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

�)�!������
,*+�#�)���!�������!-�����	.������


/�021435376�028�9�:<;>=@?BA(CEDGFIH2/�9KJ29MLN14OML�9QPR?BSGTEUVD@;>=

W 6�XRY�Z[6]\^Y�15Z_9!`29Ka�bc8"6�d�9Kae9f\
`29Ka�gN14d�Jh6�0ji
kml gNb k /<Hon!Y�8"6�14J29Qp�Jh15L�9Ka^Z_a^1q\[6�14Z^9�H(res&t�uhH2v�w�t�x�y+gj6�14J(\
z.6�Z^\^14J{n}| ~2OMZ_9Ka
��9�`j9fiEH2�hZ_6�Jh�f9

�(�V���N�(�����V�m�c�V�K�h�j���h�j���N�2�(�����M�N�N�������m�<�2���h���V�����2�m���N���j�j�j�2���2�j�j�(���_���(�j�m���(�

� �(¡�¢�£¤�"¥§¦e¨�©�ª¬«�­�¨�«j¨Kªc¨�®�ª�¯2° ©�±�²´³´²qªcµ^­e³q¶·«�­�¨K«�­�²´¸_±�¸�¯�µ�¯�²´¹ºµ_­�ªc²»±�¸¼±�µ[½¾«j¨M­�µ[³´³qµ�¯�µ[ª¬¸[¿�À(¨�ªm¯�µe­�¸[¹ºµ_­�Áj¸^­�¶M±�²´¨�®�¯�µeÂ7¨K®N¯�¯�¶K®(ª¬³´µ�Á(©�±�¯�µ¼³´µ[ª
ªc©(«�«�­�²´½¾µ_­�Ã(ÄB®"µ_Å2µ^±�ÆN¨�®"­�µ[½Q¶f­�Ç]©(µ�Ç]©(µ�¿[µ^±c±�µ!«�­�¨�«�­�²´¸_±�¸�ªcµ
½Q¶K®�²´Â4µ[ªÈ±�µ
¯�²»Å2¸_­�µ[½¾µ_®�±mµ[®]±c­�µ�¿[µ�±ÊÉ�«jµ
¯h° ¸[¿�À(¨Kª�µ^±e³>° ¸[¿�À(¨Q¿[²´Á(³´µ�Ã2Ëo¶¾½¾¸_±�À(¨�¯�µ
«�­�¨K«j¨�ªc¸[µ
µ[ªÈ±¼Á(¶Kªc¸[µ
ªc©�­�³>° µ_Ì�±�µ[®(ªc²´¨�®Í¯�µ
³>° ¶K³´ÎK¨K­�²»±�À(½¾µ�¯�©.Ï_ÐE­�²´®(¿[²´«(¶K³GÑ�¨K½¾«j¨�®(µ_®�±�ÒÊ®�¹ºµ^­�ªcµ]Ï·Ó>µ_Ì�«j¨�ªc¸
«�­�¸[¿_¸�¯�µ[½¾½¾µ_®�±^Ô@¶K©�Ì+±�¶KÁ�³qµ[¶K©�Ì"ÕKÖ�Ã
× ®�µ·¸_±�©N¯�µ¾ªc©�­�³´µ¾­�¶K®�Î"¯�µ¾¿[µ·±ØÉ�«jµQ¯�µ�±�¶MÁ(³´µ�¶K©�«jµ^­�½¾µ_±
¯�µQ¯�¸[¹ºµ[³´¨�«�«jµ_­�¿[¨M­c­�µ[¿_±�µ[½¾µ[®]±
³q¶<½¾¸_±�À�¨�¯�µ·µ_±!¯�µ¾³Ù° ¶M«(«(³´²qÇ]©(µ_­
ªc©�­!³´µ[ª!¯�¨K®(®�¸[µ[ª
­�¸[µ[³´³´µ[ª[Ã

ÚÍÛ ¡KÜMÝ]Þ2ß�Ü�¥§à{µ�«�­�¨�«j¨�ªcµ�±�¨¾©�ªcµ�±�À�µ�±�µ[½¾«j¨K­�¶M³R¯�²q¹�µ_­�ªc²»±ÊÉ�«�­�¨�«jµ_­c±ØÉ<¨MÂGÁj¨K±c±�¨K½áµ_¿^À�¨]µ[ªe²´®"¨K­�¯�µ_­m±�¨Q¯�µ[³´µ_±�µ�±�À(µ_½�Ã�âI¿_±�©(¶K³´³»É]Æ(ã�µ�®�¨K±�²´¿[µ
±�ÀN¶f±I±�À(²´ªI«�­�¨K«jµ_­c±ÊÉQ²´ªm¯�²»Å2µ_­�µ[®]±IÁjµ^±Êã�µ_µ[®+±�À�µ[ªcµ�µ[¿�À(¨]µ[ª¬¶M®N¯}±�À�µe±�¶M­�ÎKµ_±mµ[¿�À(¨�ÃBä�À�µ¼«�­�¨K«j¨�ªcµ�¯+½¾µ_±�À(¨�¯Q²´ªIÁN¶Kªcµ[¯<¨�®}±�À(µ¼µ_Ì�±�µ[®�ªc²´¨�®<¨MÂGÐ@Ñ�Ò
¶K³´Î�¨M­�²»±�À(½�Â7¨M­eÕMÖ�¶M­c­�¶[É�ª[Ã@â§­�¶K®�åQªÈ±�©N¯�É+¶MÁj¨�©�±mÕMÖ�¶M­c­�¶[É<¶K³´³´¨fã¬ª¬±�¨¾¯�µ[¹ºµ[³´¨�«}±�À(²´ª¬½¾µ_±�À(¨�¯+¶K®(¯}±�¨¾¶M«(«(³»É}²»±m¨�®+­�µ[¶K³V¯�¶M±�¶�Ã

æ çRè+éBê�ë"ì íïîmé@ðfëQè

W 6�Z_ñML�9KZ^XRñMZ[6]\_15Y�JQ9MJ�6��MY�0ha�\^17ò(029¼a�Y�0ha�8"6�Z_15J29e9Ka�\¬02J<X2Z_021q\
\_Z^O�a�d�óMJh6�J(\eôRY�02Z¼376+`2ñf\^9���\_15Y�Jï`j9¾�M15X2349�õ k J{9MöR9M\¼9KJ ôh350ha¼`j9
a_6+÷ÙY�Z^\^9·ô20217a^a_6�Jo�f9�Hj376<Z^ñKL�9KZ^XRñMZ[6]\_15Y�J�9Ka�\�÷ÙY�Z^\^9K8<9KJ(\��MY�Z_Z^ñK35ñK9
6ºL�9K�+359"a^15d�Jh6�3�ñM8�17a¾�f9�ò(021I9KJ�\_Z_6]ø7Jh9<`j9�a·8"6�02L]6�17a^9Ka·ôR9MZ^÷ÙY�Z^ù
8"6�Jo�f9Ka�`29Kae\^Z[6�15\^9K8�9MJ(\_a��M346�a^a^14ò(029�aMõ
p�J29{6�ôhô2Z^Yj�[~29 ôoY(a^a^14X2359ï9Ka�\"`E| 02\^143517a�9KZ�02J§8�Yj`jOM349{`j9 Z_ñfù

L�9MZ_XoñKZ_6�\^14Y�J�ôRY�02Z�346 a�0hô2ô2Z_158�9MZ�õVn!6�Jha<ú t]ûÈHVJ2Y�0oa!a^02ô2ôRY�a^Y�Jha
ò(029e346�Z_ñML�9MZ_XoñKZ_6�\^14Y�J¾9Ka�\I02J29¼a�Y�8�8<9�`E| ñK�[~hY�a@14a_a�0oaI`j0+a^15d�Jh6�3
ñK8<17aKH@�f9 ò�0h1môR9MZ_8<9M\+`j9Í`2ñML�9K35Y�ô2ôR9MZ}`j9�aQ8�ñf\_~2Yj`j9Ka+ôR9MZ^÷ÙY�Z^ù
8"6�J(\_9Ka�ôRY�02ZÍ`2158�14J(0h9MZ�349{\_6�0jiü`j9{÷ý6�0ha_a�9�a�6�376�Z_8�9KaKõ k 35349Ka
a^Y�J(\"\^Y�0j\^9�a�Xh6�a�ñK9Ka�a^02Z 3Ø| 6�34d�Y�Z^15\^~28�9�`j0ÿþfs¬Z_15Jh�M15ôo6�3���Y�8+ù
ôRY�J29KJ(\ÍbcJNL�9MZ[a^9(þ��Ùse��b��fH�14J(\^Z_Yj`j0215\Íôh6�Z��B0j÷>\[aÍ9M\��·14Z_a�\^9K15Joa
ú	��ûÈõ W 9Qse��b��fY�Jha^14a�\^9�
Ía�ñKôh6�Z_9MZ�`j9�a
ñ��[~2Y�a
`j9}ô20h14a_a^6�Jh�f9Q`21q÷>ù
÷ÙñKZ^9KJ�\_9�9f\ a^02ô2ôRY�a^9 ò(029�3Ê| ñ��[~2Y¤�f14X2349.9Ka�\ÍJ2Y
��ñ.`26�Joa"346�Z_ñfù
L�9MZ_XoñKZ_6�\^14Y�JGõ�z.6�17a"`26�Jha"�f9KZ�\[6�14Jha��M6�aïú��ºûÈH¬�f9M\�\^9�~��NôRY�\^~hOKa^9
J29�a^0���\�ôh6�a�
 ñM34148<14J29KZ!\_Y�0ha!349Ka�ñK�[~2Y(aMõ k J�ôh6�Z^\^17�f0h35149MZ�Ho349Ka
ñ��[~2Y�a�`j9{8�óM8�9{ô20217a^a_6�Jo�f9{a�Y�J�\"148�ôoY(a^a^15Xh359�a�
%a^02ô2ô2Z_148<9KZKõ
l Y�0ha�ôhZ^Y�ôoY(a�Y�Jha¼`jY�Jh�¾`h6�Jha��M9f\
6�Z�\_14�M359Q`E| 0j\_153414a^9MZ
02J29Q6�02\^Z_9
÷ÙY�Z^8�9"`j9��fY�J(\^Z[6�a�\^9"ò(029�346{ô20h14a_a^6�Jh�f9��E346{`j14L�9KZ_a^1q\_ñ�\^9K8<ôRY�ù
Z_9M34359�õj��9M\�\_9�ôhZ^Y�ô2Z^14ñf\_ñ!�K6�Z[6���\_ñMZ_14a^9�349!8�Y�02L�9K8<9KJ(\¼`j9·�[~h6�ò�0h9
ñ��[~2YÍ9KJ�\_Z^9+ô2340ha�149M0hZ_a�Z_ñK�f0hZ^Z_9MJh�M9KaKõ l Y�0ha·6ºL�Y�Jha
6��M�MOKa�
�02J29
a^ñKò(029KJh�f9�`E| 148"6�d�9Kama^Y�Jo6�Z�ò(021VôR9MZ_8�9f\e`29
÷ÙY�Z^8�9MZ�02J�\[6�X2349K6�0
v�n}õ l Y�0haQô2Z_Y�ôRY�a^Y�Joa}`E| ñf\_9MJh`jZ_9Í3Ê| 6�34d�Y�Z_15\^~28�9�`j0 se��b�
 �M9
\��NôR9�`j9¼\_6�X2359�6�0"`26�JhaI349�X20j\�`E| ñM34148<14J29KZ¬359�aIñK�[~hY�a�148<8�Y�X215349Ka
ò(029K34ò(029¾a^Y�15\¼349M0hZ�ô20217a^a_6�Jo�f9�õ
W 6{a^9K��\_15Y�J�yïôhZ^ñ�a�9KJ�\_9+ôh350haQô2Z^ñ��f17a�ñK8�9MJ(\¾346{ô2Z_Y�ôhZ^14ñf\_ñ<`j9

`j14L�9KZ_a^15\^ñ�\^9K8�ôoY�Z^9K35349�9MJ 6��fY�0ha�\^17ò�0h9�a�Y�0haQ8"6�Z_14J29�õ k Jha^021q\_9�H
J2Y�0ha¾ô2Z_ñKa^9MJ(\_Y�Jha¾3Ê| Y�0j\_153�ôo9KZ^8�9f\^\_6�J�\<`E| ñM\^9KJh`jZ_9�359Íse��b¾6�0ji
\[6�X2349K6�0ji v�n+H�6�15Joa�1
ò(0G| 02J29�ñM\^0h`29 a�0hZ"359.Z[6�Jhd�`29.�f9{\��Nôo9
`j9
\_6�X2359�6�0Gõ k J��oJGHjJ2Y�0oamô2Z_ñKa^9MJ(\_Y�Jham02J29·6�ô2ô23417�M6]\_15Y�JÍa^02Z�349Ka
`jY�J2J2ñK9Ka¼Z_ñM9M34349KaKõ

� � ð����¼ê! Bð[é#" é#�%$'&%ë¾ê!�)(*(*�

W 9!X20j\�`j9
3Ê| 6�Z�\_14�M359
9Ka�\e`E| 0j\^143414a^9MZe346}ô2Z_Y�ô2Z_15ñM\^ñ
`29!`j14L�9KZ_a^1q\_ñ
\_9M8�ôoY�Z^9K35349}ôRY�0hZ�`j15öVñMZ_9MJh�M159KZ
349Ka!ñK�[~2Y(a
`j9+Z^ñKL�9MZ_XRñMZ[6]\^14Y�J{9M\
3Ê| ñ��[~2Y¾�f14X2349¼6+�hJ"`E| 6�8�ñM3415Y�Z^9KZ�346·`jñM\^9K�f\^14Y�J<9MJ�ô2Z_ñKa^9MJh�M9e`29�Z^ñMù
L�9MZ_XoñKZ_6�\^14Y�JGõ k J{9MöR9M\
9MJ�6�Jo6�3	�Na_6�J(\¼02J29Qa^ñKò(029KJh�f9Q`E| 148�6�d�9�a
a^Y�Jh6�ZKHEY�J%JhY�\^9"376{ô2Z_ñKa^9MJh�M9"`j9��f9KZ�\[6�14Jha·ñK�[~2Y(a·ô2340haQa�\_6�Xh359�a
ò(029�376·8�Y
��9MJhJ29�õ���9�a�ñK�[~2Y(a�ô2Z^Y]LN149MJ2Jh9MJ(\IôoY�02ZI346·ôh3502ôo6�Z^\m`j0
÷ÙY�Jh`�8"6�Z_15J"9M\môo9K02L�9KJ(\móf\_Z^9¼\_Z^O�a¬d�óKJh6�J(\[aIôoY�02Z¬376Q`jñM\^9K�f\^14Y�JGõ
n�6�Jha}�f9f\Q6�Z�\_14�M359�HEY�J a�0hô2ôoY(a�9"ò(029�376��f14X2359�9�a�\¾\_Y�0
,�Y�02Z_a·9KJ
8�Y�0hL�9M8�9KJ�\�8�óK8<9Q\^Z_OKa¼÷ý6�15X2349�õ l Y�0ha
6ºL�Y�Jha¼`jY�Jh�¾02J29+`j1qöVñfù
Z_9MJh�M9�`j9�`j14L�9MZ[a^1q\_ñ�\_9M8�ôRY�Z_9M34359�9KJ�\_Z^9��M9KaI`j9K0ji}\��NôR9Ka¬`E| ñK�[~hY�aKõ

écho cible

écho de fond

angle

d
is

ta
n
ce

temps

- ;/.10��2�4365�7*8:9<;=7�>@? A�BDCEAGFH7ICHJ
BLKM7EB<N+BGK)A�BDOHCQPGJR>S7:T*J
BU>R7*K
A�BVOHCHPWJ�C*XYFE;=7[Z
l Y�0ha@�[~h9MZ[�[~2Y�JhaV8"6�15J(\^9KJh6�J(\B3Ê| Y�0j\_153Nò(021�ôR9M02\@0j\_153414a^9MZ��f9M\�\_9

ô2Z_Y�ôhZ^14ñf\_ñ�õ W 6\�hd�02Z^9���8�Y�J(\^Z_9�02J�9Mij9M8�ô2349
a�148�ô2349!`E| 02J29�a�ñMù
ò(029KJh�f9
`G| 148"6�d�9�aIY�X2\^9MJN029�6�ô2Z_OKa¬�hY�Z_8�6�\^14Y�J"`j9%]IY�159�amr¼6�Jo`j9
W 6�Z_d�9^�Ø�_]!r W �¼�MY�J(\^9KJh6�J(\�0hJ ñ��[~2Y<`29!÷ÙY�Jh` 158�8�Y�X214349�9M\�02J
ñ��[~2Y"�f14X2359¾9KJ 8�Y�02L�9K8<9KJ(\�ò(021@a�Y�J�\¼\_Y�0ha¼349Ka�`29M0ji `29¾8<óK8�9
ô20h14a_a^6�Jh�f9�õNgj02ô2ôRY�a^Y�Jhaeò(0G| Y�J �MY�J2Jh6�14a_a^9�02JÍY�0j\^143E�M6�ôh6�X2349!`29



�K6�37�f02349MZ"376�n
ñ��fY�8�ôRY�a^1q\_15Y�J 9KJ ]¬6�349M02Z[a�gN14J2d�023414OMZ_9Ka �ýn%]�gW�
`j9ï�f9Í\_6�Xh359�6�0§v�n}õ W | ñK�[~2Y%158�8�Y�Xh15349 a^9MZ[6�15\+`jñ��fZ_1q\<ôh6�Z�`j9Ka
]¬6�359K02Z_a�gj15J2d�023415OKZ^9�aR�/]·gW��ô2340ha"148�ôoY�Z�\[6�J(\^9�a�ò(029.�f9K35349Ka"`j9
3Ê| ñ��[~2Y}9KJÍ8�Y�0hL�9M8�9KJ�\¼�M6�Z�143V9Ka�\eô2340ha¼a�\_6�Xh359·`26�Joam349
\[6�X2349K6�0
v�n}õ k J+8<9M\�\[6�J(\ 
 � ñKZ^Y!359�a_]�g¾349Ka�ô2340ha�148<ôRY�Z^\_6�J(\^9KaKH�Y�J+a^02ôjùô2Z_148<9KZ_6�1q\I3Ê| ñ��[~2Y¾148<8�Y�X215349�õN��9f\�\_9�`jñM8"6�Z_�[~29�9�a�\I\_Z^O�a�ô2Z_YN�[~h9
`j9+�f9M34349Q0j\^143414a^ñM9+ôoY�02Z�3Ê| 6�35d�Y�Z_1q\_~28�9Q`j0.se��b¾ú	��ûÈõ k J 9föV9f\KHR349
se��bE�MY�Jha^14a�\^91
�a�02ôhô2Z^148�9MZ@346�ôo6�Z^\^149¬`j0}a^15d�Jh6�3��MY�Z_Z^9�a�ôRY�Jo`26�J(\
6�0ji ]�g 359�a!ôh350ha�ô20h14a_a^6�J(\^9Ka�9M\�ôR9MZ_8�9f\Q`jY�Jo�+`E| ñM34148<14J29KZ�349Ka
ñ��[~2Y�a�`j9
Z_ñML�9MZ_XoñKZ_6�\^14Y�J�359�amôh350ha�ô20217a_a^6�J�\[a¬ôRY�02Ze349Kae`jY�J2JhñM9Ka
a^ôh6]\_15Y�ùØ\_9M8�ôRY�Z_9M34359�aMõ��!J¤ô2Z_Y�ôRY�a^9�14�M1�`E| ñM\^9KJh`jZ_9Í349 se��b+6�0ji
\[6�X2349K6�0jiÍv�n ôRY�02Z�a^02ô2ô2Z_148<9KZ�359�aeñK�[~2Y(a�349Ka¼ôh350ha�a�\_6�X2349Ka\�Ù17�f1
349Ka�ñK�[~2Y(a�`29
÷ÙY�Jh`G�e`jñK�MZ^15\_a�ôh6�Z�349Ka ]�g�359�aeô2350oa�148�ôoY�Z�\[6�J(\^9�aMõ
l Y�0ha}6ºL�Y�Jha}8<Y�J(\^Z_ñ.ú u]û¼ò(029 346üþ���14d�~h9MZ��!Z[`j9KZ+gN14J2d�02376�Z

]¬6�35029�n
9��fY�8<ôRY�a^15\^14Y�J@þD�����·g�]!n\� `2ñML�9K35Y�ô2ôRñM9 ôo6�Z W õ�n
9
W 6]\^~o6�0
	�9KZÍú»y�û�ôo9KZ^8�9M\�`E| ñf\_9MJh`2Z^9 359�a+8�ñM\^~2Yj`j9�a^
%a�Y�0ha}9�a�ù
ôh6��f9¾9M\
9MJ�ôh6�Z�\_14�M0234159KZ�359¾s¼��b�6�0ji \_6�Xh359�6�0ji{v�n+õ l Y�0ha�ô2Z_ñfù
a^9MJ(\^Y�JhaQ`26�JhaQ376�ô2Z_Yj�[~h6�14J29�a^9K�f\^14Y�J 376����·g�]�n 8"6�14a+6�0ha_a�1
376�a�14d�J21=�o�K6]\^14Y�J{ô2~��ja^14ò(029¾`j9Q�M9Q�M6�37�f0h3GôoY�02Z�J2Y�\^Z_9¾a�ñ�ò�0h9MJh�M9
`E| 148�6�d�9�aMõ

� 
���(fîeí�(��eéD @ð��Qèïð��{î��·é�ðfëQè &����� Bð��<í�� ì��
(��������� �

!#"%$ &('*),+.-#'*)0/�12'*354.+./7698;:�+.<>=@?BAC)EDF'G+H354.+%4.I*J0:K4.A5)
W 9¼�M6�34�M023j`j9�376����·g�]�n&J2ñK�M9Ka_a�15\^9e346!8}0h3q\_15ô23417�M6]\_15Y�J+`E| 02J29

8"6]\_Z^17�f9
ôh6�Z¬0hJ"\_6�X2359�6�0 l ùÈ`j148�9MJha^14Y�JhaKõN��9M\�\^9!Y�ôRñMZ[6]\_15Y�J"9Ka�\
6�ô2ôo9K35ñK9Í349�9ML J >+A�X K BCN 8�J >27<�M6�Z+153e9Ka�\<÷ý6�15\<`26�Jha}0hJ29 `j14Z_9K��ù
\_15Y�J�`j0)\_6�X2349K6�0 l ùÈ`j148�9MJha^14Y�JhaKõ W 9 ô2Z_Yj`j0215\ÍJjùÈ8<Yj`j9%`E| 0hJ
\[6�X2349K6�0PO `j9RQKS.TVU5SXWYUMZ[Z[Z\U5SX]^U_Z[Z[Z`UaSHb,6ºL�9K��02Jh9Q8"6]\^Z_17�f99c `j9Q�d�]eUaSX]"`jY�JhJ29
02J�\_6�Xh359�6�0�`j9�QeSfT
UaSXWYU_Z[Z[Z`U5d�]^U_Z[Z[Z`UaSHb§`jY�J(\�349Ka
ñK35ñK8<9KJ(\_a�aK| ñ��fZ_15L�9MJ(\¼a^Y�0oa¼346+÷ÙY�Z_8�9¾a�0214L]6�J(\^9��

g Oih>jGc�kfl T l W�Z[Z[Z mH]
Z[Z[Z l b(npo l ]rq
l T l W�Z[Z[Z l ]
Z[Z[Z l bts%mX] l ]Mu ���[�

W 6¾LN14a^0h6�3417a^6�\^14Y�J�`E| 02J"\[6�X2349K6�0Í`j9
d�Z_6�Jh`j9
`2158�9MJoa�14Y�J�9�a�\¼`jñfù
3414�K6]\_9Q9f\·`jY�Jh�QôoY�02Z
Z_ñKa^Y�0h`2Z^9Q�M9Qô2Z_Y�X234OM8�9Q02Jh9}Z_9Mô2Z_ñKa^9MJ(\_6�ù
\_15Y�Jï8"6�\^Z_14�M159K35349}6�ñf\_ñQ14J�\_Z^Yj`j0h1q\_9�õ k 35349}�fY�Jha^14a�\^9�
"`jñKô234159KZ
349
\[6�X2349K6�0.8}0235\^17`j148�9MJha^15Y�J2J29K3�`h6�Jha�6�0j\[6�J(\�`29<`j14Z_9K��\_15Y�Jha�ò�0h9
3Ê| Y�Z_`2Z^9.`j0&\[6�X2349K6�0GõmsI6�Z�9fij9M8�ô2349�H�02J)\[6�X2349K6�0&v�n 9�a�\ÍZ_9fù
ô2Z_ñKa^9MJ(\_ñÍôh6�Z+\_Z^Y�14a<8"6]\_Z^17�f9�a+`2ñMô23415ñK9KaKõ���Y�Jha^17`jñMZ_Y�Jha}02J \_6]ù
X2349K6�0 v�nvO `j9�QKS T U5S W UaSXw+359�a
\_Z^Y�14a!8"6]\_Z^17�f9�a!`jñKô23415ñK9Ka·a�Y�J(\
xzy|{~}.�2� QKS T U5S W SXw�H y|{`�z�2� QKS W U5S T SXw·9f\ y9{`�z�2� QKSHw
U5S T S W õp�J)ôh6�Z_6�8�Of\^Z_9{158�ôRY�Z^\_6�J�\�9KJ�6�34d�OKX2Z^9�8"6�\^Z_14�M159K35349�9Ka�\Í349
Z[6�J2doõ�z.6�35~h9M02Z_9M0ha^9M8�9KJ�\�H�349%�K6�37�f023·`j0 Z_6�J2d§`E| 02J�\[6�X2349K6�0
v�n&9Ka�\¬158�ôRY�a_a�14X2349�9f\m`jY�Jh�e9Ka�\m`jY�J2Jhñ�ôh6�ZI349Ka�Z[6�J2d(aI`j9Ka�\_Z^Y�14a
8"6]\_Z^17�f9�a¼`jñMô23414ñM9KaKõ

!#"�� �EA5J0/�)0I�3a:,354.12I�6B)�+f:��F�����p�
W 6�`2ñK�fY�8�ôoY(a�15\^14Y�J `G| 02J \_6�X2359�6�0�O `j97QKSfT
UaSXW�UMZ[Z[Z`UaSHb 9Ka�\

`jY�J2J2ñK9�ôo6�Z�3Ê| ñ�ò�0o6]\^14Y�J{a^0215L]6�J�\_9�ú y]û2�
O n�� h }�� {~}f� h �2� {��%� h � u�u�u h>� � { � � x �ØyS�

YV� � { j � �Ù\_6�1534359���j�h���jW�
9Ka�\!0hJ29}8"6]\_Z^17�f9+02J215\_6�15Z_9+`j9�a
L�9K�fù\_9M02Z[aB`j9tOÿ`h6�JhaB346!`j15Z_9K�f\^14Y�J|�Iõ W 9m\_6�Xh359�6�0Q8+023q\_14`2158�9MJoa�14Y�Jjù
J29K3 � 9Ka�\@6�ô2ôR9M34ñI349¬J2Y
��6�0Gõ W 6�`21qöVñMZ_9MJh�M9�÷ÙY�Jh`h6�8�9MJ(\_6�359I9KJ(\^Z_9376.n)]·g�9f\}376����·g�]!n 9Ka�\+ò(029�349ÍJhY
��6�0�� JG| 9Ka�\}ôh6�a}`j176]ù
d�Y�Jh6�3h8"6�17a¬\_Y�0j\¼Y�Z^\^~hY�d�Y�Jh6�3Êõ�bc3V9�a�\�`jY�Jo��148<ôRY�a_a^15X2349·`E| 6ºL�Y�14Z

6��M�fO�a¼`j15Z_9K�f\^9K8<9KJ(\¼6�0ji�L]6�349M02Z[a�a^14J2d�023414OMZ_9Ka¼`j0�\[6�X2349K6�0Í8+023qù
\_14`j148�9MJha^14Y�J2J29K3Øõ
l Y�0ham9Mijô23517ò(02Y�Joam8"6�14J(\^9KJh6�J(\m376Qô2Z_Yj�fñ�`j02Z_9�ôoY�02Z¼�M6�37�f0h359KZ

\_Y�0ha+359�aQôh6�Z_6�8�Of\^Z_9Ka}`j9Í3Ê| ñ�ò(0h6]\_15Y�J§yjõ W 6�8"6]\_Z^17�f9Í02J215\_6�14Z_9
� { j � 9Ka�\{346 8"6]\^Z_17�f9%`29KaïL�9���\^9K02Z[aÍô2Z_Y�ôhZ^9�aÍd(6�0h�[~29�aÍ`j9�3768"6]\_Z^17�f9¾`jñKô23415ñK9 y9{ j � õ W 9·J2Y
��6�0 � 9�a�\�9MJoa�0215\^9·Y�Xj\^9KJ(0{6ºL�9��3Ê| ñ�ò(0h6]\_15Y�Jïa^0214Lº6�J(\^9 �

��n Oih } � {~}.�H� h � � {`�%�H� h � u�u�u h � � { � �X� u �ýv �
l Y�0ha¼6ºL�Y�Jha�8�6�15J(\_9MJh6�J�\e346<`jñ��fY�8�ôRY�a^1q\_15Y�J �MY�8�ô234Of\^9·`j0Í\_6]ù
X2349K6�0{8}0235\^17`j148<9KJha^15Y�J2J29M3@O õ
W 6 a^15d�J21=�o�M6�\^14Y�Jüô2~��Na^17ò�0h9{`20&�K6�37�f023!`j9�346����·g�]!n 9Ka�\

`jY�Jh�}�MY�Jh�M9MJ(\^Z_ñM9Q`h6�Jha
359�a
8"6]\_Z^17�f9�a
`jñKô234146�J�\_9Ka!`jñK�MZ^14L]6�J(\
349
\[6�X2349K6�0§v�n+õ l Y�0oa}ñM\^0h`j14Y�Joa<`h6�Jha+359 ô2Z_YN�[~o6�14J¤ôh6�Z[6�d�Z_6�ô2~29
349Ka
8�6�\^Z_14�M9Ka�`2ñMô234146�J(\^9Ka
ôoY�02Z
349¾\[6�X2349K6�0{v�nÿ�MY�J(\^9KJh6�J(\�02Jh9
a^ñKò(029KJh�f9¾`E| 158"6�d�9Ka�a^Y�Jo6�Z�õ

!#"�! � 4f<2IG4H¡�¢M:e354f1�I¤£G¥�¦*/
4.-#'*)�6B)0/�D§:,3aAC4%¢M)0/�6*JM¨
£�+.4f:�I�3a)0/

n!6�Jha·ú vºûÊHjJhY�0ha¼6ºL�Y�Jham÷ý6�15\¼0hJ29!ñM\^0h`29·a^02Z¼349�Z[6�Jhd}9MJï0j\_15341qù
a_6�J(\�ò(029M37ò(029Ka��K6�a�a^158�ô2349KaKõR��9f\^\^9·ñf\_0h`j9Q6�ôR9MZ_8�14a�`E| 0j\_153414a^9MZ
6�0 8<149M02i�3Ê| 6�34d�Y�Z_15\^~28�9�`j0 se��b�H�8"6�17a}a^02Z^\^Y�02\+`E| 6�8�ñM3415Y�Z^9KZ
J29M\�\_9M8�9MJ(\�346+8�ñf\_~2Yj`j9�ú ��ûÈõ l Y�0haeô2Z_Y�ôRY�a^Y�Jha�`jY�Jh��`j9¾a^0215LNZ_9
376�8�óM8�9<`jñM8"6�Z[�[~29¾9KJ.ñf\_0h`j176�J(\!349}Z[6�J2d�`29Ka
\^Z_Y�17a�8"6]\_Z^17�f9�a
`jñKô234146�J�\_9KaKõ
��Y�Jha^17`jñMZ_Y�Jha¼`jY�Jh�!\^Z_Y�17a¼�M6�a4�N02J{ñK�[~2Y<158�8�Y�Xh15349�Hj02J{ñ��[~2Y

6ºL�9K�<02J29�LN15\^9�a^a^9"3514J2ñ�6�14Z^9"9M\Q02J ñK�[~2Y.6ºL�9K�<02J29ÍL(15\^9�a^a^9�6�J2ù
d�02346�15Z_9�õ�n�6�Joam�[~h6�ò�0h9e9Mij9M8�ô2349�H�JhY�0ha¬a^02ô2ôRY�a^Y�Joa¬6ºL�Y�15ZI6��K�fO�a

�ò(0h6]\_Z^9·148"6�d�9�a�a�Y�Jh6�Z¼9M\�J2Y�0hae÷ý6�14a^Y�Joa�349Q`j9�a^a^15J{`j9Q�[~h6�ò(029
8"6]\_Z^17�f9"`jñKô234146�J�\_9�6�ô2Z_OKa¾�_]�r W õBn!9"ô2350oaMHGJhY�0haQa^02ô2ôRY�a^Y�Joa
ò(029¾349¾a�14d�Jh6�3EñM8�17a¼9Ka�\�02J29Q�2Z_ñKò(029KJh�f9¾z�Yj`j0h35ñK9 �Ø��z ��õ
W 9Í`29Ka_a�14J¤y{8�Y�J(\^Z_9"346�a�\^Z_0h�f\^02Z_9Í`j9�a·\^Z_Y�17a¾8"6]\_Z^17�f9�aQ`jñfù

ô234176�J(\^9�a
ôRY�02Z·349<�K6�a�`E| 02J ñ��[~2YÍ148�8<Y�X214359�õG��~o6�ò(029}L�9K�f\^9M0hZ
© lG�MY�Z_Z^9�a�ôRY�Jo`�
�346·Z_ñMôRY�Joa�9¼`j9�376¾�f14X2359�`26�JhaI3Ê| 148"6�d�9tª[õ�n�6�Jha
349��M6�aI`G| 02J�ñ��[~2Y!148�8�Y�X214359�H]359�a�L�9���\^9K02Z[a © lBa�Y�J�\�ñMd(6�0ji+9MJ(\^Z_9
9K0ji¾\^Y�0j\��MY�8�8�9�349Ka�L�9K��\_9M02Z[ae«,lVa^Y�J(\@ñKd�6�02iVH�9f\I`jY�Jh�m349eZ_6�J2d
`j9�a¼\^Z_Y�17aeô2Z_9M8�15OKZ^9�a¼8"6]\^Z_17�f9Ka¼`jñKô234146�J�\_9Ka�9�a�\�ñKd�6�3@
���õ

¬
­ ®

¬
­ ®

¬
­ ®

¯^° T²±¬ ®

­

³ T³ W³ w
³�´

¯^° w ±
­

®
¬

µ T µ W µ w µ�´

¯^° WX±­

®
³�´³ T ³ W ³ w

¬

- ;/.10hy��^¶LX\·SBGX ¸ CHN
K XYJ
B >S7�¹:K�L J
X~¹�8 N+K²L�XYCH7�¹\>2OM9U; XYN
BLKM7�¹ 9GJ
AaL�A�B
OHCHPWJIX 8^8�JSFEX ;=7[Z
W 9�`j9�a^a^14J¤`j9"346�a�\^Z_0h�f\^02Z_9�`j9Ka¾\^Z_Y�17a¾8"6]\^Z_17�f9Ka¾`2ñMô234146�J(\^9Ka

ôRY�02Z<349 �M6�a}`E| 02J ñK�[~2Y 6ºL�9K�"0hJ29ÍLN15\^9Ka_a^9Í3415J2ñ�6�14Z^9Í9Ka�\+17`j9MJjù
\_14ò(029·6�0�ôhZ^ñ��fñK`29MJ(\��Ø`j9Ka_a�14J y2��õ W 6}a^9M0h359�`j1qöVñMZ_9MJo�f9
ôhZ^Y]LN149MJ(\
`j9�a¾L�9���\_9M02Z[a © l 9f\7« l ò(021ma^Y�J(\Q`j15öRñKZ^9KJ�\[a¾17�f1¬9KJ�\_Z^9"�[~h6�ò(029



148"6�d�9 ª[õ l Y�0ha+6ºL�Y�Jha·LN0¤`26�JhaQ3Ø| 6�Z^\^17�f349�ú v�ûeò(0G| 02J¤`jñ��M6�376�d�9
\_9M8�ôoY�Z^9K3EZ^9KJh`ï359�a���z a�ñKôh6�Z[6�X2349KaKõ W 9�a¼L�9K�f\^9K02Z_a © l J29Qa�Y�J(\
ô2340ha�ô2Z_Y�ôRY�Z^\^14Y�JhJ29M37a�9MJ(\^Z_9¼9M0ji+�M9�ò�0h1j9MJ(\^Z[6ºø>J29¼02J29�6�0hd�8�9MJjù
\[6]\^14Y�J `j9"376{L]6�349M02Z+`j0 Z_6�J2d �Ù17�f1�t ��õ k J Z^9KL]6�Jh�[~29�HE359ÍZ_6�J2d
`j9 y|{��%� Z_9Ka�\^9�ñMd(6�3U
 �·�M6�Zea^9M02349�02J29�3514d�J29�`j9·346}8"6]\^Z_17�f9�9Ka�\Z_9M8�ô234159!`j9!L]6�359K02Z_amJ2Y�J"JN0234349KaKõ W 9
Z[6�J2d}`29 y|{��%� 9�a�\eñMd�6�3L
}t�K6�Z¼359�a�L�9���\_9M02Z[a#«,l�J29Qa^Y�J(\�ôh6�a¼ô2Z^Y�ôoY�Z�\_15Y�J2J29K34ae9MJ(\_Z^9·9M02iVõ
��Y�Jha^17`jñMZ_Y�Jha�349
�M6�aI`E| 02J"ñK�[~2YQ6ºL�9K�e02J29�LN15\^9�a^a^9�6�J2d�02376�14Z^9�õ

W 9
`j9Ka_a^15J�`j9
346Qa�\^Z_0h�f\^02Z_9
`j9�aI\^Z_Y�17a¬8"6�\^Z_14�M9KaI9�a�\e8<Y�J(\^Z_ñ�a�02Z
376 �od�02Z_9"v2õ k \^0o`j15Y�Jha¾376ï8�6�\^Z_14�M9 y9{~}.� HG359�a·ò�0o6]\^Z_9�L�9���\^9K02Z[a© l a^Y�J(\�17`j9MJ(\^17ò(029Ka�9f\
Z_9M8�ô23414a_a^9MJ(\��[~h6��M02J 0hJ29}�fY�35Y�J2J29¾`j17a�ù
\_15Jh�f\^9�õ W 9mZ[6�J2d!`j9��M9f\�\_9�8"6�\^Z_14�M9¬9Ka�\�`2Y�Jh�IñKd�6�3 
���õ W 6�a�\^Z_0h��ù
\_02Z^9¼`j9e346!a�9��fY�Jh`j9e8�6�\^Z_14�M9 y9{`�%� 9Ka�\�`21qöVñMZ_9MJ(\^9�õ k J+9MöR9M\KHº02J29a^9M02349·L]6�349M02Z¼9Ka�\�Z_9M8�ô234159·ôh6�Z¼�MY�34Y�J2Jh9�9M\%
+0hJï9K8�ô2346��f9K8<9KJ(\
`j15öVñMZ_9MJ(\�a^9M34Y�J.376�ôRY�a^15\^14Y�J%`29}3Ê| ñ��[~2YhõVn!6�Jha�J2Y�\_Z^9+9fij9M8�ô2349�H
349+Z[6�Jhd `j9 y|{`�z� 9�a�\·ñMd(6�3!
Ívhõ W 6 a�\^Z_0h�f\^02Z_9+`j9�376"\_Z^Y�14a^15OK8�98"6]\_Z^17�f9 y|{`�z� 9Ka�\�`21qöVñMZ_9MJ(\^9<�M6�Z
349Ka�L]6�359K02Z_a�`j9�a�L�9���\_9M02Z[a © la^Y�J(\�`j17a^a^ñM8�14J2ñM9�aMõIbc3�9�a�\"÷ý6��f14359.`29�L�Y�14Z"ò(029{\^Z_Y�17a�L�9���\^9K02Z[a
a^Y�J(\�15Jo`jñMôR9MJh`h6�J(\_aKHj9f\
`jY�Jh�·349�Z[6�Jhd<`j9 y9{`�z� 9�a�\�ñKd�6�3 
"vhõ

¬
­ ®

¬
­ ®

¬
­ ®

¯ ° T�±

¯^° W�±

¯ ° w ±

®

­
­

®­
®

¬

�H´�� ¬���H´���� ��H´��
	 �

³ W ³ T ³ w ³�´

³ w
³�´³ T ³ W

�H´���� �

¬

¬

- ;/.102vW�C¶LX\·SBGX ¸ CQN+K XYJ+B >S7�¹�K�L J
X~¹�8 N+K²L�XYCH7�¹\>SO 9<; XYN
BGK 7�¹�9GJ
AaL�A�B
OHCHPWJIN�
 7HC^A�B<7�
 X K 7�¹z¹E7 N
B
·+A�;=N+X L 7[Z
W 9�a¾Z^ñ�a�0h3q\[6]\_a¾`20 Z_6�J2d�`j9Ka¾8"6�\^Z_14�M9KaQ`jñKô234146�J�\_9KaQ`h6�Jha¾349Ka

`j15öVñMZ_9MJ(\^9�a�a�15\^0h6�\^14Y�Jha�a^Y�J(\�Z_ñKa^028�ñKa�`26�Jha¼359�\[6�X2349K6�0���õ

� D��#0#�S����ñK�M6�ô215\^02376]\_1q÷I`j9Ka�Lº6�359K02Z[ae`20ïZ[6�Jhd<`j0ï\[6�X2349K6�0ïv�n
� g y|{~}.� k � g y|{`�z� k � g y9{`�z� k�f14X2349¾158�8�Y�X214349 � � �

�M15X2349¾LN1q\_9Ka_a�9·3415JhñK6�14Z_9 t � t
�M15X2349¾LN1q\_9Ka_a�9¾6�J2d�02376�14Z_9 � v v

W | ñf\_0h`j9�`j9Í�M9�\_6�X2359�6�0�J2Y�0ha¾8�Y�J(\^Z_9�ò(029"376{ô2Z^9K8�15OKZ^9�9f\
376%a^9K�MY�Jh`29Í8"6]\_Z^17�f9{`jñMôh35176�J(\^9ïôR9M02L�9MJ(\"óf\^Z_9ï0j\^143517a^ñM9Ka<ôRY�02Z
a^02ô2ô2Z_148<9KZQ349KaQñ��[~2Y�aQ158�8�Y�X214349KaKõ k J 9MöR9M\KH�346�8"6�\^Z_14�M9 y|{~}.�8�9f\¬9KJ�Lº6�359K02ZI349�`jñMô2376��M9M8�9MJ(\¬3415JhñK6�14Z_9�H�6�34Y�Z[aIò(029�376!8"6�\^Z_14�M9
y9{`�%� �K6�Z[6���\_ñMZ_14a^9�359 8�Y�02L�9M8�9MJ(\ 6�Jhd�02376�14Z^9�õ���9f\�9fij9M8�ô2349�HX2149MJ{ò(029·a�148�ô2351=�hñ��Ù9KJ 8�9M\�\_6�J(\�`29Ka � ñKZ^Y(amôh6�Z�\_Y�0j\�6�1434359K02Z_aH��HJ2Y�0ha¼d�0h14`j9¾`26�Jha¼376�ô2Z^Y�ôoY(a�15\^14Y�Jï`j9¾376+8�ñM\^~2Yj`j9�õ
sI6�Z�6�1435349M02Z[aKHK349Ka@8�ñf\^~hYN`29Ka�6�ô2ôR9M34ñM9�a ;=J
B
·�

7QCEK 7*AaLE0j\_153417a�9KJ�\

02Jh9!a^9M02349!8"6�\^Z_14�M9
9f\¼`jY�Jo�!�K6�Z[6���\_ñMZ_14a^9MJ(\¬02J 02J217ò(029!8�Y�02L�9Mù
8�9MJ(\�õ l Y�0ha�ô2Z_Y�ôRY�a^Y�Joae`G| 0j\_153417a�9KZ
376 ���·g�]�n ôRY�02Z�ôhZ^9KJh`jZ_9
9KJï�MY�8�ôj\^9·349Ka�`j9K0jiÍ8�Y�0hL�9M8�9KJ�\[a¼9f\�`jY�Jh��óf\^Z_9·ô2340ha�ôR9MZ^÷ÙY�Z^ù
8"6�J(\[aMõ k J�Z^9KL]6�Jh�[~29�HoJhY�0ha�JG| 0j\^143414a^Y�Jha�ôh6�a�346 8"6]\^Z_17�f9 y|{`�z��K6�Z¼346<Z_ñMôRY�Jha^9¾`j9¾3Ê| ñ��[~2Y�JG| 9�a�\�ôo6�a��fY�Jha^9MZ_L�ñM9�õ

� � (��Që¾ê�ð[é,� $ � ì í��§
 ç§� �
W 9�a�~ �NôRY�\_~2OKa^9Ka�ôRY�02ZI0hJ<XRY�J<÷ÙY�Jh��\_15Y�J2J29M8�9KJ�\¬`j0�se��b�v�n

a^Y�J(\¼359�aea^0214L]6�J(\^9�a@�(359�J2Y�8+X2Z_9!`E| ñK�[~2Y(a�`2Y�15\¼óM\^Z_9�÷ý6�15X2349·`26�Jha
�[~h6�ò(029}X234Yj��HV376Í�f14X2349<`2Y�15\�6ºL�Y�15Z!02J29<LN1q\_9Ka_a�9+3514J2ñK6�15Z_9}Y�0��º9M\
6�J2d�02376�14Z_9}9f\¾376ïô20217a^a_6�Jh�M9<`29Ka�ñK�[~2Y(a·`j9�Z^ñKL�9MZ_XRñMZ[6]\^14Y�J.`2Y�15\
óM\^Z_9·a^02ôRñMZ_159K02Z_9�Y�0 ñKd�6�359¾�f9K35349¾`j9¾3Ê| ñ��[~2Y"�f14X2359�õ
l Y�0haïJ2Y�0haïXh6�a�Y�Jhaïa�02Z�`j9K0ji �MY�J(\^Z[6�a�\^9�a�ôRY�02Z�`jñKL�9M34Y�ô2ù

ôR9MZïJ2Y�\_Z^9%8�ñf\^~hYN`29 ��376¤ôh0214a_a_6�Jh�M9.9f\{346 `j14L�9MZ[a^1q\_ñ�\^9K8<ôRY�ù
Z_9M34359�õ l Y�0ha�L�Y�0234Y�Jha�a^02ô2ôhZ^148�9MZ�349Ka�ñ��[~2Y�a¼349Ka�ôh350ha
ô20217a^a_6�J(\[a
�Ø�fY�8�8�9�ôoY�02Z¾349<s¼��b�y�n\��8"6�17a·6�0ha_a�1�349Ka·ñ��[~2Y�a�148<8�Y�X215349Ka
ò(029K34ò(029Qa^Y�15\�359K02Z�ô20217a^a_6�Jo�f9�õ
W 6 ô2Z_9M8�15OKZ^9<ñf\[6�ôR9<�MY�Jha^17a�\_9 
ï�fY�Jha�\_Z^0h15Z_9}349<\_6�Xh359�6�0%v�n}õ

l Y�0ha{÷ÙY�Z^8�Y�Jha�349�\_6�Xh359�6�0�v�n 9MJ 0j\^143414a_6�J(\ 02Jh9§a�ñ�ò(029MJh�M9
`E| 148�6�d�9�aÍa^Y�Jh6�ZÍ6�ô2Z_OKaÍ�#]�r W õ W 9 `j9�a^a^14J)t¤8�Y�J(\^Z_9.349 `jñfù
�MY�02ôh6�d�9�õ l Y�0ha¼`j17a�ôRY�a^Y�Joae`2Y�Jh��`E| 02J 9KJha^9M8}Xh359·`j9�\_6�X2359�6�0ji
v�n �
� l�� m�n! O#"$� %&� ')( l+*-,�.0/ }21 " 10{ l3/ }.� *-,�.4� m *-,65�/ }21 % 10{ m / }f� *�,758� }91 ' 1 �;:
YV��<Rl29�a�\@359¬JhY�8}XhZ^9m`G| 148"6�d�9�aMõ �BY�0j\^9�aG349KaG148"6�d�9KaGa^Y�J(\Bô2Z_17a�9�a
9KJ �fY�8<ô2\^9QôRY�02Z!0j\^143414a^9MZ�6�0�8�159K0ji{346�`215L�9MZ[a�15\^ñ·\_9M8�ôoY�Z^9K35349�õ
l Y�0ha�8�Y�J(\^Z_Y�Joamú v]ûEú���ûhò(029�376
\_6�1434359¼`j9Ka�X234Yj�Ma�`jY�1q\�óf\_Z^9�÷ý6�14X2349
ôRY�02Z�02J�÷ÙY�Jo��\^14Y�JhJ29M8�9MJ(\�`20"se��b¬y�n+õ W 9�aIôh6�Z_6�8<OM\^Z_9Ka>= " 9M\
=@?
a^Y�J(\�`jY�Jo�!349Ka¼8�óK8<9�a�ò(029¾�f9K0jiï�[~2Y�14a^17ae`h6�Jha·ú��ºûÈõ

temps

angle

di
st

an
ce

A T$B T A T$B W A TCB w
A W4B W A W�B wA W4B T

DFE
G H

- ;/.10RtG�6I OHCQJ+A[9WN�·27 >
A K NSFE;=7HN
AKJ&I 9GJ
AaL ;	7MLMNPO)J�I Z
W 6�\_Z^Y�14a^15OK8�9eñM\_6�ôo9�9�a�\m349��M6�34�M0232`j0�a^9M02143hò(021ha^9MZ_LN15Z[6�`26�Jha

3Ê| 9�a�\_158"6�\^14Y�J"`j0"Z[6�J2doõ W 6·8�ñf\_~2Yj`j9�9Ka�\¬17`j9MJ(\^17ò(029:
¾�M9M34359�0j\_1qù
3414a^ñM9·`26�Jham3Ê| 6�Z^\^17�f349+ú vºûÈõ l Y�0oa��K6�37�f0234Y�Jha�17�f1E`j9M02iÍa�9K021537a@Q } 9M\Q � ôRY�02Z�349Ka
`j9M0jiïô2Z_9M8�15OKZ^9�a¼8"6]\^Z_17�f9Ka�`2ñMô234146�J(\^9KaKõ W 9Q�K6�37�f023`j9¼�f9�a�`j9M0ji<a�9K021537a�`jñMôR9MJh`<`j9¼3Ê| 14Jj÷ÙY�Z_8"6]\_15Y�J}a�0hZ�376!ô20217a^a_6�Jh�M9
`j9¾376��f14X2349¾9f\
`j9·376<�MY�J��R6�Jh�M9!÷ý6�1q\_9Ka%
��M9f\�\_9¾15J2÷ÙY�Z_8�6�\^14Y�JGõ
gN02Z��[~h6�ò(029QXh35Yj� g ª x$R k�HhJhY�0ha!`j14a^ôRY�a^Y�Jha�`G| 02J.\_6�Xh359�6�0.v�n� l�� m õ l Y�0ha��fY�Jha�\_Z^0h14a^Y�Jha}359�a+`29M0ji¤ô2Z_9M8�14OMZ_9Ka}8�6�\^Z_14�M9Ka<`jñfùô234176�J(\^9�a��MY�Z_Z^9�a�ôRY�Jo`26�J(\^9�aPS {~}f�UT l0� m 9M\>S {`�z�VT l�� m õ W 6
n)]·g}`j9¼�[~h6�ù�M02J29Í`j9�a}`j9K0ji%8"6�\^Z_14�M9Ka¾9�a�\+�K6�37�f0234ñM9�õGs�Y�02Z+�[~h6�ò(029"8�Yj`j9�H

376Ía^Y�8�8�9}`j9�a
L]6�349M0hZ_a!a�14J2d�0h3514OMZ_9Ka�6�0 �M6�Z^Z_ñKa�9Ka�\��M6�34�M0234ñM9Q9M\
�MY�8�ôh6�Z_ñM9"6�0�a^9M02143m�MY�Z_Z^9�a�ôRY�Jh`h6�J(\KõGgN1m�M9f\^\^9Ía^Y�8�8�9�J29�`jñfù
ôh6�a^a^9¾ôh6�a¼359}a^9M0h153GôRY�0hZ�359�a�`j9K0ji 8�Yj`j9KaKHh6�35Y�Z_a¼349¾se��b¼JG| 9Ka�\
ôh6�aI6�ô2ôh3517ò(02ñ�õ�n�6�Jha�349��M6�aI�fY�J�\_Z_6�15Z_9�H�14329fij17a�\_9¼`29M0ji}JhY�8}XhZ^9�a
W } 9M\ W � \_9M37a�ò(029 �

X T
om-Y } Z {~}.�VT [ T9\5m

��] Q }M^&_
X W
om-Y } Z {��%�VT [ W�\5m

��] Q � x �Ùt��

YV� � } 9f\ � � a^Y�J(\!349Ka!Z_6�J2d�a!`j9Ka·`j9K0ji�8"6]\^Z_17�f9Ka!`jñMôh35176�J(\^9�aMõn�6�Jhaï�f9%�M6�aKHm349Ka Z[6�J2d(a�`j0,a^Y�0haÍ9Ka^ôh6��M9 `j9.Z_ñML�9MZ_XoñKZ_6�\^14Y�J
`26�Jha
�[~o6�ò(029¾8�Yj`j9}a^Y�J(\�ñMd(6�0ji 
a` } n � }cb W }edgf 9M\h` � n



� ��b W �Fd f õ l Y�0ha@Y�X2\^9MJhY�Jha@9MJha^0215\^9e359�a�8�6�\^Z_14�M9Ka � {~}.�� 9f\ � {`�z��9KJÍô2Z_9MJh6�J(\eZ_9Ka^ôo9���\_15L�9M8�9MJ(\¼359�a ` } 9f\c` � ô2Z_9M8�14OMZ_9Ka¼�fY�35Y�J2J29�a`j9�a�8"6]\^Z_17�f9Ka�`j9�a<L�9K�f\^9K02Z_a<ô2Z_Y�ôhZ^9�a+d(6�0h�[~h9Ka � {~}.� 9f\ � {`�%� õl Y�0ha+�M6�37�f0h35Y�Jha¾9MJW�hJ¤349�\_6�X2349K6�0¤v�n ò(021�9MJ2d�9MJh`2Z^9�349Ía^Y�0ha
9�a�ôh6��f9·`j9¾Z_ñML�9KZ^XRñMZ[6]\_15Y�JÍ`26�Jha¼359¾Xh35Yj� g ª x$R k!ú u]û �
� �l0� m n � l0� m h } � {~}.�� u � {~}f�� ��h � � {`�z�� u � {`�%�� �Fh � � {`�z� u � {��%�H� x
YV� � {`�%� 9�a�\
376"8"6]\_Z^17�f9Q`29Ka�L�9K�f\^9M0hZ_a�ôhZ^Y�ô2Z^9�a¼d�6�0h�[~29Ka
`j9Q376\_Z^Y�14a^15OK8�9!8"6]\_Z^17�f9¾`jñKô234146�J�\_9Q`j9 � l0� m õW 9!\^Z[6�15\^9K8<9KJ(\�a^02Ze\^Y�0ha¼349KaeX234YN�Ka¼ôo9KZ^8�9M\�`G| Y�Xj\^9KJ215Z¼349�\_6]ù
X2349K6�0�v�n � � 9MJ2d�9MJh`jZ[6�J(\�349}a^Y�0ha�9�a�ôo6��f9Q`29QZ^ñKL�9KZ^XRñMZ[6]\_15Y�JGõ
l Y�0ha�Z_ñK�M02ôRñMZ_Y�Jha¼349}a^Y�0ha¼9�a�ôh6��f9¾9KJ2d�9KJh`jZ[6�J(\�359}a^14d�Jh6�3E0j\^14359
ô2340haeX2Z_0215\eX2376�Jo��9MJ{�M6�34�M02376�J(\ ��� n � b � � õ l Y�0oa�`jñ��fY�8+ù
ôRY�a^Y�Jha�9KJ��hJ�359�\[6�X2349K6�0%v�n ôRY�0hZ¾Z^ñ��f02ôRñMZ_9MZ·349Ka¾`j15öRñKZ^9KJ(\^9Ka
148"6�d�9�aMõ W 9�aE\^Z[6�15\^9K8�9MJ(\_a@�f376�a_a�17ò(029Ka@�fY�8�8�9¬349���� l r a^ôh6]\_15Y�ù
\_9M8�ôoY�Z^9K3Iú t�ûBa�Y�J(\�6�ô2ô23414ò(02ñ�a�a�0hZ¼\^Y�02\^9Ka�359�a¼158"6�d�9KaKõ

� ��êe�Qð�é#�%$ ��è+é ì��) ìïëQèïè�")�) ê!")�)(*(*�) 

p�J29�a^158+02376]\^14Y�Jü`26�Joa ú u]û
6%8�Y�J(\^Z_ñ{ò�0h9 3Ê| 9MiN\^9MJoa�14Y�J&`j9Ka
8�ñf\_~2Yj`j9Ka 
 a^Y�0oa}9�a�ôh6��f9 ôo9KZ^8�9f\�`j9{a�ñKôh6�Z_9MZ<`j9Ka+ñK�[~2Y(a}`j9
8�óM8�9+ô20217a^a_6�Jh�M9}aK| 1434a!Y�J(\·`j9Ka!ô2Z_Y�ô2Z_15ñM\^ñ�a
`j9<`j15L�9MZ[a�15\^ñQ\^9M8<ù
ôRY�Z_9M34359¾`j15öVñMZ_9MJ(\^9�õ l Y�0oa�L�ñKZ^1=�hY�Joa�8"6�15J(\^9KJh6�J(\��f9�a¼Z^ñ�a�0h3q\[6]\_a
a^02Z�`j9�a�`jY�J2JhñM9Ka¼Z_ñM9K35349Ka�`29¾Z^ñKL�9MZ_XRñMZ[6]\^14Y�J `j9�÷ÙY�Jh`Eõ
W 9ïa�14d�Jh6�3mñK8<17a+9Ka�\+02J29ï�2Z_ñKò(029KJh�f9ïz�Yj`j0234ñM9 �:�Nôo9KZ^XRY�341qù

ò(029K8<9KJ(\��ý��z����m`j9
÷ÙZ^ñ�ò(029MJh�M9
�f9KJ(\^Z[6�349���y�x�x	��
oH�`j9!Xh6�Jh`29
��x�x���
 9f\·`j9+`j0hZ^ñK9}t
��õ W 9<a�14d�Jh6�3BZ_9��M0.9Ka�\�`jñK8�YN`20235ñ+ôh6�Z
Z[6�ô2ôRY�Z^\ 
���y�x�x���
}9M\�a�Y�0haeñK�[~h6�J�\_153434Y�J2J2ñ�`E| 02J Z[6�ôhôoY�Z�\�y�x2õ
W | 6�J�\_9MJ2Jh9!Z_ñK�M9Môj\_Z^17�f9!9Ka�\e3415JhñK6�14Z_9
9f\��MY�Jha�\^15\^02ñK9�`29^�ºy�w}�K6�ôjù
\_9M02Z[a¼9Ka^ôh6��MñKa¼`j9QxhH ��y�����õ l Y�0ha�6�ô2ô23414ò(02Y�Jha¼359·se��b�v�n�a�02Z
tï158"6�d�9Ka·ò(021IôR9M02L�9MJ(\·óf\^Z_9"�fY�Jha�0h3q\_ñM9Ka·`26�Jha<ú �]ûÊõ l Y�0ha�ô2Z_ñfù
a^9MJ(\^Y�Jha¼349¾Z^ñ�a�0235\_6�\
`j9}`j9K0ji Z_ñK�M02Z_Z^9KJh�f9�a@�N02J29Q�MY�J(\^9KJh6�J(\�376
�M15X2349�34Yj�M6�3417a�ñK9"35Y�15J¤`j9 346.Z^ñKL�9MZ_XRñMZ[6]\^14Y�J%9f\<02J29Í6�0j\^Z_9Í6ºL�9��
376Í�M15X2349<J2Y
��ñK9+`26�Jha
376 Z^ñKL�9MZ_XRñMZ[6]\^14Y�JBõ l Y�0ha·�fY�8�ôh6�Z^Y�Jha�349Ka
Z_ñKa^0235\_6]\[aeôh6�Z�Z[6�ô2ôRY�Z^\�6�0ïse��b�y�n `jñKL�9K35Y�ô2ôoñ¾`26�Jha·ú���ûÊõ
W 9�aU�hd�0hZ^9�a#�e9f\�u�8�Y�J(\^Z_9MJ(\G349¬J2Y�8}X2Z_9¬`j9¬÷ý6�0ha_a�9�aG6�376�Z_8�9KaKH


%ô2Z_Y�Xh6�X2153415\^ñ{`j9�`jñf\_9K��\_15Y�J �2ijñK9�HI9MJ§÷ÙY�Jh�f\^14Y�J&`j0&a�9K02153�`j9
`jñM\^9���\^14Y�J&ôRY�02ZÍ359�a�`j9M02iüZ_ñK�M02Z^Z_9MJo�f9KaKõ�s�Y�02Z�376�Z_ñK�f0hZ^Z_9MJh�M9
�MY�J(\^9KJh6�J(\¼346��f14X2349·J2Y
��ñK9�`26�Jhae346<Z_ñML�9MZ_XoñKZ_6�\^14Y�JGH(359·se��b¼v�n
9�a�\�ô2350oaGôR9MZ^÷ÙY�Z_8�6�J(\B9f\�9MJQôh6�Z�\_14�M0234159KZB143�JG| �¾6�ô2340ha@`j9¬÷ý6�0ha^a^9Ka
6�346�Z^8�9Ka�ôRY�02Z�02J�a^9M02143G`j9Q`jñM\^9���\^14Y�Jïô2Z_Yj�[~29�`29¾346<L]6�349M02Z�`j9
376��f14X2359��Øa�9K02153G�MY�Z_Z^9�a�ôRY�Jo`I
��[�fõ k J{Z^9KLº6�Jh�[~29�H(349·se��b¼v�n 9f\
349!s¼��b�y�n Y�J(\�`j9Ka�ôR9MZ^÷ÙY�Z_8�6�Jh�f9�a�ò(0h6�a�148�9MJ(\�17`j9KJ�\_14ò(029�a¼a�02Z
349Ka·6�02\^Z_9Ka!Z^ñ��f02Z_Z^9KJh�f9�a
�MY�J(\^9KJh6�J(\·346ï�f14X2349+34Y�14J%`j9�376�Z_ñML�9MZ^ù
XRñMZ[6]\_15Y�JGõ k J�9MöR9M\!a�0hZ
�f9�a�Z^ñ��f02Z_Z_9MJh�M9KaKH(349Qse��b�y�n�9Ka�\!`jñ�,�

\_Z^O�a@ôR9MZ^÷ÙY�Z_8"6�J(\@9M\¬a�02ôhô2Z^148�9�376!ô2Z^9�a^ò(029�\^Y�\_6�3515\^ñ¼`j9Ka@÷ý6�0ha^a^9Ka
6�346�Z^8�9KaKõ

� 
áëQè î (fí� Bðfë}è
��9f\^\^9�6�Z^\^17�f349ï6%8�Y�J(\^Z_ñ{ò�0h9ï376�`j15L�9MZ[a�15\^ñ \^9K8�ôoY�Z^9K35349{9Ka�\

02Jï�fY�J�\_Z_6�a�\_9�14J�\_ñMZ_9Ka_a^6�J(\�ôRY�02Z¼`j17a�\_15J2d�029MZ��M9MZ^\_6�14Jha�ñK�[~2Y(am`j9
Z_ñML�9MZ_XoñKZ_6�\^14Y�J.`j9"3Ê| ñ��[~2Y{�f14X2359�õ@��9�J2Y�02L�9K6�0%�fY�J(\^Z[6�a�\^9<J2Y�0ha
6 ôo9KZ^8�17a¾`j9"`jñML�9M34Y�ô2ôR9MZ�02J29�8�ñf\_~2Yj`j9�ôoY�02ZQa^02ô2ô2Z_158�9KZ�349Ka
ñ��[~2Y�aG`29I÷ÙY�Jh`Gõ k 34359�9Ka�\BXh6�a�ñK9¬a�02Z@3Ø| 9fiN\_9MJha^15Y�JQ`j9¬3Ê| 6�35d�Y�Z_1q\_~28�9
`j0 s¼��b·6�0ji�\_6�Xh359�6�0ji�v�n ò(021�J2ñK�M9Ka_a�15\^9Í3Ø| 0j\^143414a_6]\_15Y�J¤`j9�376���·g�]!náú y�ûÈõ l Y�0ham6ºL�Y�Joa�9föV9K��\_02ñ�02Jh9�ñf\^0o`j9
a^02Z¬349�Z_6�J2d¾`j9Ka
8"6]\_Z^17�f9�am`jñKô234146�J�\_9Ka�ôoY�02Z¼0j\^143414a^9MZ¼6�0�8�149M0ji�349
s¼��bmv�n+õ W 9Ka
Z_ñKa^0235\_6]\[a�a�0hZ
`jY�JhJ2ñM9�a�Z^ñK9M34359�a�6ºL�9���346"Z_ñK�M02Z_Z^9KJh�f9·�fY�J�\_9MJh6�J(\

0.4 0.6 0.8 1 1.2
0

20

40

60

80

100

120

140

160

180

200

seuil de détection

no
m

br
es

 d
e 

fa
us

se
s 

al
ar

m
es

: PCI 2D
: PCI 3D

- ;/.10W���PN J+8%9GN L N+X~¹EJ
B 7EBGK�L 7�;=7 LMNPO��8I 7*K!;=7cLMNPO J�I 9GJ
AaL%;=N
CEXYF*;	7�;	J
X B >S7�;=N L O 

7�LEFHO�L N
K XYJ
BUZ

0.4 0.6 0.8 1 1.2
0

200

400

600

800

1000

1200

1400

1600

seuil de détection

no
m

br
es

 d
e 

fa
us

se
s 

al
ar

m
es

: PCI 2D
: PCI 3D

- ;/.10juW�PN J+8%9GN L N+X~¹EJ
B 7EBGK�L 7�;=7 LMNPO��8I 7*K!;=7cLMNPO J�I 9GJ
AaL%;=N
CEXYF*;	7�BUJ��SOH7 >SN
BC¹ ;=N LQO�

7�LEFHO�L N
K XYJ
BUZ
376+�M15Xh359�J2Y
��ñK9!`26�Jhae346+Z_ñML�9KZ^XRñMZ[6]\_15Y�J�a�Y�J(\�XRY�Jhae9f\�9KJh�fY�02Z_6�ù
d�9K6�J(\[a¼ôoY�02Z�346�a^0215\^9Q`j0ï\^Z[6ºL]6�143Øõ
W 9�a¾ôo9KZ_a^ôR9K��\_15L�9KaQ�MY�Jh�M9MZ_J29MJ(\Qa^02Z�\_Y�0j\Q3Ê| 6�8�ñM3415Y�Z_6�\^14Y�J�`j9Ka

Z_ñKa^0235\_6]\[a�a^02Z¼`jY�JhJ2ñM9�amZ_ñM9K35349Kam9MJÍ02\^143517a^6�J(\�ô2340hae`E| 148"6�d�9Kaea�Y�ù
Jh6�Z¾9f\Q6�0oa^a^1¬`E| 6�0j\_Z^9�a�`2Y�J2J2ñK9Ka·Z_ñM9K35349KaKõ l Y�0ha·L�Y�0235Y�Jha·6�0ha_a^1
0j\_153417a�9KZ}349Í�fY�J�\_Z_6�a�\_9�`j9Í`j14L�9KZ_a^15\^ñÍa^ôh6]\_146�359"ôRY�0hZ+a^02ô2ô2Z_158�9KZ
349Ka�ñ��[~2Y�a¼`j9Qa^02Z^÷ý6��M9�õ
� "��
"¼ê_��èïî �) 
���! Ò^ÃhÐVÃ#"�²»­�ªÈ±�µ[²´®(ª�µ_±�Ö!Ãjà&ÃhäR©�Â5±�ª[Ã%$'&)(+*-,/.10�24352+,6287!,/.:9�;=<?>@.A;CB

D 9�EGFH(�;CI4$J*)*LK89NM�.1OP(�,/./9�;Q,R9�(S3�(�,R(	TU(�,/K+.�MKÃ(ÒÊÄ@ÄBÄ%äh­�¶K®(ª[Ã
¨�®"âIµ_­�¨�ÃN¶M®N¯<ÄG³´µ[¿_±�Ã�V�É�ªÈ±�Ã´Æ-W�¶K®�¹�²qµ^­�Æ �NXYX�Z Ã

� [\ ËBÃhÖ¼µ·Ëo¶M±�À(¶K©]ã�µ_­�Ã^]_.`B�;�(YacbJK89�7@2+>d>d.1;CBUe@(f>N28&Q9�;gOShia ,/./a .1;#28(�K
(Ya B�2Ne!K8(KÃ-je¶M«(«j¨M­c±m¯�µ¼±�À-k_ªcµ�Æ�V�µ[«�±�µ_½�Á�­�µKÆ ��XYXYl Ã

� Õ  Pmnm ²´®(¨K³´ÀN¶K¿mµ_± m Ã�W�¨K©�­�¯�¶K²´®oÃ%oJhL2!a�p!h-2+>qKdr+>dhia ,R(�,/>s7d9�;�7@2+K@;�(�;_,
a�(tOPr+,Au_9�&�2�bsvcwH*i9�hCK5a�(�&�r+,6287!,/.:9�;�2+;t*LK8r+>!2+;�7@2P&�2�K8r+0�2+KNe@r!x
K8(�,/.:9f;(Ã m ­�µ_ªÈ±�²Ù° X�X Ã�y@¶K®�®(µ[ª[Æ-V�µ_«�±�µ[½!Á�­�µ�Æ �NXYXYX Ã

� Z� Pmzm ²´®(¨�³´À(¶K¿�µ_± m ÃfW�¨�©�­�¯(¶M²q®hÃ)3S2+,6287!,/.:9�;P.1;s*LKd2+>!2+;�7@2'9|{JKd2+0�2+K+x
e+2+K|(�,/.:9�;�Ã?}�Ñ�ÄBâ�¦�VjÃ�ÐG­�¨f¹�²q¯�µ[®�¿[µ�Æ × V�â�Æ_V�µ[«�±�µ[½�Á�­�µ�Æ [�~�~Y~ Ã

� �\ Pm�m ²´®(¨K³´ÀN¶K¿
µ_± m Ã#W�¨K©�­�¯(¶M²´®oÃ?$�a B)9fK+.1,Au�Ot2+>�>:*i(�,/.:9Yx:,62+Os*i9�K82!a >
e@(f>Nr+>'>dhCKsa�(�Otr+,Au_9�&)2�bsvcw�*i9fhiK�a�(4&)r+,62d7!,/./9�;U2+;5*LKdr+>!2+;�7@2�&�2
Kdr+0�2+K!e+r+K|(�,/.:9�;�Ã?W�¨�©�­�®(¸[µ_ª�¯2° â¬¿_¨�©(ªÈ±�²qÇ]©(µ�V�¨�©�ª'��¶M­�²´®(µKÃ��@­�µ[ªÈ±�Æ
Ö¼¸[¿[µ[½!Á�­�µ�Æ [f~Y~Y~ Ã

� �f ¦!Ã�Ëoµ���²´À(¶K®�µ_± m�m ²´®(¨K³´ÀN¶K¿KÃ�]_h-e!>:*i()7@2SOP2+,Au_9�&�>^{N9fK��f3�(�K+x
K8(��f>�ÃjÐ�V�ÒÈÐI° ~i� Ã#��¶M­�ªcµ_²q³´³´µ�Æ#W�¶K®�¹�²qµ^­�Æ [�~�~i� Ã


