¶XQ�URXWDJH�EDVLTXH�SDU�LQRQGDWLRQ��'HV�SKpQRPqQHV�j�OD�G\QDPLTXH�SOXV�
UDSLGH�SHXYHQW�GRQF�rWUH�VXUYHLOOpV��

�
)LJXUH�����7DX[�GH�SHUWH�GH�SDUTXHWV�HQ�IRQFWLRQ�GH�OHXU�SpULRGH�GH�JpQpUDWLRQ�

,O�HVW�LPSRUWDQW�GH�FRQQDLWUH�OD�SOXV�SHWLWH�SpULRGH�G¶pFKDQWLOORQQDJH�TXH�FHWWH�DUFKLWHFWXUH�
GH� UpVHDX[� GH� FDSWHXUV� SHUPHW� GH� VXSSRUWHU�� (Q� HIIHW� FHWWH� YDOHXU� GRQQH� OD� SOXV� JUDQGH�
G\QDPLTXH�REVHUYDEOH�SDU�OH�V\VWqPH�GH�VXUYHLOODQFH�GDQV�OHTXHO�FHWWH�DUFKLWHFWXUH�V¶LQVqUH��
5DSSHORQV�TXH�FHWWH� DUFKLWHFWXUH� FRPSRUWH����Q°XGV�TXL�JpQqUHQW� WRXV� GHV�SDTXHWV� DYHF� OD�
PrPH�SpULRGH���

'HV� VLPXODWLRQV�RQW�pWp� UpDOLVpHV� DYHF�TXDWUH� UpJODJHV�GX�SURWRFROH�%�0$&���PRGH�/3/�
GpVDFWLYp�GRQF�UDGLR�WRXMRXUV�DFWLYH��PRGH�/3/�DYHF�LQWHUYDOOH�GH�WHVW�GH�FDQDO�pJDO�j����PV��
SXLV����PV�SXLV����PV��3RXU�FKDFXQ�GH�FHV�FDV��GHV�HVVDLV�RQW�pWp�IDLW�HQ�PRGLILDQW�OD�SpULRGH�
G¶pFKDQWLOORQQDJH� HW� HQ� PHVXUDQW� OH� WDX[� GH� SHUWH� GHV� SDTXHWV�� /H� SURWRFROH� JpRJUDSKLTXH�
SURSRVp�HVW�WRXMRXUV�XWLOLVp��/D�SpULRGH�D�pWp�DEDLVVpH�WDQW�TXH�OH�WDX[�GH�SHUWH�UHVWDLW�LQIpULHXU�
j�����/HV�OLPLWHV�EDVVHV�GHV�SpULRGHV�G¶pFKDQWLOORQQDJH�DYHF�XQ�ERQ�IRQFWLRQQHPHQW��F
HVW�j�
GLUH�XQ�WDX[�GH�SHUWH�GH�SDTXHWV�LQIpULHXU�j�����VRQW�GRQQpHV�GDQV�OH�7DEOHDX������/D�OLPLWH�
EDVVH�DEVROXH�HVW�GRQF�GH�����PV��HOOH�HVW�REWHQXH�QDWXUHOOHPHQW�DYHF�OH�PRGH�/3/�GpVDFWLYp��

&HV� H[SpULPHQWDWLRQV� FRQILUPHQW� TXH� OH� PRGH� /3/� Q¶HVW� SDV� DGpTXDW� SRXU� GHV� IDLEOHV�
SpULRGHV�G¶pFKDQWLOORQQDJH��

�

Réglage de B-MAC Période  minimale  d’échantillonnage 

LPL désactivé 175 ms 

LPL activé, période de test de 10 ms 1,350 s 

LPL activé, période de test de 20 ms 2,450 s 

LPL activé, période de test de 50 ms 5,850 s 

7DEOHDX�����3pULRGH�PLQLPDOH�G¶pFKDQWLOORQQDJH�SRXU�GLIIpUHQWV�UpJODJHV�GH�%�0$&�
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��� &RQFOXVLRQ�
/D� WRSRORJLH� GX� UpVHDX� GH� FDSWHXUV� DYHF� UHODLV� HPEDUTXpV� D� pWp� pWXGLpH� HQ� GpWDLO�� 8Q�

SURWRFROH� GH� URXWDJH� DGDSWp� D� pWp� GpYHORSSp� HQ� V¶DSSX\DQW� VXU� OH� SULQFLSH� GX� URXWDJH�
JpRJUDSKLTXH��&H�SURWRFROH�XWLOLVH�GHX[�SDUDPqWUHV�OLpV�DX�PRXYHPHQW�GX�PRELOH���VD�SRVLWLRQ�
HW�VD�YLWHVVH��/H�SDUDPqWUH�YLWHVVH�SHXW�rWUH�QpJOLJp�GDQV�OH�FDV�JpQpUDO�R��HOOH�HVW�IDLEOH� HQ�
UHJDUG� GH� OD� YLWHVVH� GH� WUDQVPLVVLRQ� GHV� SDTXHWV�� /D� ORFDOLVDWLRQ� D� pWp� FRQVLGpUpH� FRPPH�
H[LVWDQWH��PDLV�DXFXQH�VROXWLRQ�SDUWLFXOLqUH�Q¶D�pWp�SULYLOpJLpH���

/HV�WHVWV�GH�SHUIRUPDQFH�RQW�pWp�UpDOLVpV�SDU�VLPXODWLRQ�HQ�V¶DSSX\DQW�VXU�XQ�GpSORLHPHQW�
YLUWXHO� VXU� OD� JUDQGH� URXH� GH� 6LQJDSRXU�� /H� SURWRFROH�%�0$&� D� pWp� XWLOLVp� SRXU�PHWWUH� HQ�
pYLGHQFH� O¶LQIOXHQFH� GH� SpULRGHV� GH� VRPPHLO� VXU� OHV� SHUIRUPDQFHV�� &HWWH� LQIOXHQFH� HVW�
LPSRUWDQWH� HW� O¶XWLOLVDWLRQ� GH� WHOOHV� SpULRGHV� Q¶HVW� SRVVLEOH� TXH� SRXU� OD� VXUYHLOODQFH� GH�
SKpQRPqQHV� SHX� G\QDPLTXHV�� (Q�PRGH� VDQV� VRPPHLO�� pTXLYDOHQW� DX� SURWRFROH� &60$�&$�
FODVVLTXH�� OHV� UpVXOWDWV� H[SpULPHQWDX[� PRQWUHQW� TXH� OD� SpULRGH� PLQLPDOH� G¶DFTXLVLWLRQ� GH�
GRQQpHV� VXU� OHV� ��� QDFHOOHV� VLPXOWDQpPHQW� HVW� VXIILVDPPHQW� IDLEOH� SRXU� VXUYHLOOHU� GHV��
SKpQRPqQHV�DVVH]�G\QDPLTXHV��/H�SURWRFROH�GH�URXWDJH�JpRJUDSKLTXH�SHUPHW�G¶DEDLVVHU�FHWWH�
YDOHXU�SDU�UDSSRUW�j�O¶XWLOLVDWLRQ�G¶XQ�URXWDJH�EDVLTXH�SDU�LQRQGDWLRQ��&HWWH�SpULRGH�PLQLPDOH�
GH�ERQ�IRQFWLRQQHPHQW��TXDOLILFDWLRQ�GRQQpH�DX�UpVHDX�SRXU�XQ�WDX[�GH�SHUWH�GH�SDTXHW�LQIpULHXU�
j�����HVW�QHWWHPHQW�PHLOOHXUH�TXH�FHOOH�REWHQXH�DYHF�XQH�WRSRORJLH�EDVpH�VXU�GHV�UHODLV�IL[HV�
pWXGLpH�GDQV�OH�FKDSLWUH�SUpFpGHQW��'H�SOXV��FHOOH�VROXWLRQ�Q¶XWLOLVH�DXFXQ�Q°XG�VXSSOpPHQWDLUH��
OH� UHOD\DJH� GHV� SDTXHWV� pWDQW� DVVXUp� SDU� OHV� Q°XGV� FDSWHXUV� HX[�PrPHV�� /H� GpODL�PD[LPDO�
G¶DFKHPLQHPHQW� HVW� pJDOHPHQW� WUqV� LQIpULHXU� HW� LO� HVW� WRWDOHPHQW� FRPSDWLEOH� DYHF� XQH�
VXUYHLOODQFH�HQ�OLJQH��(Q�FRQFOXVLRQ�FHWWH�VROXWLRQ�HVW�WUqV�ELHQ�DGDSWpH�SRXU�GHV�V\VWqPHV�GH�
W\SH�7&�6'� �7UDMHFWRLUH�&LUFXODLUH� ±�6\VWqPH�'LVWULEXp�� RX�7&�60� �WUDMHFWRLUH�&LUFXODLUH�
6\VWqPH�0RQROLWKLTXH��� FDU� HOOH� QRQ� VHXOHPHQW� IDFLOH� HW� pFRQRPLTXH� j� GpSOR\HU��PDLV� HOOH�
GpOLYUH�DXVVL�XQH�ERQQH�TXDOLWp�GH�VHUYLFH��(OOH�GHYUDLW�rWUH�SHUIRUPDQWH�SRXU�WRXV�OHV�V\VWqPHV�
GLVWULEXpV�SRXU�OHVTXHOV�OD�GLVWDQFH�HQWUH�OHV�PRGXOHV�HVW�LQIpULHXUH�j�OD�SRUWpH�UDGLR�GHV�Q°XGV��
TXHOTXH�VRLW�OD�WUDMHFWRLUH��/D�WHQXH�DX�IDFWHXU�G¶pFKHOOH�GRLW�WRXWHIRLV�rWUH�pWXGLpH��SDU�H[HPSOH�
SRXU�GHV�V\VWqPHV�FRPPH�GH�JUDQGV�WpOpVLqJHV��

�

�8QH�DPpOLRUDWLRQ�SRVVLEOH�GHV�SHUIRUPDQFHV�SRXUUDLW�rWUH�REWHQXH�SDU�DJUpJDWLRQ�GH�SDTXHWV��
$YHF�FHWWH�DUFKLWHFWXUH�HW�ORUVTXH�WRXV�OHV�FDSWHXUV�VRQW�DFWLIV��XQH�DJUpJDWLRQ�VXFFHVVLYH�GHV�
SDTXHWV� WUDYHUVDQW� OHV�Q°XGV�VHUDLW�FHUWDLQHPHQW�HIILFDFH��(Q�VXSSRVDQW�XQH�V\QFKURQLVDWLRQ�
GHV�PHVXUHV� VXU� WRXV� OHV�Q°XGV�� OH�Q°XG� OH�SOXV� pORLJQp�GX�Q°XG� UHODLV� LQWHUIDFH�SUHQGUDLW�
O¶LQLWLDWLYH�GH�O¶HQYRL�G¶XQ�SDTXHW�DYHF�VHV�GRQQpHV�DX�Q°XG�YRLVLQ�GDQV�OD�GLUHFWLRQ�GX�Q°XG�
UHODLV�SDU�OD�URXWH�OD�SOXV�FRXUWH��&H�Q°XG�YRLVLQ�DMRXWHUDLW�VHV�GRQQpHV�DX�SDTXHW�UHoX�DYDQW�GH�
O¶HQYR\HU�j�VRQ�YRLVLQ�WRXMRXUV�GDQV�OD�GLUHFWLRQ�GX�UHODLV�LQWHUIDFH��HW�DLQVL�GH�VXLWH��&RPSWH�
WHQX�GH�OD�WDLOOH�PD[LPDOH�GH�OD�WUDPH�GX�SURWRFROH�����������F
HVW�j�GLUH�����RFWHWV��GH�OD�WDLOOH�
GH�FKDTXH�GRQQpH�IL[pH�GDQV�OH�VFpQDULR�XWLOLVp�j����RFWHWV��GH�O¶HQWrWH�SRXU�O¶DGUHVVDJH�HW�GH�OD�
WHUPLQDLVRQ�SRXU�OD�FOp�GH�YpULILFDWLRQ����SDTXHWV�VXFFHVVLIV�SHXYHQW�rWUH�DJUpJpV��&H�SURFpGp�
DOOpJHUDLW� OH�QRPEUH�GH�SDTXHWV�j�SUR[LPLWp�GX�SXLWV�� OH�JRXORW�G¶pWUDQJOHPHQW�GX� UpVHDX�� ,O�
FRPSOLTXHUDLW� VLJQLILFDWLYHPHQW� OH� SURWRFROH� GH� IRUPDWLRQ� HW� GH� WUDQVPLVVLRQ� GHV� SDTXHWV�
SXLVTXH�FHOXL�FL�GRLW�WHQLU�FRPSWH�GH�OD�SRVLWLRQ�LQVWDQWDQpH�GX�Q°XG��/H�WHVW�G¶XQ�WHO�SURFpGp�
IDLW�SDUWLH�GHV�SHUVSHFWLYHV�GX�WUDYDLO�DSUqV�FHWWH�WKqVH��
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&KDSLWUH���� ([SpULPHQWDWLRQ�VXU�XQ�VLWH�LQGXVWULHO�
 

��� ,QWURGXFWLRQ�������������������������������������������������������������������������������������������������������������� 

��� /D�FKDLQH�GH�SHLQWXUH����������������������������������������������������������������������������������������������� 

��� 7RSRORJLH�GpSOR\pH�������������������������������������������������������������������������������������������������� 

��� 0pWKRGRORJLH�GH�ORFDOLVDWLRQ�j�EDVH�GX�566,���������������������������������������������������������� 

����� /H�PRELOH�VH�SUHQG�HQ�FKDUJH�SRXU�VH�ORFDOLVHU����������������������������������������������� 

����� /H�FDOFXO�GH�OD�SRVLWLRQ�VH�IDLW�VXU�XQ�VHUYHXU�SDU�UpVHDX�GH�QHXURQHV�DUWLILFLHO
� �� 

������� ,QWURGXFWLRQ�������������������������������������������������������������������������������������������������� 

������� /H�UpVHDX�GH�QHXURQHV���������������������������������������������������������������������������������� 

������� /D�SKDVH�G¶DSSUHQWLVVDJH����������������������������������������������������������������������������� 

������� 0LVH�HQ�°XYUH���������������������������������������������������������������������������������������������� 

��������� )RUPDWLRQ�GH�OD�FDUWH�G¶HPSUHLQWHV�������������������������������������������������������� 

��������� 3DUDPpWUDJH�GX�UpVHDX�GH�QHXURQHV������������������������������������������������������� 

��� ([SpULHQFH�HW�UpVXOWDWV��������������������������������������������������������������������������������������������� 

����� 5pVXOWDWV�GHV�GHX[�DSSURFKHV���WULDQJXODWLRQ�HW�UpVHDX[�GH�QHXURQH��������������� 

����� 3URMHFWLRQ�VXU�OD�WUDMHFWRLUH����������������������������������������������������������������������������� 

��� &RQFOXVLRQ��������������������������������������������������������������������������������������������������������������� 
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��� ,QWURGXFWLRQ�
'DQV�OH�EXW�GH�YpULILHU�QRV�K\SRWKqVHV�HW�QRV�UpVXOWDWV��WKpRULTXHV�HW�REWHQXV�SDU�VLPXODWLRQ��

M¶DL�FKHUFKp�j�UpDOLVHU�XQH�H[SpULPHQWDWLRQ�HQ�YUDLH�JUDQGHXU�VXU�XQ�VLWH�LQGXVWULHO��-¶DL�REWHQX�
O¶DXWRULVDWLRQ� GH� UpDOLVHU� GHV� H[SpULPHQWDWLRQV� VXU� XQH� FKDLQH� GH� SHLQWXUH� GH� O¶HQWUHSULVH�
,QJHOHF��VLWXpH�GDQV�OD�FDSLWDOH�pFRQRPLTXH�GX�0DURF��&DVDEODQFD��,QJHOHF�HVW�DXMRXUG¶KXL�OH�
OHDGHU�LQFRQWHVWp�GH�O¶DSSDUHLOODJH�pOHFWULTXH�EDVVH�WHQVLRQ�DX�0DURF�HW�HQ�$IULTXH�IUDQFRSKRQH��

'DQV�FH�TX¶RQ�D�YX�MXVTX¶j�PDLQWHQDQW��RQ�UHPDUTXH�TXH�OD�ORFDOLVDWLRQ�GX�PRELOH�HVW�XQH�
IRQFWLRQ�SULPRUGLDOH�WDQW�SRXU�OH�IRQFWLRQQHPHQW�GX�UpVHDX�TXH�SRXU�FDUDFWpULVHU�OHV�GRQQpHV�
FDSWpHV��F¶HVW�SRXU�FHWWH�UDLVRQ�TXH�QRXV�DOORQV�IRFDOLVHU�QRV�H[SpULHQFHV�VXU�OD�ORFDOLVDWLRQ��DILQ�
GH�GpWHUPLQHU�GDQV�XQ�FDV�UpHO�OD�PHLOOHXU�DSSURFKH�j�DGRSWHU�SRXU�XQ�ERQ�IRQFWLRQQHPHQW�GX�
UpVHDX��/¶LQVWUXPHQWDWLRQ�VHUD�G¶DERUG�SUpVHQWpH�DYHF�OD�WRSRORJLH�UHWHQXH�SRXU�OH�UpVHDX�GH�
FDSWHXUV�� 3XLV� OHV� PHVXUHV� VHURQW� SUpVHQWpHV� DLQVL� TXH� OHXU� WUDLWHPHQW�� /HV� UpVXOWDWV� GH�
ORFDOLVDWLRQ�REWHQXV�VRQW�HQVXLWH�GLVFXWpV��

��� /D�FKDLQH�GH�SHLQWXUH�
/D�PDFKLQH�FLEOH� �HVW�XQH�FKDLQH�GH�SHLQWXUH�FRQVWUXLWH�DXWRXU�G¶XQ�FRQYR\HXU�SDV�j�SDV�

UHSUpVHQWp� VXU� OD�)LJXUH� �����1RXV�DYRQV�SURILWp�GH� O¶DUUrW� GH� OD�PDFKLQH�SRXU�PDLQWHQDQFH�
SUpYHQWLYH�HW�VXUWRXW�GH�O¶DUUrW�GX�WXQQHO�GH�FXLVVRQ�SRXU�IDLUH�GHV�H[SpULHQFHV��¬�QRWHU�TX¶LO�
IDXGUDLW�WURXYHU�XQH�VROXWLRQ�GH�SURWHFWLRQ�WKHUPLTXH�GHV�Q°XGV�FDSWHXUV�PRELOHV�SRXU�SRXYRLU�
GRWHU�FH�W\SH�GH�PDFKLQH�GX�V\VWqPH�GH�PHVXUH�SURSRVp��

/D�PDFKLQH�FRXYUH�XQ�HVSDFH�GH�����P���'������P�HW�(�����P���/D�YLWHVVH�GX�FRQYR\HXU�
SHXW�DWWHLQGUH��P�V��'¶DSUqV�OD�QRWLFH�WHFKQLTXH�GH�OD�PDFKLQH��OD�YLWHVVH�PR\HQQH�QRPLQDOH�GH�
IRQFWLRQQHPHQW�HVW�GH����P�PLQ��/D�PDFKLQH�IRQFWLRQQH�VRLW�HQ�PRGH�FRQWLQX�VRLW�HQ�PRGH�SDV�
j�SDV��DLQVL�OH�SDV�HVW�UpJODEOH�HQ�IRQFWLRQ�GH�OD�SLqFH�j�WUDLWHU��1RXV�DOORQV�XWLOLVHU��FHWWH�YLWHVVH�
SRXU�pWXGLHU�OHV�SHUIRUPDQFHV�GHV�GHX[�DSSURFKHV�GH�ORFDOLVDWLRQ�SURSRVpHV�GDQV�OH�FDGUH�GH�
QRWUH�WKqVH��

�
)LJXUH�����&KDLQH�GH�SHLQWXUH�DYHF�FRQYR\HXU�

�������������������������������������������������
4 http://www.ingelec.com 

����&RQYR\HXU�DpULHQ�DXWRPDWLTXH��

���=RQH�GH�FKDUJHPHQW��GpFKDUJHPHQW��

����7XQQHO�GH�ODYDJH��

����7XQQHO�GH�VpFKDJH��

����&DELQH�GH�SHLQWXUH��

����7XQQHO�GH�GpVROYDWDWLRQ��

����&DELQH�GH�SHLQWXUH��

����7XQQHO�GH�GpVROYDWDWLRQ��

����7XQQHO�GH�FXLVVRQ��
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���

�

¬�QRWHU�TXH�VXU�OH�SXSLWUH�GH�OD�PDFKLQH�RQ�SHXW�FRQQDLWUH�OD�SRVLWLRQ�G¶XQH�SLqFH��DX�QLYHDX�
GX�FRQYR\HXU��OH�SURJUDPPH�GH�O¶DXWRPDWH�TXL�JqUH�OD�PDFKLQH�XWLOLVH�OHV�LQIRUPDWLRQV�LVVXHV�
G¶XQ�HQFRGHXU�SRXU� ORFDOLVHU� � O¶REMHW� HW�SRXU�PHVXUHU�HW� IL[HU� OD�YDOHXU�GX�SDV��1RXV�DOORQV�
H[SORLWHU�OD�SRVLWLRQ�LQGLTXpH�SDU�O¶DXWRPDWH�SRXU�OHV�GHX[�DSSURFKHV�WUDLWpHV�GDQV�FH�FKDSLWUH����

�'DQV� OD�VXLWH�GH�FH�FKDSLWUH��QRXV�DOORQV�H[SOLTXHU� OD�GpPDUFKH�VXLYLH�SRXU�GpSOR\HU� OHV�
Q°XGV� UHODLV�� GRQW� OH� EXW� HVW� G¶DVVXUHU� OD� FRXYHUWXUH� WRWDOH� GH� OD� WUDMHFWRLUH� HW� JDUDQWLU� XQH�
PHLOOHXUH�ORFDOLVDWLRQ��

��� �7RSRORJLH�GpSOR\pH�
1RWUH�EXW�pWDQW�G¶XWLOLVHU�XQH�ORFDOLVDWLRQ�j�SDUWLU�GX�VLJQDO�pPLV�SDU�GHV�DQFUHV��QRXV�DYRQV�

FKRLVL�XQH�WRSRORJLH�GX�UpVHDX�GH�FDSWHXUV�PHWWDQW�HQ�°XYUH�GHV�UHODLV�IL[HV��WHOOH�TXH�GpFULWH�
DX�FKDSLWUH����0DLV�OH�QRPEUH�GH�Q°XGV�UHODLV�IL[HV�QpFHVVDLUHV�DX�ERQ�IRQFWLRQQHPHQW�GH�OD�
FRPPXQLFDWLRQ� GDQV� OH� UpVHDX� GH� FDSWHXU� HVW� IDLEOH�� LFL� XQ� VHXO� Q°XG� VXIILW� HQ� SODoDQW�
FRUUHFWHPHQW� OH�SXLWV��&RPPH�LQGLTXp�GDQV� OH�FKDSLWUH���� LO� IDXW�DX�PRLQV� WURLV�DQFUHV�SRXU�
ORFDOLVHU�OH�PRELOH�j�SDUWLU�GH�OD�PHVXUH�GHV�VLJQDX[�TX¶HOOHV�pPHWWHQW��$�QRWHU�TXH�GHX[�DQFUHV�
VRQW�VXIILVDQW�VL�RQ�H[SORLWH�QRWUH�FRQQDLVVDQFH�GH� OD� WUDMHFWRLUH��&HWWH�QpFHVVLWp�D�FRQGXLW�j�
SODFHU���Q°XGV�IL[HV��GRQW� OH�SXLWV��FRPPH�OH�PRQWUH�OD�ILJXUH������HQ�XWLOLVDQW�XQ�UD\RQ�GH�
FRPPXQLFDWLRQ�GH����P���

/HV�SUHPLHUV�Q°XGV�IL[HV�SODFpV�VRQW�FHX[�TXL�MRXHQW�OH�U{OH�GH�SXLWV�HW�GH�UHODLV��/H�SXLWV�
HVW� OH� Q°XG� LGHQWLILp� SDU� OH� QXPpUR� ��� 'HX[� Q°XGV� UHODLV� VRQW� QpFHVVDLUHV� SRXU� OD�
FRPPXQLFDWLRQ��LOV�VRQW�LGHQWLILpV�SDU�OHV�QXPpURV���HW�����

'HV�DQFUHV�GRLYHQW�rWUH�GpSOR\pHV�WHO�TXH�OH�PRELOH�VRLW�WRXMRXUV�j�O¶LQWpULHXU�GX�UD\RQ�GH�
FRPPXQLFDWLRQ�GH�WURLV�G¶HQWUH�HOOHV�DX�PLQLPXP��/HV���Q°XGV�QXPpURWpV�GH���j���MRXHQW�FH�
U{OH��,OV�SHUPHWWHQW�DX�Q°XG�PRELOH�G¶DOLPHQWHU�OD�EDVH�GH�GRQQpHV�GH�OD�FDUWH�G¶HPSUHLQWHV��

�
)LJXUH�����OD�SRVLWLRQ�GHV�Q°XGV�UHODLV�HW�DQFUHV�

�
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���

�

��� 0pWKRGRORJLH�GH�ORFDOLVDWLRQ�j�EDVH�GX�566,�
/D� ORFDOLVDWLRQ� j� O¶DLGH� GH�PHVXUHV� GX�566,� HVW� FRPPH� LQGLTXp� GDQV� O¶pWDW� GH� O¶DUW� XQH�

PpWKRGH�SUDWLTXH�HW�SHX�FR�WHXVH�j�GpIDXW�G¶rWUH�WUqV�SUpFLVH��&¶HVW�FHOOH�TXH�QRXV�DYRQV�UHWHQXH�
SRXU� QRWUH� H[SpULPHQWDWLRQ�� 8Q� VHXO� Q°XG� PRELOH� HVW� XWLOLVp�� FH� TXL� pYLWH� XQH� SDUWLH� GHV�
SUREOqPHV�GH�FROOLVLRQ�GH�PHVVDJHV�XWLOHV�j�OD�ORFDOLVDWLRQ���3RXU�UDSSHO��OD�ORFDOLVDWLRQ�j�O¶DLGH�
GX�566,�SHXW�rWUH�UpDOLVpH�GLUHFWHPHQW�VXU�OH�Q°XG�PRELOH�RX�rWUH�VRXV�WUDLWpH�j�XQ�VHUYHXU�TXL�
OXL�HQYHUUD�HQ�UHWRXU�OH�UpVXOWDW��1RXV�DYRQV�FKHUFKp�j�FRPSDUHU�OHV�GHX[�VROXWLRQV���

����� /H�PRELOH�VH�SUHQG�HQ�FKDUJH�SRXU�VH�ORFDOLVHU�

'DQV� FH� FDV�� OH� Q°XG� PRELOH� FDOFXOH� GLUHFWHPHQW� VD� SRVLWLRQ� DYHF� OD� WHFKQLTXH� GH�
WULDQJXODWLRQ��j�SDUWLU�GHV�PHVXUHV�566,�� ,O�HVW�HQ�HIIHW� LPSRVVLEOH�G¶LQVWDOOHU�VXU�OH�Q°XG�OH�
SURJUDPPH�TXL�WUDLWH�XQH�EDVH�GH�GRQQpHV�GH�PHVXUHV�SUpDODEOHV�GHV�HPSUHLQWHV�TXL�VHUD�DXVVL�
JUHIIpH�VXU�OD�PpPRLUH�GX�Q°XG��&HFL�HQ�UDLVRQ�G¶XQH�SDUW�GH�OD�IUpTXHQFH�GH�IRQFWLRQQHPHQW�
GX�PLFURFRQWU{OHXU�GH� W\SH�$WPHO�$YU�$WPHJD����/���TX¶HVW� VHXOHPHQW�GH����0K]�VXU�QRV�
Q°XGV�GH�W\SH�0LFD=�HW�TXL�LQGXLW�GRQF�GH�ORQJV�WHPSV�G¶H[pFXWLRQ�GX�SURJUDPPH��'¶DXWUH�
SDUW�HQ�UDLVRQ�GH�OD�WDLOOH�PpPRLUH�GLVSRQLEOH��OHV�Q°XGV�GpSOR\pV�GDQV�QRV�H[SpULHQFHV�RQW�XQH�
FDSDFLWp�GH�VWRFNDJH�WUqV�OLPLWpH������.R�((3520�HW���.R�GH�5$0����/¶HPSUHLQWH�VH�FRPSRVH�
GH���RFWHWV�SRXU�OHV�FRRUGRQQpHV����FRRUGRQQpHV�IRLV���RFWHWV�SDU�FRRUGRQQpH��HW����RFWHWV�SRXU�
OD�PHVXUH�566,����DQFUHV�IRLV���RFWHWV�SRXU�OH�566,�GH�FKDTXH�DQFUH���VRLW�XQ�WRWDO�GH����RFWHWV�
SDU�HPSUHLQWH��/H�V\VWqPH�G¶H[SORLWDWLRQ�HW�OH�FRGH�GX�SURJUDPPH�RQW�XQH�WDLOOH�GH����NRFWHWV��
���NRFWHWV�SRXU�OH�V\VWqPH�G¶H[SORLWDWLRQ��ODLVVDQW����NRFWHWV�GH�PpPRLUH�SRXU�VWRFNHU�XQH�EDVH�
GH�GRQQpHV�GH�VLJQDWXUHV�GH�UpIpUHQFH�GH�WDLOOH�������VLJQDWXUHV��FH�TXL�HVW�GHYUDLW�rWUH�MXVWH�
VXIILVDQW�SRXU�QRWUH�FDV�SXLVTXH�QRXV�DYRQV�EHVRLQ�GH������VLJQDWXUHV��0DLV�FH�Q¶HVW�SDV�OH�FDV�
JpQpUDO�HW�OH�SUREOqPH�GH�WHPSV�G¶H[pFXWLRQ�UHVWH�HQWLHU��

/H�Q°XG�PRELOH��j�FKDTXH�DUUrW�GH�OD�FKDLQH�GpWHFWp�SDU�OH�ELDLV�GH�O¶DFFpOpURPqWUH�LQWpJUp�
DX�QLYHDX�GH�QRWUH�Q°XG��HQYRLH�XQ�SDTXHW�+(//2�HQ�EURDGFDVW��/H�SDTXHW�HVW�FRQVWLWXp�G
XQ�
WXSOH� GH� OD� IRUPH��6RXUFH,'��SRZHU7[!�� 6RXUFH,'�HVW� O
LGHQWLILDQW� GX� Q°XG� PRELOH��
HW�SRZHU7[�HVW�OH�QLYHDX�GH�SXLVVDQFH�GH�WUDQVPLVVLRQ�XWLOLVp�SRXU�GLIIXVHU�OH�PHVVDJH��/H�Q°XG�
PRELOH�pFRXWH�SHQGDQW�XQH�FHUWDLQH�SpULRGH�GH�WHPSV�SRXU�DFTXpULU�OHV�UpSRQVHV�GHV�DQFUHV�TXL�
VRQW� VRXV� OD� IRUPH� �6RXUFH,'�� [�� \�� G!�� 6RXUFH,'� HVW� O
LGHQWLILDQW� GH� O¶DQFUH�� [� HW� \� OHV�
FRUGRQQpHV�GH�O¶DQFUH��HW�G�OD�GLVWDQFH�TXL�VpSDUH�O¶DQFUH�HW�OH�PRELOH��&HWWH�GLVWDQFH�HVW�FDOFXOpH�
SDU� O¶DQFUH� VXU� OD� WUDPH�+(//2� UHoXH� DILQ� G¶DOOpJHU� WUDLWHPHQW� VXU� PRELOH�� HQ� XWLOLVDQW� OD�
IRUPXOH���������

� 𝑃ோ = 𝑃் − 10𝑙𝑜𝑔(𝐷) + 𝑋ఙ�
�

������

$YHF�37�OD�SXLVVDQFH�GX�VLJQDO�WUDQVPLVH�HQ�IRQFWLRQ�GX�JDLQ�GH�O¶DQWHQQH�GHV�Q°XGV��Ș�HVW�
OD�FRQVWDQWH�G
DWWpQXDWLRQ� �SDU�H[HPSOH����RX����GpSHQG�GX�PLOLHX�GH�GpSORLHPHQW��HW�;� OH�
IDFWHXU�G
LQFHUWLWXGH�GXH�DX[�WUDMHWV�PXOWLSOHV�HW�j�O¶RPEUDJH��'HSXLV�OD�SXLVVDQFH�G
pPLVVLRQ�GX�
SDTXHW��OD�SXLVVDQFH�37�HVW�IL[pH�HW�FRQQXH�SDU�OHV�UpFHSWHXUV��OD�UpFHSWLRQ�GH�OD�IRUFH�GX�VLJQDO�
SHXW� rWUH� XWLOLVpH� SRXU� HVWLPHU� OD� GLVWDQFH� DYHF� XQH� HUUHXU� SURSRUWLRQQHOOH� DX� IDFWHXU�
G
LQFHUWLWXGH�;��HW�O
HUUHXU�GH�PHVXUH�566,��

�������������������������������������������������
5http:// www.atmel.com/Images/doc2467.pdf 
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2Q�UHPDUTXH�TXH�OD�GHUQLqUH�SDUWLH�GRLW�LQFOXUH�DXVVL�OHV�DXWUHV�PpFDQLVPHV�GH�SURSDJDWLRQ�
WHO�TXH�OD�UpIOH[LRQ��OD�UpIUDFWLRQ��OD�GLIIXVLRQ��HWF��OH�SDUDPqWUH��;�D�pWp�FDOLEUp�SUDWLTXHPHQW��

�

�
)LJXUH�����7ULDQJXODWLRQ�SRXU�XQ�Q°XG���=RQH�G¶LQWHUVHFWLRQ�

/H�Q°XG�PRELOH�GLVSRVH�DLQVL�GHV�FRUGRQQpHV�GHV�DQFUHV�TXL�RQW�GRQQp�XQH�VXLWH�j�VD�UHTXrWH�
HW�������SHUPHW�GH�PHWWUH�HQ�UHODWLRQ�OHV�GLIIpUHQWHV�SDUDPqWUHV�PHVXUpHV��

�

� (𝑥ଵ   − 𝑥)ଶ + (𝑦ଵ   − 𝑦)ଶ = 𝑑ଵଶ      �

(𝑥ଶ   − 𝑥)ଶ + (𝑦ଶ   − 𝑦)ଶ = 𝑑ଶଶ      �

(𝑥ଷ   − 𝑥)ଶ + (𝑦ଷ   − 𝑦)ଶ = 𝑑ଷଶ      �
�

�

������

� � �

3RXU�FDOFXOHU�O¶LQWHUVHFWLRQ�GHV�WURLV�FHUFOHV��RQ�GRLW�UpVRXGUH�OH�V\VWqPH�������GH�FHWWH�IDoRQ���
VRXVWUDLUH�OD�WURLVLqPH�pTXDWLRQ�j�OD�GHX[LqPH�HW�VRXVWUDLUH�OD�WURLVLqPH�pTXDWLRQ�j�OD�SUHPLqUH�
FH�TXL�GRQQH���

� (𝑥   − 𝑥ଵ)ଶ + (𝑥 − 𝑥ଷ)ଶ + (𝑦 − 𝑦ଵ)ଶ + (𝑦 − 𝑦ଷ)ଶ = 𝑑ଵଶ   −  𝑑ଷଶ�

    (𝑥   − 𝑥ଶ)ଶ + (𝑥 − 𝑥ଷ)ଶ + (𝑦 − 𝑦ଶ)ଶ + (𝑦 − 𝑦ଷ)ଶ = 𝑑ଶଶ   −  𝑑ଷଶ�
�

�

������

2Q�GpYHORSSDQW�OH�V\VWqPH�������RQ�WURXYH�DORUV���

� 2𝑥(𝑥ଷ −   𝑥ଵ) + 2𝑦(𝑦ଷ − 𝑦ଵ) = 𝑑ଵଶ   −   𝑑ଷଶ + 𝑥ଷଶ − 𝑥ଵଶ + 𝑦ଷଶ − 𝑦ଵଶ�

2𝑥(𝑥ଷ −   𝑥ଶ) + 2𝑦(𝑦ଷ − 𝑦ଶ) = 𝑑ଶଶ   −  𝑑ଷଶ + 𝑥ଷଶ − 𝑥ଶଶ + 𝑦ଷଶ − 𝑦ଶଶ�

    �
�

�

������
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2Q�D�GRQF�XQ�V\VWqPH�GH�GHX[�pTXDWLRQV�D�GHX[�LQFRQQXHV��/¶pTXDWLRQ�SHUPHW�DX�PRELOH�
G¶HVWLPHU�VD�SRVLWLRQ�(𝑥  , 𝑦)�

�
2 ቂ
𝑥ଷ   − 𝑥ଵ 𝑦ଷ − 𝑦ଵ
𝑥ଷ − 𝑥ଶ 𝑦ଷ − 𝑦ଶቃ ቂ

𝑥
𝑦ቃ = ቈ

(𝑑ଵଶ − 𝑑ଷଶ) − (𝑥ଵଶ − 𝑥ଷଶ) − (𝑦ଵଶ − 𝑦ଷଶ)
(𝑑ଶଶ − 𝑑ଷଶ) − (𝑥ଶଶ − 𝑥ଷଶ) − (𝑦ଶଶ − 𝑦ଷଶ)

቉�

�

�

��������

(QVXLWH��QRXV�REWHQRQV�XQ�V\VWqPH�G¶pTXDWLRQ�VRXV�OD�IRUPH�𝐴𝑥 = 𝑏�DYHF���
�

 𝑨 = ൤
2(𝑥ଷ   − 𝑥ଵ  ) 2(𝑦ଷ − 𝑦ଵ)
2(𝑥ଷ − 𝑥ଶ) 2(𝑦ଷ − 𝑦ଶ)

൨ 

 

����) 

 
𝑩 = ቈ

(𝑑ଵଶ − 𝑑ଷଶ) − (𝑥ଵଶ − 𝑥ଷଶ) − (𝑦ଵଶ − 𝑦ଷଶ)
(𝑑ଶଶ − 𝑑ଷଶ) − (𝑥ଶଶ − 𝑥ଷଶ) − (𝑦ଶଶ − 𝑦ଷଶ)

቉ 
����) 

�

'DQV�OH�FDV�UpHO��OHV�PHVXUHV�VRQW�DIIHFWpHV�SDU�GHV�HUUHXUV�HW�OHV�FHUFOHV�VH�FRXSHQW�j�SOXV�
G¶XQ�SRLQW��FHV�SRLQWV�GpOLPLWHQW�OD�]RQH�GH�VROXWLRQ��'H�FH�IDLW�QRXV�QH�SRXYRQV�SDV�FDOFXOHU�
XQH�VROXWLRQ�H[DFWH�GX�V\VWqPH�$[� %��/D�VROXWLRQ�OD�SOXV�SURFKH��DX�VHQV�GHV�PRLQGUHV�FDUUpV�
GH�OD�VROXWLRQ�H[DFWH�HVW�REWHQXH�HQ�PLQLPLVDQW��(𝑨𝒙 − 𝑩)𝑻(𝑨𝒙 − 𝑩)��6KHQ�HW�DO����������/D�
SUpFLVLRQ�GH�FHWWH�VROXWLRQ�HVW�GRQQpH�SDU�OH�UpVLGXHO���

�

 
𝑅𝑒𝑠 =   

∑ ඥ(𝑥௜ − 𝑥)ଶ + (𝑦௜ − 𝑦)ଶଷ
௜ୀଵ − 𝑑௜

3
 

��������) 

�

2��(𝑥  , 𝑦)�HVW�OD�SRVLWLRQ�HVWLPpH�GX�Q°XG�PRELOH��
/D�PpWKRGH�HVW�FHQWUpH�PRELOH�F¶HVW�j�GLUH�TXH�OH�Q°XG�PRELOH�SHXW�HVWLPHU�VD�SRVLWLRQ�OXL�

PrPH�HQ�VH�EDVDQW�VXU�OHV�PHVXUHV�GH�OD�SXLVVDQFH�GH�VLJQDO��/H�SDUDJUDSKH�VXLYDQW�DERUGHUD��
OD�VROXWLRQ�ORXUGH�EDVpH�VXU�O¶DSSUHQWLVVDJH�SDU�OH�VHUYHXU��

�

����� �/H�FDOFXO�GH�OD�SRVLWLRQ�VH�IDLW�VXU�XQ�VHUYHXU�SDU�UpVHDX�GH�QHXURQHV�DUWLILFLHO�

������� ,QWURGXFWLRQ��
/H�Q°XG�PRELOH��TXL�D�EHVRLQ�G
rWUH�ORFDOLVp�SDU�OH�VHUYHXU��UHoRLW�OD�UpSRQVH��GHV�DQFUHV�VXLWH�

j�O¶HQYRL�GH�VRQ�SDTXHW�+(//2��PHVXUH�566,�FRUUHVSRQGDQW�HW�HQYRLH�DX�VHUYHXU�YLD�OH�VLQN�OH�
YHFWHXU�GHV�PHVXUHV���566,���566,������566�!���$SUqV�WUDLWHPHQW��OH�VHUYHXU�UHQYRLH�OD�SRVLWLRQ�
YHUV�OH�Q°XG�PRELOH��/¶DYDQWDJH�GH�FHWWH�FRQILJXUDWLRQ�UpVLGH�GDQV�OD�SRVVLELOLWp�G¶H[SORLWHU�OD�
SXLVVDQFH�GH� FDOFXO�GX� VHUYHXU� DLQVL� GH� VHV� UHVVRXUFHV� HQ�PpPRLUH�� ,O� IDXW� HQ�SULQFLSH�ELHQ�
GLPHQVLRQQHU�OD�IUpTXHQFH�GHV�pFKDQJHV�HQWUH�OH�Q°XG�PRELOH�HW�OH�VHUYHXU��(Q�HIIHW��O
HQYRL�GH�
JUDQGHV� TXDQWLWpV� GH� GRQQpHV� DXJPHQWH� OD� FRQVRPPDWLRQ� GH� O¶pQHUJLH� DX� QLYHDX� GX� � Q°XG�



�

�

�

���

�

PRELOH��0DLV�XQ�HQYRL�LQVXIILVDQW�QH�SHUPHW�SDV�XQH�ORFDOLVDWLRQ�FRUUHFWH��,O�IDXW�QRWDPPHQW�QH�
SDV�HQYR\HU�SOXVLHXUV�IRLV�OHV�PrPHV�PHVXUHV��/H�GLPHQVLRQQHPHQW�GH�FH�FRPSURPLV�HVW�XQ�
SUREOqPH��TX¶RQ�QH�YD�SDV�OH�WUDLWHU�GDQV�FH�FKDSLWUH���

�$X�QLYHDX�GX�VHUYHXU�QRXV�DOORQV�XWLOLVHU� O¶DSSURFKH�EDVpH�VXU� OHV�5pVHDX[�GH�1HXURQHV�
$UWLILFLHO�RX�51$�GpFULWH�GDQV�O¶pWDW�GH�O¶DUW�SDUDJUDSKH����������,OV�VRQW�ODUJHPHQW�H[SORLWpV�
GDQV�OHV�GRPDLQHV�GH�FODVVLILFDWLRQ�HW�GH�UHFRQQDLVVDQFH�GH�IRUPHV��&RPELQpV�DX[�FKDvQHV�GH�
0DUNRY��FHV�UpVHDX[�VRQW�FDSDEOHV�GH�IDLUH�FRUUHVSRQGUH�XQ�HQVHPEOH�GRQQp�G
HQWUpHV�DYHF�XQ�
HQVHPEOH�GH�VRUWLHV�FLEOHV�VSpFLILpHV��8Q�51$�XWLOLVH�O¶DSSUHQWLVVDJH�VXSHUYLVp��F¶HVW�SRXUTXRL�
OD�SUHPLqUH�RSpUDWLRQ�HVW�GH�UpDOLVHU�XQH�FDUWH�G¶HPSUHLQWHV��

������� /H�UpVHDX�GH�QHXURQHV�
�8Q� SHUFHSWURQ�PXOWLFRXFKH� �0/3�� HVW� XQ� W\SH� SDUWLFXOLHU� GH� UpVHDX[� GH� QHXURQHV� GRQW�

O
DUFKLWHFWXUH�HVW�FRQVWLWXpH�GH�FRXFKHV���XQH�FRXFKH�G
HQWUpH��XQH�FRXFKH�GH�VRUWLH�HW�XQH�RX�
SOXVLHXUV� FRXFKHV� LQWHUPpGLDLUHV�� GLWHV� FRXFKHV� FDFKpHV�� 'DQV� OHV� UpVHDX[� GH� QHXURQHV�
SOHLQHPHQW�FRQQHFWpV��FKDTXH�QHXURQH�HVW�FRQQHFWp�j�FKDTXH�QHXURQH�GH�OD�FRXFKH�VXLYDQWH��/H�
U{OH�GH�OD�FRXFKH�G
HQWUpH�HVW�GH�GLVWULEXHU�OHV�HPSUHLQWHV�G
HQWUpH�DX[�FRXFKHV�VXLYDQWHV��/HV�
QHXURQHV�G
HQWUpH�RQW�XQH�IRQFWLRQ�G
DFWLYDWLRQ�OLQpDLUH�VDQV�VHXLOV��ELDLV���

&KDTXH�Q°XG�GH� OD� FRXFKH�FDFKpH�HW� FKDTXH�Q°XG�GH�VRUWLH�RQW�GHV� VHXLOV�TXL� OHXU� VRQW�
DVVRFLpV��HQ�SOXV�GHV�FRHIILFLHQWV�GH�SRQGpUDWLRQ��

�

�
)LJXUH�����([HPSOH�GH�UpVHDX[�GH�QHXURQH��

/HV�QHXURQHV�FDFKpV�RQW�XQH�IRQFWLRQ�G
DFWLYDWLRQ�QRQ�OLQpDLUH��TXL�GRQQH�DX[�UpVHDX[�GH�
QHXURQHV�OD�FDSDFLWp�G
LPLWHU�OHV�SURSULpWpV�GH�FRUUHVSRQGDQFH�QRQ�OLQpDLUH��(OOH�UHQG�OH�UpVHDX�
DSSURSULp� SRXU� GH� QRPEUHXVHV� DSSOLFDWLRQV�� VDQV� OHV� OLPLWDWLRQV� GHV� UpVHDX[� OLQpDLUHV� SXUV��
/¶HPSUHLQWH�GLJLWDOH�G
HQWUpH��PXOWLSOLpH�SDU�XQ�SRLGV�VXSSOpPHQWDLUH�j�XQ�VHXLO��HVW�SDVVpH�j�
WUDYHUV�XQH�IRQFWLRQ�G
DFWLYDWLRQ�TXL�SHXYHQW�rWUH�OLQpDLUH�RX�QRQ�OLQpDLUH��XQLWpV�FDFKpHV���(Q�
RXWUH��LO�HVW�SURXYp��WKpRUqPH�GH�.ROPRJRURY��.XUNRYi���������TX
XQ�UpVHDX�QHXURQDO�j�GHX[�
FRXFKHV�SHUFHSWURQ�DYHF�XQH� IRQFWLRQ�QRQ�OLQpDLUH�SHXW�JpQpUHU�HQ�VRUWLH�XQH� IRQFWLRQ�DYHF�
O
DSSUR[LPDWLRQ�GpVLUpH��8Q�H[HPSOH�GH�UpVHDX�DYHF�XQH�VHXOH�FRXFKH�FDFKpH�HVW�UHSUpVHQWp�VXU�
OD�)LJXUH������



�

�

�

���

�

�
)LJXUH�����5pVHDX[�GH�QHXURQHV�j�XQH�VHXOH��FRXFKH�FDFKpH��)L�HVW�OD�IRQFWLRQ�

G
DFWLYDWLRQ��:L�OHV�SRLQGV�HW�EL�OH�ELDV��

������� /D�SKDVH�G¶DSSUHQWLVVDJH�
$X�GpEXW��OHV�SRLGV�LQLWLDX[�:L�VRQW�FKRLVLV�DX�KDVDUG��SXLV�LOV�VRQW�PRGLILpV�SDU�OH�SURFHVVXV�

G¶DSSUHQWLVVDJH�� ¬� FKDTXH� SDV� G¶DSSUHQWLVVDJH�� O¶HUUHXU� HQ� VRUWLH� HVW� FDOFXOpH� FRPPH� OD�
GLIIpUHQFH� HQWUH� OD� YDOHXU� UHFKHUFKpH� HW� OD� VRUWLH� GX� UpVHDX�� � 3RXU� FH� IDLUH�� WURLV� PpWKRGHV�
G
DSSUHQWLVVDJH�GLIIpUHQWHV�SHXYHQW�rWUH�DSSOLTXpHV���O
DSSUHQWLVVDJH�VXSHUYLVp��O¶DSSUHQWLVVDJH�
QRQ�VXSHUYLVp��RX�DSSUHQWLVVDJH�DGDSWDWLI��HW�O
DSSUHQWLVVDJH�SDU�UHQIRUFHPHQW���

/D�SKDVH�G¶DSSUHQWLVVDJH�GX�UpVHDX�FRQVLVWH�j�PRGLILHU��j�FKDTXH�SDV��OHV�SRLGV�:L�HW�OHV�
ELDLV�EL�DILQ�GH�PLQLPLVHU�OD�VRPPH�GHV�FDUUpV�GHV�HUUHXUV�HQ�VRUWLH�HQ�XWLOLVDQW�OD�ORL�GH�:LGURZ�
+RII���,O�H[LVWH�SOXVLHXUV�DOJRULWKPHV�TXL�SHUPHWWHQW�GH�FDOFXOHU�OHV�SRLGV�HW�OHV�ELDLV��OH�EXW�HVW�
GRQF� GH� WURXYHU� XQ� DOJRULWKPH� TXL� D� XQH� ERQQH� FRQYHUJHQFH� JOREDOH�� 2Q� FRPPHQFH� SDU�
O¶DOJRULWKPH�GX�JUDGLHQW�RX�GH�OD�SOXV�JUDQGH�SHQWH��DXVVL�FRQQX�VRXV�OH�QRP�GH�O
DOJRULWKPH�GH�
OD�UpWUR�SURSDJDWLRQ�GH�O¶HUUHXU��(%3���(UURU�%DFN�3URSDJDWLRQ��+DJDQ�HW�DO���������5XPHOKDUW�
HW�DO�����������

/¶(%3� HVW� XQ� DOJRULWKPH� G¶DSSUHQWLVVDJH� VXSHUYLVp� EDVp� VXU� GHX[� pWDSHV� SULQFLSDOHV��/D�
SUHPLqUH�FRQVLVWH�j�SURSDJHU��WRXV�OHV�VLJQDX[�G
HQWUpH�GDQV�OH�UpVHDX�HW�j�FDOFXOHU�OHV�UpVXOWDWV�
GH� OD� FRXFKH� GH� VRUWLH��/D� GHX[LqPH� pWDSH� FRQVLVWH� j� FDOFXOHU� OHV� HUUHXUV� GH� JUDGLHQWV� HW� � j�
SURSDJHU�j�QRXYHDX�DILQ�GH�PHWWUH�j�MRXU�OHV�SRLGV�V\QDSWLTXHV�GH�WRXV� OHV�QHXURQHV�TXL�RQW�
SDUWLFLSp�j�O
HUUHXU�REVHUYpH��3RXU�FHOD��XQH�UqJOH�GH�PLVH�j�MRXU�EDVpH�VXU�OD�WHFKQLTXH�GH�OD�
GHVFHQWH�GH�JUDGLHQW�HVW�XWLOLVpH��

/D�WDLOOH�GH�OD�FRXFKH�G
HQWUpH�HQ�WHUPHV�GH�QRPEUH�GH�QHXURQHV�HVW�IL[pH�SDU�OH�YHFWHXU�GH�
O
HVSDFH�GH�GRQQpHV�3��(Q�HIIHW��FH�YHFWHXU��HVW�SUpVHQWp�GRQQpH�G
HQWUpH�VXU�OH�UpVHDX��/D�WDLOOH�
GH�OD�FRXFKH�GH�VRUWLH�HVW�HQ�IRQFWLRQ�GX�QRPEUH�GH�FODVVHV�F��'DQV�OH�FDV�GH�F� ����XQ�VHXO�
QHXURQH�ELQDLUH�HVW�VXIILVDQW��FDU�FKDFXQH�GH�VHV�VRUWLHV�SRVVLEOHV����RX����SHXW�rWUH�DVVRFLp�j�
O
XQH� GHV� GHX[� FODVVHV��/H� QRPEUH� HW� OD� WDLOOH� GHV� FRXFKHV� FDFKpHV� GpSHQGHQW� GH�
O
DSSOLFDWLRQ��'DQV�QRWUH�FDV��XQH�VHXOH�FRXFKH�FDFKpH�HVW�VXIILVDQWH�HW�OD�WDLOOH�GH�FHWWH�FRXFKH�
D�pWp�GpWHUPLQpH�GH�PDQLqUH�KHXULVWLTXH��YRLU�OD�VRXV�VHFWLRQ�D���

�/¶DOJRULWKPH�GH�UpWUR�SURSDJDWLRQ��%3��SHXW�rWUH�GpFULW�FRPPH�VXLW��



�

�

�

���

�

/D� EDVH� GH� GRQQpHV� G¶DSSUHQWLVVDJH�𝑋 = {𝑥ଵ, 𝑥ଶ, 𝑥ଷ, … , 𝑥௡}�DYHF� Q� � UHSUpVHQWH� OH� QRPEUH�
WRWDO�GLVSRQLEOH�GHV�HQUHJLVWUHPHQWV�VWRFNHU�DX�QLYHDX�GH�OD�EDVH��GDQV�O¶H[HPSOH�HW��[�OH�YHFWHXU�
G
REMHW�DVVRFLp�j�LH�UDQJ��$LQVL��O
HUUHXU�ORFDOH�REVHUYpH�j�OD�VRUWLH�GH�OD�NH�QHXURQH�HVW�GRQQp�SDU�
OD�IRQFWLRQ���������

� 𝑒(𝑡) = 𝑑௞(𝑡) − 𝑦௞(𝑡)�
�

������

𝑑௞(𝑡)�HW�𝑦௞(𝑡)��GpVLJQHQW��UHVSHFWLYHPHQW�OD�VRUWLH�VRXKDLWpH�HW�OD�VRUWLH�REVHUYpH�GX�QHXURQH�
N��

�

&HWWH�HUUHXU�UHSUpVHQWH�OD�FRQWULEXWLRQ�GX�QHXURQH�N�SRXU�OH�FDUUp�JOREDO�GH�O¶HUUHXU��GpILQLH�
SDU����������

�
𝐸(𝑡) =

1
2
෍൫𝑑௞(𝑡) − 𝑦௞(𝑡)൯

ଶ
௖

௞ୀଵ

                                  �

�

�

�������

/
DOJRULWKPH�%3�HVW�XQH�SURFpGXUH�LWpUDWLYH�YLVDQW�j�PLQLPLVHU�O
HUUHXU�GRQQp�SDU�O
pTXDWLRQ�
(UUHXU���6RXUFH�GX�UHQYRL�LQWURXYDEOH��HQ�XWLOLVDQW�OD�WHFKQLTXH�GH�GHVFHQWH�GH�JUDGLHQW��(Q�
HUPHV�SOXV�IRUPHOV��OH�IRQFWLRQQHPHQW�GH�FHW�DOJRULWKPH�HVW�GpFULW�GHVVRXV���

$OJRULWKPH����$OJRULWKPH�GH�UpWUR�SURSDJDWLRQ�

//xi  représente  l’enregistrement d’une  empreinte  à  la  position  i :  𝑋 = {𝑥ଵ, 𝑥ଶ, 𝑥ଷ, … , 𝑥௡}   ⊂   ℛ௉ 

//  L’ensemble  des  poids  synaptiques   p est initialisée par des petites valeurs aléatoires Tel que  Wi 
∈ [-0,5, 0,5] 

 

// Organiser les données d'apprentissage aléatoire, i :=1 

// N :  le  nombre  maximum  d’itération  

//Avec 𝑦௝(𝑛) : représente  la  sortie  du  nœud  j  à  l’itération  n,   

 

   While (n< N)  

{ 

//Calculer sur la couche de sortie  𝑦௝(𝑛) . 

                     𝑦௝(𝑛) =
ଵ

ଵା௘(ష್శ∑ ೢೖ×ೣೖ
೙
ೖసభ ) 

 // Calculer les deltas de la couche précédente  par  propagation  arrière  de  l’erreur 

// Ajuster les poids de chaque neurone j en utilisant la règle delta 

 Tel que 𝑤௝௜(𝑛) = 𝑤௝௜(𝑛 − 1) + 𝜂 × 𝛿௜(𝑛) × 𝑦௜(𝑛)  



�

�

�

���

�

 Avec  𝛿௝(𝑛) = 𝑦௝(𝑛) × ൫1 − 𝑦௜(𝑛)൯ × 𝑒௝(𝑛) 

// Tel que  0 <η  <1  est  un  taux  d'apprentissage  fixe   

 

𝛿௝(𝑛) = 𝑦௝(𝑛) × (1 − 𝑦௝(𝑛)) × ෍ 𝛿௞(𝑛) × 𝑤௞௝(𝑛)
௞  ∈௖௢௨௖௛௘  ௦௨௜௩௔௡௧௘

 

   n=n+1 

} Until     // répéter  pour  l’entrée  suivante,  jusqu’à  ce  que  l’erreur  en  sortie  soit  inférieure  à  la  limite 
fixée  ou  le  nombre  maximum  d’itération  soit  atteint�

/¶DOJRULWKPH� GH� /HYHQEHUJ�0DUTXDUGW�/HYHQEHUJ�� ������� �0DUTXDUGW�� ������ HVW� XQH�
WHFKQLTXH�LWpUDWLYH��TXL�ORFDOLVH�OH�PLQLPXP�G
XQH�IRQFWLRQ�H[SULPDQW�OD�VRPPH�GHV�FDUUpV�GHV�
IRQFWLRQV� QXPpULTXHV� QRQ� OLQpDLUHV��¬�FKDTXH� IRLV� TXH� OD� VROXWLRQ� FDOFXOHU� HVW� ORLQ� GH� FHOOH�
WURXYHU�SUpFpGHPPHQW�� O
DOJRULWKPH�XWLOLVH� �XQH�PpWKRGH�GH�GHVFHQWH�GH�JUDGLHQW�SOXV�UDLGH��
OHQW���<X�HW�DO����������PDLV�HQ��JDUDQWLVVDQW�OD�FRQYHUJHQFH��'
DXWUH�SDUW��VL�OD�VROXWLRQ�FDOFXOpH�
HVW�SURFKH�GH�OD�SUpFpGHQWH��O¶DOJRULWKPH�DGRSWH�OD�PpWKRGH�GH�*DXVV�1HZWRQ��+DJDQ�HW0HQKDM��
��������1RXV�GRQQRQV�HQVXLWH�XQH�EUqYH�GHVFULSWLRQ�GH�O¶DOJRULWKPH�GH�OD�GHVFHQWH�GH�JUDGLHQW��

- $OJRULWKPH�GH�GHVFHQWH�GH�JUDGLHQW���

/D�GHVFHQWH�GH�JUDGLHQW�HVW�XQ�DOJRULWKPH�G
RSWLPLVDWLRQ�TXL�SHUPHW�GH�WURXYHU�XQ�PLQLPXP�
ORFDO�G
XQH�IRQFWLRQ��GRQW�OH�SULQFLSH�HVW�GH�SDUWLU�G
XQ�SRLQW�DOpDWRLUH�SXLV�GH�VH�GpSODFHU�GDQV�
OD�GLUHFWLRQ�GH�OD�SOXV�IRUWH�SHQWH��(Q�DSSOLTXDQW�XQ�FHUWDLQ�QRPEUH�G
LWpUDWLRQV��O
DOJRULWKPH�
FRQYHUJH�YHUV�XQH�VROXWLRQ�TXL�HVW�XQ�PLQLPXP�ORFDO�GH�)�[���FI�)LJXUH���������/D�GHVFHQWH�GH�
JUDGLHQW�HVW�EDVpH�VXU�OH�FRQVWDW�VXLYDQW���VL�OD�IRQFWLRQ�UpHOOH�)�[��HVW�GpILQLH�HW�GpULYDEOH�GDQV�
XQ�YRLVLQDJH�G
XQ�SRLQW�T��DORUV�)�[��GLPLQXH�SOXV�UDSLGHPHQW��(Q�HIIHW�OH�JUDGLHQW�GRQQH�XQH�
GLUHFWLRQ�YHUV� ODTXHOOH� VH�GpSODFHU�SRXU� WURXYHU� OH�PLQLPXP�FI� ILJXUH� ������� F¶HVW� XQH� DXWUH�
PDQLqUH� GH� GLPLQXHU� OH� QRPEUH� G¶LWpUDWLRQV��PDLV� QH� GRQQH� SDV� OH� SDV�� � &H� GHUQLHU� HVW� XQ�
FRHIILFLHQW�IL[H�GDQV�OH�FDV�GH�OD�GHVFHQWH�GH�JUDGLHQW�FODVVLTXH��,O�SHXW�YDULHU�j�FKDTXH�LWpUDWLRQ�
GDQV�OD�YDULDQWH�DGDSWDWLYH��PDLV�OD�GpULYpH�VHFRQGH�GH�)�[��HVW�OLpH�DX�UD\RQ�GH�FRXUEXUH�GH�OD�
IRQFWLRQ��HW�SHUPHW�GRQF�GH�GpWHUPLQHU�FH�SDV�GH�PDQLqUH�SOXV�ILQH���

�
)LJXUH�����H[HPSOH��GX�SULQFLSH�GH�OD�GHVFHQWH�GH�JUDGLHQW���FDV�G
XQH�IRQFWLRQ�j�XQH�

YDULDEOH�



�

�

�

���

�

������� 0LVH�HQ�°XYUH��
��������� )RUPDWLRQ�GH�OD�FDUWH�G¶HPSUHLQWHV�

&HWWH�SKDVH�D�pWp�OD�SUHPLqUH�TXH�QRXV�D\RQV�UpDOLVpH��(OOH�DYDLW�SRXU�EXW�TXH�OH�Q°XG�PRELOH���
HQYRLH� DX� VHUYHXU� OHV� SXLVVDQFHV� GHV� VLJQDX[� UHoXV� DVVRFLpHV� j� OD� SRVLWLRQ� FROOHFWpH�
DXWRPDWLTXHPHQW���/H�VHUYHXU�GH�ORFDOLVDWLRQ�DFFXPXOH�WRXV�OHV�YHFWHXUV�GH�SXLVVDQFH�SRXU�OD�
SKDVH�G¶DSSUHQWLVVDJH��/D�PDFKLQH�D�pWp�FRQILJXUpH�SRXU�TX¶HOOH�IRQFWLRQQH�DYHF�OH�SDV�GH���FP�
VXU�WRXWH�OD�WUDMHFWRLUH��XQ�WRXU�GX�PRELOH��FH�TXL�GRQQH������SDV��YHFWHXUV�GH�SXLVVDQFH���FH�
SDV�HVW�XWLOLVp�VHXOHPHQW�GDQV�OD�SKDVH�GH�IRUPDWLRQ�GH�OD�FDUWH�GHV�HPSUHLQWHV��3RXU�OHV�WHVWV�
G¶DXWUHV�SDV�VHURQW�XWLOLVpV��

�

/D�PDFKLQH� XWLOLVH� GpMj� GHV� FDSWHXUV� VDQV� ILO�� 3RXU� pYLWHU� WRXWH� LQWHUIpUHQFH�� LO� HVW� GRQF�
LPSRUWDQW�GH�QH�SDV�DFWLYHU�VXU�QRWUH�UpVHDX�GH�FDSWHXUV�OHV�PrPHV�IUpTXHQFHV�TXH�FHOOHV�GpMj�
H[SORLWpHV��1H�FRQQDLVVDQW�SDV�FHV�IUpTXHQFHV��QRXV�OHV�DYRQV�FKHUFKpHV�j�O¶DLGH�G¶XQ�PHVXUHXU�
GH�FKDPS�pOHFWURPDJQpWLTXH��

�

1RXV�DYRQV� FROOHFWp� WRXWHV� OHV� FRRUGRQQpHV� �[�� \��GH������SRVLWLRQV�� DILQ�TXH� OH� VHUYHXU�
DVVRFLH�OHV�PHVXUHV�GH�566,�HQYR\pHV�SDU�OH�PRELOH�SRXU�UpDOLVHU�XQH�FDUWH�GHV�HPSUHLQWHV�

�

�8QH�IRLV�TXH�OHV�FDSWHXUV�RQW�pWp�SURJUDPPpV�SRXU�IRQFWLRQQHU�VXU�XQ�FDQDO�OLEUH��OD�FROOHFWH�
GHV�LQIRUPDWLRQV�D�SX�GpPDUUHU��

��

8QH�IRLV�TXH�OH�PRELOH�GpWHFWH�O¶DUUrW�GX�FRQYR\HXU�SDU�OH�ELDLV�GH�O¶DFFpOpURPqWUH��ILJXUH���
����LO�HQYRLH�OH�SDTXHW�+(//2��FKDTXH�DQFUH�TXL�UHoRLW�FH�SDTXHW�HQYRLH����UpSRQVHV�DX�Q°XG�
PRELOH��/H�Q°XG�PRELOH�IDLW�OD�PR\HQQH�GHV�FHV�PHVXUHV�GH�566,�GH�FKDTXH�DQFUH��HIIHFWXpHV�
SRXU�FKDFXQH�GHV�SRVLWLRQV�FRUUHVSRQGDQW�DX�QRPEUH�GH�SDV�GH�OD�PDFKLQH�SDU�F\FOH��/H�F\FOH�
UHSUpVHQWH� OH� UHWRXU�GX�PRELOH� j� O¶HPSODFHPHQW� LQLWLDO�� �3RXU� OLPLWHU� O¶HIIHW� GX�EUXLW� G�� DX[�
DFWLYLWpV�KXPDLQHV�HW�GX�EUXLW�EODQF��OHV�YDOHXUV�GH�OD�PR\HQQH�VHURQW�HQYR\pHV�YHUV�O¶RUGLQDWHXU��
VRXV�IRUPH�G¶XQ�YHFWHXU�3� ��566���566��«��566����R��566L�HVW�OD�PR\HQQH�GH�OD�SXLVVDQFH�
GX�VLJQDO�GH�OD�LqPH�DQFUH��'DQV�OH�FDV�R��566L� ���O¶DQFUH�HQ�TXHVWLRQ�HVW�KRUV�GH�SRUWpH�GX�
Q°XG� PRELOH�� /H� YHFWHXU� HVW� HQYR\p� DX� VHUYHXU� DILQ� G¶DVVRFLHU� OHV� FRRUGRQQpHV� �[�� \��
FRUUHVSRQGDQW���

���
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�
)LJXUH�����/H�JUDSKH�GH�O
DFFpOpURPqWUH�

�/
H[SpULHQFH� D� GXUp� SHQGDQW� SOXV� GH� �� KHXUHV� HW� pWDLW� F\FOLTXH�� ����� PHVXUHV� RQW� pWp�
FROOHFWpHV�FRPPH�GRQQpHV�G
DSSUHQWLVVDJH��DLQVL�RQ�D�FRQVWUXLW�XQH�EDVH�GH�GRQQpHV�pWLTXHWpHV�
TXL�YD�QRXV�VHUYLU�SRXU�OD�SKDVH�GH�OD�ORFDOLVDWLRQ���
��������� 3DUDPpWUDJH�GX�UpVHDX�GH�QHXURQHV�

&KRL[�GX�QRPEUH�GH�QHXURQHV��FRXFKHV�FDFKpHV��QRPEUH�GH�QHXURQHV�HW�IRQFWLRQV�
GH�WUDQVIHUW���
$ILQ�GH�FRQFHYRLU�XQ�UpVHDX�GH�QHXURQHV�DSSURSULp�SRXU�OH�SRVLWLRQQHPHQW�GH�FDSWHXUV�

VDQV�ILO��QRXV�GHYRQV�G
DERUG�GpWHUPLQHU�VHV�SDUDPqWUHV��1RXV�FKRLVLVVRQV�XQH�VHXOH�FRXFKH�
FDFKpH�GDQV�O¶REMHFWLI�GH�QH�SDV�DXJPHQWHU�LQXWLOHPHQW�OD�FRPSOH[LWp�GX�UpVHDX�GH�QHXURQHV��
1RXV�DOORQV�HVVD\HU�GH���SXLV����HW�MXVTX¶j�����QHXURQHV�HQ�FRXFKH�FDFKpH�SRXU�IDLUH�GHV�
WHVWV� GH� SHUIRUPDQFHV�� 'HX[� IRQFWLRQV� GH� WUDQVIHUW� VHURQW� DXVVL� XWLOLVpHV��� XQH� IRQFWLRQ�
OLQpDLUH��)LJXUH������HW�XQH�IRQFWLRQ�VLJPRwGH����)LJXUH�������

�
)LJXUH������IRQFWLRQ�OLQpDLUH�

�

�
��)LJXUH�����IRQFWLRQ�

VwJPRwGH�

1RXV�DYRQV�EHVRLQ�G¶HIIHFWXHU�DX�WRWDO��HQ�FRQVLGpUDQW�WRXV�OHV�FRXSOHV�SRVVLEOHV���ð� ���
SRVVLELOLWpV�GH�FRQILJXUDWLRQV�SRXU�OHV�GHX[�FRXFKHV�GH�QHXURQHV�HW�OHV���IRQFWLRQV�DGRSWpHV�
�7DEOHDX��������

�

�



�

�

�

���

�

� /D�IRQFWLRQ�)��
�

/D�IRQFWLRQ�)��

&DV��� OLQpDLUH� /LQpDLUH�
&DV��� 6wJPRwGH� OLQpDLUH�
&DV��� /LQpDLUH� 6wJPRwGH�
&DV��� 6wJPRwGH� 6wJPRwGH�

7DEOHDX�����'LIIpUHQWHV�SRVVLELOLWpHV�G¶DVVHPEODJH�GH�IRQFWLRQV�

1RXV�DOORQV�PDLQWHQDQW�YpULILHU�VL�XQ�VHXO�UpVHDX�HVW� �VXIILVDQW�SRXU�SUpGLUH�WRXWHV�OHV�
SRVLWLRQV�GX�Q°XG�PRELOH��3RXU�FH�IDLUH��QRXV�DOORQV�XWLOLVHU� OHV������YHFWHXUV�G
HQWUpHV�
�FKDFXQ�G
HX[�SRVVpGDQW���YDOHXUV��SRXU�OD�SKDVH�G¶DSSUHQWLVVDJH��/
DSSUHQWLVVDJH�DGRSWp�
HVW� FHOXL� GH�/HYHQEHUJ�0DUTXDUGW� �/HYHQEHUJ�� ������� TXL� SHUPHW� XQH� FRQYHUJHQFH� SOXV�
UDSLGH� SDU� OD� SULVH� HQ� FRPSWH� GHV� GpULYpHV� GX� VHFRQG� RUGUH��$SUqV� TXHOTXHV� WHVWV�� QRXV�
FKRLVLVVRQV�OH�QRPEUH�G
LWpUDWLRQV�j��������/¶HUUHXU�HVW�IL[pH�j���������1RWRQV��pJDOHPHQW�
TXH�O
DSSUHQWLVVDJH�V
HIIHFWXH�GDQV�XQ�SUHPLHU�WHPSV�VDQV�YDOLGDWLRQ�FURLVpH�SRXU�pYLWHU�TXH�
FHOOH�FL� QH� YLHQQH� LQWHUURPSUH� O
DSSUHQWLVVDJH� j� FDXVH� G
XQ� PLQLPXP� ORFDO� �YDULDWLRQ�
SRVLWLYH�GH�O
HUUHXU���/D�YDOLGDWLRQ�FURLVpH�HVW�HQVXLWH�PLVH�HQ�°XYUH��ORUVTXH�OH�UpVHDX�HVW�
SURFKH�GH�O
RSWLPXP��

/
DSSUHQWLVVDJH� WHUPLQp�� OH� WHVW� GHV� UpVHDX[�HW�GX�SHUFHSWURQ� VH� IDLW� VXU� ����YHFWHXUV�
GLIIpUHQWV�GH�FHX[�XWLOLVpV�SRXU�O
HQWUDvQHPHQW�HW�OD�YDOLGDWLRQ�FURLVpH��

3RXU�O
HQVHPEOH�GHV�HVVDLV��O
pFDUW�W\SH�(�7�HW�OD�YDOHXU�PR\HQQH�0�7�VRQW�FDOFXOpV�GH�
PDQLqUH� j� FKRLVLU� OH� QRPEUH� GH� QHXURQHV� TXL� SHUPHW� XQH� PHLOOHXUH� SUpFLVLRQ�� 8QH�
GLPLQXWLRQ�GH�O
pFDUW�W\SH�VLJQLILHUDLW�TXH�OD�SUpGLFWLRQ�D�pWp�HIILFDFH��/HV�UpVXOWDWV�UHODWLIV�
DX[���FRQILJXUDWLRQV�GH�UpVHDX[�SRXU�OHV�GLIIpUHQWV�QRPEUH�GH�QHXURQHV�VRQW�UHSULV�GDQV�OH�
7DEOHDX������

�
� Cas1 Cas 2 Cas 3 Cas 4 

 E.T V.M E.T V.M E.T V.M E.T V.M 
5 neurones 0,0229 1,1077 0,0017 0,0711 0,0034 0,1401 0,0015 0,0595 

10 neurones 0,0052 0,4004 0,0013 0,0545 0,0033 0,1388 0,0015 0,0593 
15 neurones 0,0280 1,2651 0,0011 0,0441 0,0033 0,1395 0,0015 0,0597 
20 neurones 0,0170 0,7999 0,0013 0,0530 0,0034 0,1398 0,0015 0,0594 
25 neurones 0,0137 0,6572 0,0013 0,0516 0,0225 0,9802 0,0015 0,0593 
30 neurones 0,0100 0,5079 0,0014 0,0555 0,0192 0,8805 0,0015 0,0595 
40 neurones 0,0083 0,6020 0,0017 0,0714 0,0033 0,1381 0,0015 0,0597 
45 neurones 0,0308 1,2050 0,0023 0,0926 0,0221 0,9646 0,0015 0,0596 
50 neurones 0,0174 0,8146 0,0033 0,1329 0,0033 0,1378 0,0015 0,0595 

100 neurones 0,0903 2,5417 0,0886 2,5287 0,0875 2,5079 0,0858 2,5177 

7DEOHDX�����(FDUW�W\SH�HW�OD�YDOHXU�PR\HQQH�GH�O
HUUHXU�GH�SUpGLFWLRQ�GHV�UpVHDX[�GH�
QHXURQHV�
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�

�

����

�

&HV�UpVXOWDWV�PRQWUHQW�TXH�O¶DUFKLWHFWXUH��TXL�SUpVHQWH�OH�SOXV�IDLEOH�pFDUW�W\SH��������HW�OD�
YDOHXU�PR\HQQH��������VHUD�UHWHQXH�GDQV�QRV�H[SpULHQFHV��¬�QRWHU�DXVVL�TX¶XQH�VHXOH�FRXFKH�
FDFKpH�SRXU�WRXWH�OD�FDUWH�SHXW�rWUH�HQYLVDJpH�FDU�O¶pFDUW�W\SH�HVW�IDLEOH���

��� ([SpULHQFH�HW�UpVXOWDWV�
����� 5pVXOWDWV�GHV�GHX[�DSSURFKHV���WULDQJXODWLRQ�HW�UpVHDX[�GH�QHXURQH�

'DQV�XQ�SUHPLHU�WHPSV�QRXV�DOORQV�IDLUH�GHV�H[SpULHQFHV�GDQV�OHVTXHOOHV�OH�Q°XG�PRELOH��
HQYRLH� GHV� LQIRUPDWLRQV� FRQFHUQDQW� OD� ORFDOLVDWLRQ�� 1RXV� DOORQV� HQVXLWH� FRPSDUHU� OHV� GHX[�
VROXWLRQV���OD�SUHPLqUH�VROXWLRQ�EDVpH�VXU�OD�PpWKRGH�GH�OD�WULDQJXODWLRQ�LQVWDOOpH�VXU�OH�FDSWHXU�
PRELOH��OD�GHX[LqPH�VROXWLRQ�EDVpH�VXU�OHV�UpVHDX[�GH�QHXURQHV�LQVWDOOpH�VXU�XQ�VHUYHXU���

/D�IRUPDWLRQ�GH�OD�EDVH�GH�GRQQpHV�GHV�HPSUHLQWHV�HW�OD�SKDVH�G¶DSSUHQWLVVDJH�RQW�pWp�IDLWHV�
DYHF�XQ�SDV�GH���FP��QRXV�DOORQV�FKDQJHU�OHV�SDUDPqWUHV�GH�OD�PDFKLQH�SRXU�TX¶HOOH�IRQFWLRQQH�
DYHF� XQH� YLWHVVH� GH� ����P�PLQ� HW� DYHF� XQ� SDV� GH� ��FP��&H� FKDQJHPHQW� QRXV� SHUPHWWUD� GH�
YpULILHU� OH� GHJUp� G¶DSSUHQWLVVDJH� GH� QRWUH� EDVH� G¶HPSUHLQWHV�� $� FKDTXH� IRLV� TXH� OH� PRELOH�
GpWHFWH�O¶DUUrW�GX�FRQYR\HXU�YLD�O¶DFFpOpURPqWUH��FHW�DUUrW�FRUUHVSRQG�XQ�SDV��OH�PRELOH�HVWLPH�
VD�SRVLWLRQ�HW�O¶HQYRLH�DX�VHUYHXU��/H�VHUYHXU�HVWLPH�DXVVL�OD�SRVLWLRQ��,O�GLVSRVH�GRQF�GHV�GHX[�
ORFDOLVDWLRQV��,O�FDOFXOH�O¶pFDUW�GH�ORFDOLVDWLRQ��OHV�UpVXOWDWV�DSUqV�DYRLU�HIIHFWXp�XQ�WRXU�GH�OD�
PDFKLQH�VRQW�GRQQpV�VXU�OD�)LJXUH�������

�
)LJXUH������/HV�SRVLWLRQV�HVWLPpHV�DYHF�OHV�UpVHDX[�GH�QHXURQH�HW�WULDQJXODWLRQ���
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�

�

����

�

/
HQVHPEOH�GH�FHV�H[SpULHQFHV�QRXV�SHUPHW�GH�WLUHU�OHV�pOpPHQWV�VWDWLVWLTXHV�SUpVHQWpV�GDQV�
OH�7DEOHDX������

�

� 9DOHXU�0R\HQQH�
GH�O¶HUUHXU�GH�
SRVLWLRQ�

(FDUW�W\SH�GH�
O¶HUUHXU�GH�SRVLWLRQ�

(UUHXU�GH�SRVLWLRQ��
���FP�

7ULDQJXODWLRQ� ������P� ������� �������

5pVHDX[�GH�QHXURQH� ������P� ������� �������

7DEOHDX�����9DOHXU�PR\HQQH�HW�pFDUW�W\SH�GHV�GHX[�DSSURFKHV�

/¶DQDO\VH�GX�WDEOHDX�SHUPHW�GH�WLUHU�OHV�FRQFOXVLRQV�VXLYDQWHV���

� /D�YDOHXU�PR\HQQH�GH�O¶DSSURFKH�EDVpH�VXU�OH�UpVHDX�GH�QHXURQH�HVW�SOXV�IDLEOH�TXH�FHOXL�
GH�OD�SUHPLqUH�DSSURFKH��

� /HV�pFDUWV�W\SHV�GHV�HUUHXUV�GH�OD�GHX[LqPH�DSSURFKH�REWHQXH�VRQW�LFL�EHDXFRXS�SOXV�
IDLEOHV�TXH�FHOXL�GH�OD�WULDQJXODWLRQ��/¶DSSURFKH�EDVpH�VXU�OHV�UpVHDX[�GH�QHXURQH�HVW�
GRQF�SOXV�HIILFDFH��

�
)LJXUH������8Q�DJUDQGLVVHPHQW�G
XQH�SDUWLH�GH�OD�WUDMHFWRLUH��

�
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����� 3URMHFWLRQ�VXU�OD�WUDMHFWRLUH�

�
1RXV�UHPDUTXRQV�VXU�OD�ILJXUH������TXH�SOXV�GH�����GHV�SRVLWLRQV�Q¶DSSDUWLHQQHQW�SDV�j�OD�

WUDMHFWRLUH�GX�Q°XG�PRELOH��&HWWH�WUDMHFWRLUH�HVW�FRQQXH��,O�VXIILW�GRQF�GH�O¶XWLOLVHU�SRXU�IRUFHU�
OD�ORFDOLVDWLRQ�VXU�HOOH��

�

/¶DSSURFKH�XWLOLVpH�HVW�GH�SURMHWHU�OD�SRVLWLRQ�HVWLPpH�VXU�OD�WUDMHFWRLUH��&HWWH�SURMHFWLRQ�HVW�
UpDOLVpH�VXU�OD�EDVH�GH�OD�SHUSHQGLFXODLUH�j�OD�WUDMHFWRLUH�SDVVDQW�SDU�OD�SRVLWLRQ�HVWLPpH��3RXU�
UpDOLVHU�FHWWH�pWDSH�LO�IDXW�FRQQDLWUH�OD�IRQFWLRQ�JpRPpWULTXH�PRGpOLVDQW�OD�WUDMHFWRLUH��,O�H[LVWH�
SOXVLHXUV�PpWKRGHV�G¶LQWHUSRODWLRQ�FRPPH�HQWUH�DXWUH�FHOOH�GH�%p]LHU��/HH��-��+��HW�DO�����������

/RUV�GH�OD�SKDVH�G¶DSSUHQWLVVDJH��RQ�UHFXHLOOH�OHV�FRUGRQQpV�UpHOOHV�GH������SRVLWLRQV�HQ��'�
GH�OD�WUDMHFWRLUH��HQ�VH�EDVDQW�VXU�OD�JpRPpWULH�GH�OD�WUDMHFWRLUH�GX�FRQYR\HXU��FHV�GRQQpHV�QRXV�
SHUPHWWURQW�GH�WURXYHU�OD�IRQFWLRQ�GH�OD�WUDMHFWRLUH����

�
)LJXUH������/HV�SRVLWLRQV�HVWLPpHV�SDU�UpVHDX[�GH�QHXURQH�SURMHWpHV�VXU�OD�WUDMHFWRLUH�GX�

PRELOH�

1RXV� DOORQV� FRXSOHU� FHWWH� � PpWKRGH� DYHF� OHV� GHX[� DSSURFKHV� UpVHDX[� GH� QHXURQH� HW� OD�
WULDQJXODWLRQ�DILQ�G¶pYDOXHU�HW� FRPSDUHU� FHWWH� DSSURFKH�DYHF� OHV� DXWUHV� FDV�� DYHF� OHV�PrPHV�
FRQGLWLRQV�©XQH�YLWHVVH�GH�����P�PLQ�HW�DYHF�XQ�SDV�GH���FP�ª���

1RXV�FRQVWDWRQV�TX¶LO�\�D�XQH�DPpOLRUDWLRQ�DX�QLYHDX�GH�O¶HVWLPDWLRQ�GH�OD�SRVLWLRQ�HQWUH�OD�
PpWKRGH�VDQV�HW�DYHF�SURMHFWLRQ��OD�PpWKRGH�TXL�DIILFKH�OD�YDOHXU�PR\HQQH�HW�O¶pFDUW�W\SH�OH�
SOXV�IDLEOH�HVW�OD�VROXWLRQ�TXL�XWLOLVH�OHV�UpVHDX[�GH�QHXURQH�HW�OD�SURMHFWLRQ��7DEOHDX�������

�

�
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� 9DOHXU�0R\HQQH�GH�
O¶HUUHXU�GH�SRVLWLRQ�

(FDUW�W\SH�GH�
O¶HUUHXU�GH�SRVLWLRQ�

(UUHXU�GH�
SRVLWLRQ�����FP�

5pVHDX[�GH�QHXURQH� ������P� ������� �������

5pVHDX[�GH�QHXURQH�
DYHF�3URMHFWLRQ�

������P� ������� �������

7ULDQJXODWLRQ� ������P� ������� �������

7ULDQJXODWLRQ�DYHF�
3URMHFWLRQ�

������P� ������� �������

7DEOHDX�����5pVXOWDWV�GHV�UpVHDX[�GH�QHXURQH�HW�OD�SURMHFWLRQ�GHV�SRVLWLRQV�HVWLPpHV�

/D�YDULDWLRQ�GH�O¶HUUHXU�HVW�GRQQpH�VXU�OD�)LJXUH�������2Q�FRQVWDWH�GDQV�OH�WDEOHDX�����TXH�
O¶HUUHXU�HVW�LQIpULHXUH�j���FP�GDQV������GHV�FDV���OD�PpWKRGH�EDVpH�VXU�OD�WULDQJXODWLRQ�VDQV�
SURMHFWLRQ�DIILFKH�XQH�YDOHXU�PR\HQQH�GH�O¶HUUHXU�GH�SRVLWLRQ�GH�O¶RUGUH�GH�������P��PDLV�DYHF�
OD�SURMHFWLRQ�O¶HUUHXU�PR\HQQH�EDLVVH�j�������P��/¶HUUHXU�PD[LPDOH�GDQV�OH�FDV�GH�OD�PpWKRGH�
EDVpH�VXU�OHV�UpVHDX[�GH�QHXURQHV�HW�GH�O¶RUGUH�GH�������P��PDLV�VL�RQ�FRXSOH�FHWWH�GHUQLqUH�
PpWKRGH�DYHF�OD�SURMHFWLRQ��O¶HUUHXU�SDVVH�j�������P��2Q�SHXW�FRQFOXUH�TXH�VL�RQ�SURMHWWH�OD�
SRVLWLRQ� HVWLPpH� VXU� OD� WUDMHFWRLUH� O¶HUUHXU� GH� SRVLWLRQ� EDLVVH�� /D� PpWKRGH� GH� UpVHDX[� GH�
QHXURQHV�DIILFKH�XQ�UpVXOWDW�PHLOOHXU�TXH�FHOXL�GH�OD�PpWKRGH�EDVpH�VXU�OD�WULDQJXODWLRQ���
�

�
)LJXUH������/D�YDULDWLRQ�GH�O
HUUHXU�GH�SRVLWLRQ�GDQV�OH�FDV�GH�UpVHDX[�GH�QHXURQH�
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�
)LJXUH������/D�YDULDWLRQ�GH�O
HUUHXU�GH�SRVLWLRQ�HQ�IRQFWLRQ�GX�WHPSV�GDQV�OH�FDV�GH�

FRPELQDLVRQ�HQWUH�SURMHFWLRQ�HW�UpVHDX[�GH�QHXURQH���

�

/HV�UpVXOWDWV�REWHQXV�j�O¶DLGH�GHV�UpVHDX[�GH�QHXURQH�HW�GH�OD�SURMHFWLRQ�VXU�OD�WUDMHFWRLUH�VRQW�
LFL�H[FHOOHQWV��1RXV�DXJPHQWRQV�GRQF�OH�QRPEUH�G
HVVDLV�SRXU�WLUHU�OH�PD[LPXP�GH�FRQFOXVLRQV��

1RWUH�EXW�pWDLW�GH�WURXYHU�OD�UHODWLRQ�HQWUH�O¶HUUHXU�HW�OD�IUpTXHQFH�GX�FDOFXO�GHV�SRVLWLRQV��
0DOKHXUHXVHPHQW�OD�PDFKLQH�QH�SHXW�SDV�IRQFWLRQQHU�DYHF�XQH�YLWHVVH�TXL�QRXV�SHUPHWWUD�GH�
PHWWUH�OD�VROXWLRQ�GDQV�VHV�OLPLWHV��

�

/RFDOLVDWLRQ�HW�FKDUJH�GX�UpVHDX�
1RXV�DYRQV�FKDQJp�GH�VWUDWpJLH��QRXV�DOORQV�FKDUJHU�OH�UpVHDX�SDU�XQ�WUDILF�FRQFXUUHQW��SRXU�

FH�IDLUH��QRXV�DYRQV�SURJUDPPp�OHV�Q°XGV�IL[HV�SRXU�TX¶LOV�IRQFWLRQQHQW�FRPPH�GHV�Q°XGV�
EDYDUGV��VDQV�SRXU�DXWDQW�VDWXUHU�OH�UpVHDX��

(Q�SUHPLHU�OLHX��QRXV�VRXOLJQRQV�TXH�OD�ILOH�G¶DWWHQWH�F{Wp�GX�UpFHSWHXU�HVW�VRLJQHXVHPHQW�
GLPHQVLRQQpH� SDU� OH� FRQVWUXFWHXU� j� ���� RFWHWV�� $ILQ� G
pOLPLQHU� GH� QRV� H[SpULHQFHV� GHV�
SUREOqPHV� OLpV� j� XQ� GpERUGHPHQW� GH� ILOH� G¶DWWHQWH�� QRXV� DYRQV� UpDOLVp� GHV� H[SpULHQFHV�
SUpOLPLQDLUHV� VLPSOHV� DSSURSULpHV� j�TXDQWLILHU� OD�SUREDELOLWp�GH�GpERUGHPHQW�GH� OD�PpPRLUH�
WDPSRQ�� �� Q°XGV� � SHXYHQW� WUDQVPHWWUH� HQ� PrPH� WHPSV� j� O
LQWpULHXU� GH� OD� SRUWpH� UDGLR� GX�
UpFHSWHXU��'DQV�QRV�H[SpULHQFHV�RQ�D�XWLOLVp�XQH�YLWHVVH�GH�WUDQVPLVVLRQ�XQLTXH�FRUUHVSRQGDQW�
j�XQH�SpULRGH�G¶LQWHU�DUULYpH�GHV�SDTXHWV�GH�PR\HQQH�����PV��0DLV��QRXV�DYRQV�pJDOHPHQW�IDLW�
GHV�HVVDLV�DYHF�GHV�GpELWV�GH�WUDQVPLVVLRQ�SOXV�pOHYpV��FH�TXL�FRUUHVSRQG�j�XQ��WHPSV�G¶LQWHU�
DUULYpH�GH�����HW����PV��1RV�H[SpULHQFHV�SHUPHWWHQW�GH�FRQFOXUH�TXH�OH�WDPSRQ�GX�UpFHSWHXU�QH�
GpERUGHUD�MDPDLV�VL�OH�WHPSV�LQWHU�SDTXHW�HVW�VXSpULHXU�RX�pJDO�j�����PV��'DQV�FH�TXL�VXLW��QRXV�
DOORQV�UHOHYHU�O¶HUUHXU�GH�SRVLWLRQ�HQ�IRQFWLRQ�GX�WHPSV�LQWHU�SDTXHW��

�
$SUqV�DYRLU�HIIHFWXp�OHV�HVVDLV��QRXV�UHPDUTXRQV�TXH�OD�PpWKRGH�EDVpH�VXU�OD�WULDQJXODWLRQ�

HVW�PHLOOHXUH�TXH�OD�PpWKRGH�SDU�HPSUHLQWHV��UpVHDX[�GH�QHXURQHV�GDQV�OH�FDV�R��OH�WHPSV�LQWHU�
SDTXHW�HVW�UpJOp�VXU�OD�YDOHXU���PV��FI�ILJXUH��������&HFL�HVW�G��HVVHQWLHOOHPHQW�DX�WHPSV�GH�
WUDQVPLVVLRQ� HQWUH� OH� Q°XG� PRELOH� HW� OH� VHUYHXU� HW� j� OD� SHUWH� GH� SDTXHWV� j� FDXVH� G¶XQ�
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GpERUGHPHQW�GH�OD�ILOH�G¶DWWHQWH�GX�UpFHSWHXU��/D�PpWKRGH�DPpOLRUpH�YD�O¶HPSRUWHU�VXU�OHV�GHX[�
DXWUHV�j�SDUWLU�GX�WHPSV�LQWHU�SDTXHW�GH����PV��

�

�
)LJXUH������O
HUUHXU�GH�SRVLWLRQ�HQ�IRQFWLRQ�GX�WHPSV�LQWHU�SDTXHW�

�

��� &RQFOXVLRQ�
�

'DQV�FH�FKDSLWUH��QRXV�DYRQV�GpFULW�OHV�GHX[�PpWKRGHV�WHVWpHV�SRXU�OD�ORFDOLVDWLRQ�GX�Q°XG�
PRELOH��GDQV�XQ�FDV�UpHO���OD�PpWKRGH�GH�ORFDOLVDWLRQ�FHQWUpH�PRELOH�EDVpH�VXU�OD�WULDQJXODWLRQ�
HW�OD�PpWKRGH�FHQWUpH�VHUYHXU�IL[H�TXL�GpSHQG�VHXOHPHQW�GH�OD�SXLVVDQFH�GX�VHUYHXU�VXU�OHTXHO�
RQ� D� JUHIIp� OD� EDVH� GH� GRQQpHV� GHV� HPSUHLQWHV� DLQVL� TXH� OH� SURJUDPPH�51$��1RXV� DYRQV�
GpSOR\p�HW�H[pFXWp�QRV�GHX[�DSSURFKHV�VXU�OHV�FDSWHXUV�0LFD=�GH�&URVV%RZ���

�
1RXV� DYRQV� FKRLVL� FHWWH� SODWH�IRUPH� SDUFH� TXH� QRXV� FUR\RQV� TXH� SRXU� EHDXFRXS�

G
DSSOLFDWLRQV� OD� ORFDOLVDWLRQ� GDQV� XQH� WUDMHFWRLUH� F\FOLTXH� HVW� LPSRUWDQWH�� &HV� DSSOLFDWLRQV�
XWLOLVHURQW�GHV�SHWLWV�DSSDUHLOV��SHX�FR�WHX[��HPEDUTXDEOHV�GDQV�XQ�V\VWqPH�PRELOH�WHO�TXH�OHV�
PDFKLQHV�j�FRQYR\HXUV�R��OHV�FRQGLWLRQV�GH�SURGXFWLRQ�LQIOXHQFHQW�OD�TXDOLWp��

�
1RXV� DYRQV�PRQWUp� TX¶HQ� FRXSODQW� O¶DSSURFKH� EDVpH� VXU� OHV� UpVHDX[�GH� QHXURQHV� j� XQH�

SURMHFWLRQ��O¶HUUHXU�GH��SRVLWLRQ�HVW�PLQLPLVpH�FRQVLGpUDEOHPHQW��¬�QRWHU�TX¶RQ�SHXW�DPpOLRUHU�
OHV�UpVXOWDWV�HQ�DXJPHQWDQW�OH�QRPEUH�GH�PHVXUHV�GH�566,�DYHF�GHV�SXLVVDQFHV�GLIIpUHQWHV�SDU�
SRVLWLRQ����

�

�
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&KDSLWUH���� &RQFOXVLRQ�
�
� �
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/D�VXUYHLOODQFH�pWURLWH�G¶XQ�JUDQG�pTXLSHPHQW�SK\VLTXH�PRELOH�VXU�XQH�WUDMHFWRLUH�XQLTXH�
FRQQXH�HVW�VXVFHSWLEOH�G¶DYRLU�GHV�DSSOLFDWLRQV�FRQFUqWHV�LPSRUWDQWHV�WDQW�SRXU�OD�VpFXULWp�GHV�
XWLOLVDWHXUV� TXH� SRXU� FHOOH� GH� O¶pTXLSHPHQW� OXL�PrPH�� SRXU� VD� PDLQWHQDQFH� HW� SRXU�
O¶RSWLPLVDWLRQ� GX� VHUYLFH� UHQGX�� (OOH� H[LVWH�� PDLV� OHV� WHFKQRORJLHV� PLVHV� HQ� °XYUH� VRQW�
VSpFLILTXHV�HW�FR�WHXVHV�GRQF�OLPLWHQW�O¶LQVWUXPHQWDWLRQ��/¶XWLOLVDWLRQ�G¶XQ�UpVHDX�GH�FDSWHXUV�
SULV� VXU� pWDJqUH� SRXUUDLW� GLPLQXHU� IRUWHPHQW� OH� FR�W� GH� O¶LQVWUXPHQWDWLRQ� HW� IDFLOLWHU� VRQ�
GpSORLHPHQW��/H�V\VWqPH�SRXUUDLW�DLQVL�rWUH�XWLOLVp�GH�PDQLqUH�WHPSRUDLUH�SRXU�GHV�FRQWU{OHV�
SpULRGLTXHV�WUqV�GpWDLOOpV��/D�VXUYHLOODQFH�GH�V\VWqPH�PRELOH�j�O¶DLGH�G¶XQ�UpVHDX�GH�FDSWHXUV�
Q¶HVW�SDV�GpFULWH�GDQV�OD�ELEOLRJUDSKLH�UpDOLVpH��(OOH�D�FRQVWLWXp�OH�VXMHW�GH�O¶pWXGH�PHQpH�SRXU�
FHWWH�WKqVH��

�1RXV� DYRQV� GpILQL� XQ� VFpQDULR� DVVH]� SUpFLV��PDLV� WRXWHIRLV� SDV� WURS� pWURLW� GH�PDQLqUH� j�
GpILQLU�GH�YUDLHV�SUREOpPDWLTXHV�GH�UHFKHUFKH�HW�QRQ�XQ�SUREOqPH�G¶LQJpQLHULH�VSpFLILTXH��/H�
FKRL[� HVVHQWLHO� HVW� G¶DYRLU� VSpFLILp� OH� V\VWqPH� PRELOH��� XQ� JUDQG� pTXLSHPHQW� SK\VLTXH�
�PpFDQLTXH��PRELOH�VXU�XQH�WUDMHFWRLUH�XQLTXH�FRQQXH���

/¶REMHFWLI�JpQpUDO�GH�QRWUH�WUDYDLO�D�GRQF�pWp�GH�FRQFHYRLU�XQ�V\VWqPH�GH�FDSWHXUV�FDSDEOH�
G¶DFTXpULU� OD� ERQQH� LQIRUPDWLRQ� DX� ERQ� HQGURLW�� HQ� WHPSV� YRXOX� HW� DYHF� VXIILVDPPHQW� GH�
SUpFLVLRQ�HW�GH�WUDQVPHWWUH�OHV�GRQQpHV�j�OD�VWDWLRQ�GH�WUDLWHPHQW�HQ�WHPSV�UpHO�HW�VDQV�SHUWH��/HV�
GRQQpHV�GRLYHQW�WRXMRXUV�rWUH�DVVRFLpH�DYHF�OLHX�R��HOOHV�RQW�pWp�VDLVLHV��G¶R��O¶LPSRUWDQFH�GH�
OD� ORFDOLVDWLRQ��/¶pWDW�GH� O¶DUW� UpDOLVp�PRQWUH�TXH� OD� ORFDOLVDWLRQ�HVW�HQFRUH�XQ�SUREOqPH�PDO�
UpVROX� GDQV� OHV� UpVHDX[� GH� FDSWHXUV�PRELOHV��1RXV� DYRQV� H[DPLQp� OHV� GLIIpUHQWHV� VROXWLRQV�
H[LVWDQWHV�HW�QRXV�DYRQV�WHVWp�GHX[�G¶HQWUH�HOOHV�VXU�XQ�FRQYR\HXU�LQGXVWULHO��

&RPPH� OD� WHFKQRORJLH� HVW� JOREDOHPHQW�GpWHUPLQpH� HQ�SUHQDQW� OHV�Q°XGV� VXU� pWDJqUH�� OHV�
YDULDWLRQV�GH�SHUIRUPDQFHV�QH�VRQW�GpSHQGDQWHV�TXH�GH�OD�TXDOLWp�GH�OD�WRSRORJLH�GX�UpVHDX�HW�
GH�FHOOH�GX�URXWDJH��/HV�SHUIRUPDQFHV�DWWHQGXHV�VRQW�XQ�SHWLW�GpODL��PDLV�VXUWRXW�XQH�ERQQH�
WHQXH�j�OD�FKDUJH��FULWqUH�TXL�UHIOqWH�OH�QRPEUH�GH�FDSWHXUV�DFWLIV�HQ�PrPH�WHPSV��OD�WDLOOH�GHV�
GRQQpHV�HW�VXUWRXW�OD�SOXV�SHWLWH�SpULRGH�GH�VDLVLH�GHV�LQIRUPDWLRQV���

3RXU�TXH�O¶pWXGH�VRLW�SUpFLVH�HW�DSSURIRQGLH��HOOH�D�pWp�OLPLWpH�DX[�V\VWqPHV�VH�GpSODoDQW�VXU�
XQH�WUDMHFWRLUH�FLUFXODLUH��+RUPLV�OH�FDV�SDUWLFXOLHU�GX�SHWLW�UD\RQ�GH�OD�WUDMHFWRLUH�HW�KRUV�OHV�
PRPHQWV� SDUWLFXOLHUV� R�� OH� SXLWV� SHXW� rWUH� DWWHLQW� GLUHFWHPHQW�� GHX[� JUDQGHV� RSWLRQV� VRQW�
SRVVLEOHV�HW�RQW�pWp�H[DPLQpHV���FHOOH�SRXU�ODTXHOOH�OH�RX�OHV�FDSWHXUV�WUDQVPHWWHQW�YHUV�GHV�UHODLV�
VLWXpV� DX� VRO�� XQ� UpVHDX� IL[H� SHUPHWWDQW� G¶DWWHLQGUH� OH� SXLWV� HW� FHOOH� SRXU� ODTXHOOH� OH� RX� OHV�
FDSWHXUV�WUDQVPHWWHQW�YHUV�GHV�UHODLV�HPEDUTXpV�VXU�OH�PRELOH��OHV�SDTXHWV�pWDQW�WUDQVIpUpV�GDQV�
OH�UpVHDX�HPEDUTXp�MXVTX¶DX�UHODLV�j�SRUWpH�GX�SXLWV�j�O¶LQVWDQW�FRQVLGpUp��3RXU�FKDFXQH�GH�FHV�
RSWLRQV��OHV�WURLV�FRPSRVDQWHV�GH�O¶DUFKLWHFWXUH�RQW�pWp�pWXGLpHV���OD�WRSRORJLH��OH�URXWDJH�HW�OD�
ORFDOLVDWLRQ��

�

3RXU�OH�UpVHDX�GH�UHODLV�IL[HV��OHV�WUDYDX[�RQW�SHUPLV�GH�SURSRVHU�WURLV�VWUXFWXUHV�GH�WRSRORJLHV�
HW� GH� SURSRVHU� GHV�PpWKRGHV� GH� FDOFXO� GHV� HPSODFHPHQWV� GHV� Q°XGV� SRXU� FKDFXQH� G¶HOOHV��
7RXWHV� OHV� WRSRORJLHV� UHWHQXHV� RQW� OD� FDUDFWpULVWLTXH� TXH� WRXW� Q°XG�� VDXI� FHOXL� SRXYDQW�
FRPPXQLTXHU�DYHF�OH�SXLWV��D�XQ�YRLVLQ�SOXV�SURFKH�GX�SXLWV�TXH�OXL�HW�TXH�FH�YRLVLQ�SRVVqGH�OD�
PrPH�SURSULpWp��&HWWH�UpFXUVLYLWp�SHUPHW�GH�FKRLVLU�VDQV�KpVLWDWLRQ�OH�URXWDJH�JpRJUDSKLTXH��
O¶DOJRULWKPH�JORXWRQ�pWDQW�DORUV�JOREDOHPHQW�RSWLPDO��3OXVLHXUV�VROXWLRQV�GH�ORFDOLVDWLRQ�VRQW�
XWLOLVDEOHV�VXU�FHV�DUFKLWHFWXUHV��\�FRPSULV� OD�SOXV�VLPSOH�FRQVLVWDQW�j�VH�SRVLWLRQQHU�GDQV�OD�
FHOOXOH�©�SRUWpH�UDGLR�ª�GX�UHODLV�LQWHUIDFH�TXL�UHoRLW�OH�SDTXHW�YHQDQW�GX�FDSWHXU��
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/D�WRSRORJLH�GX�UpVHDX�GH�FDSWHXUV�DYHF�UHODLV�HPEDUTXpV�D�DXVVL�pWp�pWXGLpH�HQ�GpWDLO��8Q�
SURWRFROH�GH� URXWDJH� DGDSWp��EDVp� pJDOHPHQW� VXU� OH�SULQFLSH�GX� URXWDJH� JpRJUDSKLTXH�� D� pWp�
SURSRVp��&H�SURWRFROH�XWLOLVH�GHX[�SDUDPqWUHV�OLpV�DX�PRXYHPHQW�GX�PRELOH���VD�SRVLWLRQ�HW�VD�
YLWHVVH��/D�ORFDOLVDWLRQ�D�pWp�FRQVLGpUpH�FRPPH�H[LVWDQWH��PDLV�DXFXQH�VROXWLRQ�SDUWLFXOLqUH�Q¶D�
pWp�SULYLOpJLpH���

3RXU�FUpGLELOLVHU�O¶pWXGH��XQH�DSSOLFDWLRQ�YLUWXHOOH�D�pWp�UpDOLVpH�VXU�XQ�JUDQG�V\VWqPH�UpHO�j�
YLVLELOLWp�LQWHUQDWLRQDOH���OD�JUDQGH�URXH�GH�6LQJDSRXU��XQ�EHO�H[HPSOH�GH�V\VWqPH�PRQROLWKLTXH�
j�WUDMHFWRLUH�FLUFXODLUH��/HV�SHUIRUPDQFHV�GHV�DUFKLWHFWXUHV�SURSRVpHV�SRXU�OHV�GHX[�RSWLRQV�GH�
WRSRORJLH� RQW� pWp� pYDOXpHV� SDU� VLPXODWLRQ� VXU� FH� V\VWqPH�� /HV� UpVXOWDWV� HVVHQWLHOV� VRQW�
UDVVHPEOpV� GDQV� OH� WDEOHDX� ����� ,OV� SHXYHQW� DLQVL� rWUH� IDFLOHPHQW� FRPSDUpV�� ,OV� PRQWUHQW� OD�
VXSpULRULWp� GH� O¶DSSURFKH� SDU� UHODLV� HPEDUTXpV� SRXU� XQ� WHO� V\VWqPH� SK\VLTXH��� PHLOOHXUHV�
SHUIRUPDQFHV�HW�FR�W�ILQDQFLHU�LQIpULHXU�j�FHX[�GH�O¶DSSURFKH�SDU�UHODLV�IL[HV��(OOH�GHYUDLW�rWUH�
SHUIRUPDQWH�SRXU�WRXV�OHV�V\VWqPHV�GLVWULEXpV�SRXU�OHVTXHOV�OD�GLVWDQFH�HQWUH�OHV�PRGXOHV�HVW�
LQIpULHXUH�j�OD�SRUWpH�UDGLR�GHV�Q°XGV��TXHOTXH�VRLW�OD�WUDMHFWRLUH��/D�WHQXH�DX�IDFWHXU�G¶pFKHOOH�
GRLW�WRXWHIRLV�rWUH�pWXGLpH��SDU�H[HPSOH�SRXU�GHV�V\VWqPHV�FRPPH�GH�JUDQGV�WpOpVLqJHV��

�
$UFKLWHFWXUH� 1RPEUH�GH�

Q°XGV�UHODLV�
1RPEUH�PD[LPDO�

GH�VDXWV�
&KDUJH�VXSSRUWpH�

�SpULRGH�PLQ�
SDTXHWV��

'pODL�
G¶DFKHPLQHPHQW�

*ULOOH�j�SDYHPHQW�
FDUUp�RSWLPLVpH�

��� �� ���V� ����PV�

5HODLV�HPEDUTXpV� ������LPSOLFLWHV�� ��� ����PV� ���PV�PD[�

7DEOHDX�����&RPSDUDLVRQ�GH�GHX[�DUFKLWHFWXUHV�pWXGLpHV�VXU�OH�FDV�GH�OD�6LQJDSRUH�)O\HU�

7RXMRXUV�DYHF�OH�PrPH�VRXFL�GH�UpDOLWp��XQ�GpSORLHPHQW�D�pWp�UpDOLVp�VXU�XQ�FRQYR\HXU�GDQV�
XQH�XVLQH�GH�IDEULFDWLRQ�G¶pTXLSHPHQWV�pOHFWULTXHV�GH�OD�VRFLpWp�,QJHOHF�j�&DVDEODQFD��/H�WHPSV�
GLVSRQLEOH�SRXU� OHV� H[SpULPHQWDWLRQV� pWDLW� FRQWUDLQW�SDU� FHOOH�GH� OD�GXUpH� GH� OD�PDLQWHQDQFH�
LQWHUURPSDQW�OD�IDEULFDWLRQ��&¶HVW�SRXUTXRL�VHXOH�OD�ORFDOLVDWLRQ�D�SX�rWUH�WHVWpH�j�WUDYHUV�GHX[�
PpWKRGHV���OD�PpWKRGH�FHQWUpH�PRELOH�EDVpH�VXU�OD�WULDQJXODWLRQ�HW�OD�PpWKRGH�©�GpORFDOLVpH�ª�
VXU� XQ� VHUYHXU� EDVpH� VXU� OD� FODVVLILFDWLRQ� G¶HPSUHLQWHV� SDU� UpVHDX� GH� QHXURQHV� DUWLILFLHOV��
/¶DSSURFKH� EDVpH� VXU� OHV� UpVHDX[� GH� QHXURQH� HW� OD� SURMHFWLRQ� VXU� OD� WUDMHFWRLUH� PLQLPLVH�
FRQVLGpUDEOHPHQW�O¶HUUHXU�GH��SRVLWLRQ���

�

&RPSDUDLVRQ�GHV�WRSRORJLHV�
/HV� WRSRORJLHV� GH� UpVHDX[� GH� FDSWHXUV� SURSRVpHV� GDQV� FHWWH� WKqVH� RQW� pWp� pWXGLpHV� SRXU�

UpSRQGUH�DX�PLHX[�DX�EHVRLQ�GH�O¶DSSOLFDWLRQ��OD�VXUYHLOODQFH�GH�JUDQGV�V\VWqPHV�VH�GpSODoDQW�
VXU�XQH�WUDMHFWRLUH�FLUFXODLUH��$X�GHOj�GH�OD�FRPSDUDLVRQ�GX�WDEOHDX�������OHV�UpVXOWDWV�REWHQXV�
SHUPHWWHQW� GH� WLUHU� TXHOTXHV� FRQFOXVLRQV� VXU� O¶DGDSWDWLRQ� GHV� WRSRORJLHV� j� OD� VWUXFWXUH� GHV�
V\VWqPHV� SK\VLTXHV�� F
HVW�j�GLUH� LQGpSHQGDPPHQW� GH� OD� WUDMHFWRLUH� GH� OHXU�PRXYHPHQW�� /HV�
FRQWUDLQWHV�LPSRVpHV�SDU�OD�VWUXFWXUH�G¶XQ�V\VWqPH�QH�SHUPHWWHQW�SDV�WRXMRXUV�GH�GpSOR\HU�WRXWHV�
OHV�WRSRORJLHV�SURSRVpHV��,O�HQ�UpVXOWH�TXH�WRXWHV�OHV�DUFKLWHFWXUHV�SURSRVpHV�RQW�OHXU�XWLOLWp�HW�
FHUWDLQHV� VRQW� OHV� VHXOHV� XWLOLVDEOHV� SRXU� FHUWDLQHV� VWUXFWXUHV� GH� V\VWqPHV� SK\VLTXHV�� 3DU�
H[HPSOH��LO�HVW�LPSRVVLEOH�GH�GpSOR\HU�XQH�WRSRORJLH�GH�UHODLV�HPEDUTXpV�VXU�XQ�V\VWqPH�LVROp��
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3RXU� EHDXFRXS� GH� V\VWqPHV� PRQROLWKLTXHV� HW� SRXU� OHV� V\VWqPHV� GLVWULEXpV�� OHV� VROXWLRQV�
SURSRVpHV�VRQW�FRQFXUUHQWHV��LO�FRQYLHQW�DORUV�GH�FKRLVLU�OD�SOXV�SHUIRUPDQWH�DX�PHLOOHXU�FR�W�
ILQDQFLHU���/H�WDEOHDX�����UpVXPH�OD�FRPSDUDLVRQ�GHV�WRSRORJLHV�SURSRVpHV�DYHF�OHXUV�DYDQWDJHV�
HW�LQFRQYpQLHQWV�UHVSHFWLIV�HW�OD�PHLOOHXUH�DGDSWDWLRQ�FRQVWDWpH�DX[�VWUXFWXUHV�GHV�V\VWqPHV��

�
7RSRORJLH� $YDQWDJHV� ,QFRQYpQLHQWV� 6WUXFWXUH�IDYRULWH�

GH�V\VWqPH�

�

�

5HODLV�IL[HV��SDYHPHQW�
FDUUp�

Utilisation des relais 
pour localisation (ancres 
ou cellule) 

�� 1pFHVVLWH� EHDXFRXS�
GH� UHODLV� GDQV� JUDQGV�
V\VWqPHV�

�� 3HUIRUPDQFHV�
PR\HQQHV�VL�EHDXFRXS�GH�
FDSWHXUV�DFWLIV�

6\VWqPH�LVROp�

�

5HODLV�IL[HV�GH�ERUGXUH�

8WLOLVDWLRQ� GHV� UHODLV�
DLVpH� SRXU� ORFDOLVDWLRQ�
JURVVLqUH��FHOOXOH��

1pFHVVLWH� EHDXFRXS�
GH� UHODLV� GDQV� JUDQGV�
V\VWqPHV�

�

��6\VWqPH�LVROp�

��6\VWqPH�RQROLWKLTXH���
QRQ�pTXLSDEOH�HQ�UHODLV�

�

�

5HODLV�HPEDUTXpV�

�� 3DV� EHVRLQ� GH� Q°XGV�
VXSSOpPHQWDLUHV�� UHODLV�
DVVXUpV� SDU� OHV� FDSWHXUV�
GDQV�V\VWqPHV�GLVWULEXpV�RX�
PRQROLWKLTXHV�

�� %RQQH� SHUIRUPDQFH�
SRXU�FHV�V\VWqPHV�

3DV� G¶DQFUHV� SRXU�
ORFDOLVDWLRQ�

��6\VWqPH�GLVWULEXp�

��6\VWqPH��
PRQROLWKLTXH��FDV�
JpQpUDO��

7DEOHDX�����$GDSWDWLRQ�GHV�WRSRORJLHV�GH�UpVHDX�DX[�W\SRORJLHV�GH�V\VWqPHV�SK\VLTXHV�

3HUVSHFWLYHV�
/H�WUDYDLO�GH�UHFKHUFKH�PHQp�GDQV�FHWWH�WKqVH�RXYUH�GH�QRPEUHXVHV�SHUVSHFWLYHV�WDQW�SRXU�

DSSURIRQGLU�OHV�WUDYDX[�UpDOLVpV�TXH�SRXU�OHV�pWHQGUH�j�G¶DXWUHV�V\VWqPHV�SK\VLTXHV��

8QH�DPpOLRUDWLRQ�SRVVLEOH�GHV�SHUIRUPDQFHV�GX�UpVHDX�DYHF�WRSRORJLH�GH�UHODLV�HPEDUTXpV�
SRXUUDLW� rWUH� REWHQXH� SDU� DJUpJDWLRQ� GH� SDTXHWV��$YHF� FHWWH� DUFKLWHFWXUH� HW� ORUVTXH� WRXV� OHV�
FDSWHXUV� VRQW� DFWLIV�� XQH� DJUpJDWLRQ� VXFFHVVLYH� GHV� SDTXHWV� WUDYHUVDQW� OHV� Q°XGV� VHUDLW�
FHUWDLQHPHQW�HIILFDFH��(Q�VXSSRVDQW�XQH�V\QFKURQLVDWLRQ�GHV�PHVXUHV�VXU� WRXV� OHV�Q°XGV�� OH�
Q°XG�OH�SOXV�pORLJQp�GX�Q°XG�UHODLV�LQWHUIDFH�SUHQGUDLW�O¶LQLWLDWLYH�GH�O¶HQYRL�G¶XQ�SDTXHW�DYHF�
VHV�GRQQpHV�DX�Q°XG�YRLVLQ�GDQV�OD�GLUHFWLRQ�GX�Q°XG�UHODLV�SDU�OD�URXWH�OD�SOXV�FRXUWH��&H�Q°XG�
YRLVLQ�DMRXWHUDLW�VHV�GRQQpHV�DX�SDTXHW�UHoX�DYDQW�GH�O¶HQYR\HU�j�VRQ�YRLVLQ�WRXMRXUV�GDQV�OD�
GLUHFWLRQ�GX�UHODLV�LQWHUIDFH��HW�DLQVL�GH�VXLWH��&RPSWH�WHQX�GH�OD�WDLOOH�PD[LPDOH�GH�OD�WUDPH�GX�
SURWRFROH�����������F
HVW�j�GLUH�����RFWHWV��GH�OD�WDLOOH�GH�FKDTXH�GRQQpH�IL[pH�GDQV�OH�VFpQDULR�
XWLOLVp�j����RFWHWV��GH�O¶HQWrWH�SRXU�O¶DGUHVVDJH�HW�GH�OD�WHUPLQDLVRQ�SRXU�OD�FOp�GH�YpULILFDWLRQ��
�� SDTXHWV� VXFFHVVLIV� SHXYHQW� rWUH� DJUpJpV�� &H� SURFpGp� DOOpJHUDLW� OH� QRPEUH� GH� SDTXHWV� j�
SUR[LPLWp�GX�SXLWV�� OH�JRXORW�G¶pWUDQJOHPHQW�GX�UpVHDX�� ,O�FRPSOLTXHUDLW�VLJQLILFDWLYHPHQW� OH�
SURWRFROH�GH�IRUPDWLRQ�HW�GH�WUDQVPLVVLRQ�GHV�SDTXHWV�SXLVTXH�FHOXL�FL�GRLW�WHQLU�FRPSWH�GH�OD�
SRVLWLRQ�LQVWDQWDQpH�GX�Q°XG��/H�WHVW�G¶XQ�WHO�SURFpGp�IDLW�SDUWLH�GHV�SHUVSHFWLYHV�GX�WUDYDLO�
DSUqV�FHWWH�WKqVH��
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3RXU�DPpOLRUHU�OHV�SHUIRUPDQFHV�GX�UpVHDX�GH�FDSWHXUV��XQH�SLVWH�HVW�G¶XWLOLVHU�GHV�DQWHQQHV�
GLUHFWLRQQHOOHV� j� OD� SODFH� GHV� DQWHQQHV� RPQLGLUHFWLRQQHOOHV�� /HV� DQWHQQHV� GLUHFWLRQQHOOHV�
SHUPHWWHQW�G¶DPpOLRUHU�OD�TXDOLWp�GH�VHUYLFH�GDQV�XQ�UpVHDX�GH�FDSWHXUV��OD�TXDOLWp�GH�ORFDOLVDWLRQ�
EDVpH�VXU�OHV�VLJQDX[�GH�FRPPXQLFDWLRQ�HW�GH�GLPLQXHU�OD�FRQVRPPDWLRQ�GHV�Q°XGV��'XQORS�
HW�DO�����������6L�HOOHV�SRVHQW�GHV�SUREOqPHV�GDQV�OHV�UpVHDX[�j�SODFHPHQW�DOpDWRLUH�GHV�Q°XGV��
HOOHV�VRQW�DSSURSULpHV�SRXU�XQ�SODFHPHQW�GpWHUPLQLVWH�FRPPH�F¶HVW�OH�FDV�GDQV�QRWUH�DSSOLFDWLRQ��
8QH�pWXGH�DSSURIRQGLH�VXU�O¶XWLOLVDWLRQ�GH�FHV�DQWHQQHV�GDQV�QRV�DUFKLWHFWXUHV�HW�GHV�WHVWV�HQ�
YUDLH�JUDQGHXU�GRQQHUDLHQW�SUREDEOHPHQW�GHV�UpVXOWDWV�LQWpUHVVDQWV��

/D�ORFDOLVDWLRQ�j�O¶DLGH�G¶DFFpOpURPqWUHV�D�pWp�VRPPDLUHPHQW�pWXGLpH�FRPPH�QRXV�O¶DYRQV�
UHODWp� GDQV� OH� SDUDJUDSKH� ������� ,O� IDXGUDLW� UHSUHQGUH� FH� WUDYDLO� HQ� FROODERUDWLRQ� DYHF� GHV�
VSpFLDOLVWHV� HQ� PRGpOLVDWLRQ� HW� HQ� ILOWUDJH� GX� ODERUDWRLUH� SRXU� DERXWLU� j� XQH� VROXWLRQ� GH�
ORFDOLVDWLRQ�pFRQRPLTXH��SUpFLVH�HW�UREXVWH��

&HUWDLQHV�DSSOLFDWLRQV�GH�VXUYHLOODQFH��TXL�DQDO\VHQW�ILQHPHQW�O¶pYROXWLRQ�GHV�SKpQRPqQHV�
PHVXUpV� HW� TXL� FRUUqOHQW� OHV� GRQQpHV� SURYHQDQW� GHV� GLIIpUHQWV� FDSWHXUV� GLVWULEXpV� VXU�
O¶pTXLSHPHQW��RQW�EHVRLQ�TXH�OHV�PHVXUHV�VRLHQW�GDWpHV�DYHF�SUpFLVLRQ��3RXU�FH�IDLUH�OHV�KRUORJHV�
GHV�FDSWHXUV�GRLYHQW�rWUH�V\QFKURQLVpHV��8Q�SURFpGp�GH�V\QFKURQLVDWLRQ�G¶XQ�UpVHDX�GH�FDSWHXUV�
FRPPH� FHOXL� SURSRVp�SDU� �*DQHULZDO� HW� DO��� ������ GHYUDLW� UpVRXGUH� OH� SUREOqPH�� ,O� IDXGUDLW�
O¶LPSOpPHQWHU� HW� OH� WHVWHU� VXU� FKDFXQH� GHV� DUFKLWHFWXUHV� SURSRVpHV�� FHUWDLQHV� VRQW� SHXW�rWUH�
PLHX[�DGDSWpHV�TXH�G¶DXWUHV�j�FHWWH�V\QFKURQLVDWLRQ��

8Q�WUDYDLO�SOXV�DPELWLHX[�FRQVLVWH�j�pWXGLHU�G¶DXWUHV�JUDQGV�V\VWqPHV�SK\VLTXHV�VH�GpSODoDQW�
VXU�GHV�WUDMHFWRLUHV�QRQ�FLUFXODLUHV��/HV�V\VWqPHV�TXL�VRQW�HQ�YXH�VRQW�OHV�SOXV�JUDQGV�WpOpVLqJHV�
HW�OHV�WUDQVSRUWHXUV�DpULHQV�GH�PDWpULDX[�j�JRGHWV�TXL�VH�GpSODFHQW�VXU�GHX[�FKHPLQV�SDUDOOqOHV�
HQ� VHQV� RSSRVpV�� &RPPH� O¶LQGLTXH� OD� V\QWKqVH� SUpFpGHQWH�� O¶DUFKLWHFWXUH� EDVpH� VXU� XQH�
WRSRORJLH�GH�Q°XGV�HPEDUTXpV�HVW�VDQV�GRXWH�ELHQ�DGDSWpH��1RXV�FKHUFKHURQV�GHV�SDUWHQDLUHV�
SRXU�OD�GRWHU�GH�OD�ORFDOLVDWLRQ�DGpTXDWH�HW�SRXU�O¶H[SpULPHQWHU�VXU�XQ�YUDL�V\VWqPH�RSpUDWLRQQHO���
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/LVWH�GHV�ILJXUHV�
�

)LJXUH�����5pVHDX�DYHF�XQ�VHXO�VDXW�������������������������������������������������������������������������������������������� 

)LJXUH�����5pVHDX�DYHF�UHODLV�HPEDUTXpV������������������������������������������������������������������������������������ 

)LJXUH�����5pVHDX�DYHF�UHODLV�DX�VRO�������������������������������������������������������������������������������������������� 

)LJXUH�����([HPSOH�G¶XQ�UpVHDX�GH�FDSWHXUV������������������������������������������������������������������������������� 

)LJXUH�����/HV�FRPSRVDQWV�G¶XQ�Q°XG�FDSWHXU��������������������������������������������������������������������������� 

)LJXUH�����/RFDOLVDWLRQ�j�O¶DLGH�G¶DQFUHV������������������������������������������������������������������������������������� 

)LJXUH�����/RFDOLVDWLRQ�j�EDVH�GH�GLVWDQFH�SDU�WULODWpUDWLRQ��������������������������������������������������������� 

)LJXUH�����/RFDOLVDWLRQ�j�EDVH�G¶DQJOHV�HW�WULDQJXODWLRQ�������������������������������������������������������������� 

)LJXUH�����6LQJDSRUH�)O\HU���������������������������������������������������������������������������������������������������������� 

)LJXUH�����(ROLHQQH�+DOLDGH����������������������������������������������������������������������������������������������������� 

)LJXUH�����3HWLW�UD\RQ��SXLWV�GpFDOp�GX�FHQWUH�G¶XQH�GLVWDQFH�D��������������������������������������������������� 

)LJXUH�������7UDMHFWRLUH�FLUFXODLUH������������������������������������������������������������������������������������������������ 

)LJXUH�����&DUWRJUDSKLH�GH�OD�FRXYHUWXUH�UDGLR��������������������������������������������������������������������������� 

)LJXUH�����*ULOOH�j�SDYHPHQW�FDUUp�FHQWUpH�VXU�OH�FHQWUH�GX�FHUFOH���������������������������������������������� 

)LJXUH�����8Q�VHXO�VRPPHW�LQWpULHXU�������������������������������������������������������������������������������������������� 

)LJXUH�����'HX[�VRPPHWV�YRLVLQV�LQWpULHXUV�������������������������������������������������������������������������������� 

)LJXUH�������'HX[�VRPPHWV�RSSRVpV�LQWpULHXUV���������������������������������������������������������������������������� 

)LJXUH��������([LVWHQFH�GH�15,P�P��������������������������������������������������������������������������������������������� 

)LJXUH��������/D�WRSRORJLH�SRXU�U �����P�HW�5F� ����P�������������������������������������������������������������� 

)LJXUH������2SWLPLVDWLRQ�GH�OD�WRSRORJLH�GDQV�OH�SUHPLHU�TXDGUDQW�������������������������������������������� 

)LJXUH������7RSRORJLH�W\SH�FKHPLQ�GH�ERUGXUH��������������������������������������������������������������������������� 

)LJXUH������&DOFXO�GX�QRPEUH�GH�UHODLV��������������������������������������������������������������������������������������� 

)LJXUH��������&RXYHUWXUH�GH�OD�WUDMHFWRLUH�DYHF�OHV�Q°XGV�GH�ERUGXUH����������������������������������������� 

)LJXUH������5pVXOWDW�GHV�HPSODFHPHQWV�GHV�Q°XGV�UHODLV�DYHF�O¶DUEUH�GH�6WHLQHU���������������������� 

)LJXUH������$VVRFLDWLRQ��ȕ��HPSUHLQWH�GX�566,�������������������������������������������������������������������������� 

)LJXUH������6FKpPD�GH�OD�SODWHIRUPH������������������������������������������������������������������������������������������ 

)LJXUH������5HSqUH�OLp�j�O¶DFFpOpURPqWUH������������������������������������������������������������������������������������� 

)LJXUH������0HVXUH�GHV�DFFpOpUDWLRQV�UDGLDOHV�HW�WDQJHQWLHOOHV��������������������������������������������������� 

)LJXUH������7RSRORJLH�GH�O¶H[HPSOH�VXU�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH�HW�XQ�FDSWHXU���������� 

file:///D:/bureau%20lenovo/Abdellatif%20CHAFIK/these%20chafik/these%20A%20Chafik%20mai%202014/these%20A%20Chafik%20mai%202014/these%20Abdellatif%20CHAFIK%20Finale.docx%23_Toc393024194
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)LJXUH������'pODLV�GH�ERXW�HQ�ERXW�SRXU�XQ�FDSWHXU�HW���YDOHXUV�GH�SpULRGH�LQWHU�SDTXHWV��������� 

)LJXUH������7RSRORJLH�GH�O¶H[HPSOH�VXU�JULOOH�j�SDYHPHQW�FDUUp�RSWLPLVpH�HW�GL[�FDSWHXUV������� 

)LJXUH������'pODL�GH�ERXW�HQ�ERXW�SRXU����FDSWHXUV�HW�XQH�SpULRGH�LQWHU�SDTXHW�GH���V�������������� 

)LJXUH������7RSRORJLH�DYHF�UHODLV�HQ�ERUGXUH�GH�OD�WUDMHFWRLUH���������������������������������������������������� 

)LJXUH������'pODL�GH�ERXW�HQ�ERXW�DYHF�WRSRORJLH�GH�ERUGXUH����������������������������������������������������� 

)LJXUH������7RSRORJLH�SRXU�OD�VXUYHLOODQFH�G¶XQH�QDFHOOH�GH�OD�URXH�6LQJDSRUH�)O\HU��������������� 

)LJXUH������'pODL�G¶DFKHPLQHPHQW�SRXU�XQH�SpULRGH�LQWHU�SDTXHW�GH�����PV���������������������������� 

)LJXUH������7RSRORJLH�DYHF�XQ�FDSWHXU�SDU�QDFHOOH��������������������������������������������������������������������� 

)LJXUH������'pODL�G¶DFKHPLQHPHQW�SRXU�XQH�SpULRGH�LQWHU�SDTXHW�GH����V�DYHF����FDSWHXUV����� 

)LJXUH�����&DOFXO�GX�UD\RQ�GH�SURSDJDWLRQ�5F���������������������������������������������������������������������������� 

)LJXUH�����6HQV�GH�WUDQVIHUW�GHV�SDTXHWV�HW�VHQV�GH�GpSODFHPHQW�GX�PRELOH������������������������������� 

)LJXUH�����3RVLWLRQ�GHV�Q°XGV�PRELOHV�HQ�FRRUGRQQpHV�SRODLUHV������������������������������������������������ 

)LJXUH�������'pODL�G¶DFKHPLQHPHQW�GH�ERXW�HQ�ERXW�GHV�SDUTXHWV�SRXU�OH�Q°XG������������������������ 

)LJXUH�����7DX[�GH�SHUWH�GH�SDUTXHWV�HQ�IRQFWLRQ�GH�OHXU�SpULRGH�GH�JpQpUDWLRQ������������������������ 

)LJXUH�����&KDLQH�GH�SHLQWXUH�DYHF�FRQYR\HXU���������������������������������������������������������������������������� 

)LJXUH�����OD�SRVLWLRQ�GHV�Q°XGV�UHODLV�HW�DQFUHV������������������������������������������������������������������������� 

)LJXUH�����7ULDQJXODWLRQ�SRXU�XQ�Q°XG���=RQH�G¶LQWHUVHFWLRQ����������������������������������������������������� 

)LJXUH�����([HPSOH�GH�UpVHDX[�GH�QHXURQH��������������������������������������������������������������������������������� 

)LJXUH�����5pVHDX[�GH�QHXURQHV�j�XQH�VHXOH��FRXFKH�FDFKpH��)L�HVW�OD�IRQFWLRQ�G
DFWLYDWLRQ��:L�
OHV�SRLQGV�HW�EL�OH�ELDV���������������������������������������������������������������������������������������������������������� 

)LJXUH�����H[HPSOH��GX�SULQFLSH�GH�OD�GHVFHQWH�GH�JUDGLHQW���FDV�G
XQH�IRQFWLRQ�j�XQH�YDULDEOH
���������������������������������������������������������������������������������������������������������������������������������������������� 

)LJXUH�����/H�JUDSKH�GH�O
DFFpOpURPqWUH�������������������������������������������������������������������������������������� 

)LJXUH������IRQFWLRQ�OLQpDLUH��������������������������������������������������������������������������������������������������������� 

��)LJXUH�����IRQFWLRQ�VwJPRwGH����������������������������������������������������������������������������������������������������� 

)LJXUH������/HV�SRVLWLRQV�HVWLPpHV�DYHF�OHV�UpVHDX[�GH�QHXURQH�HW�WULDQJXODWLRQ���������������������� 

)LJXUH������8Q�DJUDQGLVVHPHQW�G
XQH�SDUWLH�GH�OD�WUDMHFWRLUH����������������������������������������������������� 

)LJXUH������/HV�SRVLWLRQV�HVWLPpHV�SDU�UpVHDX[�GH�QHXURQH�SURMHWpHV�VXU�OD�WUDMHFWRLUH�GX�PRELOH
��������������������������������������������������������������������������������������������������������������������������������������������� 

)LJXUH������/D�YDULDWLRQ�GH�O
HUUHXU�GH�SRVLWLRQ�GDQV�OH�FDV�GH�UpVHDX[�GH�QHXURQH������������������� 

)LJXUH������/D�YDULDWLRQ�GH�O
HUUHXU�GH�SRVLWLRQ�HQ�IRQFWLRQ�GX�WHPSV�GDQV�OH�FDV�GH�FRPELQDLVRQ�
HQWUH�SURMHFWLRQ�HW�UpVHDX[�GH�QHXURQH�������������������������������������������������������������������������������� 

)LJXUH������O
HUUHXU�GH�SRVLWLRQ�HQ�IRQFWLRQ�GX�WHPSV�LQWHU�SDTXHW�������������������������������������������� 
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/LVWH�GHV�WDEOHDX[�
7DEOHDX����7HQXH�j�OD�FKDUJH�SRXU�XQ�FDSWHXU�HW�XQH�YLWHVVH�GH��P�V���������������������������������������� 

7DEOHDX�����7HQXH�j�OD�FKDUJH�SRXU�XQ�FDSWHXU�HW�XQH�YLWHVVH�GH����P�V������������������������������������ 

7DEOHDX�����7HQXH�j�OD�FKDUJH�SRXU�GL[�FDSWHXUV������������������������������������������������������������������������� 

7DEOHDX�����7HQXH�j�OD�FKDUJH�XQH�WRSRORJLH�j�UHODLV�GH�ERUGXUH������������������������������������������������ 

7DEOHDX�����7HQXH�j�OD�FKDUJH�SRXU�XQ�VHXO�FDSWHXU�������������������������������������������������������������������� 

7DEOHDX�����7HQXH�j�OD�FKDUJH�SRXU����FDSWHXUV�������������������������������������������������������������������������� 

7DEOHDX�����3DUDPqWUHV�GH�VLPXODWLRQ����������������������������������������������������������������������������������������� 

7DEOHDX�����&RPSDUDLVRQ�GHV�GpODLV�GH�ERXW�HQ�ERXW������������������������������������������������������������������ 

7DEOHDX�����3pULRGH�PLQLPDOH�G¶pFKDQWLOORQQDJH�SRXU�GLIIpUHQWV�UpJODJHV�GH�%�0$&�������������� 

7DEOHDX�����'LIIpUHQWHV�SRVVLELOLWpHV�G¶DVVHPEODJH�GH�IRQFWLRQV����������������������������������������������� 

7DEOHDX�����(FDUW�W\SH�HW�OD�YDOHXU�PR\HQQH�GH�O
HUUHXU�GH�SUpGLFWLRQ�GHV�UpVHDX[�GH�QHXURQHV
���������������������������������������������������������������������������������������������������������������������������������������������� 

7DEOHDX�����9DOHXU�PR\HQQH�HW�pFDUW�W\SH�GHV�GHX[�DSSURFKHV������������������������������������������������� 

7DEOHDX�����&RPSDUDLVRQ�GH�GHX[�DUFKLWHFWXUHV�pWXGLpHV�VXU�OH�FDV�GH�OD�6LQJDSRUH�)O\HU������� 

7DEOHDX�����$GDSWDWLRQ�GHV�WRSRORJLHV�GH�UpVHDX�DX[�W\SRORJLHV�GH�V\VWqPHV�SK\VLTXHV��������� 
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7DEOHV�G¶DEUpYLDWLRQV�
�

$2$ $QJOH�2I�$UULYDO���$QJOHV�G¶DUULYpH 

(.) ([WHQGHG�.DOPDQ�)LOWHU���([WHQVLRQ�GX�ILOWUDJH�GH�.DOPDQ 

7'2$� 7LPH�'LIIHUHQFH�2I�$UULYDO���0HVXUH�GH�OD�GLIIpUHQFH�GHV�WHPSV�G¶DUULYpH�

72$� 7LPH�2I�$UULYDO���7HPSV�G¶DUULYpH�

8:%� 8OWUD�:LGH%DQG�

566,� 5HFHLYHG�6LJQDO�6WUHQJWK�,QGLFDWRU���LQGLFDWHXU�GH�SXLVVDQFH�GH�VLJQDO�j�OD�UpFHSWLRQ�

566� 5HFHLYHG�6LJQDO�6WUHQJWK���SXLVVDQFH�GH�VLJQDO�j�OD�UpFHSWLRQ�

*36� *OREDO�3RVLWLRQLQJ�6\VWHP����6\VWqPH�GH�SRVLWLRQQHPHQW�SDU�VDWHOOLWHV��

&&����� 5HIHUHQFH�GX�FLUFXLW�UDGLR�XWLOLVpH�VXU�QRV�FDSWHXUV�0LFD=�

51$� 5pVHDX�GH�1HXURQHV�$UWLILFLHO�

0$1(7V� 0RELOH�$G�KRF�1(7ZRUN���5pVHDX�PRELOH�DG�KRF�

:61� :LUHOHVV�6HQVRU�1HWZRUN���5pVHDX�GH�FDSWHXUV�VDQV�ILO�

2�436.� 2IIVHW�TXDGUDWXUH�SKDVH�VKLIW�NH\LQJ���0RGXODWLRQ�HQ�TXDGUDWXUH�GH�SKDVH�j�GpFDODJH�
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/LVWH�GHV�SXEOLFDWLRQV�GH�O¶DXWHXU�
�

&KDILN��$���/HSDJH��)����������7RSRORJLH�HW�SHUIRUPDQFH�G¶XQ�UpVHDX�GH�FDSWHXUV�HQ�PRELOLWp�
F\FOLTXH��-RXUQpHV�'RFWRUDOHV�-RXUQpHV�1DWLRQDOHV�0$&6��-'�-10$&6��0DUVHLOOH��MXLOOHW��

&KDILN��$���/HSDJH��)����������$Q�H[SHULPHQWDO�DSSURDFK�WR�SURYH�WKH�HIILFLHQF\�RI�D�F\FOLF�
WRSRORJ\�RI�D�VHQVRU�QHWZRUN��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RPSOH[�6\VWHPV��,(((�,&&6¶����
0DURF��

&KDILN��$���/HFXLUH��9���/HSDJH��)����������6HQVRUV�1HWZRUNV�WRSRORJLHV�IRU�PRQLWRULQJ�D�
ODUJH� V\VWHP� LQ� F\FOLF� PRELOLW\�� $FFHSWHG� LQ� ,(((� �� ,�07&� ����� �� ,QWHUQDWLRQDO�
,QVWUXPHQWDWLRQ�DQG�0HDVXUHPHQW�7HFKQRORJ\�&RQIHUHQFH��0RQWHYLGHR��8UXJXD\��0D\��������

&H�SDSLHU�D�pWp�UHWLUp�YRORQWDLUHPHQW�DSUqV�DFFHSWDWLRQ�HQ�UDLVRQ�GX�FR�W�HQJHQGUp�SRXU�VD�
SUpVHQWDWLRQ��

�

&KDILN�� $��� /HFXLUH�� 9��� /HSDJH�� )�� �������� :LUHOHVV� 6HQVRU� 1HWZRUN� $UFKLWHFWXUH� IRU�
0RQLWRULQJ�/DUJH�3K\VLFDO��6\VWHP�LQ�&\FOLF�0RELOLW\��$FFHSWHG�LQ���WK�:RUOG�,)$&�&RQJUHVV��
&DSH�7RZQ��6RXWK�$IULFD��������$XJXVW��

� �
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%LEOLRJUDSKLH�
$EXKDGURXV��,����������6\VWqPH�HPEDUTXp�WHPSV�UpHO�GH�ORFDOLVDWLRQ�HW�GH�PRGpOLVDWLRQ��'�SDU�

IXVLRQ�PXOWL�FDSWHXU�� �7KqVH� GH�'RFWRUDW� HQ� ,QIRUPDWLTXH� WHPSV� UpHO� ±� 5RERWLTXH� ±
$XWRPDWLTXH���eFROH�1DWLRQDOH�6XSpULHXUH�GHV�0LQHV�GH�3DULV������

$KPHG��8���DQG�+XVVDLQ��)��%����������(QHUJ\�HIILFLHQW�URXWLQJ�SURWRFRO�IRU�]RQH�EDVHG�PRELOH�
VHQVRU�QHWZRUNV��3URFHHGLQJV�RI�WKH�:LUHOHVV�&RPPXQLFDWLRQV�DQG�0RELOH�&RPSXWLQJ�
&RQIHUHQFH��,:&0&���,(((�

$N\LOGL]�� ,�� )��� 6X��:��� 6DQNDUDVXEUDPDQLDP�� <��� DQG� &D\LUFL�� (�� ��������:LUHOHVV� VHQVRU�
QHWZRUNV��D�VXUYH\��&RPSXWHU�1HWZRUNV�������������������

$VSQHV��-���(UHQ��7���*ROGHQEHUJ��'��.���0RUVH��$��6���:KLWHOH\��:���<DQJ��<��5����%HOKXPHXU��
3��1����������$�WKHRU\�RI�QHWZRUN�ORFDOL]DWLRQ��0RELOH�&RPSXWLQJ��,(((�7UDQVDFWLRQV�
RQ���������������������

%DVDJQL�� 6��� 3HWULROL��&��� DQG�3HWURFFLD��5�� ��������(IILFLHQWO\� UHFRQILJXUDEOH� EDFNERQHV� IRU�
ZLUHOHVV�VHQVRU�QHWZRUNV��&RPSXWHU�&RPPXQLFDWLRQV�������������������

%HUWDX[��/����������$UFKLWHFWXUH�UpVHDX�SRXU�YpKLFXOH�GH�WUDQVSRUW�HQ�FRPPXQ�FRPPXQLTXDQW��
�7KqVH�GH�'RFWRUDW���8QLYHUVLWp�7RXORXVH���3DXO�6DEDWLHU�����6HSWHPEHU������

&KHOLXV�� *��� )UDERXOHW�� $��� DQG� +DPLGD�� (�� %�� �������� :VQHW�� VLPXODWRU� ��
KWWS���ZZZ�ZRUOGVHQV�QHW��

&KHQ�� -��� .KHU�� 6��� DQG� 6RPDQL�� $�� ��������'LVWULEXWHG� IDXOW� GHWHFWLRQ� RI� ZLUHOHVV� VHQVRU�
QHWZRUNV��3URFHHGLQJV�RI�',:$16¶���ZRUNVKRS�RQ�'HSHQGDELOLW\�LVVXHV�LQ�ZLUHOHVV�
DG�KRF�QHWZRUNV�DQG�VHQVRU�QHWZRUNV�$&0�

&KHQJ��.��<���/XL��.��6���DQG�7DP��9����������+\EORF��/RFDOL]DWLRQ�LQ�VHQVRU�QHWZRUNV�ZLWK�
DGYHUVH�DQFKRU�SODFHPHQW��6HQVRUV������������������

&KLQWDODSXGL��.��� )X��7��� 3DHN�� -���.RWKDUL��1���5DQJZDOD��6���&DIIUH\�� -���0DVUL�� 6�� ��������
0RQLWRULQJ�FLYLO�VWUXFWXUHV�ZLWK�D�ZLUHOHVV�VHQVRU�QHWZRUN��,QWHUQHW�&RPSXWLQJ��,(((��
���������������

&KULVWLQ�� '��� 0RJUH�� 3�� 6��� DQG� +ROOLFN�� 0�� �������� 6XUYH\� RQ� ZLUHOHVV� VHQVRU� QHWZRUN�
WHFKQRORJLHV�IRU�LQGXVWULDO�DXWRPDWLRQ��7KH�VHFXULW\�DQG�TXDOLW\�RI�VHUYLFH�SHUVSHFWLYHV��
)XWXUH�,QWHUQHW�����������������

&XQKD�� $��� .RXEDD�� $��� 6HYHULQR�� 5��� DQG� $OYHV�� 0�� �������� 2SHQ�=%�� DQ� RSHQ�VRXUFH�
LPSOHPHQWDWLRQ�RI�WKH�,(((�����������=LJ%HH�SURWRFRO�VWDFN�RQ�7LQ\26��3URFHHGLQJV�RI�
,(((�0$66�
���0RELOH�$GKRF�DQG�6HQVRU�6\VWHPV�,(((�

'DNNDN��0����������,QGRRU�JHR�ORFDWLRQ���VWDWLF�DQG�G\QDPLF�JHR�ORFDWLRQ�RI�PRELOH�WHUPLQDOV�
LQ� LQGRRU�HQYLURQPHQWV�� �� �7KqVH�GH�'RFWRUDW�HQ� LQIRUPDWLTXH���8QLYHUVLWp�3DULV�(VW�����
���QRYHPEUH�

'DOFH��5���9DQ�GHQ�%RVVFKH��$���DQG�9DO��7����������8QH�SODWHIRUPH�GH�SURWRW\SDJH�pYROXWLYH�
SRXU�OD�ORFDOLVDWLRQ�GDQV�XQ�UpVHDX�,(((����������D�&66��UHJXODU�SDSHU���&RQIpUHQFH�
,QWHUQDWLRQDOH�)UDQFRSKRQH�G
$XWRPDWLTXH��&,)$���*UHQREOH��

'DWDVKHHW��0����������&URVVERZ�7HFKQRORJ\�,QF��6DQ�-RVH��&DOLIRUQLD���

http://www.worldsens.net/
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'XQORS��-���DQG�&RUWpV��-����������,PSDFW�RI�'LUHFWLRQDO�$QWHQQDV�LQ�:LUHOHVV�6HQVRU�1HWZRUNV��
3URFHHGLQJV�RI�,(((�0$66�
���0RELOH�$GKRF�DQG�6HQVRU�6\VWHPV���

'XTXHQQH��)���%RWWRQ��6���3H\UHW��)���%pWDLOOH��'���DQG�:LOOLV��3����������/HV�*36��ORFDOLVDWLRQ�
HW�QDYLJDWLRQ�SDU�VDWHOOLWHV���H�pGLWLRQ�UHYXH�HW�DXJPHQWpH�HG����+HUPHV��

'XUDQ�)DXQGH]��&���/HFXLUH��9���DQG�/HSDJH��)�� ��������7LQ\�EORFN�VL]H�FRGLQJ� IRU� HQHUJ\�
HIILFLHQW�LPDJH�FRPSUHVVLRQ�DQG�FRPPXQLFDWLRQ�LQ�ZLUHOHVV�FDPHUD�VHQVRU�QHWZRUNV��
6LJQDO�3URFHVVLQJ��,PDJH�&RPPXQLFDWLRQ�������������������

(UJHQ��6��&����������=LJ%HH�,(((�����������6XPPDU\��8&�%HUNHOH\�6HSW�������
)RXUW\�� 1��� 9DQ� 'HQ� %RVVFKH�� $��� DQG� 9DO�� 7�� �������� $Q� DGYDQFHG� VWXG\� RI� HQHUJ\�

FRQVXPSWLRQ�LQ�DQ�,(((�����������EDVHG�QHWZRUN��(YHU\WKLQJ�EXW�WKH�WUXWK�RQ���������
��QRGH�OLIHWLPH��&RPSXWHU�&RPPXQLFDWLRQV����������������������

*DQHULZDO�� 6��� .XPDU�� 5��� DQG� 6ULYDVWDYD�� 0�� %�� �������� 7LPLQJ�V\QF� SURWRFRO� IRU� VHQVRU�
QHWZRUNV�� /RV� $QJHOHV�� &DOLIRUQLD�� 86$�� 3URFHHGLQJV� RI� WKH� �VW� LQWHUQDWLRQDO�
FRQIHUHQFH�RQ�(PEHGGHG�QHWZRUNHG�VHQVRU�V\VWHPV�$&0�

*UHZDO��0��6���:HLOO��/��5���DQG�$QGUHZV��$��3����������*OREDO�SRVLWLRQLQJ�V\VWHPV��LQHUWLDO�
QDYLJDWLRQ��DQG�LQWHJUDWLRQ��6HFRQG�(GLWLRQ�HG����-RKQ�:LOH\�	�6RQV��

*XSWD�� *��� DQG� <RXQLV�� 0�� �������� )DXOW�WROHUDQW� FOXVWHULQJ� RI� ZLUHOHVV� VHQVRU� QHWZRUNV��
�:&1&���:LUHOHVV�&RPPXQLFDWLRQV�DQG�1HWZRUNLQJ�,(((�

+DJDQ��0��7���DQG�0HQKDM��0��%����������7UDLQLQJ�IHHGIRUZDUG�QHWZRUNV�ZLWK�WKH�0DUTXDUGW�
DOJRULWKP��1HXUDO�1HWZRUNV��,(((�7UDQVDFWLRQV�RQ������������������

+DQ��<���DQG�/LQ��=����������$�JHRJUDSKLFDOO\�RSSRUWXQLVWLF�URXWLQJ�SURWRFRO�XVHG�LQ�PRELOH�
ZLUHOHVV�VHQVRU�QHWZRUNV���WK�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�1HWZRUNLQJ��6HQVLQJ�
DQG�&RQWURO��,&16&���,(((�

+HUULQJ��&���DQG�.DSODQ��6����������&RPSRQHQW�EDVHG�VRIWZDUH�V\VWHPV�IRU�VPDUW�HQYLURQPHQWV��
,(((�3HUVRQDO�&RPPXQLFDWLRQV����������������

+HXUWHIHX[��.���DQG�9DORLV��)����������,V�566,�D�JRRG�FKRLFH�IRU�ORFDOL]DWLRQ�LQ�:LUHOHVV�6HQVRU�
1HWZRUN"� ,(((���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$GYDQFHG�,QIRUPDWLRQ�1HWZRUNLQJ�
DQG�$SSOLFDWLRQV��$,1$���,(((�

+XOO��%���%\FKNRYVN\��9���=KDQJ��<���&KHQ��.���*RUDF]NR��0���0LX��$���0DGGHQ��6����������
&DU7HO��D�GLVWULEXWHG�PRELOH�VHQVRU�FRPSXWLQJ�V\VWHP��3URFHHGLQJV�RI�$&0�6HQ6\V�
$&0�

.DKQ��-��0���.DW]��5��+���DQG�3LVWHU��.��6����������1H[W�FHQWXU\�FKDOOHQJHV��PRELOH�QHWZRUNLQJ�
IRU�³6PDUW�'XVW´��3URFHHGLQJV�RI�WKH��WK�DQQXDO�$&0�,(((�LQWHUQDWLRQDO�FRQIHUHQFH�
RQ�0RELOH�FRPSXWLQJ�DQG�QHWZRUNLQJ�$&0�

.LP��6���3DN]DG��6���&XOOHU��'���'HPPHO�� -���)HQYHV��*���*ODVHU��6��� DQG�7XURQ��0�� ��������
+HDOWK� PRQLWRULQJ� RI� FLYLO� LQIUDVWUXFWXUHV� XVLQJ� ZLUHOHVV� VHQVRU� QHWZRUNV�� $&0�
,QIRUPDWLRQ�3URFHVVLQJ�LQ�6HQVRU�1HWZRUNV��,361������,(((�

.OHLQURFN��/���DQG�6LOYHVWHU��-����������2SWLPXP�WUDQVPLVVLRQ�UDGLL�IRU�SDFNHW�UDGLR�QHWZRUNV�
RU�ZK\�VL[�LV�D�PDJLF�QXPEHU��%LULPLQJKDP��$ODEDPD�
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3URFHHGLQJV�RI�WKH�,(((�1DWLRQDO�7HOHFRPPXQLFDWLRQV�&RQIHUHQFH��

.RXWVRSRXORV�� ,���DQG�7DVVLXODV��/�� ��������)DVW�QHLJKERU�SRVLWLRQLQJ�DQG�PHGLXP�DFFHVV� LQ�
ZLUHOHVV�QHWZRUNV�ZLWK�GLUHFWLRQDO�DQWHQQDV��$G�+RF�1HWZRUNV�������������������

.XUNRYi��9����������.ROPRJRURY
V�WKHRUHP�DQG�PXOWLOD\HU�QHXUDO�QHWZRUNV��1HXUDO�1HWZRUNV��
����������������

.ZDQJFKHRO� �� 6��� .\XQJMXQ�� .��� DQG� 6RRQWDH�� .�� �������� $'65�� $QJOH�EDVHG� 0XOWL�+RS�
5RXWLQJ� 6WUDWHJ\� IRU�0RELOH�:LUHOHVV� 6HQVRU� 1HWZRUNV�� ,(((�$VLD�3DFLILF� 6HUYLFHV�
&RPSXWLQJ�FRQIHUHQFH��$36&&���,(((�

/DQJHQGRHQ��.���DQG�5HLMHUV��1����������'LVWULEXWHG�ORFDOL]DWLRQ�LQ�ZLUHOHVV�VHQVRU�QHWZRUNV��D�
TXDQWLWDWLYH�FRPSDULVRQ��&RPSXWHU�1HWZRUNV�������������������

/HH��-��+���DQG�<DQJ��6��1����������6KDSH�SUHVHUYLQJ�DQG�VKDSH�FRQWURO�ZLWK�LQWHUSRODWLQJ�%H]LHU�
FXUYHV��-RXUQDO�RI�FRPSXWDWLRQDO�DQG�DSSOLHG�PDWKHPDWLFV����������������

/HH��8���=KRX��%���*HUOD��0���0DJLVWUHWWL��(���%HOODYLVWD��3���DQG�&RUUDGL��$����������0REH\HV��
VPDUW� PREV� IRU� XUEDQ� PRQLWRULQJ� ZLWK� D� YHKLFXODU� VHQVRU� QHWZRUN�� :LUHOHVV�
&RPPXQLFDWLRQV��,(((�����������������

/HYHQEHUJ��.����������$�PHWKRG�IRU�WKH�VROXWLRQ�RI�FHUWDLQ�SUREOHPV�LQ�OHDVW�VTXDUHV��4XDUWHUO\�
RI�DSSOLHG�PDWKHPDWLFV���������������

/LPD�)LOKR��$��&���*RPHV��5��'���$GLVVL��0��2���%RUJHV��7��$���%HOR��)��$���DQG�6SRKQ��0��$��
��������(PEHGGHG�V\VWHP�LQWHJUDWHG�LQWR�D�ZLUHOHVV�VHQVRU�QHWZRUN�IRU�RQOLQH�G\QDPLF�
WRUTXH� DQG� HIILFLHQF\� PRQLWRULQJ� LQ� LQGXFWLRQ� PRWRUV�� 0HFKDWURQLFV�� ,(((�$60(�
7UDQVDFWLRQV�RQ�������������������

/LQ��*��+���DQG�;XH��*����������6WHLQHU�WUHH�SUREOHP�ZLWK�PLQLPXP�QXPEHU�RI�6WHLQHU�SRLQWV�
DQG�ERXQGHG�HGJH�OHQJWK��,QIRUPDWLRQ�3URFHVVLQJ�/HWWHUV�����������������

/OR\G��(��/���/LX��5���0DUDWKH��0��9���5DPDQDWKDQ��5���DQG�5DYL��6����������$OJRULWKPLF�DVSHFWV�
RI�WRSRORJ\�FRQWURO�SUREOHPV�IRU�DG�KRF�QHWZRUNV��0RELOH�1HWZRUNV�DQG�DSSOLFDWLRQV��
�����������������

/RXUHLUR�� $�� $�� )��� DQG� 5XL]�� /�� %�� �������� $XWRQRPLF� :LUHOHVV� 1HWZRUNV� LQ� 6PDUW�
(QYLURQPHQWV��,(((�&165
����&RPPXQLFDWLRQ�HWZRUNV�DQG�6HUYLFHV�UHVHDUFK�,(((�

/X�� %��� DQG� *XQJRU�� 9�� &�� �������� 2QOLQH� DQG� UHPRWH� PRWRU� HQHUJ\�PRQLWRULQJ� DQG� IDXOW�
GLDJQRVWLFV�XVLQJ�ZLUHOHVV�VHQVRU�QHWZRUNV��,QGXVWULDO�(OHFWURQLFV��,(((�7UDQVDFWLRQV�
RQ����������������������

0DPXQ��4����������$�TXDOLWDWLYH�FRPSDULVRQ�RI�GLIIHUHQW�ORJLFDO�WRSRORJLHV�IRU�ZLUHOHVV�VHQVRU�
QHWZRUNV��6HQVRUV������������������������

0DUTXDUGW��'��:����������$Q�DOJRULWKP�IRU�OHDVW�VTXDUHV�HVWLPDWLRQ�RI�QRQOLQHDU�SDUDPHWHUV��
-RXUQDO�RI�WKH�6RFLHW\�IRU�,QGXVWULDO�?	�$SSOLHG�0DWKHPDWLFV�������������������

0DXYH��0���:LGPHU�� -��� DQG�+DUWHQVWHLQ��+�� ��������$� VXUYH\�RQ� SRVLWLRQ�EDVHG� URXWLQJ� LQ�
PRELOH�DG�KRF�QHWZRUNV��1HWZRUN��,(((�����������������

0LFKDXW�� )��� DQG� /HSDJH�� )�� �������� $SSOLFDWLRQ�RULHQWHG� QHWZRUN� PHWURORJ\�� 0HWULFV� DQG�
DFWLYH�PHDVXUHPHQW�WRROV��,(((�&RPPXQLFDWLRQV�6XUYH\V�	�7XWRULDOV���������
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231(7�� �������� 0RGHOHU� >2QOLQH@�� $YDLODEOH�� �� 5HWULHYHG� IURP��
KWWS���ZZZ�RSQHW�FRP�SURGXFWV�PRGHOHU�KRPH�KWPO�

3RODVWUH��-���+LOO��-���DQG�&XOOHU��'����������9HUVDWLOH�ORZ�SRZHU�PHGLD�DFFHVV�IRU�ZLUHOHVV�VHQVRU�
QHWZRUNV��3URFHHGLQJV�RI�$&0�6HQ6\V
�����QG�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�(PEHGGHG�
QHWZRUNHG�VHQVRU�V\VWHPV�$&0�

3UL\DQWKD��1��%�� ��������7KH�&ULFNHW� ,QGRRU�/RFDWLRQ�6\VWHP�� �3K'�7KHVLV���0DVVDFKXVHWWV�
,QVWLWXWH�RI�7HFKQRORJ\�����-XQH������

5DMDUDYLYDUPD��9���<DQJ��<���DQG�<DQJ��7����������$Q�RYHUYLHZ�RI�ZLUHOHVV�VHQVRU�QHWZRUN�DQG�
DSSOLFDWLRQV��3URFHHGLQJV�RI�WKH���WK�,(((�6RXWKHDVWHUQ�6\PSRVLXP�RQ�6\VWHP�7KHRU\��

5HQXJDGHYL�� *��� DQG� 6XPLWKUD�� 0�� $Q� $QDO\VLV� RQ� /($&+�0RELOH� 3URWRFRO� IRU� 0RELOH�
:LUHOHVV�6HQVRU�1HWZRUNV��,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWHU�$SSOLFDWLRQV�����������
�����

5LQJZDOG��0���DQG�5RPHU��.����������%LW0$&��$�GHWHUPLQLVWLF��FROOLVLRQ�IUHH��DQG�UREXVW�0$&�
SURWRFRO� IRU� VHQVRU� QHWZRUNV�� ,(((� VHFRQG� (XURSHDQ�:RUVKRS� RQ�:LUHOHVV� 6HQVRU�
1HWZRUN��,(((�

5R\HU��(��0���0HOOLDU�6PLWK��3��0���DQG�0RVHU��/��(����������$Q�DQDO\VLV�RI�WKH�RSWLPXP�QRGH�
GHQVLW\�IRU�DG�KRF�PRELOH�QHWZRUNV��+HOVLQNL��)LQODQG���

5XPHOKDUW��'��(���+LQWRQ��*��(���DQG�:LOOLDPV��5��-����������/HDUQLQJ�UHSUHVHQWDWLRQV�E\�EDFN�
SURSDJDWLQJ�HUURUV��1DWXUH�����������������������

6DOYDGRUL��)���GH�&DPSRV��0���6DXVHQ��3��6���GH�&DPDUJR��5��)���*HKUNH��&���5HFK��&����2OLYHLUD��
$��&��G����������0RQLWRULQJ�LQ�LQGXVWULDO�V\VWHPV�XVLQJ�ZLUHOHVV�VHQVRU�QHWZRUN�ZLWK�
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:HLQEHUJ��+���DQG�/HPDLUH��&����������8VLQJ�WKH�$';/����DFFHOHURPHWHU�DV�D�PXOWLIXQFWLRQ�
VHQVRU��WLOW��YLEUDWLRQ�DQG�VKRFN��LQ�FDU�DODUPV��7HFKQ��1RWH��5HY��$��$QDORJ�'HYLFHV������

http://www.opnet.com/products/modeler/home.html


�

�

�

����

�

:HUQHU�$OOHQ��*���/RULQF]��.���5XL]��0���0DUFLOOR��2���-RKQVRQ��-���/HHV��-���DQG�:HOVK��0��
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:RRGPDQ�� 2��� DQG� +DUOH�� 5�� �������� 3HGHVWULDQ� ORFDOLVDWLRQ� IRU� LQGRRU� HQYLURQPHQWV��
3URFHHGLQJV�RI�WKH���WK�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�8ELTXLWRXV�FRPSXWLQJ�$&0�

<DQJ��=���'RQJ��0���7RQJ��/���DQG�6DGOHU��%��0����������2Q�WKH�0$&�IRU�RSWLPDO�LQIRUPDWLRQ�
UHWULHYDO� SDWWHUQ� LQ� VHQVRU� QHWZRUNV� ZLWK� PRELOH� DFFHVV�� �0,/&20�� 0LOLWDU\�
&RPPXQLFDWLRQV�&RQIHUHQFH��������,(((�
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5pVXPp�

/D�VXUYHLOODQFH�pWURLWH�G¶XQ�JUDQG�pTXLSHPHQW�SK\VLTXH�PRELOH�VXU�XQH�WUDMHFWRLUH�XQLTXH�
FRQQXH� HVW� VXVFHSWLEOH� G¶DYRLU� GHV� DSSOLFDWLRQV� FRQFUqWHV� LPSRUWDQWHV� SRXU� OD� VpFXULWp� GHV�
XWLOLVDWHXUV� HW� GH� O¶pTXLSHPHQW� OXL�PrPH�� SRXU� VD� PDLQWHQDQFH� HW� SRXU� O¶RSWLPLVDWLRQ� GX�
VHUYLFH�UHQGX��&HWWH�VXUYHLOODQFH�QpFHVVLWH�G¶LQVWUXPHQWHU�O¶pTXLSHPHQW��&HWWH�LQVWUXPHQWDWLRQ�
j�O¶DLGH�G¶XQ�UpVHDX�GH�FDSWHXUV�SULV�VXU�pWDJqUH�FRQVWLWXH�O¶DSSOLFDWLRQ�GH�O¶pWXGH�PHQpH�GDQV�
FHWWH�WKqVH��

/HV�SUREOpPDWLTXHV�GH�UHFKHUFKH�FRQFHUQHQW�WURLV�GRPDLQHV���OD�WRSRORJLH�GHV�UpVHDX[�GH�
FDSWHXUV�PRELOHV��OH�URXWDJH�HW�OD�ORFDOLVDWLRQ��(OOHV�VRQW�VLWXpHV�SDU�UDSSRUW�j�O¶pWDW�GH�O¶DUW��
3XLV� XQH� pWXGH� DSSURIRQGLH� GH� O¶DUFKLWHFWXUH� GX� UpVHDX� SRXU� VXU� XQ� V\VWqPH� SK\VLTXH�
SDUFRXUDQW�XQH� WUDMHFWRLUH�FLUFXODLUH�D�pWp�PHQpH��/D�JUDQGH� URXH�GH�6LQJDSRXU� �6LQJDSRUH�
)O\HU��HVW�XWLOLVpH�FRPPH�V\VWqPH�W\SH��'HX[�VRUWHV�GH�WRSRORJLH�RQW�pWp�pWXGLpHV���XQH�GDQV�
ODTXHOOH�OD�OLDLVRQ�V\VWqPH�PRELOH�±�SDUWLH�IL[H�DX�VRO�HVW�VLWXpH�DX�QLYHDX�GX�RX�GHV�FDSWHXUV��
O¶DXWUH�SRXU�ODTXHOOH�OD�OLDLVRQ�V\VWqPH�PRELOH���SDUWLH�IL[H�DX�VRO�HVW�VLWXpH�DX�QLYHDX�GX�SXLWV��
/HV�PHLOOHXUV� SODFHPHQWV� GHV� UHODLV� RQW� pWp� SURSRVpV� DLQVL� TXH�GHV�DOJRULWKPHV�GH� URXWDJH�
JpRJUDSKLTXH�DGDSWpV�j�FKDTXH�FDV��/HV�SHUIRUPDQFHV�GX�UpVHDX�VRQW�PHVXUpHV�SDU�VLPXODWLRQ��
(OOHV�PRQWUHQW� XQ� ERQ� IRQFWLRQQHPHQW� SRXU� GHV� SKpQRPqQHV� G\QDPLTXHV� DVVH]� UDSLGHV� HW�
SHUPHWWHQW�GH�FRPSDUHU�OHV�DUFKLWHFWXUHV�HQWUH�HOOHV��(QILQ�XQH�H[SpULPHQWDWLRQ�GH�ORFDOLVDWLRQ�
GHV�Q°XGV�j�EDVH�GH�566,�D�pWp�PHQpH�VXU�XQ�VLWH�LQGXVWULHO��
�

0RWV�FOpV��� >5pVHDX� GH� FDSWHXUV� VDQV� ILO�� UpVHDX� GH� FDSWHXUV� PRELOHV�� WRSRORJLH��
VXUYHLOODQFH�GH�V\VWqPH��URXWDJH�JpRJUDSKLTXH@�

6XPPDU\�

7KH�FORVH�VXSHUYLVLRQ�RI�D�ODUJH�SK\VLFDO�HTXLSPHQW�PRYLQJ�RQ�D�VLQJOH�NQRZQ�WUDMHFWRU\�
LV� OLNHO\� WR�KDYH� LPSRUWDQW�SUDFWLFDO�DSSOLFDWLRQV� IRU� WKH� VDIHW\�RI�XVHUV�DQG� WKH�HTXLSPHQW�
LWVHOI�� IRU� PDLQWHQDQFH� DQG� RSWLPL]DWLRQ� RI� WKH� SURYLGHG� VHUYLFH�� 7KLV� UHTXLUHV� GHSOR\LQJ�
PRQLWRULQJ�LQVWUXPHQWV�RQ�HTXLSPHQW��7KLV�LQVWUXPHQWDWLRQ�XVLQJ�D�VHQVRU�QHWZRUN�WDNHQ�RII�
WKH�VKHOI�LV�WKH�DSSOLFDWLRQ�RI�WKH�VWXG\�FRQGXFWHG�LQ�WKLV�WKHVLV��

7KH�UHVHDUFK�SUREOHPV�DGGUHVV�WKUHH�DUHDV��WKH�WRSRORJ\�RI�PRELOH�VHQVRU�QHWZRUNV��URXWLQJ�
DQG�ORFDOL]DWLRQ��7KH\�DUH�VLWXDWHG�LQ�UHODWLRQ�WR�WKH�VWDWH�RI�WKH�DUW��7KHQ�D�GHWDLOHG�VWXG\�RI�
WKH�QHWZRUN�DUFKLWHFWXUH�IRU�D�SK\VLFDO�V\VWHP�PRYLQJ�RQ�D�FLUFXODU�SDWK�ZDV�FRQGXFWHG��*LDQW�
REVHUYDWLRQ�ZKHHO� RI�6LQJDSRUH� �6LQJDSRUH�)O\HU�� LV� XVHG� DV�D� W\SH� V\VWHP��7ZR�NLQGV�RI�
WRSRORJ\�ZHUH� FRQVLGHUHG�� RQH� LQ�ZKLFK� WKH� FRQQHFWLRQ�PRELOH� V\VWHP� �� IL[HG� SDUW� DW� WKH�
JURXQG�LV�ORFDWHG�DW�VHQVRU�LQWHUIDFH��RQH�IRU�ZKLFK�WKH�OLQN�PRELOH�V\VWHP���IL[HG�SDUW�DW�WKH�
JURXQG�LV�ORFDWHG�DW�VLQN�LQWHUIDFH��7KH�EHVW�SODFHPHQWV�RI�WKH�UHOD\V�KDYH�EHHQ�SURSRVHG�DV�
ZHOO� DV� JHRJUDSKLF� URXWLQJ� DOJRULWKPV� DGDSWHG� WR� HDFK� FDVH�� 7KH� QHWZRUN� SHUIRUPDQFH� LV�
PHDVXUHG� E\� VLPXODWLRQ�� 7KH� UHVXOWV� VKRZ� D� FRUUHFW� ZRUNLQJ� IRU� IDLUO\� UDSLG� G\QDPLF�
SKHQRPHQD�DQG�DOORZ�WR�FRPSDUH�DUFKLWHFWXUHV�ZLWK�HDFK�RWKHU��)LQDOO\�DQ�H[SHULPHQW�RI�QRGH�
ORFDOL]DWLRQ�EDVHG�RQ�566,�ZDV�FRQGXFWHG�RQ�DQ�LQGXVWULDO�VLWH��
�

.H\ZRUGV��� >:LUHOHVV� VHQVRU� QHWZRUN�� PRELOH� VHQVRU� QHWZRUN�� WRSRORJ\�� V\VWHP�
PRQLWRULQJ��JHRJUDSKLF�URXWLQJ@�
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