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,QWURGXFWLRQ�

'H� QRV� MRXUV�� � SOXVLHXUV� GRPDLQHV� WHFKQRORJLTXHV� VRQW� HQ� SURJUHVVLRQ
FRQVWDQWHV�� 1RWDPPHQW� OD� URERWLTXH� HW� O¶LQWHOOLJHQFH� DUWLILFLHOOH�� LO� QRXV� HVW
PDLQWHQDQW� SRVVLEOH� G¶LQWpJUHU� FHV� GLVFLSOLQHV� GDQV� XQ� SURMHW� G¶HQYHUJXUH�
-XVWHPHQW��OH�0,7�D�GpYHORSSp�XQ�URERW�TXL�DOOLH�FHV�GHX[�WHFKQLTXHV��1RWUH�EXW
GDQV� FHWWH� FRXUVH� j� XQH� PHLOOHXUH� FRQQDLVVDQFH�� D� pWp� GH� GpYHORSSHU� HW� GH
UHQGUH�SOXV�DXWRQRPH�FH�SHWLW�HQJLQ�

/H� EXW� GH� FHWWH� H[HUFLFH� DXUD� pWp� G¶LQWpJUHU� GLIIpUHQWHV� FRQQDLVVDQFHV
WHFKQLTXHV�HW�GH�JHVWLRQ�GH�SURMHW�GDQV�OH�FDGUH�G¶XQ�FRXUV�XQLYHUVLWDLUH���1RXV
GHYLRQV� LQWpJUHU� DX� URERW� XQ� V\VWqPH� GH� ORFDOLVDWLRQ� VRQRUH� DLQVL� TX¶XQH
GpWHFWLRQ� G¶REVWDFOH�� � &H� URERW� GHYUD� rWUH� FRQWU{Op� j� GLVWDQFH� j� SDUWLU� G¶XQ
LQWHUIDFH� VLPSOH� VXU� RUGLQDWHXU� K{WH�� � /H� SOXV� JURV� GX� WUDYDLO� DXUD� pWp� OH
GpYHORSSHPHQW�G¶XQH�FRPPXQLFDWLRQ�VDQV�ILO�HQWUH�OH�URERW�HW�O¶RUGLQDWHXU���'DQV
FH�UDSSRUW��QRXV�SUpVHQWHURQV�FKDFXQH�GHV�SDUWLHV�VXU�OHVTXHOV�OHV�PHPEUHV�GH
QRWUH� pTXLSH� DXURQW� WUDYDLOOp�� � 6RXV� FKDFXQ� GHV� DVSHFWV�� XQH� SUpVHQWDWLRQ
GpWDLOOpH� VHUD� IDLW� SRXU� ELHQ� FRPSUHQGUH� OH� IRQFWLRQQHPHQW� GHV� GLIIpUHQWV
PRGXOHV�� � (Q� SOXV�� OHV� GLIILFXOWpV� HW� OHV� HUUHXUV� UHQFRQWUpHV� VHURQW� SUpVHQWpHV�
(Q� SUHPLHU� OLHX�� QRXV� DERUGHURQV� O¶LQWHUIDFH� JUDSKLTXH� VXU� O¶RUGLQDWHXU� K{WH�
(QVXLWH�VXLYUD�OH�FRQWU{OH�GX�URERW�DLQVL�TXH�VD�ORFDOLVDWLRQ�GDQV�O¶HQYLURQQHPHQW�
(Q� WURLVLqPH� OLHX� YLHQGUD� OH�PRGXOH� GH� GpWHFWLRQ� G¶REVWDFOH� HW� SRXU� ILQLU�� QRXV
DERUGHURQV�XQH�GHVFULSWLRQ�GX�PRGXOH�GH�OD�FRPPXQLFDWLRQ�VDQV�ILO�
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&KDSLWUH�� ��,QWHUIDFH�JUDSKLTXH

��� 2EMHFWLIV

&UpHU�XQH� LQWHUIDFH�XVDJHU�SRXU� HIIHFWXHU� OH� FRQWU{OH� GX� URERW��'H�SOXV�
SRXU� QH� SDV� VXUFKDUJHU� OHV� IRQFWLRQV� H[pFXWpHV� VXU� OH� URERW�� OD� SOXSDUW� GHV
WUDLWHPHQWV�VHURQW�HIIHFWXpV�VXU�O
RUGLQDWHXU�

'DQV� FH�TXL� VXLW�� YRXV� WURXYHUH]� OH� FRPSWH�UHQGX� GX� GpYHORSSHPHQW� GH
O
LQWHUIDFH� XVDJHU� �8%,17(5)$&(�� DLQVL� TXH� OHV� GLIIpUHQWV� DOJRULWKPHV
QpFHVVDLUHV�DX�FRQWU{OH�GH�QRWUH�URERW�8%,&23�

��� 3ODQ�JpQpUDO

/D�ILJXUH�����UHSUpVHQWH�OH�SODQ�JpQpUDO�GH�QRWUH�SURJUDPPH�HQ�PHWWDQW
HQ�pYLGHQFH�OHV�SULQFLSDX[�PRGXOHV�DLQVL�TXH� OHV�pFKDQJHV�G¶LQIRUPDWLRQV�HQWUH
OH�URERW�HW�O
LQWHUIDFH�XVDJHU�

)LJXUH��������3ODQ�GX�SURJUDPPH

��� 0DWULFH�G
REVWDFOHV

1RXV�FRPPHQoRQV�SDU�GpFULUH� OD�PDWULFH�G
REVWDFOHV��FDU� WRXV� OHV�DXWUHV
PRGXOHV�GpSHQGHQW�GH�FHOXL�FL�
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/D� PDWULFH� G
REVWDFOHV� UHSUpVHQWH� OH� WHUUDLQ� GH� �� P� SDU� �� P� TXH� QRXV
DYRQV� GLYLVp� HQ� FDUUHDX[�� /D� JUDQGHXU� GHV� FDUUHDX[� SHXW� rWUH� FKDQJpH
IDFLOHPHQW�GDQV�OH�SURJUDPPH��1RXV�DYRQV�FKRLVL�FHWWH�JUDQGHXU�HQ�IRQFWLRQ�GH
OD�SUpFLVLRQ�TXH�QRXV�DYRQV�SRXU�OD�SRVLWLRQ�GX�URERW�HW�SRXU�OH�SRVLWLRQQHPHQW
GHV�REVWDFOHV���/D�WDLOOH�RSWLPXP�GHV�FDUUHDX[�HVW�GH����FP�SDU����FP��FH�TXL
HVW�XQ�ERQ�FRPSURPLV�HQWUH�OD�SUpFLVLRQ�GX�SRVLWLRQQHPHQW�VSDWLDO�HW�O¶H[DFWLWXGH
GHV�GpSODFHPHQWV�

/D� PDWULFH� FRQWLHQW� OD� SRVLWLRQ� GHV� REVWDFOHV� SK\VLTXHV� DLQVL� TXH� OHV
REVWDFOHV�YLUWXHOV�TXH�QRXV�SRXYRQV�DMRXWHU�j�SDUWLU�GH�O
LQWHUIDFH��&KDFXQ�GH�FHV
GHX[�W\SHV�G¶REVWDFOHV�SRVVqGH�VRQ�SURSUH�FRGH�GDQV� OD�PDWULFH�GH� IDoRQ�j�FH
TXH� O¶RQ� SXLVVH� OHV� GLIIpUHQFLHU� GDQV� OD� PDWULFH�� 6XU� O
LQWHUIDFH�� OHV� REVWDFOHV
YLUWXHOV� VRQW� UHSUpVHQWpV� SDU� GHV� FDUUpV� QRLUV� HW� OHV� REVWDFOHV� UpHOV�� SDU� GHV
FDUUpV�YHUWV��3RXU�IDFLOLWHU� OH�WUDLWHPHQW�GDQV� OHV�DOJRULWKPHV��QRXV�VLPXORQV�XQ
REVWDFOH�DXWRXU�GH�OD�PDWULFH�DILQ�TXH�OH�URERW�QH�VRUWH�SDV�GX�WHUUDLQ��'H�SOXV�
SRXU�pYLWHU�TXH� OH� URERW�SDVVH� WURS�SUqV�GHV�REVWDFOHV��QRXV�DYRQV�DMRXWp�XQH
]RQH�JULVH�DXWRXU�GH�FKDTXH�REVWDFOH�

��� 7UDLWHPHQW�GH�OD�PDWULFH�G
REVWDFOHV

1RXV� IDLVRQV� XQH� PLVH� j� MRXU� G\QDPLTXH� GH� QRWUH� PDWULFH� G
REVWDFOHV�
1RXV� Q
DYRQV� SDV� j� QRXV� VRXFLHU� GHV� REVWDFOHV� YLUWXHOV� SODFpV� SDU� O
LQWHUIDFH
XVDJHU��FDU�F
HVW�O
XVDJHU�TXL�YD�GpFLGHU�V
LO�YHXW�OHV�HQOHYHU�RX�QRQ��&HSHQGDQW��LO
SHXW� DUULYHU� TXH� VXU� OH� WHUUDLQ�� LO� \� DLW� GHV� REVWDFOHV� SK\VLTXHV� TXL� V
HQOqYHQW�
V
DMRXWHQW�RX�VH�GpSODFHQW��,O�HVW�GRQF�SULPRUGLDO�GH�IDLUH�OD�PLVH�j�MRXU�GH�QRWUH
PDWULFH�GH�IDoRQ�G\QDPLTXH�

/H� SRVLWLRQQHPHQW� GHV� REVWDFOHV� SK\VLTXHV� HVW� SRVVLEOH� JUkFH� j
O¶LQIRUPDWLRQ� WUDQVPLW�SDU� OH� URERW��/HV� URXWLQHV�GH� FRQWU{OH� LPSODQWpHV�GDQV� OH
URERW� YpULILHQW� j� FKDTXH� F\FOH� VL� XQ� REVWDFOH� OXL� IDLW� IDFH�� 6L� F¶HVW� OH� FDV�
O¶LQIRUPDWLRQ�QpFHVVDLUH�HVW�DXVVLW{W�HQYR\pH�j�O¶LQWHUIDFH�YLD�OH� OLHQ�VpULH��$LQVL�
QRXV� SRXYRQV� YpULILHU� GDQV� OD�PDWULFH� V
LO� \� D� XQ� REVWDFOH� RX� QRQ� HW� IDLUH� OHV
DMXVWHPHQWV�QpFHVVDLUHV�

/H� URERW� XWLOLVH� GHX[� W\SHV� GH� GpWHFWLRQ�� /H� SUHPLHU� HVW� UpDOLVp� SDU� OHV
LQIUDURXJHV�TXL�SHUPHWWHQW�GH�YRLU� OHV�REVWDFOHV�j�GLVWDQFH�HQYLURQ���� FP��� /H
GHX[LqPH�W\SH�HVW� OHV�UHSUpVHQWp�SDU� OHV�GpWHFWHXUV�GH�FROOLVLRQ�GX�URERW��'DQV
OHV�GHX[�FDV�� LO�HVW�SRVVLEOH�GH�VDYRLU�VL� O
REVWDFOH�HVW�j�JDXFKH��j�GURLWH�RX�DX
FHQWUH�HW�LO�HVW�DMRXWp�HQ�FRQVpTXHQFH�GDQV�OD�PDWULFH�G
REVWDFOH�

��� &RPPXQLFDWLRQ�6pULH
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/D� FRPPXQLFDWLRQ� HQWUH� OH� URERW� HW� O¶LQWHUIDFH�XVDJHU� HVW� SRVVLEOH� YLD� OH
OLHQ�VpULH�56�����GX�3&��/D�WUDQVPLVVLRQ�VH�IDLW�VXU�OH�OLHQ�7;�HW�OD�UpFHSWLRQ�VXU
OH� OLHQ�5;��,O�VXIILW�GH�SODFHU� OHV�GRQQpHV�GDQV� OHV�UHJLVWUHV�WDPSRQV�GX�SRUW�HW
FHOOH�FL�VRQW�HQYR\pHV�GLUHFWHPHQW�VXU�OH�OLHQ�VpULH�

3RXU�QRWUH� SURJUDPPH� G¶DSSOLFDWLRQ�� QRXV� HIIHFWXRQV� OH� FRQWU{OH� GX� OLHQ
VpULH�DYHF�XQ�REMHW�GH�OD�FODVVH�&6HULDO3RUW��¬�O¶RXYHUWXUH�GH�O¶DSSOLFDWLRQ��OH�SRUW
VpULH�HVW�RXYHUW��,O�HVW�SRVVLEOH�GH�PRGLILHU�OD�FRQILJXUDWLRQ�GH�OD�FRPPXQLFDWLRQ
VpULH�FRPPH�OH�PRQWUH�OD�ILJXUH������(Q�IDLW��OHV�VHXOV�SDUDPqWUHV�TXL�QRXV�VRQW
XWLOH� GH� PRGLILHU� HVW� O¶LGHQWLILFDWLRQ� GX� &20� HW� OD� YLWHVVH� GH� WUDQVPLVVLRQ�� (Q
HIIHW�� FKDTXH� VWDWLRQ� GH� WUDYDLO� VXU� OHVTXHOOHV� QRXV� DYRQV� WUDYDLOOp� Q¶XWLOLVH� SDV
QpFHVVDLUHPHQW�OH�PrPH�&20��GRQF�OD�SRVVLELOLWp�GH�PRGLILHU�FH�SDUDPqWUH�QRXV
j� pWp� IRUW� XWLOH�� 3RXU� FH� TXL� HVW� GH� OD� YLWHVVH� GH� WUDQVPLVVLRQ�� O¶pTXLSH� TXL
V¶RFFXSH�GH�FUpHU�OH�OLHQ�VpULH�VDQV�ILOV�Q¶pWDLW�SDV�HQ�PHVXUH�GH�QRXV�GLUH�TXHOOHV
VHUDLHQW� OHV� YLWHVVHV� VXSSRUWpHV� SDU� FH� PRGXOH�� GRQF� QRXV� DYRQV� FRQVHUYp� OD
SRVVLELOLWp�GH�PRGLILHU�FH�SDUDPqWUH��/HV�DXWUHV�SDUDPqWUHV�VRQW�IL[pV�FDU�RQ�VDLW
TXH� OH� URERW� FRPPXQLTXH� WRXMRXUV� VXU� VRQ� SRUW� VpULH� DYHF� OD� PrPH
FRQILJXUDWLRQ�

)LJXUH�������&RQILJXUDWLRQ�GX�3RUW�6pULH

/D�JHVWLRQ�GX�SRUW�VpULH�HVW�SULVH�HQ�FKDUJH�SDU�XQ�SURFHVVXV�LQGpSHQGDQW
GX�ORJLFLHO�G¶DSSOLFDWLRQ��WKUHDG���'RQF�� ORUVTXH�GHV�GRQQpHV�VRQW�HQYR\pHV�SDU
OH�URERW��FH�SURFHVVXV�HQYRLH�OH�PHVVDJH�:0B&200B5;&+$5�j�O¶DSSOLFDWLRQ�TXL
H[pFXWH�XQH�URXWLQH�GH�WUDLWHPHQW�HQ�UpSRQVH�j�FH�PHVVDJH��&¶HVW�FHWWH�GHUQLqUH
TXL�GpWHUPLQH�O¶DFWLRQ�j�SUHQGUH� ORUV�GH� OD�UpFHSWLRQ�GHV�GRQQpHV��/HV�GRQQpHV
VXVFHSWLEOHV�G¶rWUH�UHoXHV�VXU�OH�OLHQ�VpULH��DLQVL�TXH�OHV�DFWLRQV�j�HIIHFWXHU�VRQW
UpVXPpHV�GDQV�OH�WDEOHDX�VXLYDQW��

,QIRUPDWLRQ�UHoXH $FWLRQ�j�HIIHFWXHU
'pWHFWLRQ�G¶XQ�REVWDFOH 0LVH�j�MRXU�GH�OD�PDWULFH�HW�DIILFKDJH
'pODL�HQWUH�OHV�LPSXOVLRQV�VRQRUHV 9DOLGDWLRQ�GHV�GpODLV��

&DOFXO�GH�OD�SRVLWLRQ�HW�GX�FKHPLQ�RSWLPXP��
$IILFKDJH� GX� URERW� HW� GX� QRXYHDX� FKHPLQ
RSWLPXP��
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'pWHFWLRQ�G¶XQH�FROOLVLRQ 0LVH�j�MRXU�GH�OD�PDWULFH�G¶REVWDFOH��
&DOFXO�GX�QRXYHDX�FKHPLQ�RSWLPXP��

3RXU� FH� TXL� HVW� GH� OD� WUDQVPLVVLRQ�� OHV� GRQQpHV� VRQW� SODFpHV� VXU� OH� OLHQ
VpULH� SDU� XQH� IRQFWLRQ� :ULWH7R3RUW� TXL� UHoRLW� HQ� SDUDPqWUHV� OHV� GRQQpHV� j
WUDQVPHWWUH�

/H� SURWRFROH� GH� FRPPXQLFDWLRQ� XWLOLVH� O¶RFWHW� FRPPH� XQLWp� GH� EDVH�� /HV
GRQQpHV�VRQW�WUDQVPLVHV�GLUHFWHPHQW��VDQV�DXFXQ�SURWRFROH�GH�FRPPXQLFDWLRQ�
&H�SRLQW�VHUDLW�pYHQWXHOOHPHQW�j�DPpOLRUHU��PDLV�O¶pFKpDQFLHU�QH�QRXV�SHUPHW�SDV
XQ�WHO�DMXVWHPHQW�HW�OD�FRPPXQLFDWLRQ�D�WRXMRXUV�pWp�HIILFDFH�GH�FHWWH�IDoRQ�

��� 7UDLWHPHQW�GH�OD�3RVLWLRQ�GX�5RERW

3RXU�WURXYHU�OD�SRVLWLRQ�GX�URERW��QRXV�DYLRQV�SHQVp�j�GHX[�DSSURFKHV��/D
SUHPLqUH�pWDLW�GH�FDOFXOHU� OD�SRVLWLRQ�HQ�UpVROYDQW�GHV�pTXDWLRQV�HW� O
DXWUH�pWDLW
G
XWLOLVHU�XQ�RXWLO�LQWHOOLJHQW��&H�GHUQLHU�HVW�HQ�IDLW�XQ�UpVHDX�GH�QHXURQHV�TXL��j
SDUWLU� GHV� WURLV� GpODLV� HQWUH� OHV� LPSXOVLRQV� VRQRUHV�� IRXUQL� OD� SRVLWLRQ� HQ� �
GLPHQVLRQV�� 'DQV� OHV� GHX[� FDV�� OH� URERW� HQYRL� �� YDOHXUV� GH� FRPSWHXUV� j
O¶RUGLQDWHXU� j� SDUWLU� GHVTXHOV� OHV� GpODLV� VRQW� FDOFXOpV� VXU� O
RUGLQDWHXU� SRXU� TX
LO
SXLVVH�IDLUH�OH�WUDLWHPHQW�GH�OD�SRVLWLRQ��/H�SODQ�GH�OD�VDOOH�DYHF�OHV�KDXW�SDUOHXUV
HVW�PRQWUp�j�OD�ILJXUH������/D�VWUDWpJLH�TXL�j�pWp�DGRSWp�HVW�FHOOH�GX�UpVHDX�GH
QHXURQHV��SRXU�VD�VLPSOLFLWp�HW�VD�SUpFLVLRQ�

)LJXUH�������3ODQ�GH�OD�VDOOH�DYHF�OHV�KDXW�SDUOHXUV



6

��� 3RVLWLRQQHPHQW�SDU�UpVHDX�GH�QHXURQHV

/¶XWLOLVDWLRQ�GX�UpVHDX�GH�QHXURQHV��FRQQX�VRXV�OH�QRP�GH�©3HUFHSWURQª�
UHQG� WUqV� IDFLOH� OH� SRVLWLRQQHPHQW� VSDWLDO�� /D�PpWKRGH� FRQVLVWH� j� UHFXHLOOLU� XQH
EDQTXH� G¶LQIRUPDWLRQ� UHODWLYH� j� OD� SRVLWLRQ�� VRLW� OHV� WURLV� GpODLV� HQWUH� OHV
LPSXOVLRQV� VRQRUHV�� HW� OD� SRVLWLRQ� UpHOOH� GDQV� O¶HVSDFH�� &RPPH� RQ� VDLW� TXH� OH
URERW� VH� SURPqQH� VXU� XQH� VXUIDFH� SODQH�� VD� SRVLWLRQ� HVW� DLQVL� UpGXLWH� j� XQH
FRRUGRQQpH�FDUWpVLHQQH�j�GHX[�GLPHQVLRQV��8QH�IRLV�TXH�OH�QRPEUH�GH�GRQQpHV
DPDVVp�HVW�VXIILVDPPHQW�JUDQG��RQ�HQWUDvQH�OH�SHUFHSWURQ�

/¶HQWUDvQHPHQW�GX�SHUFHSWURQ�FRQVLVWH�j�OXL�GRQQHU�HQ�HQWUpHV�OHV���GpODLV
HW�HQ�VRUWLH�OD�SRVLWLRQ�FDUWpVLHQQH��*UkFH�j�XQH�IRQFWLRQ�GH�UpWURSURSDJDWLRQ�GH
O¶HUUHXU��OH�UpVHDX�HVW�DMXVWp�SRXU�REWHQLU�XQH�FRUUHVSRQGDQFH�HQWUH�OHV�HQWUpHV
HW� OHV�VRUWLHV��(Q� OXL� IRXUQLVVDQW�DLQVL�XQH�TXDQWLWp�VXIILVDQWH�G¶LQIRUPDWLRQV��RQ
DMXVWH� OHV� SDUDPqWUHV� GX� UpVHDX� HW� RQ� SHXW� SDU� OD� VXLWH� O¶LQWHUURJHU�� 1RXV� OXL
GRQQRQV� OHV� �� GpODLV� HQ� HQWUpHV� HW� LO� QRXV� IRXUQLW� OD� SRVLWLRQ� FDUWpVLHQQH� HQ
VRUWLH�

5HYHQRQV� PDLQWHQDQW� VXU� OD� IDoRQ� GRQW� RQ� D� UHFXHLOOL� O¶LQIRUPDWLRQ
QpFHVVDLUH� j� O¶HQWUDvQHPHQW� GX� UpVHDX�� 3UHPLqUHPHQW�� QRXV� DYLRQV� EHVRLQ� GH
SOXVLHXUV�PHVXUHV��3RXU�HIIHFWXHU�FHOOHV�FL��QRXV�DYRQV�SRVLWLRQQp�QRWUH�URERW�j
���HQGURLWV�pTXLGLVWDQWV�VXU�OH�WHUUDLQ�HW�GHPDQGp�DX�URERW�GH�PHVXUHU���GpODLV�
(Q� IDLW�� OH� URERW� HQYRL� �� YDOHXUV� GH� FRPSWHXU� j� SDUWLU� GHV� TXHOV�� O¶RUGLQDWHXU
WURXYH�OHV���GpODLV��WHO�TXH�GpFULW�SUpFpGHPPHQW��&HV�WURLV�GpODLV�VRQW�IDFLOHPHQW
PHVXUDEOHV� SDU� OH� URERW�� FDU� QRXV� DYRQV�TXDWUH�KDXW�SDUOHXUV�� /H�8%,3� HQYRLH
GHV� VpTXHQFHV� GH� �� LPSXOVLRQV� �XQH� GDQV� FKDTXH� KDXW�SDUOHXU�� HW� FKDTXH
VpTXHQFH� HVW� VpSDUpH� SDU� XQ� WHPSV� SOXV� ORQJ� TXH� OH� WHPSV� TXL� VpSDUH� OHV
LPSXOVLRQV��$LQVL�� OH� URERW� SHXW� IDFLOHPHQW� VDYRLU� ORUVTX
XQH� QRXYHOOH� VpTXHQFH
GpEXWH�HW�DLQVL�PHVXUHU�OHV�WURLV�GpODLV��1RXV�QH�WUDQVIRUPRQV�SDV�FHV�GpODLV�HQ
GLVWDQFH�FDU�QRXV�XWLOLVRQV�GLUHFWHPHQW�OHV�GpODLV�SRXU�HQWUDvQHU�QRWUH�UpVHDX�GH
QHXURQHV��WHO�TX¶LOOXVWUp�VXU�OD�ILJXUH�����

)LJXUH�������5pVHDX�GH�QHXURQH
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/D� ILJXUH�SUpFpGHQWH�PRQWUH�XQH� YXH� VLPSOLILpH�GX� UpVHDX�GH�QHXURQHV�
SXLVTXH� QRXV� DYRQV� XWLOLVp� XQ� UpVHDX� FRPSRUWDQW� TXDWUH� FRXFKHV� �VRLW� GHX[
FRXFKHV�FDFKpHV��XQH�FRXFKH�G¶HQWUpH�HW�XQH�FRXFKH�GH�VRUWLH��j�UDLVRQ�GH���
QHXURQHV�SDU� FRXFKHV� FDFKpHV��$YHF� OHV�GRQQpHV�XWLOLVpHV�SRXU� O¶HQWUDvQHPHQW�
OH�SHUFHSWURQ�D� UpXVVL�j�PRGpOLVHU�XQH�HUUHXU�GH�PRLQV�GH����HUUHXU� VRLW�XQH
HUUHXU�UpHO�GH�SOXV�RX�PRLQV����FP���8QH�IRLV�ELHQ�HQWUDvQp��OH�SHUFHSWURQ�HVW�HQ
PHVXUH�GH�QRXV� IRXUQLU�G
XQH� IDoRQ�SUpFLVH�HW� UDSLGH� OD�SRVLWLRQ�GX� URERW�� 3DU
FRQWUH�� FHWWH� SUpFLVLRQ� HVW� WRXW� GH� PrPH� UHODWLYH� HW� QRXV� DYRQV� SUpYX� XQ
PpFDQLVPH�GH�FRUUHFWLRQ�GHV�HUUHXUV��(Q�HIIHW��GDQV�OH�FDV�RX�OD�SRVLWLRQ�FDOFXOpH
HVW�LUUpDOLVWH�YXH�OD�YLWHVVH�GH�GpSODFHPHQW�GX�URERW��QRXV�FRPSDURQV�OD�QRXYHOOH
SRVLWLRQ� DYHF� O
DQFLHQQH� SRXU� YRLU� VL� OH� GpSODFHPHQW� HVW� UpDOLVWH�� 'DQV� OH� FDV
FRQWUDLUH��OD�QRXYHOOH�SRVLWLRQ�HVW�WRXW�VLPSOHPHQW�LJQRUpH�HW�RQ�DWWHQG�O¶HQYRLH
GH�OD�SURFKDLQH�SRVLWLRQ�SRXU�PRGLILHU�OH�SDUFRXUV�GX�URERW�

��� &DOFXO�GX�FKHPLQ�RSWLPXP

$YDQW�GH�GLULJHU�OH�URERW��LO�IDXW�VDYRLU�TXHO�FKHPLQ�RQ�YHXW�OXL�IDLUH�VXLYUH�
&
HVW� SRXUTXRL� QRXV� DYRQV� IDLW� XQH� IRQFWLRQ� TXL� FDOFXO� OH� FKHPLQ� OH� SOXV� FRXUW
HQWUH� OH� URERW� HW� VD� WUDMHFWRLUH�� &HWWH� IRQFWLRQ� XWLOLVH� OD�PDWULFH� G
REVWDFOHV�� OD
SRVLWLRQ�GX�URERW�HW�OD�SRVLWLRQ�G
DUULYpH��$YHF�FHV�DUJXPHQWV��HOOH�GpWHUPLQH�OH
FKHPLQ�RSWLPXP�HW�UHWRXUQH�j�O
DOJRULWKPH�TXL�WURXYH�OD�YLWHVVH�GH�FKDTXH�URXH
�YRLU�SOXV�ORLQ�OD�GLUHFWLRQ�IXWXUH��HW� OH�WUDMHW�FRPSOHW�FDOFXOp�HVW�DLQVL�HQYR\p�j
O
LQWHUIDFH� XVDJHU�� /D� ILJXUH� ���� PRQWUH� OH� UpVXOWDW� GH� O
DOJRULWKPH� GX� FKHPLQ
RSWLPXP��,O�HVW� IDFLOH�GH�YRLU�TXH� O
DOJRULWKPH�IRQFWLRQQH�WUqV�ELHQ��HW�FH��GDQV
GHV�WHPSV�SOXV�TXH�UDLVRQQDEOHV��FH�TXL�QRXV�SHUPHWWUD�G¶DYRLU�XQ�DIILFKDJH�HQ
WHPSV�UpHO�GH�OD�SRVLWLRQ�GX�URERW��1RXV�DOORQV�PDLQWHQDQW�YRLU�SOXV�HQ�GpWDLOV�OH
IRQFWLRQQHPHQW�GH�O
DOJRULWKPH�

1RXV�DYRQV�XWLOLVp�XQH�GpULYpH�GH� O
DOJRULWKPH�GH�'LMNVWUD��&RPPH�YRXV
DYH]�G�� OH� UHPDUTXHU� VXU� OD� ILJXUH� ����� OH� URERW� QH� WRXUQH� TX
j� ��� GHJUpV�� /D
UDLVRQ�HVW�TXH�GH�FHWWH�PDQLqUH�� LO�HVW�SOXV�IDFLOH�GH�IDLUH�OHV�FDOFXOV�GX�FKHPLQ
RSWLPXP� HW� LO� VHUD� SOXV� IDFLOH� GH� GLULJHU� OH� URERW�� 1RXV� DYRQV� GRQF� GpILQL� �
GLUHFWLRQV� SRVVLEOHV� �YRLU� ILJXUH� ������ 3RXU� WURXYHU� OH� FKHPLQ� RSWLPXP�� QRXV
YpULILRQV� WRXV� OHV� FKHPLQV� SRVVLEOHV� HQWUH� OH� URERW� HW� OD� GHVWLQDWLRQ� HW� QRXV
FKRLVLVVRQV� OH� FKHPLQ� OH� SOXV� FRXUW�� (Q� IDLW�� O¶DOJRULWKPH� DUUrWH� GH� FDOFXOHU� OHV
FKHPLQV�DXVVLW{W�TX
LO�HQ�WURXYH�XQ�TXL�VH�UHQG�j�O
DUULYpH��FDU�JUkFH�DX�SULQFLSH
GH� O
DOJRULWKPH� GH�'LMNVWUD�� QRXV� SRXYRQV� rWUH� FHUWDLQV� TXH� F
HVW� OH� FKHPLQ� OH
SOXV�FRXUW�
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)LJXUH�������5pVXOWDW�GH�O
DOJRULWKPH�GX�FKHPLQ�RSWLPDO

3RXU� QRXV� DLGHU� j� FDOFXOHU� OD� GLVWDQFH�� QRXV� DYRQV� DVVRFLp� j� XQ
GpSODFHPHQW� KRUL]RQWDO� HW� YHUWLFDO� XQH� YDOHXU� GH� �� HW� j� XQ� GpSODFHPHQW� HQ
GLDJRQDO�XQH�YDOHXU�GH������OHV�GpSODFHPHQWV�GLDJRQDX[�VRQW�SOXV�ORQJV��

)LJXUH�������&RGH�GHV�GLUHFWLRQV

/¶LPSODQWDWLRQ�GH� OD�GpULYpH�GH� O
DOJRULWKPH�GH�'LMNVWUD�HVW� DVVH]� VLPSOH�
1RXV� XWLOLVRQV� XQH� PDWULFH� GH� FKHPLQV� GH� PrPH� GLPHQVLRQ� TXH� OD� PDWULFH
G
REVWDFOHV� SRXU� JDUGHU� OHV� FKHPLQV� GpMj� WURXYpV�� 'H� SOXV�� QRXV� XWLOLVRQV� XQH
VWUXFWXUH�TXL�FRPSUHQG� OD�SRVLWLRQ�HQ�;�� OD�SRVLWLRQ�HQ�<��DLQVL�TX
XQH�YDULDEOH
'LVWDQFH��1RXV�FRPPHQoRQV�SDU�OH�FDUUHDX�GH�OD�PDWULFH�R��VH�WURXYH�OH�URERW�
2Q�UHJDUGH�WRXWHV�OHV�GLUHFWLRQV�DXWRXUV�GX�FDUUHDX��/RUVTXH��SRXU�XQH�GLUHFWLRQ
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GRQQpH�� LO�Q
\�D�SDV�G
REVWDFOH��QRXV� LQVpURQV�GDQV� OD�PDWULFH�GH�FKHPLQ��FHWWH
GLUHFWLRQ�� 'H� SOXV�� QRXV� SODoRQV� GDQV� QRWUH� VWUXFWXUH� OD� SRVLWLRQ� HQ� ;� HW� OD
SRVLWLRQ�HQ�<��DLQVL�TXH�OD�GLVWDQFH�GH���RX������(QVXLWH��RQ�FRSLH�OHV�pOpPHQWV
GH�FHWWH�VWUXFWXUH�GDQV�XQ�PRQFHDX��8Q�PRQFHDX�HVW�XQH�VWUXFWXUH�GH�GRQQpH
HQ�DUEUH�TXL�PHW�WRXMRXUV�O
pOpPHQW�OH�SOXV�SHWLW�j�OD�UDFLQH��VRLW�OD�GLVWDQFH�GDQV
QRWUH�FDV�

$SUqV� DYRLU� WHUPLQp� OH� WUDLWHPHQW� DYHF� OH� SUHPLHU� FDUUHDX�� RQ� SUHQG� XQ
pOpPHQW�GX�PRQFHDX��TXL�HVW�HQ�IDLW�XQH�GH�QRV�VWUXFWXUHV��2Q�D�GRQF�OD�SRVLWLRQ
G
XQ� FDUUHDX�� 3RXU� FH� FDUUHDX�� RQ� YpULILH� WRXV� OHV� FDUUHDX[� DXWRXUV� GH� FHOXL�FL�
3RXU�FKDTXH�FDUUHDX��RQ�YpULILH�VL�FHOXL�FL��Q
HVW�SDV�RFFXSp�SDU�XQ�REVWDFOH��HW
RQ�YpULILH�DXVVL�VL�OH�FKHPLQ�SRXU�VH�UHQGUH�j�FH�FDUUHDX�Q
D�SDV�GpMj�pWp�WURXYp
HQ� UHJDUGDQW�GDQV� OD�PDWULFH�GH� FKHPLQV��6L� FH�Q
HVW�SDV� OH� FDV��RQ� LQGLTXH� OD
GLUHFWLRQ�GDQV�OD�PDWULFH�GH�FKHPLQV��2Q�PHW�OD�SRVLWLRQ�GH�FH�FDUUHDX�GDQV�XQH
QRXYHOOH� VWUXFWXUH� HW� RQ� DGGLWLRQQH� �� RX� ���� �GpSHQGDQW� GH� OD� GLUHFWLRQ�� j� OD
YDULDEOH� 'LVWDQFH� GX� FDUUHDX� G
DYDQW�� 2Q�PHW� HQVXLWH�� FHWWH� VWUXFWXUH� GDQV� OH
PRQFHDX�

2Q� UpSqWH�FHFL� MXVTX
j�FH�TXH� O
RQ�DUULYH�DX�SRLQW�G
DUULYp�RX� MXVTX
j� FH
TXH�OH�PRQFHDX�VRLW�YLGH��6L�OH�PRQFHDX�HVW�YLGH��F
HVW�TX
LO�Q
\�D�SDV�GH�FKHPLQ
SRVVLEOH�� 6L� O
RQ� DUULYH� DX� SRLQW� G
DUULYpH�� QRXV� SRXYRQV� rWUH� FHUWDLQV� TXH� OH
FKHPLQ�HVW� OH�SOXV�FRXUW�SRVVLEOH��FDU� OH�PRQFHDX�UHWRXUQH�WRXMRXUV� OD�GLVWDQFH
PLQLPXP�SRXU�DUULYHU�j�XQ�FDUUHDX�

(QVXLWH��SRXU�WURXYHU�OH�FKHPLQ�j�VXLYUH��QRXV�Q
DYRQV�TX
j�FRPPHQFHU�j
SDUWLU� GH� OD�SRVLWLRQ�G
DUULYpH�GDQV� OD�PDWULFH�GH� FKHPLQV�HW� VXLYUH� OD�GLUHFWLRQ
LQYHUVH�TX
LQGLTXH�OH�FRGH�GH�GLUHFWLRQ�

��� 'LUHFWLRQ�GX�5RERW

0DLQWHQDQW�TXH�QRXV�FRQQDLVVRQV�OH�FKHPLQ�TXH�GRLW�VXLYUH�OH�URERW��LO�QH
QRXV� UHVWH� VLPSOHPHQW� TX¶j� GHPDQGHU� DX� URERW� GH� VXLYUH� FH� FKHPLQ�� 1RXV
DYLRQV�SHQVp�j�SOXVLHXUV�VROXWLRQV�SRXU�UHPpGLHU�j�FH�SUREOqPH��/
XQH�G
HOOHV�HVW
GH� IDLUH� XQH� IRQFWLRQ� VXU� OH� URERW� TXL� GHPDQGHUDLW� j� FHOXL�FL� GH� WRXUQHU
G
H[DFWHPHQW����GHJUpV�HW�G
DYDQFHU�GH���RX�����VHORQ�OD�GLUHFWLRQ��&HFL�LPSOLTXH
TXH� OH� URERW� GRLW� rWUH� H[WUrPHPHQW� SUpFLV� HW� LO� Q
\� D� SDV� GH� SODFH� SRXU� GHV
SHUWXUEDWLRQV�H[WpULHXUHV��'H�SOXV��FHOD� LPSOLTXH�DXVVL�TXH� OH� URERW�GRLW�DUUrWHU
SRXU�WRXUQHU�

8QH� DXWUH� VROXWLRQ�� FHOOH� TXH� QRXV� DYRQV� DGRSWpH�� HVW� GH� FDOFXOHU
G\QDPLTXHPHQW�OD�GLUHFWLRQ�GX�URERW�DX�IXU�HW�j�PHVXUH�TXH�FHOXL�FL�VH�GpSODFH�
(Q�HIIHW��QRXV� UHFDOFXORQV� OD�SRVLWLRQ�GX� URERW� DLQVL� TXH� VD�GLUHFWLRQ� j� FKDTXH
IRLV�TX
LO�FKDQJH�GH�FDUUHDX�GDQV�OD�PDWULFH��'RQF��OH�URERW�YD�SRXYRLU�HIIHFWXHU
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OHV� PRGLILFDWLRQV� QpFHVVDLUHV� V
LO� \� D� GHV� SHUWXUEDWLRQV� H[WpULHXUHV� TXL� OH� IRQW
GpYLHU�GH�VD�WUDMHFWRLUH��H[���XQH�URXH�TXL�WRXUQH�GDQV�OH�YLGH��

/D�ILJXUH�����PRQWUH�OH�GLDJUDPPH�GX�IRQFWLRQQHPHQW�GH�O
DOJRULWKPH�TXL
V
RFFXSH�GH�GLULJHU�OH�URERW�

)LJXUH��������'LDJUDPPH�GH�O
DOJRULWKPH�TXL�GLULJH�OH�5RERW

$X�GpEXW�� VL� RQ� QH� FRQQDvW� SDV� OD� GLUHFWLRQ� GX� URERW�� RQ� IDLW� DYDQFHU� OH
URERW�GH���FDUUHDX�GDQV�OD�PDWULFH��$LQVL��RQ�SHXW�FRQQDvWUH�OD�GLUHFWLRQ�GX�URERW�
(QVXLWH�RQ�FDOFXOH�OH�FKHPLQ�RSWLPXP��6
LO�IDXW�IDLUH�WRXUQHU�OH�URERW�GH�SOXV�GH
���GHJUpV��QRXV�DUUrWRQV� OH�URERW�HW�QRXV� OH�IDLVRQV�WRXUQHU�GH����� ���������� �
����RX�����GHJUpV��&HSHQGDQW��ORUVTXH�O
DQJOH�HVW�LQIpULHXU�j����GHJUpV��QRXV�QH
YRXORQV�SDV�TXH�OH�URERW�V
DUUrWH�SRXU�WRXUQHU��3RXU�FH�IDLUH��ORUVTXH�O
RQ�YRXGUD
WRXUQHU�j�JDXFKH��QRXV�PHWWURQV�OD�YLWHVVH�GH�OD�URXH�JDXFKH�j���HW�O
DXWUH�j���
$LQVL�� OH�URERW�YD�WRXUQHU�VDQV�DUUrWHU��'H�SOXV�� ORUVTX
LO�YD�FKDQJHU�GH�FDUUHDX
GDQV� OD�PDWULFH��RQ�SRXUUD�GpWHFWHU�VL� OH� URERW�HVW�GDQV� OD�ERQQH�GLUHFWLRQ��6
LO
O
HVW�� QRXV� Q
DXURQV� TX
j� PHWWUH� OHV� GHX[� URXHV� j� OD� PrPH� YLWHVVH� SRXU� TX
LO
DYDQFH�GURLW��$LQVL��HQ�MRXDQW�DYHF�OD�JUDQGHXU�GHV�FDUUHDX[�GH�OD�PDWULFH��QRXV
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SHQVRQV� SRXYRLU� IDLUH� XQH� VRUWH� G
DVVHUYLVVHPHQW� TXL� SHUPHWWUD� DX� URERW
G
DYDQFHU�VDQV�WURS�RVFLOOHU�

���� ,QWHUIDFH�XVDJHU

/
LQWHUIDFH�XVDJHU�� WHO� TXH�QRXV� O¶LOOXVWUH� OD� ILJXUH������ SRVVqGH� SOXVLHXUV
FDUDFWpULVWLTXHV��

• $IILFKDJH�HQ�WHPSV�UpHO�GH�OD�SRVLWLRQ�GX�URERW��GH�VD�GHVWLQDWLRQ�HW�GX
FKHPLQ�TX¶LO�GRLW�VXLYUH��

• $IILFKDJH�GH�OD�SRVLWLRQ�GX�FRQWUHYHQDQW��
• $IILFKDJH�GH�O¶LQIRUPDWLRQ�UHoXH�HW�WUDQVPLVH�VXU�OH�SRUW�VpULH��
• $IILFKDJH�GH�OD�WHQVLRQ�GHV�EDWWHULHV��
• $IILFKDJH�GH�OD�YLWHVVH�GH�FKDTXH�URXH�GX�URERW�

)LJXUH��������,QWHUIDFH�XVDJHU
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3RXU�FH�TXL�HVW�GH� OD�GLUHFWLRQ�GX�URERW��RQ�SHXW� OD� UHSpUHU� IDFLOHPHQW�j
O¶DLGH� GH� OD� IOqFKH� VLWXp� VXU� OH� URERW� YLUWXHO� GH� O
LQWHUIDFH�� /H� FRQWUHYHQDQW� HVW
UHSUpVHQWp�SDU�XQH�SHWLWH�YRLWXUH�VSRUW�URXJH��ILJXUH�������

)LJXUH���������&RQWUHYHQDQW

/HV�GLIIpUHQWV�FRQWU{OHV�TX¶RQ�UHWURXYH�VXU�O¶LQWHUIDFH�QRXV�SHUPHWWHQW�G¶HIIHFWXHU
SOXVLHXUV�WkFKHV��

• 6pOHFWLRQ�GH�OD�SRVLWLRQ�YLUWXHOOH�GX�URERW��SRXU�ILQ�GH�WHVW���
• 6pOHFWLRQ�GH�OD�GHVWLQDWLRQ��
• 6pOHFWLRQ�GH�OD�SRVLWLRQ�GX�FRQWUHYHQDQW��
• 'pPDUUDJH�DUUrW�GH�OD�VLPXODWLRQ�YLUWXHOOH��
• 'pPDUUDJH��DUUrW�GH�OD�VLPXODWLRQ�HQ�WHPSV�UpHOV��
• 9pULILFDWLRQ�GH�O¶pWDW�GX�SRUW�VpULH��
• 6XSSUHVVLRQ�GHV�REVWDFOHV�YLUWXHOV�UpHOV�GH�O¶HQYLURQQHPHQW�GX�URERW�

7RXV� FHV� FRQWU{OHV� VHUYHQW� pYLGHPPHQW� j� FRQILJXUHU� OHV� GLIIpUHQWHV
VLPXODWLRQV��/RUVTX¶XQH�GH�FHOOH�FL� HVW�DPRUFpH��RQ�SHXW�YRLU� OH� URERW� VXLYUH� OH
FKHPLQ� WUDFp�� HW� FHOXL� FL� VH� UHFDOFXOH� j� FKDTXH� IRLV� TXH� OH� URERW� VH� GpSODFH�
SHUPHWWDQW�DLQVL�XQH�DGDSWDWLRQ�G\QDPLTXH�GX�URERW�GDQV�VD�WUDMHFWRLUH�

,O�HVW�pJDOHPHQW�SRVVLEOH�GH�FRQILJXUHU�OH�SRUW�VpULH�JUkFH�j�XQH�ERLWH�GH
GLDORJXH��YRLU� ILJXUH������TXL�DIILFKH� OHV�SDUDPqWUHV��WHO�TXH�PHQWLRQQp�GDQV� OD
VHFWLRQ�&RPPXQLFDWLRQ�VpULH�

���� $VVHPEODJH�GH�WRXV�OHV�PRGXOHV

1RXV�DYRQV�PLW�OD�FRPPXQLFDWLRQ�VpULH��O
DIILFKDJH�GH�O
LQWHUIDFH�DLQVL�TXH
O
DOJRULWKPH�TXL�WURXYH�OD�YLWHVVH�GHV�URXHV�GDQV�GHV�SURFHVVXV�WKUHDG��VpSDUpV�
'H�SOXV��QRXV�DYRQV�PLW�GHV�VpPDSKRUHV�SRXU�OHV�YDULDEOHV�TXL�VRQW�SDUWDJpV�SDU
OHV�SURFHVVXV�DILQ�TXH�QRXV�Q
D\RQV�SDV�GH�SUREOqPHV�

&RPPH�YRXV�DYH]�SX�OH�FRQVWDWHU��FH�JURXSH�j�FRQVWUXLW�O
LQWHUIDFH�HW�OHV
DOJRULWKPHV�HQ�VXSSRVDQW�TXH�OHV�DXWUHV�SDUWLHV�GX�SURMHW�PDUFKHUDLHQW�SOXV�RX
PRLQV��(Q�HIIHW��O
LQWHUIDFH�SHUPHW�GH�PHWWUH�GHV�REVWDFOHV�YLUWXHOV�DX�FDV�R��OD
GpWHFWLRQ�G
REVWDFOH�QH�PDUFKHUDLW�SDV��/HV�JURVVHXUV�GHV�FDUUHDX[�GH�OD�PDWULFH
SHXYHQW� YDULHU� VHORQ� OD� SUpFLVLRQ� GX� SRVLWLRQQHPHQW�� 8QH� YpULILFDWLRQ� GX
SRVLWLRQQHPHQW�HVW�IDLWH�SDU�O
LQWHUIDFH�SRXU�V
DVVXUHU�TXH�OD�SRVLWLRQ�GX�URERW�HVW
UpDOLVWH��/
RULHQWDWLRQ�GX�URERW�HVW�YpULILpH�j�FKDTXH�IRLV�TX
LO�FKDQJH�GH�FDUUHDX
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GDQV�OD�PDWULFH��/H�WUDMHW�RSWLPDO�HVW�UHFDOFXOp�SpULRGLTXHPHQW�SRXU�FRQWUHU� OHV
LQIOXHQFHV�H[WpULHXUHV�TXL�SRXUUDLW�IDLUH�GpYLHU�OH�URERW��&H�Q
HVW�SDV�SDU�PDQTXH
GH� FRQILDQFH� DXSUqV� GHV� DXWUHV� JURXSHV� TXH� QRXV� DYRQV� DJLW� DLQVL��PDLV� SRXU
IDFLOLWp�O
LQWpJUDWLRQ�GHV�GLIIpUHQWHV�SDUWLH�

���� 5pVXOWDWV

0DOKHXUHXVHPHQW�� OHV� UpVXOWDWV�REWHQXV�VRQW� ORLQ�G
rWUH�FHX[�HVFRPSWpV�
/H�URERW�j�GH�JUDQGHV�GLIILFXOWpV�j�VXLYUH�OH�FKHPLQ�RSWLPXP��&HOD�V
H[SOLTXH�SDU
OH�IDLW�TXH�OH�GpODL�HQWUH�O
HQYRLH�GHV�YLWHVVHV�HW�O¶H[pFXWLRQ�GH�OD�FRPPDQGH�SDU
OH�URERW�HVW�WURS�ORQJ��,O�IDXW�HQYLURQ�GHX[�VHFRQGHV�SRXU�OH�URERW�SRXU�WURXYHU
VD�SRVLWLRQ��'XUDQW�FH� WHPSV�� LO�DYDQFH�GH�EHDXFRXS�HW� ORUVTX¶RQ� OXL�HQYRL�XQH
FRPPDQGH��HOOH�HVW�SRXU�DLQVL�GLUH��GpVXqWH��'RQF��OH�URERW�WRXUQH�VRLW�WURS�ORLQ�
VRLW� WURS� ORQJWHPSV� HW� LO� WRXUQH� GRQF� DXWRXU� GH� O
REVWDFOH�� &HSHQGDQW�� LO� ILQL
VRXYHQW�SDU�DWWHLQGUH�VRQ�EXW��FH�TXL�HVW�OH�SULQFLSDO�

'H�SOXV��QRXV�DYLRQV�GH�OD�GLIILFXOWp�j�IDLUH�WRXUQHU�OH�URERW�VXU�OXL�PrPH�
2Q� YRXODLW� XQH� IRQFWLRQ� TXL� IDLW� WRXUQHU� OH� URERW� G
HQYLURQ� ���� GHJUpV�PDLV� OH
URERW�Q
pWDLW�YUDLPHQW�SDV�DVVH]�SUpFLV��OHV�HQFRGHXUV�QH�PDUFKDLHQW�SDV�ELHQ��HW
LO�QH�WRXUQDLW�MDPDLV�GX�PrPH�DQJOH�

/H� WHPSV� HVW� OH� SOXV� JUDQG� IDFWHXU� TXL� D� MRXp� FRQWUH� QRXV�� 1RWUH
DOJRULWKPH�GX�FKHPLQ�RSWLPXP�IRQFWLRQQH�WUqV�ELHQ�HW� OH�SRVLWLRQQHPHQW�DXVVL�
$YRLU� HX� SOXV� GH� WHPSV�� QRXV� DXULRQV� SX� DPpOLRUHU� GH� EHDXFRXS� OD� WUDMHFWRLUH
VXLYLW�SDU�OH�URERW��1RXV�DXULRQV�SX�DXVVL�LQFOXUH�O
RGRPpWULH�SRXU�FRQWUHU�O
HIIHW
GX�GpODL�GDQV�OH�FDOFXO�GH�OD�SRVLWLRQ�SDU�OH�URERW�

���� &RQFOXVLRQ

1RXV� SRXYRQV� GLUH� TXH� QRXV� DYRQV� UHPSOL� QRWUH�PDQGDW�PrPH� VL� QRXV
Q
DYRQV�SDV� DWWHLQW� QRWUH� REMHFWLI� TXL� pWDLW� GH� FRQGXLUH� OH� URERW� j� XQ� SRLQW�HQ
VXLYDQW�OH�FKHPLQ�RSWLPXP��/HV�UpVXOWDWV�VRQW�TXHOTXHV�SHX�GpFHYDQW��PDLV
O
H[SpULHQFH�DFTXLVH�GXUDQW�FH�SURMHW�FRPSHQVH�JUDQGHPHQW�FHWWH�ODFXQH��,O�IDXW
WRXWHIRLV�SUpFLVHU�TXH�OH�URERW�VH�UHQG�TXDQG�PrPH�DX�SRLQW�GH�UHQGH]�YRXV��FH
TXL�pWDLW�XQH�H[LJHQFH�GX�SURMHW�

3RXU�FH�TXL�HVW�GHV�DXWUHV�H[LJHQFHV��WHOV�TXH�OD�GpWHFWLRQ�GHV�FROOLVLRQV�HW
OD�GpWHFWLRQ�GHV�REVWDFOHV��OHV�UpVXOWDWV�VRQW�WUqV�DSSUpFLDEOHV��/H�URERW�GpWHFWH
ELHQ�OHV�REVWDFOHV�HW�ORUV�G¶XQH�FROOLVLRQ��LO�SDVVH�HQ�PDUFKH�DUULqUH��UHFXOH�G¶XQH
FRXUWH�GLVWDQFH�HW�SHXW�DLQVL�FRQWLQXHU�VRQ�FKHPLQ�HQ�pYLWDQW�O¶REVWDFOH�GpWHFWp�
/¶DIILFKDJH�GH�OD�WHQVLRQ�GHV�EDWWHULHV�Q¶D�SDV�pWp�UpDOLVp��PDLV�O¶LQWHUIDFH�GLVSRVH
G¶XQ�PpFDQLVPH�SUpYX�j�FHW�HIIHW�
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/H�SURMHW�HQ�HVW�GRQF�HQFRUH�j�O¶pWDSH�GX�SURWRW\SH��3OXVLHXUV�SRVVLELOLWpV
VRQW�HQYLVDJpHV�SRXU�UHPpGLHU�DX[�GLYHUV�SUREOqPHV�PHQWLRQQpV�SUpFpGHPPHQW�
PDLV�O¶pFKpDQFLHU�QH�QRXV�SHUPHW�SDV�GH�FRQWLQXHU�OH�GpYHORSSHPHQW�

1pDQPRLQV�� OH� ORJLFLHO� G¶DSSOLFDWLRQ� HVW� GLVSRQLEOH� GDQV� OD� VHFWLRQ
WpOpFKDUJHPHQW�� HW� HVW� WRWDOHPHQW� RSpUDWLRQQHO�� $GUHVVH]� YRV� FRPPHQWDLUHV�
TXHVWLRQV�RX�DXWUHV��j�XQ�GHV�GHX[�UHVSRQVDEOHV�GH�OD�VHFWLRQ�,QWHUIDFH�XVDJHU��
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&KDSLWUH�,,

&RQWU{OH�GX�URERW
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&KDSLWUH�� &KDSLWUH�,,���&RQWU{OH�GX�URERW

��� ,QWURGXFWLRQ

&HWWH�SDUWLH�GX�GpYHORSSHPHQW�FRQVLVWH�j�UHOHYHU�GHV�GRQQpHV�GH�SRVLWLRQ��
OHV� WUDQVPHWWUH� j� XQ� RUGLQDWHXU� K{WH� DILQ� G¶H[pFXWHU� XQH� FRPPDQGH� PRWULFH
FDOFXOp� SDU� FHOXL�FL� �� $ILQ� GH� QH� SDV� VXUFKDUJHU� OHV� H[pFXWLRQV� GX� URERW� �� OD
PDMRULWp� GHV� WUDLWHPHQWV� VRQW� IDLW� VXU� O
RUGLQDWHXU� �� 9RXV� WURXYHUH]� �GDQV� FH
FRPSWH�UHQGX��OH��VFKpPD�GH�IRQFWLRQQHPHQW�GX�URERW�DLQVL�TXH�OH�FKHPLQHPHQW
SDUFRXUX�SRXU�DWWHLQGUH�QRV�REMHFWLIV�

��� $OJRULWKPH�LPSODQWHU�DX�URERW

réception des impulsions:
        à l' aide d' un micro , on mémorise 
        les délais de 4 impulsions cyclique .

      envoie des délais à l`hôte , ainsi que
       que l`état de la détection d`obstacles.

               réception de la commande
motrice(commande de 8 bits)

)LJXUH�������SODQ�GX�SURJDPPH

��� ,QLWLDOLVDWLRQ

/¶LQLWLDOLVDWLRQ� FRQWLHQW�SULQFLSDOHPHQW� OD�GpFODUDWLRQ�GHV� YDULDEOHV�XWLOLVpHV
SRXU� OHV�FRPPDQGHV�HW� OD�PLVH�HQ� IRQFWLRQ�GH� O¶LQSXW�FDSWXUH�� VHUYDQW�SRXU� OD
GpWHFWLRQ� DFRXVWLTXH�YRLU� VHFWLRQ� VXLYDQWH��� � 'H� SOXV� �� LO� HVW� LPSRUWDQW� GH
GpVDFWLYHU�OH�CSFRGHC�XWLOLVp�SDU�LQWHUDFWLYH�&���&HWWH�GpVDFWLYDWLRQ�SHUPHW�G¶DYRLU
OLEUH�DFFqV�DX�SRUW�VpULH�GX�PLFURFRQWU{OHXU�HW�DLQVL�SRXYRLU�pWDEOLU�XQ�OLHQ�DYHF
O¶RUGLQDWHXU�K{WH��
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��� 5pFHSWLRQ�GHV�LPSXOVLRQV�GpWHFWLRQ�DFRXVWLTXH�

����� *pQpUDWHXU�G¶LPSXOVLRQV

$ILQ�GH�SRVLWLRQQHU�OH�URERW���RQ�XWLOLVH�XQ�F\FOH�GH���LPSXOVLRQV�GRQW�OHV
SXOVHV� VRQW� GpFDOpHV� GH� ���� PLOOLVHFRQGHV� �¬� UDLVRQ� G¶XQ� F\FOH� SDU� VHFRQGH� �
QRXV�DYRQV�pWDEOLH�XQH�VpTXHQFH�IDFLOH�j�V\QFKURQLVHU�HW�SHUPHWWDQW�G¶pOLPLQHU
O¶HIIHW� GHV� pFKRV� �� /H� JpQpUDWHXU� SURGXLW� GHV� LPSXOVLRQV� j� ��� N+]� IDFLOHPHQW
GpWHFWDEOH�DYHF�XQ�PLFUR�ERQ�PDUFKp��

<- -      150 ms      - -><--       150 ms       --><--      150 ms       --><---------------              400 ms               --------------->  temps
<---------------------------------------                                       1 cycle                                  -------------------------------------------->    

 

ILJXUH�����VFKpPD�GHV�LPSXOVLRQV�YV�OH�WHPSV

����� 0LFUR�GH�UpFHSWLRQ

/H�PLFUR� XWLOLVp� HVW� ILOWUp� SDU� XQ� ILOWUH� SDVVH� EDQGH� DXWRXU� GH� ��� N+]� �
IUpTXHQFH�pYLWDQW�GH�GpWHFWHU� OHV�EUXLWV�DPELDQW� ��1RXV�DYRQV�DMXVWp�QRV�JDLQV
DILQ� GH� FDSWHU� GHV� VLJQDX[� UHODWLYHPHQW� IRUW� SDU� UDSSRUW� DX[� pFKRV� SRXU� XQH
PHLOOHXU�ILDELOLWp��

����� SULQFLSH�GH�OD�UpFHSWLRQ

3RXU�VDYRLU�QRWUH�SRVLWLRQ���QRXV�GHYRQV�FDOFXOHU�OHV�GpODLV�HQWUH�FKDFXQH
GH�QRV�LPSXOVLRQV����3RXU�FH�IDLUH���RQ�XWLOLVH�OD�IRQFWLRQ�LQSXW�FDSWXUH�GX���+&��
SHUPHWWDQW� GH� GpWHFWHU� GHV� SXOVHV� HW� GH� VDYRLU� OH� PRPHQW� H[DFWH� GH� OHXUV
DUULYpV���(Q�HIIHW��OD�SDUWLFXODULWp�GH�FHWWH�IRQFWLRQ�HVW�GH�PpPRULVHU�OH�WHPSV�GH
VRQ� UHJLVWUH� FRPSWHXU�� � $LQVL�� ORUVTX¶XQH� SXOVH� HVW� GpWHFWHU�� VRQ� WHPSV� HVW
DXWRPDWLTXHPHQW�LQVpUHU�j�O¶DGUHVVH�GX�LQSXW�FDSWXUH���/H�UHJLVWUH�FRPSWHXU�HVW
GH� ��� ELWV� DYHF� XQH� YLWHVVH� G¶KRUORJH� GH� �� 0K]�� FH� TXL� UHSUpVHQWH� XQ
GpERUGHPHQW�j�WRXWH�OHV������PV�

$X�FRPPHQFHPHQW� ��QRXV�FRPSWLRQV� OH�QRPEUH�GpERUGHPHQW�PDLV�QRXV
QRXV�VRPPHV�UHQGX�FRPSWH�TX¶RQ�VXUFKDUJHDLW� OH�FRQWU{OHXU��FH�TXL�DYDLW�SRXU
FRQVpTXHQFH�GH�QRXV�GRQQHU�XQH�SUpFLVLRQ�GH������ FRXSV�G¶KRUORJH� �� HQYLURQ
����PV�G¶LQFHUWLWXGH��



18

3XLVTXH� QRXV� VDYRQV� TXH� O¶RQ� D� HQYLURQ� ���� GpERUGHPHQW� HQWUH� FKDTXH
SXOVH� �� QRXV� SRXYRQV� IDFLOHPHQW� XWLOLVp� OD� GRQQpH� OD� SOXV� SUREDEOH� �� &HWWH
SURFpGXUH�QRXV�D�SHUPLV�GH�UpGXLUH�O¶LQFHUWLWXGH�j�����FRXSV�G¶KRUORJH�����PV���

3RXU� V\QFKURQLVHU� QRWUH� V\VWqPH� �� QRXV� XWLOLVRQV� GHV� IRQFWLRQV� GpILQLV
GDQV� LQWHUDFWLYH�&� �� ,O�H[LVWH�GHV� IRQFWLRQV�SHUPHWWDQW�GH�FDOFXOHU�XQ� WHPSV�HQ
PLOOLVHFRQGHV� �� ,O�VXIILW�VLPSOHPHQW�GH�UHPHWWUH�j�]pUR�XQ�FRPSWHXU�HW�GH� IDLUH
DSSHO�j�OD�IRQFWLRQ�PVHFRQGV�����IRQFWLRQ�UHWRXUQDQW�XQ�IORDW�LQGLTXDQW�XQ�WHPSV
HQ�PV���$LQVL���RQ�LGHQWLILH�QRWUH�SUHPLqUH�SXOVH�HQ�YpULILDQW�VL�QRXV�DYRQV�HX�XQ
GpODL�SOXV�JUDQG�TXH�����PV�HQWUH�GHX[�SXOVHV� ��(QVXLWH� ��RQ� IDLW�XQH�VpULH�GH
LQSXW�FDSWXUH� SRXU� PpPRULVHU� OH� WHPSV� HQWUH� FKDTXH� SXOVH� �� 2Q� LQVqUH� XQH
DWWHQWH�GH����PV�HQWUH�FKDTXH�GpWHFWLRQ�SRXU�pOLPLQHU�OHV�UpIOH[LRQV�LPPpGLDWH��
$SUqV�FHWWH�DWWHQWH���RQ�HIIDFH�OH�GUDSHDX�GX�LQSXW�FDSWXUH�SRXU�UHFHYRLU�OD�SXOVH
VXLYDQWH�HW�DLQVL�GH�VXLWH�

        réception d`une première pulse 

            remise à zéro du timer +
   sleep de 100 ms pour éviter les échos

        réception d`une seconde pulse 

  le délai entre les 2 pulses est plus grand 
  que 300 ms  ( avec fontion mseconds())

    oui          non
calcul des délais

ILJXUH�������DOJRULWKPH�GH�V\QFKURQLVDWLRQ

��� HQYRLH�GHV�GRQQpHV�j�O¶RUGLQDWHXU�K{WH

����� 3UpDODEOH

/RUV� GH� O¶LQLWLDOLVDWLRQ� GX� SURFHVVXV� �� RQ� GpVDFWLYH� OH� SFRGH� XWLOLVp� SDU
LQWHUDFWLYH�&�DILQ�G¶DYRLU�OH�FRQWU{OH�VXU�OH�SRUW�VpULH���1RXV�QH�FKDQJHRQV�SDV�OD
FRQILJXUDWLRQ�GX�SRUW��F¶HVW�j�GLUH�TX¶RQ�FRPPXQLTXH�j������EDXGV���XQ�VWRS�ELW
HW�XQ�VWDUW�ELW�
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����� &RPPXQLFDWLRQ

$SUqV�DYRLU�UHoX�OHV�TXDWUH�LPSXOVLRQV��RQ�WUDQVPHW�OHV�GRQQpHV�UHWHQXHV
SDU�OH�LQSXW�FDSWXUH�HW�RQ�HQYRLH�O¶pWDW�GHV�SDUH�FKRFV���$LQVL��O¶K{WH�SHXW�FDOFXOHU
OHV� GpODLV� HQWUH� FKDTXH� SXOVH� HW� SHXW� GpWHFWHU� V¶LO� \� D� GHV� REVWDFOHV� GHYDQW� OH
URERW���2Q�Q¶XWLOLVH�SDV�GH�SURWRFROH�VSpFLDOH�HW�RQ�QH�YpULILH�SDV�VL�OD�GRQQpH�D
ELHQ�pWp�UHoX��FDU�RQ�VH�FRQWHQWH�G¶XQH�SURFpGXUH�WUDQVPLVVLRQ�UpFHSWLRQ�VLPSOH
SDUFH�TX¶RQ�VXSSRVH�TXH�OD�WUDQVPLVVLRQ�HVW�VDQV�IDLOOH���&H�TXL�HVW�LPSRUWDQW�GH
UHPDUTXHU��F¶HVW�TXH�OH�UHJLVWUH�FRPSWHXU�GX���KF���HVW�GH�W\SH�VLJQp��DLQVL� OH
FRPSWHXU� FRQWLHQW� XQH� YDOHXU� FRPSULVH� HQWUH� �� j� ������� HW� SDVVH� HQVXLWH� GH
��������j�������&¶HVW�DORUV�TX¶LO�VH�SURGXLW�OH�GpERUGHPHQW���1RXV�DYRQV�SHUGX�GX
WHPSV�VXU� OD� FRPSUpKHQVLRQ�GX�FRPSWHXU�HW� VXU� OD� IDoRQ�GH� WUDLWHU� OD� GRQQpH�
(Q�HIIHW��DSUqV�XQH�PXOWLWXGH�GH�WHVWV���QRXV�DYRQV�GpFRXYHUW�TXH�OH�FRQWU{OHXU
QH�SRXYDLW�SDV�WUDLWHU�UDSLGHPHQW�QRV�FDOFXOV���&¶HVW�TX¶LO�IDOODLW�IDLUH�GHV�FDOFXOV
VXU����ELWV��FH�TXL�UHSUpVHQWH�XQH�WkFKH�WURS�ORQJXH�SRXU�OH�URERW���1RXV�DYRQV
UpJOp� OH� SUREOqPH� HQ� ODLVVDQW� FDOFXOHU� OHV� GpODLV� j� O¶RUGLQDWHXU�� � $LQVL�� RQ� D
VLPSOHPHQW�TXDWUH�pWDWV�GH�FRPSWHXU����ELWV��j�HQYR\HU�j�O¶K{WH���FH�TXL�UpGXLW
OD�TXDQWLWp�G¶LQIRUPDWLRQ�j�WUDQVPHWWUH���,O�DXUDLW�IDOOX�WUDQVPHWWUH�WURLV�GpODLV�GH
��� ELWV� FRPSDUDWLYHPHQW� j� TXDWUH� pWDWV� GH� FRPSWHXU� ��� ELWV� SUpVHQWHPHQW
XWLOLVp�

��� UpFHSWLRQ�GH�OD�FRPPDQGH

����� IRQFWLRQQHPHQW

/D�FRPPDQGH�UHoXH�DX�URERW�HVW�FRGpH�VXU�KXLW�ELWV��1RXV�DYRQV�XQ�ELW�SRXU�OD
YpULILFDWLRQ�GH�OD�EDWWHULH��WURLV�ELWV�SRXU�OHV�FRPPDQGHV�GH�URWDWLRQ�HW�GHX[�ELWV
GH�YLWHVVH�GHV�URXHV�SRXU�FKDFXQH�GHV�URXHV�

batterie rotation rotation rotation vitesseG vitesseG vitesse D       vitesseD
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

/HV�SUREOqPHV�TXH�QRXV�DYRQV�HX�DYHF�OHV�HQFRGHXUV�GHV�URXHV�IDLVDQW�HQ
VRUWH�TXH�QRXV�Q¶DYLRQV�DXFXQH�SUpFLVLRQ�GDQV�OD�URWDWLRQ���$LQVL��QRXV�Q¶XWLOLVRQV
SDV� EHDXFRXS� FHV� FRPPDQGHV��PDLV� DMXVWRQV� SOXW{W� OD� YLWHVVH� GHV� URXHV� SRXU
HIIHFWXHU� XQH� URWDWLRQ�� &¶HVW� SOXV� OHQW�PDLV� QRXV� DYRQV� SUpIpUp� FHWWH�PpWKRGH
SRXU� XQH�PHLOOHXU� SHUIRUPDQFH� j� FH� VWDGH� FL� GX� SURMHW�� � ,O� VHUDLW� TXHVWLRQ� GH
FKDQJHU� OHV� HQFRGHXUV� GH� URXHV� SRXU� OD� SURFKDLQH� VHVVLRQ� SRXU� DYRLU� XQH
PHLOOHXUH�FDSDFLWp�j�VDYRLU�OD�GLVWDQFH�SDUFRXUXH�SDU�OH�URERW�
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��� &RQFOXVLRQ

1¶D\DQW�SDV�EHDXFRXS�G¶LQIRUPDWLRQV�VXU�OH�URERW��LO�D�pWp�GLIILFLOH�G¶DYDQFHU
UDSLGHPHQW� SRXU� OD� FRPPXQLFDWLRQ� VpULH�� � $LQVL�� XQH� IRLV� FHWWH� pWDSH� IUDQFKLW�
QRXV� DYRQV� UDSLGHPHQW� SURJUHVVHU� SRXU� DYRLU� FH� UpVXOWDW� ILQDOH�� � $YRLU� UpXVVLW
SOXV�W{W�OD�FRPPXQLFDWLRQ�VpULH���QRXV�DXULRQV�SUREDEOHPHQW�XQ�PHLOOHXU�V\VWqPH
SXLVTXH�QRXV�DYRQV�GpWHFWp�TXHOTXHV�XQHV�GHV�HUUHXUV�TXL�VH�SURGXLVDLW�ORUV�GHV
WHVWV�SUDWLTXHV��QRWDPPHQW�DX�QLYHDX�GH� OD�YLWHVVH�GH� WUDLWHPHQW�GHV�GRQQpHV
TXL�HVW�SOXV�OHQW�TXH�SUpYXV���&H�SUREOqPH�DPqQH�GHV�PRGLILFDWLRQV�PDMHXUV�DX
PRGXOH�
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&KDSLWUH�,,,

/RFDOLVDWLRQ�VRQRUH
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&KDSLWUH�� /RFDOLVDWLRQ�VRQRUH

��� /H�JpQpUDWHXU�G¶LPSXOVLRQV

/H�JpQpUDWHXU�G¶LPSXOVLRQV�FRQWU{OH�TXDWUH�KDXW�SDUOHXUV�DPSOLILpV���,O�GRLW
JpQpUHU���ELSV��XQ�SDU�KDXW�SDUOHXU��GLVWDQFpV�GH������VHFRQGH�FKDFXQ�j�FKDTXH
F\FOH�� �/H�GpODL�HQWUH� OHV�ELSV�G¶XQ�F\FOH�HVW�IL[p�j������VHFRQGH��FH�TXL�HVW�XQ
FRPSURPLV� HQWUH� OH� WHPSV� QpFHVVDLUH� SRXU� DQQXOHU� OHV� pFKRV� HW� OH� EHVRLQ� GH
SUHQGUH�OD�PHVXUH�GH�SRVLWLRQQHPHQW�DXVVL�VRXYHQW�SRVVLEOH���8Q�GpODL�SOXV�ORQJ
������VHFRQGH��VpSDUH�OH��H�ELS�G¶XQ�F\FOH�HW�OH��HU�ELS�GX�F\FOH�VXLYDQW�SRXU�TXH
OH�URERW�SXLVVH�VH�V\QFKURQLVHU��F¶HVW�j�GLUH�VDYRLU�TXHO�ELS�GX�F\FOH�LO�FRUUHVSRQG�

9RLFL�XQ�VFKpPD�WHPSRUHO�GHV�VRUWLHV�GX�JpQpUDWHXU�

)LJXUH�������6FKpPD�WHPSRUHO

2��FKDTXH�ERvWH�GpVLJQH�XQH�VpULH�GH����LPSXOVLRQV�FDUUpHV�GH�IUpTXHQFH�pJDOH
j� ��N+]� HW� GH� UDSSRUW� F\FOLTXH� pJDO� j� ��� � 8Q� PLFURFRQWU{OHXU� 3,&��&��$� GH
0LFURFKLS� D� pWp� XWLOLVp� SRXU� JpQpUHU� FHV� �� VLJQDX[�� � 8Q� VLPSOH� ILOWUH� 5&� SDVVH
KDXW�D�pWp�DMRXWp�j�FKDTXH�VRUWLH�XWLOH�GX�3,&�GH�PDQLqUH�j�REWHQLU�XQ�VRQ�SOXV
VHPEODEOHV�j�GHV�LPSXOVLRQV�GH�VLQXVRwGHV���N+]���/HV�FRQVWDQWHV�GH�WHPSV�RQW
pWp�DMXVWpHV�HQ�IRQFWLRQ�GH�O¶HIIHW�REWHQX�j�OD�VRUWLH�GHV�KDXW�SDUOHXUV�DPSOLILpV�

����V ����V����V ����V

2XW��

2XW��

2XW��

2XW��
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9RLFL�XQ�VFKpPD�GX�FLUFXLW�GH�JpQpUDWLRQ�G¶LPSXOVLRQV�

)LJXUH�������6FKpPD�GX�JpQpUDWHXU�GH�EOLS
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��� 0RGXOH�UpFHSWLRQ�DFRXVWLTXH

/H�PRGXOH�GH�UpFHSWLRQ�DFRXVWLTXH�j�FRPPH�IRQFWLRQ�GH�GpWHFWHU�OHV�LPSXOVLRQV
SURGXLWHV� SDU� OH� JpQpUDWHXU� G¶LPSXOVLRQV�� GH� OHV� WUDLWHU� HW� WUDQVPHWWUH
O¶LQIRUPDWLRQV� DX� PLFURFRQWU{OHXU� � /D� ILJXUH� ���� SUpVHQWH� OHV� GLIIpUHQWHV
FRPSRVDQWHV�GX�PRGXOH��

)LJXUH�������0RGXOH�GH�UpFHSWLRQ�DFRXVWLTXH

,O�HVW�FRPSRVpH�G¶XQ�PLFURSKRQH�TXL�VHUW�j�OD�UpFHSWLRQ�GX�VLJQDO��eWDQW�GRQQp
TXH� OH� VLJQDO� UHoX� HVW� WUqV� IDLEOH�� XQ� SUp� DPSOLILFDWHXU� j� pWp� XWLOLVp� DYDQW� GH
ILOWUHU�� /H� ILOWUH� HVW� GH� W\SH� SDVVH� EDQGH� pWDQW� GRQQp� TXH� OHV� LPSXOVLRQV� VRQW
JpQpUp�j�XQH�IUpTXHQFH�SUpFLVH��8Q�GpWHFWHXU�GH�QLYHDX�HVW�XWLOLVp�SRXU�FDSWHU
O¶LQIRUPDWLRQ�UpVXOWDQWHV�

����� 0LFURSKRQH

/H�PLFURSKRQH�XWLOLVp�j�pWp�DFKHWp�FDU� FHOXL� IRXUQL� VXU� OH� URERW�Q¶pWDLW� SDV� WUqV
ERQ��/D�UpSRQVH�HQ�IUpTXHQFH� OD�SOXV� LQWpUHVVDQWH�GX�PLFURSKRQH�HVW�G¶HQYLURQ
��N+]�� &¶HVW� GRQF� j� FHWWH� IUpTXHQFH� TXH� OH� JpQpUDWHXU� G¶LPSXOVLRQV� pPHW� VHV
SXOVHV��$ILQ�G¶DPpOLRUHU�OD�UpFHSWLRQ�GX�PLFUR�HW�GH�GLPLQXHU�OHV�IDX[�pFKR��XQH
IRUPH�FRQLTXH�j�pWp�DMRXWp�DX�ERXW�GH�FHOXL�FL�

����� $PSOLILFDWHXU

/¶DPSOLILFDWHXU�j�FRPPH�IRQFWLRQ�G¶DPSOLILHU�OH�VLJQDO�SURYHQDQW�GX�PLFURSKRQH�
/H� FLUFXLW� � LQWpJUp� /0���� j� pWp� FRPPH� SUp� DPSOLILFDWHXU�� &¶HVW� XQ� FLUFXLW� WUqV
XWLOLVp�SRXU�OHV�DSSOLFDWLRQV�GDQV�OH�GRPDLQH�GH�O¶DXGLR��eWDQW�GRQQp�TXH�OH�VLJQDO
SURYHQDQW�GX�PLFURSKRQH�pWDLW�WUqV�IDLEOH�� OH�JDLQ�FKRLVL�SRXU�O¶DPSOLILFDWHXU�HVW
GH������/D�ILJXUH�VXLYDQWH�PRQWUH�OD�UpSRQVH�HQ�IUpTXHQFH�HW�OD�GLVWRUVLRQ��1RXV
SRXYRQV�FRQVWDWHU�TXH�OH�/0����SRVVqGH�XQ�JDLQ�VWDEOH�j���N+]��3DU�FRQWUH��OH
GLVWRUVLRQ�Q¶HVW�SDV�PLQLPDOH�j�FHWWH�IUpTXHQFH�PDLV�HOOH�HVW�WUqV�DFFHSWDEOH�

Amplificateur Filtre passe bande Détecteur de niveau Microcontrôleur

Microphone
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)LJXUH�������UpSRQVH�HQ�IUpTXHQFH�GX�/0���

����� )LOWUH�SDVVH�EDQGH

/H�ILOWUH�SDVVH�EDQGH�VHUW�j�pOLPLQHU�OHV�IUpTXHQFH�TXL�VRQ�HQ�GHKRUV�GH�OD�SODJH
GH� IUpTXHQFH� YRXOXH�� /H� ILOWUH� XWLOLVp� HVW� XQ�0)�� GH� OD� FRPSDJQLH�1DWLRQDO�� /D
ILJXUH�����PRQWUH�OH�VFKpPD�LQWHUQH�GX�0)��

)LJXUH�������%ORF�VLPSOLILH�GX�0)�
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&H�FLUFXLW�LQWpJUp�HVW�FRPSRVpH�GH���pWDJHV�FRPSUHQDQW�FKDFXQH�XQ�ILOWUH�SDVVH
EDQGH�GX�VHFRQG�RUGUH��'H�SOXV��LO�FRQWLHQW�XQ�SUp�DPSOL�TXH�QRXV�DYRQV�XWLOLVp
DXVVL� PDLV� DYHF� XQ� SHWLW� JDLQ� GH� O¶RUGUH� GH� ���� /HV� HQWUpHV� ©�4� ORJLF�ª
SHUPHWWHQW� GH� VpOHFWLRQQHU� OH� UDWLR� GH� OD� IUpTXHQFH� H[WHUQH� DYHF� FHOXL� GH� OD
IUpTXHQFH�YRXOX��&H�FLUFXLW�j�pWp�FKRLVL�FDU�VRQW�FR�W�HVW�WUqV�IDLEOH�HW�LO�RIIUH�GHV
SHUIRUPDQFHV� LQWpUHVVDQWH�� &RPPH� PHQWLRQQp� SOXV� KDXW�� OD� IUpTXHQFH� GHV
LPSXOVLRQV�HVW�GH���N+]��/HV�pWDSHV�GH�FRQFHSWLRQ�GX�ILOWUH�VRQW�OHV�VXLYDQWHV��

�� 'pWHUPLQHU�OD�EDQGH�SDVVDQWH�GX�ILOWUH

/D� ILJXUH������ IRXUQLW�SDU� OH�PDQXIDFWXULHU��SHUPHW�GH�GpWHUPLQHU�FHUWDLQ
SDUDPqWUHV�VRLW�OHV�IUpTXHQFHV�GH�FRXSXUHV�IF��HW�IF����OD�EDQGH�G¶DUUrW

)LJXUH�������%DQGH�SDVVDQWH�GX�ILOWUH

GX� ILOWUH�IV�� HW� IV��� DLQVL� TXH� OD� YDULDWLRQ� GX� JDLQ� GDQV� OD� EDQGH
SDVVDQWH�$PD[�� HW� O¶DWWpQXDWLRQ� PLQLPDO� j� OD� EDQGH� G¶DUUrW�$PLQ��� /HV
SDUDPqWUHV�FKRLVL�VRQW�OHV�VXLYDQW��

)F�� ����N+]
)F�� �����N+]
)V�� ��N+]
)V�� ���N+]
$PD[� ��G%
$PLQ� ���G%
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�� &KRLVLU�OH�W\SH�GH�ILOWUH�HW�OHXU�FDUDFWpULVWLTXH

/H� FKRL[� V¶HVW� DUUrWp� VXU� XQ� ILOWUH� GH� &KHE\FKHY�� 3RXU� FH� ILOWUH�� LO� IDXU
GpWHUPLQHU� OH� ©�ULSSOH�ª��1RXV� DYRQV� FKRLVL� XQ� ©�ULSSOH�ª� GH� ���G%� HW� OH
WDEOHDX� VXLYDQW� QRXV� IRXUQL� GHV� LQIRUPDWLRQV� VXU� GHV� FRQVWDQWHV� SRXU� OH
FDOFXO�GHV�UpVLVWDQFHV�

)LJXUH�������&RQVWDQWHV�GH�FDOFXOV�GHV�UpVLVWDQFHV

�� &KRLVLU�O¶RUGUH�GX�ILOWUH

/D�ILJXUH�����SHUPHW�GH�GpWHUPLQHU� O¶RUGUH�GX�ILOWUH�VRLW�GH���� ,O�VXIILW�GH
WUDFHU�XQH�OLJQH�GH�$PD[�j�$PLQ�HW�SUHQGUH�OD�FRXUEH�OH�SOXV�SUqV�GX�UDSSRUW
6(:�%:�

�� &DOFXOV�GHV�UpVLVWDQFHV

/H�FDOFXO�VH�IDLW�FRPPH�FHFL��

2Q�SUHQG�5I� ����NΩ

.�� �5����5I� �������

5�� ����NΩ

.�� �5����5I� �������

5�� ����NΩ

4� �.T��)����%:� �����

'¶DSUqV�OD�WDEOH�GX�PDQXIDFWXULHU��OHV�FRGHV�j�O¶HQWUpH�VRQW�OHV�VXLYDQWV��

$%&'(� �����
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)LJXUH�������2UGUH�GX�ILOWUH

$ILQ� GH� YDOLGHU� OH� FRPSRUWHPHQW� GX� ILOWUH�� QRXV� DYRQV� XWLOLVp� XQ� JpQpUDWHXU
G¶RQGH�HW�OHV�UpVXOWDWV�VH�VRQW�DYpUp�WUqV�FRQFOXDQW�

����� 'pWHFWHXU�GH�QLYHDX

/H�GpWHFWHXU�GH�QLYHDX�HVW�XQ�FRPSDUDWHXU��&HOXL�FL�FRPSDUH� OH�VLJQDO�G¶HQWUpH
DYHF� XQH� WHQVLRQ� GH� UpIpUHQFH� GH� �� YROWV�� ¬� VD� VRUWLH�� LO� UHVWH� VHXOHPHQW� XQH
LPSXOVLRQ�j���N+]
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&KDSLWUH�,9

'pWHFWLRQ�G¶REVWDFOHV
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&KDSLWUH�� 'pWHFWLRQ�G¶REVWDFOH

��� %XW

&H� GpSDUWHPHQW� j� SRXU� EXW� GH� IDLUH� OD� FRQFHSWLRQ� G
XQ� V\VWqPH� GH� GpWHFWLRQ
G
REMHWV�j�O
DLGH�G
XQ�V\VWqPH�XOWUDVRQ�HW�RX�DYHF�GHV�VHQVHXUV�LQIUDURXJH���'DQV
OH� FDV� GX� V\VWqPH� j� XOWUDVRQ�� FHOXL�FL� VHUD� HQ� PHVXUH� GH� IRXUQLU� OD� GLVWDQFH
DSSUR[LPDWLYH�G
XQ�REMHW�VLWXp�SUqV�GH�OXL���&HWWH�LQIRUPDWLRQ�VHUD�WUDQVPLVH�GX
URERW�j�O
RUGLQDWHXU�SRXU�ILQ�GH�WUDLWHPHQW���/H�V\VWqPH�LQIUDURXJH�SHUPHWWUD�GH
GpWHFWHU� OD� SUpVHQFH� G
XQ� REMHW� GDQV� XQ� UD\RQ� GH� ��FP�� 'H� SOXV�� LO� VHUD� HQ
PHVXUH�GH�IRXUQLU�OD�SRVLWLRQ�DSSUR[LPDWLYH�GH�O
REMHW�GHYDQW�OH�URERW�

'pWHFWLRQ�G
REMHWV�j�O
DLGH�G
XQ�PRGXOH�8OWUDVRQ

��� 0DWpULHOV

/H�V\VWqPH�HVW� FRPSRVpH�G
XQ�PRGXOH�GH� OD� FRPSDJQLH�32/$52,'�� � /D
ILJXUH�����PRQWUH�OH�PRGXOH��HW�VHV�GLIIpUHQWHV�FRPSRVDQWHV

)LJXUH�������&RPSRVDQWHV�GX�3RODURLG�����

/H�PRGXOH�HVW�FRPSRVpH�G
XQ�V\VWqPH�pOHFWURQLTXH�SHUPHWWDQW�GH�FRQWU{OHU� OHV
VLJQDX[�GH�WUDQVPLVVLRQ��G
XQ�FkEOH�GH�FRQQH[LRQ�HW�G
XQ�WUDQVGXFHU��/H�PRGXOH
XOWUDVRQLTXH� WUDQVPHW� XQH� RQGH� VRQRUH� HW� PHVXUH� OH� WHPSV� TXH� SUHQG� O
RQGH
SRXU�UHYHQLU���/H�WHPSV�GH�UpIOH[LRQ�HVW�SURSRUWLRQQHOOH�j�OD�GLVWDQFH�GH�O
REMHW�j
OD� VRXUFH�� 'DQV� FHWWH� FRQFHSWLRQ�� O
RQGH� VRQRUH� HVW� WUDQVPLVH� HW� UHoX� VXU� OH
PrPH� WUDQVGXFHU�� 3RXU� pOLPLQHU� OH� IDX[� pFKR�� XQ� WHPSV� PRUW� LQWHUQH� HVW
QpFHVVDLUH�� � /H� FRQWU{OH� V
HIIHFWXH� j� O
DLGH� GH� �� VLJQDX[�� &HV� VLJQDX[� VRQW� OHV
VXLYDQWV��

,1,7���,QLWLDOLVDWLRQ�GX�UDQJLQJ�PRGXOH
%,1+���6LJQDO�SHUPHWWDQW�OD�UHFHSWLRQ�GH�PXOWLSOH�HFKR



31

8Q�VLJQDO�GH�UpFHSWLRQ�SHUPHW�GH�GpWHUPLQHU�OD�ILQ�GH�OD�VpTXHQFH��&H�VLJQDO�HVW
OH�VXLYDQW��

(&+2���6LJQDO�LQGLTXDQW�OD�ILQ�GH�OD�VpTXHQFH

/D�ILJXUH�����PRQWUH�OH�IRQFWLRQQHPHQW�GpWDLOOp�GH�OD�VpTXHQFH�GHV
VLJQDX[�

)LJXUH�������6FKpPD�WHPSRUHO�GHV�VLJQDX[

7RXW� G
DERUG�� OH� VLJQDO� ,1,7� HVW� DFWLYp�� (Q� PrPH� WHPSV�� XQ� FRPSWHXU� HVW
GpPDUUp� GDQV� OH� PLFURFRQWU{OHXU� SRXU� FDOFXOHU� OH� WHPSV� pFRXOp� HQWUH
O
LQLWLDOLVDWLRQ�HW�OD�UpFHSWLRQ�GH�O
pFKR���$SUqV��OH�PRGXOH�WUDQVPHW����LPSXOVLRQV
j������.+]��7DQW�TXH�%,1+�Q
HVW�SDV�DFWLYp��O
(&+2�Q
HVW�SDV�SULV�HQ�FRPSWH�SDU
OH�V\VWqPH��'H�SOXV��RQ�SHXW�FRQVWDWHU�TXH�OH�VLJQDO��,17(51$/�%/$1.,1*���TXL
GXUH�����PV��LPSOLTXH�TXH�OH�V\VWqPH�QH�SHXW�GpWHFWHU�XQ�REMHW�j�PRLQV�GH���
SRXFHV�FHFL�GDQV�OH�EXW�G
pYLWHU�TXH�OH�PRGXOH�LQWHUSUqWH�OHV�LPSXOVLRQV�FRPPH
XQ� VLJQDO� G
pFKR�� 3RXU� WURXYHU� OD� GLVWDQFH�� LO� VXIILW� G
DSSOLTXHU� OD� IRUPXOH
VXLYDQWH��

'LVWDQFH�FP�� �7LPH(FKR��������������
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��� &RQVLGpUDWLRQ�GH�GHVLJQ

&RPPH� ORUV� GH� OD� WUDQVPLVVLRQ� OH�PRGXOH� UHTXLHUW� XQH� WHQVLRQ� GH� ���9
SRLQWH�j�SRLQWH�HW�XQ�FRXUDQW�GH��$�SHQGDQW�OD�SpULRGH�GH�WUDQVPLVVLRQ���,O�HVW
QpFHVVDLUH� G
DMRXWHU� XQ� FRQGHQVDWHXU� GH� VWRFNDJH� HQWUH� OHV� OLJQHV
G
DOLPHQWDWLRQV� GX� PRGXOH�� � 8Q� FRQGHQVDWHXU� GH� YDOHXU� SOXV� JUDQGH� TXH� ���
PLFURIDUDGV� HVW� UHFRPPDQGp�� � 'H� SOXV�� XQH� UpVLVWDQFH� GH� ���� . � HVW� XWLOLVpH
SRXU� OLPLWHU� OH� FRXUDQW� j� O
HQWUpH� GX� PLFURFRQWU{OHXU�� /D� ILJXUH� VXLYDQWH� �����
PRQWUHQW�OH�VFKpPD�GH�EUDQFKHPHQW�GX�FRQGHQVDWHXU�

)LJXUH�������3RVLWLRQ�GX�FRQGHQVWHXU

��� ,QWHUIDFH�DYHF�OH�URERW

&H�PRGXOH�HVW�EUDQFKp�DYHF�OH�PLFURFRQWU{OHXU�GX�URERW��2Q�XWLOLVH���ELWV
GX�SRUW�'�SRXU� OHV� VLJQDX[� ,1,7�HW�%,1+�� �8Q�ELW� GX�SRUW�$�HVW�XWLOLVp� FRPPH
HQWUpH�GX�VLJQDO�(&+2��/D�ILJXUH�����PRQWUH�OH�VFKpPD�GH�EUDQFKHPHQW��

)LJXUH������6FKpPD�GH�EUDQFKHPHQW

/HV���GLRGHV�VRQW�XWLOLVpHV�VHXOHPHQW�SRXU�UpGXLUH�OD�WHQVLRQ�G
DOLPHQWDWLRQ�
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��� 7HVWV

'HV� WHVWV� RQW� pWp� HIIHFWXpV� PDLV� SDU� FRQWUH� FHX[�FL� Q
RQW� SDV� pWp� WUqV
FRQFOXDQW�� �&RPPH�QRXV�XWLOLVRQV� OH�SRUW�$��GX�PLFURFRQWU{OHXU�HW�TXH�FHOXL�FL
HVW�GpMj�XWLOLVp�SDU� OHV�VHQVHXUV� LQIUDURXJHV��XQ�FRQIOLW�SRVVLEOH�H[LVWH�� �'RQF� LO
QRXV� VHUD� LPSRVVLEOH� G
XWLOLVHU� OHV� GHX[� HQ�PrPH� WHPSV�� eWDQW� GRQQp� TXH� OHV
VHQVHXUV�LQIUDURXJHV�IRQFWLRQQHQW�FRUUHFWHPHQW��FHFL�HVW�XQH�DXWUH�DOWHUQDWLYH�GH
GpWHFWLRQ���3DU�FRQWUH��FHX[�FL�RIIUH�XQH�SRUWpH�OLPLWH�GH����FP��G
XQ�DXWUH�F{Wp�
LOV�SHUPHWWHQW�GH�GpWHFWHU� OD� GLUHFWLRQ�GH� O
REVWDFOH�� VRLW� j� JDXFKH�RX�j�GURLWH�
eWDQW�GRQQp�TXH�OHV�WHVW�ILQDX[�RQW�pWp�QpJDWLIV��QRXV�DYRQV�RSWp�SRXU�VHFRQGH
DOWHUQDWLYH� G
HIIHFWXHU� OD� UHFRQQDLVVDQFH� G
REMHW� j� O
DLGH� GHV� VHQVHXUV
LQIUDURXJHV�

&HUWDLQHV�GLIILFXOWpV�RQW�pWp�UHQFRQWUpHV�ORUV�GH�O
LQWpJUDWLRQ�DYHF�OH�URERW�

• 3HX�GH�SRUW�GLVSRQLEOH�VXU�OH�PLFURFRQWU{OHXU
• 3RVVLELOLWp� GH� PXOWLSOH� pFKR�� FH� TXL� FRPSOLTXH� OD� GpWHFWLRQ� GH� OD

GLVWDQFH� UpHOOH� SXLVTXH� O
RQGH� SHXW� UHERQGLU� VXU� SOXVLHXUV� REVWDFOHV
DYDQW�G
rWUH�FDSWpH�

��� 'pWHFWLRQ�G
REMHWV�j�O
DLGH�GH�VHQVHXUV�LQIUDURXJHV

/HV�VHQVHXUV�TXL�RQW�pWp�XWLOLVpV�VRQW�GpMj�HQ�SODFH�VXU�OH�URERW��/H�V\VWqPH�HVW
FRPSRVp�GH���SDUWLHV��

• ��WUDQVPHWWHXU�LQIUDURXJH
• ��UHFHYHXUV�LQIUDURXJH

'HV�IRQFWLRQV�IRXUQL�SDU�,&�SHUPHWWHQW�G
pPHWWUH�HW�GH�UHFHYRLU� OH�VLJQDO��,O�HVW
SRVVLEOH�GH�EUDQFKHU�SOXV�GH���VHQVHXUV�HQ�XWLOLVDQW� OHV�SRVLWLRQV���j���GX�SRUW
G
HQWUpH�GLJLWDO�

��� &RQVLGpUDWLRQ�GH�GHVLJQ

,O� HVW� SRVVLEOH� GH� FKRLVLU� HQWUH��� IUpTXHQFH�SRXU� O
pPLVVLRQ�HW� OD� UpFHSWLRQ� VRLW
���+]�HW����+]��&HWWH�RSWLRQ�SRXUUDLW�SHUPHWWUH�SDU�H[HPSOH�OD�FRPPXQLFDWLRQ
HQWUH� �� URERWV�� � /H� PRGXOH� GH� UpFHSWLRQ� HPSORL� XQ� SKDVH� ORFNHG� ORRS� SRXU
GpWHFWHU�OH�VLJQDO�PRGXOp�G
XQH�FHUWDLQH�IUpTXHQFH���$XVVL��ORUVTXH�OH�PRGXOH�GHV
VHQVHXUV�IRQFWLRQQHQW�� LOV�SUHQQHQW�HQWUH�����HW�����GH�WHPSV�SURFHVVHXU�GX
��+&����,O�HVW�GRQF�LPSRUWDQW�G
DSSHOHU�FHWWH�URXWLQH�OH�PRLQV�VRXYHQW�SRVVLEOH
DILQ�GH�ODLVVHU�GX�WHPSV�SRXU�OHV�DXWUHV�SURFHVVXV�
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��� ,QWHUIDFH�DYHF�OH�URERW

/
LQWHUIDFH�DYHF�OH�URERW�VH�IDLW�j�O
DLGH�GH�OD�OLEUDLULH�GHV�,5��&HWWH�OLEUDLULH
SHUPHW�GH�FRQWU{OHU�OD�IUpTXHQFH�GH�WUDQVPLVVLRQ�HW�OD�GpWHFWLRQ�GHV�LQIUDURXJHV
j���IUpTXHQFHV��/H�SURJUDPPH�JpQqUH�XQH�RQGH�FDUUp�LQWHUQH�j�OD�IUpTXHQFH�GH
UpFHSWLRQ� GpVLUp�3//��� 3OXVLHXUV� IRQFWLRQV� VRQW� GLVSRQLEOHV�� (Q� YRLFL� OHV
SULQFLSDOHV��

7UDQVPLVVLRQ��
• LUBWUDQVPLWBRQ���$FWLYH�OD�WUDQPLVVLRQ�GHV�,5
• LUBWUDQVPLWBRII���'pVDFWLYH�OD�WUDQVPLVVLRQ�GHV�,5
• VHWBLUBWUDQVPLWBSHULRG���'pWHUPLQH�OD�SpULRGH�GH�WUDQVPLVVLRQ
• VHWBLUBWUDQVPLWBIUHTXHQF\���'pWHUPLQH�OD�IUpTXHQFH�GH�WUDQVPLVVLRQ

5pFHSWLRQ��
• LUBUHFHLYHBRQ���$FWLYH�OD�UpFHSWLRQ�GHV�,5
• LUBUHFHLYHBRII���'pVDFWLYH�OD�UpFHSWLRQ�GHV�,5
• VHWBLUBUHFHLYHBIUHTXHQF\���'pWHUPLQH�OD�IUpTXHQFH�GH�UpFHSWLRQ
• LUBFRXQWV���5HWRXUQH�OH�QRPEUH�G
RQGH�FDUUp�FRQVpFXWLYH

��� 7HVWV

3OXVLHXUV� WHVWV� RQW� pWp� HIIHFWXpV�� � ,QLWLDOHPHQW�� QRXV� DYRQV� WHVWp� OHV� ,5
VHXO�DILQ�GH�V
DVVXUHU�GH�OHXU�IRQFWLRQQHPHQW���'H�SOXV��FHFL�j�SHUPLV�GH�YDOLGHU
OHV� VRXV� URXWLQHV� GH� WUDQVPLVVLRQ� HW� GH� UpFHSWLRQ�� ,O� V
HVW� DYpUp� TXH� OHV� ,5
GpWHFWHQW� ELHQ� OHV� REMHWV� VXU� XQH� GLVWDQFH� GH� ��FP� RX�PRLQV�� 'H� SOXV�� LO� HVW
SRVVLEOH�GH�VDYRLU�VL�O
REMHW�VH�WURXYH�j�JDXFKH��j�GURLWH�RX�HQ�IDFH�GX�URERW��3DU
FRQWUH��QRXV�DYRQV�REVHUYp�TXH�OD�VXUIDFH�HW�O
DQJOH�TX
D�OH�URERW�SDU�UDSSRUW�j
O
REMHW� j� GH� O
LQIOXHQFH� VXU� OH� UpVXOWDW�� 3DUIRLV�� O
DQJOH� HVW� WURS� JUDQG� HW� DXFXQ
VLJQDO� Q
HVW� GpWHFWp�� ,OV� RQW� GRQF� pWp� FKRLVL� SRXU� IDLUH� OD� GpWHFWLRQ� G
REMHWV� j
FRXUWH�GLVWDQFH�

$XFXQH� GLIILFXOWpV� Q
D� pWp� UHQFRQWUpHV� HQ� FH� TXL� FRQFHUQH� OD� GpWHFWLRQ
G
REMHWV�� 3DU� FRQWUH�� QRXV� DYRQV� HVVD\p� G
LPSODQWHU� XQH� PpWKRGH� TXL� QRXV
SHUPHWWUDLW�GH�GpWHUPLQHU� OD�GLVWDQFH�GH� O
REMHW�j� O
DLGH�GHV�,5�� �2U�� OD�IRQFWLRQ
LUBFRXQWV� SHUPHW� GH� VDYRLU� OH� QRPEUH� G
LPSXOVLRQ� GHSXLV� OD� WUDQVPLVVLRQ�
SHUPHWWDQW� DLQVL� GH� FDOFXOHU� OD� GLVWDQFH� pWDQW� GRQQp� TXH� QRXV� FRQQDLVVRQV� OD
IUpTXHQFH� G
pPLVVLRQ� HW� OD� YLWHVVH� GH� SURSDJDWLRQ� GDQV� O
DLU�� 0DOKHXUHXVHPHQW
SRXU� XQH� UDLVRQ� LQFRQQX�� OD� IRQFWLRQ� LUBFRXQWV� UHWRXUQH� GHV� YDOHXUV� QRQ
FRPSDWLEOH� DYHF� OHV� UpVXOWDWV� DWWHQGXV�� 1RXV� DYRQV� GRQF� DEDQGRQQp� FHWWH
RSWLRQ�
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&KDSLWUH�9

&RPPXQLFDWLRQ�VDQV�ILO
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&KDSLWUH�� &RPPXQLFDWLRQ�VDQV�ILO

��� 2EMHFWLI

1RXV� YRXORQV� UHPSODFHU� OH� OLHQ� FkEOp� VpULHO� HQWUH� OH� 3&� HW� OH� URERW� SDU� XQ� OLHQ
VDQV� ILOV�� � /D� FRPPXQLFDWLRQ� HQWUH� OHV� GHX[� SDUWLHV� GRLW� V
RSpUHU� GH� OD� PrPH
IDoRQ�TX
DYHF�OH�FkEOH�SDU�OH�3&�HW�OH�URERW���(OOH�GRLW�GRQF�rWUH�LQGpSHQGDQWH�GX
W\SH�GH�FDQDO�XWLOLVp�SRXU�WUDQVPHWWUH�OHV�LQIRUPDWLRQV�

��� 7UDQVPLVVLRQ�j�����0+]

&H�W\SH�GH�WUDQVPLVVLRQ�H[LJH��SRXU�FKDTXH�VLJQDO�pFKDQJp�HQWUH�OH�3&�HW�OH
URERW��XQ�PRGXOH�GH�WUDQVPLVVLRQ�HW�XQ�PRGXOH�GH�UpFHSWLRQ��'DQV�OH�OLHQ�VpULH
FkEOp��GHX[�VLJQDX[�VRQW�pFKDQJpV�HQWUH�OH�3&�HW� OH�URERW��VRLW�7;�HW�5;��'HX[
PRGXOHV� G
pPLVVLRQ� HW� GHX[�PRGXOHV� GH� WUDQVPLVVLRQ� VRQW� QpFHVVDLUHV� SRXU� OH
SURMHW�� 3RXU� HPSrFKHU� TXH� OHV� OLHQV� LQWHUIqUHQW�� LOV� RSqUHQW� j� XQH� IUpTXHQFH
SRUWHXVH� GLIIpUHQWH� SRXU� FKDFXQ�� /H� OLHQ� GX� 3&� DX� URERW� XWLOLVH� XQH� IUpTXHQFH
SRUWHXVH�GH����0+]��HW� O
DXWUH� OLHQ�XQH�IUpTXHQFH�SRUWHXVH�GH�����0+]�� �8QH
PRGXODWLRQ�G
DPSOLWXGH�HVW�XWLOLVpH�� �/D�EDQGH�GH� IUpTXHQFH�GH�����0+]�D�pWp
UHWHQXH�SRXU�TXDWUH�UDLVRQV��
/
DQWHQQH� QpFHVVDLUH� SRXU� WUDQVPHWWUH� OH� PD[LPXP� GH� SXLVVDQFH� HVW� GH
GLPHQVLRQ�UDLVRQQDEOH��(Q�HIIHW�

cm 33,8
10*900*2

10*3

f2

c

2

fc 

6

8

===λ

λ=
�

/HV�FRPSRVDQWV�SRXU� OHV�PRGXOHV�VH� WURXYHQW� IDFLOHPHQW�FKH]� OH�PDQXIDFWXULHU
0RWRUROD���/HV�WUDQVPLVVLRQV�5)�SDU�UDGLR�DPDWHXU�VRQW�SHUPLVHV�VXU�FHWWH�EDQGH
GH� IUpTXHQFH�� � /H� GpIL� GH� UpDOLVHU� XQH� WUDQVPLVVLRQ� j� FHWWH� IUpTXHQFH� HVW
LQWpUHVVDQW�

/H�VFKpPD�IRQFWLRQQHO�GH�OD�ILJXUH���LOOXVWUH�OHV�SDUWLHV�VSpFLILTXHV�GX�PRGXOH�GH
WUDQVPLVVLRQ��DORUV�TXH�FHOXL�GH�OD�ILJXUH���LOOXVWUH�OH�PRGXOH�GH�UpFHSWLRQ�
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����� 0RGXOH�GH�WUDQVPLVVLRQ

Antenna
50 Ohms

Up converter
Motorola

MRFIC2002

Local Oscillator
900-1000 MHz

MRFIC12147 VCO

RF

LO

IF
Radio
waves

Tx link
RS-232 to TTL

converter

)LJXUH�������0RGXOH�GH�WUDQPLVVLRQ�5)�j�����0+]

/H� VLJQDO� 7;� HVW� FRQYHUWLW� GX� 56����� HQ� XQ� QLYHDX� 77/� SRXU� O
DGDSWHU� j
O
HQWUpH� GX� PL[HU�� 8Q� 0$;���� GH� OD� FRPSDJQLH� 0$;,0� HVW� XWLOLVp� FRPPH
FRQYHUWLVVHXU�� /D� SLqFH� SULQFLSDOH� GX� PRGXOH� GH� WUDQVPLVVLRQ� HVW� OH� �XS
FRQYHUWHU���&
HVW�XQ�PL[HU�TXL�PXOWLSOLH�OHV�VLJQDX[�,)�HW�/2��/D�SLqFH�05),&����
GH�0RWRUROD�IXW�UHWHQXH�j�FHWWH�ILQ�FDU��

�� /D� SODJH� GH� IUpTXHQFH� SRVVLEOH� SRXU� OH� VLJQDO� ,)� YDULH� GX� '&� j� ����0+]�
SHUPHWWDQW� GH� SDVVHU� XQH� ODUJH� SDUWLH� GX� VSHFWUH� GH� QRWUH� VLJQDO� 77/� HQ
IRUPH�G
RQGH�FDUUpH�GH������%GV�

�� /H�FRXUDQW�G
DOLPHQWDWLRQ�HVW�IDLEOH��,&&�≈�����P$�W\SLTXHPHQW��pFRQRPLVDQW
OD�EDWWHULH�

�� /D� WHQVLRQ� G
DOLPHQWDWLRQ� HVW� 9&&�  � ���� 9�� OHV� EDWWHULHV� GX� URERW� pWDQW� HQ
PHVXUH� GH� OH� IRXUQLU�� � &HOD� SHUPHW� DXVVL� GH� Q
DYRLU� TX
XQH� VHXOH� VRXUFH
G
DOLPHQWDWLRQ� DYHF� OHV� DXWUHV� pOpPHQWV� GX� PRGXOH� GH� WUDQVPLVVLRQ� HW� GH
UpFHSWLRQ�IRQFWLRQQDQW�WRXV�VXU�����9�

�� /D�SXLVVDQFH�GX�VLJQDO�/2� UHTXLVH�HVW�GH�±���G%P� W\SLTXHPHQW�� FH�TXL�HVW
FRPSDWLEOH�DYHF�OD�SXLVVDQFH�IRXUQLH�SDU�QRWUH�/2�

�� 8QH�SODTXHWWH�GH�PRQWDJH�DYHF�GHV�WUDFHV�DGDSWpHV�HQ�ORQJXHXU�HW�ODUJHXU�j
XQH� IUpTXHQFH� GH� ���� 0+]� SRXU� OH� VLJQDO� /2� HW� 5)� HVW� GLVSRQLEOH� GX
PDQXIDFWXULHU�� IDFLOLWDQW� JUDQGHPHQW� OHV� SUREOqPHV� GH� UpIOH[LRQ� HW� GH
WUDQVPLVVLRQ�GH�SXLVVDQFH�PD[LPDOH�

/HV�ILFKLHUV�3')�GX�PL[HU�HW�GH�OD�SODTXHWWH�GH�PRQWDJH�LQGLTXHQW�OHV�GpWDLOV�GHV
FRPSRVDQWV�� &RPPH� OH� PL[HU� DFFHSWH� XQH� ODUJH� SODJH� GH� IUpTXHQFH� SRXU� OH
VLJQDO� ,)�� DXFXQ� ILOWUDJH� Q
HVW� IDLW� SRXU� HQOHYHU� OHV� KDXWHV� IUpTXHQFHV� SRXYDQW
rWUH�FRQWHQXHV�GDQV�OH�VLJQDO�77/�DYDQW�GH�OH�PL[HU�DYHF�OH�/2��'H�FHWWH�IDoRQ�
XQH� ODUJH� SDUW� GX� FRQWHQX� VSHFWUDO� GX� VLJQDO� 77/� HVW� WUDQVPLV� HW� FDSWp� j� OD
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UpFHSWLRQ��/H�ILOWUDJH�GX�EUXLW�HVW�IDLW�j�OD�UpFHSWLRQ��/D�SXLVVDQFH�PD[LPDOH�SRXU
OH�VLJQDO�,)�HW�/2�HVW�32� �3/2� ����G%P�j�O
HQWUpH�GX�PL[HU�
/
RVFLOODWHXU� ORFDO� XWLOLVp� HVW� XQ� RVFLOODWHXU� FRQWU{Op� HQ� WHQVLRQ� �9&2��� &
HVW� OH
0&������GH�0RWRUROD�TXL�IXW�UHWHQX�FDU��

�� ,O�HVW�FRQoX�SRXU�VHUYLU�G
RVFLOODWHXU�ORFDO�
�� 6RQ�FRXUDQW�G
DOLPHQWDWLRQ�HVW�IDLEOH��,&&�≈������P$�
�� 6D�WHQVLRQ�G
DOLPHQWDWLRQ�HVW�9&&� �����9�
�� 6D� SODJH� G
RSpUDWLRQ� YDULH� GH� ���� j� ����� 0+]�� SHUPHWWDQW� GH� UpDOLVHU� OHV

GHX[�IUpTXHQFHV�GH�WUDQVPLVVLRQ�
�� /D� SXLVVDQFH� GX� VLJQDO� HQ� VRUWLH� YDULH� HQWUH�±�� G%P� HW� ±�� G%P�� GDQV� OHV

QRUPHV�GX�XS�FRQYHUWHU�HW�GX�GRZQ�PL[HU�
�� ,O�VHUW�SRXU�OH�PRGXOH�GH�UpFHSWLRQ�DXVVL�

/H�ILFKLHU�3')�GRQQH�OHV�GLIIpUHQWHV�FDUDFWpULVWLTXHV�GX�9&2��&
HVW�XQ�FLUFXLW�/&
GLW��WDQN��TXL�GpWHUPLQH��

�� /D�IUpTXHQFH�G
RSpUDWLRQ�VHORQ

LC2

1
fO π

= �

�� /D�VHQVLELOLWp�GH�O
DMXVWHPHQW�GH�OD�IUpTXHQFH�
�� /H�FRXUDQW�G
DOLPHQWDWLRQ�WLUp�GH�OD�VRXUFH�

/HV� YDOHXUV� GH� /� HW� &� VRQW� FDOFXOpHV� HQ� WHQDQW� FRPSWH� GHV� FDSDFLWpV� HW
LQGXFWDQFHV�SDUDVLWHV�GH�OD�SODTXHWWH�GH�PRQWDJH�VHORQ

TP

bi

bi

P
V1

V1
i

LLL

CC

C*C
C

C
CC

C*C
C

+=
+

=

+
+

=

R�
&3�HVW�OH�FRQGHQVDWHXU�SDUDVLWH�GH�&�
/3�HVW�O
LQGXFWDQFH�SDUDVLWH�GH�/7
/7�HVW�O
LQGXFWDQFH�SODFpH�VXU�OD�SODTXHWWH
&��HVW�OH�FRQGHQVDWHXU�GH�FRXSODJH
&E�HVW�OH�FRQGHQVDWHXU�SRXU�GpFRXSOHU�O
DOLPHQWDWLRQ
&9�HVW�OH�FRQGHQVDWHXU�GH�OD�GLRGH�

/D� ILJXUH���GX� ILFKLHU�3')�GX�9&2�SUpVHQWH�XQ� VFKpPD� W\SLTXH�G
XWLOLVDWLRQ�GX
9&2�VXU�OHTXHO�OHV�FRQGHQVDWHXUV�HW�LQGXFWDQFHV�PHQWLRQQpHV�VRQW�UHSUpVHQWpV�
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����� 0RGXOH�GH�UpFHSWLRQ

Antenna
50 Ohms

Down mixer
Motorola

MRFIC2001

Low Pass Filter
fc = 50 kHz

Square
pulse

regenerator
monostable

TTL to RS-232
converter

RF

LO

Radio
waves

Rx link

IF

Local Oscillator
900-1000 MHz
MC12147 VCO

Ampli
MRFIC2006

)LJXUH������0RGXOH�GH�UpFHSWLRQ�5)�j�����0+]

/H��GRZQ�PL[HU��HVW�OD�SLqFH�FHQWUDOH�GX�PRGXOH�GH�UpFHSWLRQ���,O�PXOWLSOLH
OH� VLJQDO� 5)� UHoX� GH� O
DQWHQQH� SDU� O
RVFLOODWHXU� ORFDO�� � /H� VLJQDO� PRGXODQW� HQ
DPSOLWXGH� OD� SRUWHXVH� RSpUDQW� j� OD� IUpTXHQFH� GH� O
RVFLOODWHXU� ORFDO� HVW� DLQVL
UDPHQHU�HQ�EDQGH�GH�EDVH�j� OD�VRUWLH� ,)�� �3RXU�DPpOLRUHU� OH�VLJQDO� ,)��XQ� ILOWUH
SDVVH�EDQGH�DYHF�XQH� IUpTXHQFH�G
RSpUDWLRQ� FHQWUDOH� GH� O
RUGUH� GH� O
RVFLOODWHXU
ORFDO� HW� DYHF�XQH�EDQGH�GH�SDVVDJH�GH� O
RUGUH� GX� ���� N+]� SRXUUDLW� rWUH� SODFp
DSUqV� O
DQWHQQH�� PDLV� LO� HVW� WUqV� GLIILFLOH� j� UpDOLVHU�� � &HOD� SHUPHWWUDLW� GH� QH
UpFXSpUHU�TXH�OD�SRUWHXVH�HW�OH�VLJQDO�PRGXODQW���8Q�DPSOL�SODFp�DYDQW�OH�PL[HU
UpJpQqUH� OH�VLJQDO�j�XQ�QLYHDX�DFFHSWDEOH�SRXU� OH�GRZQ�PL[HU��8Q� ILOWUH�SDVVH�
EDV�j�OD�VRUWLH�,)�SHUPHW�GH�UpFXSpUHU�TXH�OHV�SULQFLSDX[�KDUPRQLTXHV�GH�QRWUH
RQGH� FDUUpH�� � $YHF� XQ� PRQRVWDEOH�� O
LPSXOVLRQ� FDUUpH� 77/� HVW� UpJpQpUpH�
)LQDOHPHQW��XQ�FRQYHUWLVVHXU�77/�56����� UHQYRLH� OH� VLJQDO� GDQV� O
HQWUpH�5;�GX
3&�RX�GX�URERW�

3RXU�O
DPSOL��F
HVW�OH�05),&�����GH�0RWRUROD�TXL�VHUW�j�FHWWH�ILQ�FDU��

�� /D� SLqFH� HVW� FRPSDWLEOH� DYHF� OH� GRZQ�PL[HU�� IRXUQLVVDQW� XQH� SXLVVDQFH� GH
VRUWLH�G
HQYLURQ����G%�j�����0+]�

�� 6D�WHQVLRQ�G
DOLPHQWDWLRQ�HVW�GH�����9�
�� ,O�HVW�FRQoX�SRXU�RSpUHU�GDQV�XQH�SODJH�GH�����0+]�j���*+]��FRXYUDQW� OHV

GHX[�IUpTXHQFHV�GH�WUDQVPLVVLRQ�
�� 8QH�SODTXHWWH�GH�PRQWDJH�HVW�GLVSRQLEOH�

&
HVW� OD� SLqFH� TXL� FRQVRPPH� OH� SOXV� GH� SXLVVDQFH� GH� OD� EDWWHULH�� DYHF� XQ
FRXUDQW�G
DOLPHQWDWLRQ�GH�,&&� ����P$�

&
HVW�OH�05),&�����GH�0RWRUROD�TXL�UpDOLVH�OH�GRZQ�FRQYHUWHU�FDU��
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�� ,O�RSqUH�GDQV�OD�SODJH�GH�IUpTXHQFH�GH�����0+]�j���*+]��FRXYUDQW�OHV�GHX[
IUpTXHQFHV�GH�WUDQVPLVVLRQ�XWLOLVpHV�

�� /D� SODJH� GH� IUpTXHQFH� SRVVLEOH� SRXU� OD� VRUWLH� ,)� YDULH� GX� '&� j� ����0+]�
SHUPHWWDQW� GH� SDVVHU� XQH� ODUJH� SDUWLH� GX� VSHFWUH� GH� QRWUH� VLJQDO� 77/� HQ
IRUPH� G
RQGH� FDUUpH� GH� �����%GV�� � ,O� VHUD� SOXV� IDFLOH� GH� GpFOHQFKHU� OH
PRQRVWDEOH�

�� 6D�WHQVLRQ�G
DOLPHQWDWLRQ�HVW�GH�9&&� �����9�
�� /D�SXLVVDQFH�UHTXLVH�SRXU�OH�/2�HVW�GH�32� �����G%P��FH�TXL�HVW�FRPSDWLEOH

DYHF�O
RVFLOODWHXU�ORFDO�FKRLVLV�
�� 8QH�SODTXHWWH�GH�PRQWDJH�HVW�GLVSRQLEOH�

����� 'LIILFXOWpV�HQYLVDJpHV

/HV� SODTXHWWHV� GH� PRQWDJH� GHV� PRGXOHV� VRQW� HVVHQWLHOOHV� SRXU� OHXU
UpDOLVDWLRQ�FDU��

�� /HV�SLqFHV�VRQW�VXUIDFH�PRXQW�
�� ,O�\�DXUD�SOXVLHXUV�SHUWHV�GH�SXLVVDQFH�GXHV�DX[�UpIOH[LRQV�GHV�OLJQHV�QRQ

DGDSWpHV�
�� /
DMXVWHPHQW� GH� O
RVFLOODWHXU� ORFDO� VHUD� SUDWLTXHPHQW� LUUpDOLVDEOH� WHQDQW

FRPSWH�GHV�FDSDFLWpV�HW�LQGXFWDQFHV�SDUDVLWHV�TXL�QH�FHVVHURQW�GH�YDULHU
VDQV�VXSSRUW�VWDEOH�SRXU�OHV�SLqFHV�

'
DXWUHV� GLIILFXOWpV� VRQW� j� SUpYRLU� DXVVL� FRQFHUQDQW� OHV�PL[HUV�� � /H� /2� GRLW
rWUH�WUqV�SUpFLV�SRXU�WUDQVPHWWUH�VXU�OD�ERQQH�IUpTXHQFH�SRUWHXVH�HW�GpPRGXOHU
H[DFWHPHQW�OD�PrPH���&H�/2�H[LJH�XQ�H[FHOOHQW�FLUFXLW�WDQN�TXL�WLHQW�FRPSWH�GHV
HIIHWV�SDUDVLWHV�GH�OD�SODTXHWWH�SRXU�REWHQLU�OD�IUpTXHQFH�YRXOXH���,O�\�D�GRQF�GH
O
DMXVWHPHQW�WUqV�ILQ�j�UpDOLVHU�SRXU�REWHQLU�OHV�ERQQHV�IUpTXHQFHV�G
pPLVVLRQ�HW
GH�UpFHSWLRQ�

��� 7UDQVPLVVLRQ�j����0+]

����� 'HVFULSWLRQ

&HWWH� WUDQVPLVVLRQ� H[LJH� WUqV� SHX� GH� FRPSRVDQWV� SRXU� OH� PRGXOH� GH
WUDQVPLVVLRQ���$YHF�XQ�WUDQVLVWRU�ELSRODLUH�FRQWU{Op�SDU�OHV�GRQQpHV�HQYR\pHV�DX
PRGXOH�GH�WUDQVPLVVLRQ��RQ�SHUPHW�OH�SDVVDJH�GX�VLJQDO�pPLV�SDU�XQ�RVFLOODWHXU�j
���0+]���$YHF�XQ�DPSOL�YLGpR��FH�VLJQDO�HVW�DPSOLILp���¬�OD�UpFHSWLRQ���XQ�DPSOL
YLGpR�DYHF�XQH�EDQGH�SDVVDQWH�GDQV� OHV����0+]�SHUPHW�GH�UpFXSpUHU� OH�VLJQDO
WUDQVPLV���8Q�ILOWUH�SDVVH�EDQGH�DYHF�IUpTXHQFH�GH�UpVRQDQFH�GH����0+]�SHUPHW
DORUV�GH�UpFXSpUHU�QRWUH�VLJQDO�PRGXODQW�SDU�XQH�GpWHFWLRQ�G
HQYHORSSH�
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����� 'LIILFXOWpV�HQYLVDJpHV

'HV�SUREOqPHV�GH�EUXLW�VRQW�j�SUpYRLU�GXV�DX�WUDQVLVWRU�HW�j�UpIOH[LRQV�GHV
OLJQHV�� � &HUWDLQHV� GLIILFXOWpV� VRQW� j� SUpYRLU� SRXU� UpDOLVHU� XQ� ILOWUH� DYHF� XQH
IUpTXHQFH�GH�UpVRQDQFH�DXVVL�pOHYpH�

��� 0RGXOH� GH� WUDQVPLVVLRQ� 5)���7;� HW� GH� UpFHSWLRQ
5)���5;

����� 'HVFULSWLRQ

&HV�PRGXOHV� VRQW� IDEULTXpV� SRXU� GHV� DSSOLFDWLRQV� DOODQW� GX� FRQWU{OH� GH
V\VWqPHV� G
DODUPH� GH� YRLWXUH� DX� FDULOORQ� GH� SRUWH�� HQ� SDVVDQW� SDU� GHV
DSSOLFDWLRQV�GH�FRQWU{OH�GH�PDFKLQHULHV�RX�GHV�SURMHWV�pWXGLDQWV�� �'HX[�SDUWLHV
SULQFLSDOHV�FRPSRVHQW�FKDTXH�PRGXOH���XQH�SDUWLH�GH�FRGDJH�GpFRGDJH�HW�XQH
SDUWLH� GH� WUDQVPLVVLRQ� 5)�UpFHSWLRQ� 5)�� SRXU� OH� WUDQVPHWWHXU� HW� OH� UpFHSWHXU
UHVSHFWLYHPHQW�

/H� WUDQVPHWWHXU�5)���7;� IRQFWLRQQH� FRPPH� VXLW�� � (Q� DSSX\DQW� VXU� O
XQ
GHV� GHX[� ERXWRQV� GX� WUDQVPHWWHXU�� O
DOLPHQWDWLRQ� HVW� FRQQHFWpH� VXU� XQH� SXFH
�+ROWHN�+7��������6HULHV�RI�(QFRGHUV��TXL�HQYRLH�DXVVLW{W�XQ�PHVVDJH�GH����ELWV
j�OD�SDUWLH�GH�WUDQVPLVVLRQ�5)�j�XQ�WDX[�G
HQYLURQ������EDXGV���/HV�GpWDLOV�GH�OD
WUDQVPLVVLRQ�VRQW�H[SOLTXpV�GDQV�XQ�GRFXPHQW�SGI�QRPPp��B��(�SGI�VXU�OH�VLWH
GH�OD�FRPSDJQLH�+ROWHN��ZZZ�KROWHN�FRP�WZ����/D�VRUWLH�GH�O
HQFRGHXU�HVW�DORUV
FRQQHFWpH�j� OD�EDVH�G
XQ�WUDQVLVWRU�ELSRODLUH��8Q�FLUFXLW�RVFLOODQW�j�����0+]�HVW
UHOLp�DX� FROOHFWHXU�GH� FH�PrPH� WUDQVLVWRU�� � /D� IUpTXHQFH�G
RVFLOODWLRQ�GX� FLUFXLW
SHXW� rWUH� FKDQJpH� SDU� OH� FRQGHQVDWHXU� YDULDEOH�� /H� VFKpPD� FL�FRQWUH� QH
UHSURGXLW� SDV� ILGqOHPHQW� OH� FLUFXLW� LPSULPp� GX� PRGXOH� �� OD� OLJQH� TXL� UHOLH� OD
UpVLVWDQFH�DX�FROOHFWHXU�IDLW�HQ�UpDOLWp�OH�WRXU�GHV�FRQGHQVDWHXUV���8QH�LQGXFWDQFH
HVW�FUppH�GH�FHWWH�IDoRQ�TXL�SHUPHW�O
RVFLOODWLRQ�GX�FLUFXLW��/RUV�GH�O
HQYRL�G
XQ��
ORJLTXH�j�OD�EDVH�GX�WUDQVLVWRU�� OH�VLJQDO�RVFLOODQW�SDVVH�HW� O
DQWHQQH��FRQQHFWpH
DX�9&&��pPHWV�OH�VLJQDO�PRGXOp��YRLU�ILJXUH�����8QH�/('�FRQQHFWpH�j� O
pPHWWHXU
SHUPHW�GH�YRLU�OH�SDVVDJH�GHV�ELWV�GH�QLYHDX�ORJLTXH���
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)LJXUH������0RGXOH�GH�WUDQVPLVVLRQ�5)�GX�5)���7;

/H� UpFHSWHXU� 5)���5;� Q
D� SDV� pWp� pWXGLp� HQ� GpWDLOV� FDU� XQ� GRFXPHQW
IRXUQLW� DYHF� FHOXL�FL� LQGLTXDLW� OHV� HQGURLWV� R�� DOOHU� FKHUFKHU� OHV� VLJQDX[� VXU� OH
PRGXOH� SRXU� UpDOLVHU� QRWUH� WUDQVPLVVLRQ�� � 8Q� GRFXPHQW� HVW� GLVSRQLEOH� GH� OD
FRPSDJQLH�+ROWHN� H[SOLTXDQW� OH� IRQFWLRQQHPHQW� GH� OHXU� GpFRGHXU�� VRLW� OD� SXFH
+7������&
HVW�OH�GRFXPHQW��B��G�SGI�

����� 0RGXOH�GH�WUDQVPLVVLRQ

Convertisseur
RS-232 -» TTL

RF300TX
Sortie TX
Port série

Ondes radio

)LJXUH������0RGXOH�GH�WUDQVPLVVLRQ�5)�EDVp�VXU�OH�5)���7;

/H� F°XU� GX�PRGXOH� GH� WUDQVPLVVLRQ� HVW� OH� SHWLW� pPHWWHXU� 5)���7;�� � ¬
SDUWLU�GH�OD�VRUWLH�7;�GX�SRUW�VpULH��XQ�FRQYHUWLVVHXU�56�����j�77/�QRXV�SHUPHW
G
HQYR\HU� GLUHFWHPHQW� QRWUH� VLJQDO� j� OD� SDUWLH� GH� WUDQVPLVVLRQ� 5)� GX� PRGXOH
5)���7;��8QH�EDWWHULH�GH����9�IRXUQLW�DYHF�OH�PRGXOH�SURFXUH�O
DOLPHQWDWLRQ�GX
PRGXOH�5)���7;�HW�XQH�DXWUH�VRXUFH�GH���9�DOLPHQWH�OH�FRQYHUWLVVHXU���&H�GpWDLO
HVW� GLVFXWp� SOXV� ORLQ� GDQV� OD� VHFWLRQ� 'LIILFXOWpV� HW� VROXWLRQV�� � /HV� IUpTXHQFHV
G
RSpUDWLRQ�GHV�PRGXOHV�GH�WUDQVPLVVLRQ�VRQW�DMXVWpHV�j� OD�PDLQ��HQ�YDULDQW� OD
YDOHXU�GX�FRQGHQVDWHXU�



43

����� 0RGXOH�GH�UpFHSWLRQ

RF300RX
Comparateur Monostable

Convertisseur
TTL -» RS-232

Ondes radio
Entrée RX
Port série

)LJXUH������0RGXOH�GH�UpFHSWLRQ�5)�EDVp�VXU�OH�5)���5;

/H�PRGXOH�GH�UpFHSWLRQ�5)���5;�SHUPHW�GH�UpFXSpUHU�OH�VLJQDO�PRGXODQW
GH� OD� SRUWHXVH�� � /D� IUpTXHQFH� G
RSpUDWLRQ� HVW� DMXVWpH� SDU� XQ� FRQGHQVDWHXU
YDULDEOH� SRXU� REWHQLU� OH� PD[LPXP� GH� VLJQDO� UHoX� SDU� OH� UpFHSWHXU�� � 8Q
FRPSDUDWHXU� SHUPHW� GH� GpWHFWHU� OHV� ELWV� HQYR\pV� j� WUDYHUV� OH� EUXLW� TXL� VH
UHWURXYH� GDQV� OH� VLJQDO� j� OD� VRUWLH� GX� UpFHSWHXU�� � /H� PRQRVWDEOH� SHUPHW� GH
UpJpQpUHU� OHV�ELWV�UHoXV�DYDQW�G
rWUH�HQYR\pV�j�XQ�FRQYHUWLVVHXU�77/�j�56�����
/H�PRGXOH�5)���5;�GX� URERW� HVW� DOLPHQWp� HQ����9�� DORUV� TXH� FHOXL� GX� 3&� HVW
DOLPHQWp� HQ� ��� 9�� � &
HVW� OHV� PrPHV� DOLPHQWDWLRQV� SRXU� OH� FRPSDUDWHXU�� � /H
PRQRVWDEOH�HVW�DOLPHQWp�HQ���9�SRXU� OHV�GHX[�PRGXOHV�GH�UpFHSWLRQ��DLQVL�TXH
OHV�FRQYHUWLVVHXUV�

����� 'LIILFXOWpV�HQYLVDJpHV�HW�VROXWLRQV�SURSRVpHV

/
DQWHQQH�HVW� OD�UDLVRQ�SRXU� ODTXHOOH� OH�PRGXOH�GH�WUDQVPLVVLRQ�5)���7;
HVW� DOLPHQWp� LQGpSHQGDPPHQW� GX� FRQYHUWLVVHXU�� � (OOH� HVW� UHOLpH� VXU� OD� ERUQH
SRVLWLYH�GH�O
DOLPHQWDWLRQ���6L�OD�PrPH�DOLPHQWDWLRQ�HVW�XWLOLVpH�SRXU�OH�PRGXOH�GH
WUDQVPLVVLRQ�HW�GH�UpFHSWLRQ�SRXU�OH�3&�RX�OH�URERW��LOV�ULVTXHQW�GH�FRPPXQLTXHU
HQWUH�HX[�SDU�OHXU�DOLPHQWDWLRQ��$ILQ�G
pYLWHU�FH�SUREOqPH��OD�EDWWHULH�IRXUQLW�DYHF
OH� PRGXOH� GH� WUDQVPLVVLRQ� HVW� FRQVHUYpH� HW� SHUPHW� DLQVL� XQH� DOLPHQWDWLRQ
VpSDUpH�SRXU�OH�PRGXOH�GH�WUDQVPLVVLRQ�HW�GH�UpFHSWLRQ��3RXU�QH�SDV�VXUFKDUJHU
FHWWH� EDWWHULH�� XQH� DXWUH� VRXUFH� G
DOLPHQWDWLRQ� HVW� XWLOLVpH� DORUV� SRXU� OH
FRQYHUWLVVHXU�

$ILQ� G
pFRQRPLVHU� OD� EDWWHULH� GX� URERW�� QRXV� DOLPHQWRQV� VRQ�PRGXOH� GH
UpFHSWLRQ�SDU�OHV�EDWWHULHV�VXSSOpPHQWDLUHV�TXL�DOLPHQWHQW�OH�PLFUR�
/D� IUpTXHQFH� G
RSpUDWLRQ� GHV�PRGXOHV� GH� UpFHSWLRQ� QH� SHXW� rWUH� DMXVWpH� SRXU
OHXU�SHUPHWWUH�GH�QH�FDSWHU�TX
XQ�VHXO� WUDQVPHWWHXU��/HV� UpFHSWHXUV�FDSWHQW� OH
VLJQDO� SURYHQDQW� GHV� GHX[� PRGXOHV� PDOJUp� SOXVLHXUV� HIIRUWV� SRXU� /D
FRPPXQLFDWLRQ�VHUD�KDOI�GXSOH[�HW�QRQ�IXOO�GXSOH[�
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&RQFOXVLRQ

%UHI��ELHQ�TXH�FHUWDLQHV�SDUWLHV�FRPPH�OD�FRPPXQLFDWLRQ�VDQV�ILO�Q¶D�SDV
SOXV�rWUH� LQWpJUpH��PDLV�QRXV�DYRQV�TXDQG�PrPH�DWWHLQW�XQH�JUDQGH�SDUWLH�GH
QRV�REMHFWLI�RQW�pWp�DWWHLQW�FRPPH�OH�SRVLWLRQQHPHQW��OH�FRQWU{OH�GX�URERW�HW� OD
GpWHFWLRQ�G¶REVWDFOH���0DOJUp�QRWUH�GpIDLWH�GDQV�XQ�GHV�PRGXOHV��FH�FRXUV�QRXV�D
pWp�WUqV�SURILWDEOH�G¶XQ�SRLQW�YXH�WHFKQLTXH��PDLV�DXVVL�G¶XQ�SRLQW�YXH�JHVWLRQ�GH
SURMHW�� � 1RXV� DYRQV� SX� FRPELQp� QRV� FRQQDLVVDQFHV� DFTXLVH� GDQV� GLIIpUHQWV
GRPDLQHV�SRXU�DWWHLQGUH�OH�EXW�IL[p�


