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mqtvk�®duU®z����f.m¥¦<bzt|ryb¼¦�uU®d¨��L¬Nf�r.uxkz�nf.oq�,p,mqtv�Uf(¤±uxo�¨|u�rHp~¨|tvª�p,mqtvuUk�µ�a&bdfHk�{Ytvk��nfHrsmqtvuUk��_{Y¦�f��doqfH�nf.kEm¥p
�zoqpUrsmnt�r.px¨��doqu^r�f��^®doqf«u~¤9uU�^mnt|e�p~¨�¨|pxkz�^e�p~oq¯¹�z¨|pUr�f.e�fHkUm�®z��t|kd}�mnbdf1¨vu^r.px¨vt|ªHp~mnt|uxkº�n�zpxr.fxµ¼��t|kzpx¨v¨|§x{
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�
�¼f�r�uxk_��t��^f.o?mnbzfCrHpx�nf�u~¤�p5}Uf.kdfHont�r
oqux¬Nu~m¥¦<t³mqb�� �^fH}xoqf.f��­ux¤V¤±onfHfH�^uUe�{Ye�u,��t|kd}5t|k¹p5�_uU¨v§�}xuUkzp~¨
fHk��Et|oquxkde�f.kEm�¦<t³mqb ��uUe�f�uU¬z��mqpxr.¨vf��.µ �¼fLpx�q��®zeCf�mqbzp,m�mqbdfLoqux¬Nu~m�t|��f�½E®dtv�z�_f�� ¦<t³mqb p��nf.kz�nuxo
ryb_p~oypxrsmqf.oqtvªHfH��¬�§Cp(oyp~kz}xf��5pxkz��p~k«pxkd}x®d¨�p~o�ux�Nf.kdt|kd}���µVa=u(mqbdf­�zbE§^�nt|rHp~¨z�nf.k_��uUoH{U¦�f­pU�n�nu^r�t�p,mqf&p
��t|o�mq®zp~¨©°±�z®dkzrsmq®zp~¨ ´*��fHkz�nuxo������������! �{~¦<bdf.oqf"�#�����$ �t���mnbdf&p~¬z�nux¨|®^mqf��NuU�nt³mqtvuUk�u~¤zmnbdf&��fHkz�nuxo*onf.¤±f.oqf.kzr.f
�Nuxt|kEm9p~kz�%��tvmq�<px¬z��uU¨v®dmnf�°±e�p~t|k_´�uxoqtvfHkEmqp,mqtvuUk�µ"a&bdf��db�§��nt�r.p~¨YpU���NfHr�mq��u~¤�mnbdf(�nf.kz�nuxo�°Ú�n®zryb2px��mnbdf
oqf.¨�p,mqtv�Uf1e�uxmnt|uxkZmnu¼mnbdf2oqux¬Nu~m�{�r�uU¨v¨|t���t|uxk p!�xuUt|�dpxkzr�fU{Vf�myrH´C¦<t|¨v¨<¬Nf2mnoqfHp~mnfH�Z¬�§ r�uUkz�nt|�^fHont|kd}¹mnbdf
�zbE§^�nt|rHp~¨Y�nf.kz�nuxo9�nux¨|t|��{dpx�<pC�zp~onm<u~¤�mnbdf
pxo�mqt|r.®d¨|p~mnf��5oqux¬Nu~m�µ

ilk«uxmnbdfHo�oqfH�n�NfHrsmy�.{E¦�f­px�q��®zeCf9mnbzp~m�mqbdf­fHkE��t|onuUkde�f.kEm�t|kzr�¨|®z�^f����nuxe�f9¨�p~k_�^e�p~oq¯�����®_ryb�mnbzp~m�tv¤
pC�n®$&«r�t|f.kEm<kE®ze�¬Nf.o<u~¤�mnbdfHe@t��&¦<t³mqbdtvk�mqbdf(��fHkz��uUo�²zf.¨��5ux¤��Nf.oyr�fH�^mnt|uxk�{�mqbdf�¨vu^rHp~¨|tvª�p,mnt|uxk1e�u��d®d¨vf
t��(p~¬z¨vf�mquLr�uxe��d®dmnfCmnbdf5�_uE��f'���(�������) �u~¤�mnbdf«�nf.kz�nuxo�µ a&bdt|��¨�px��m
px�q��®zeC�dmnt|uxk���®d�z�_uE��f���mnbzp~m(mnbdf
�zonuU¬d¨vfHe-ux¤��^f�mqfHrsmqtvkz}5p~kz�2t��^fHkUmqt³¤±§�t|kd}«mqbdf
¨�p~kz�de�pxon¯^�<b_p!�xf
p~¨|oqfHpx�d§5¬Nf.f.k¹��uU¨v�UfH�2p~kz��mqbzp,m?mnbdf
�NuU�ntvmnt|uxkz�&ux¤=mnbzf(¨|pxkz�^e�p~oq¯^��pxonf��doqfHr.t|�nf.¨|§«¯�kdu,¦<k�µ
*,+�- .�/10325476�8:9<;"=>;14�?$9@?BAC47;
¶=f�m<®z�<kzu~mnf !

DFE !V�"ux¨|§�}xuUkzp~¨©¦�uxoq¯��n�zpUr�f­ux¤=mqbdf(onuU¬_uxm
° ¤±oqf.f
�n�zpxr.f�´sµ
D ���(�������! !���f.kz�nuxo&�NuU�nfxµ
D ���(���B �!���fHkz��uUo&�_uE��tvmnt|uxk�tvk E µ
D �1!���f.kz�nuxo<uUont|f.kEmyp,mnt|uxk=µ
DHG !­���zpUr�f�ux¤Vmnbdf�¤±oqf.f��NuU�nfH�­u~¤�mqbdf��nf.k_��uUoJI �n�zpxr.f
u~¤��NuU�nfH�¥��®_ryb6mnbzp~m��#�����B ­t|�?ux®dmq�nt|�^f
mnbdf(uU¬z��mqpxr.¨vf��.µ

DHK�L�MONQPCP !����_pxr�f�ux¤=mnbzf�¤±onfHf
r�uxkd²z}x®doyp,mqtvuUkz��u~¤*mnbdf(oqux¬Nu~m�µ
DFR !Voqux¬Nu~m9r.uxk^²z}U®doyp,mnt|uxk1tvk K�L MON	PCP µ

ilkCmqbdf&¤±ux¨|¨vu,¦<t|kd}_{,¦�f�²zoy��m��df�²zkdf�mqbdf"S�ÁUT � Å �WV Å  x� 'YX#Zx�d��X Å[T:S]\ �d  ÁW^ºpx�*mqbdf9�n®d¬z�nf�m�u~¤ G ¦<bzf.oqfmqbdf���fHkz��uUo­�NuU�nf�rHp~kL¬Nf�r.uxe��d®^mqfH�Yµ(�duUo?t|kz��mqpxkzr�fU{_¦<tvmnb¼p1��t�ry¯2¨|pU��fHo­oyp~kd}Uf�wJ²zkz�^fHoH{N¦�f�kdf.f��2mnu
t��^fHkUmqt³¤±§Cp,mV¨|fHpx��m"m�¦�u¥¨�p~kz�^e�pxon¯^�*tvk�uUoq�^fHo*mnu(r�uUeC�z®^mnf�mnbzf<onuU¬_uxm"�NuU�nfx{~mnb�®z�<^ ¦<t|¨v¨d¬Nf�mnbdf9�n®d¬z�nf�m
ux¤ G ¦<bdf.oqf(p,m<¨|fHpx��m&m�¦�u�¨�p~kz�de�pxon¯^�&p~oqf���t|�ntv¬z¨vf�¬�§�mnbzf
��fHkz��uUoHµ

a&bdfHk ¦�fL�^f.²zkdf2mqbdf V Å  x� 'YX#Zx�d��X Å[T_S`\ �z  Ába c;px�Cmnbzf���f.m«u~¤(r�uUk^²z}x®zoqp~mnt|uxkz� R tvk K�L�MONQP�P¤±uUo�¦<bdt|ryb�mnbdfCoqfH�n®d¨³mqtvkz}��nf.kz�nuxo¥�NuU�nf�t��¥tvkd^­µfe­u~mqf�mqbzp,m�{��^®dfCmnu1mnbdf�r.ux¨|¨vt���t|uxk�u~¤�mqbdf��db�§��nt�r.p~¨
oqux¬Nu~m�¦<t³mqb�mnbdf1ux¬z��mqpUr�¨|fH�H{�tvm�e�p!§¼f�¾^t|��mq����fHkz�nuxo
�NuU�nf«t|k:^'¦<bdt�rybº�^uLkzu~mCr.uxoqonf����Nuxk_�Lmqu¹p~k�§
r.uxk^²_}x®doyp,mqtvuUk5t|kga c­µ�¶�f�m9®_�&kdu,¦¿�^f��nr.ont|¬Nf�mnbdf
�^t� ©f.oqf.kEm9��mqf.�z�&mqu�ux¬^myp~t|kga c­µ
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pxkz�5mnbdf�²zfH¨|��ux¤���tvfH¦ !

L&%(' )� �+* �,.-./ �,0/�1 �«p~kz�32 � ���� � �,  42 1 � -6587 °���´
ilk5uxoy�^f.o�mnu���t|e��d¨vtv¤±§Cmnbdf¥kduxmqp,mqtvuUk�{E¦�f?¦<tv¨|¨©®z��f L �<¤±uUo L %9' )� µVa&bdf.k={U¤±uUo�p�}xt|�xfHk��_uE��tvmnt|uxk;:��#�����$ 
pxkz�6}Utv�Uf.k6uxoqt|f.kEmqp~mnt|uxk'�5ux¤Vmnbdf��nf.kz�nuxo�{dmqbdfC�nf�m=<?> E u~¤Vmqbdf��Nuxt|kEmq�?tvkLmnbdf���fHkz�nt³mqtv�Uf(²zf.¨��Lux¤
mqbdf
�nf.kz�nuxo&t���!

< � :�@ L � �+* :�A �,.- �,	B L � 7 °Q�x´
*,+DC E A�8UAC2"A�6�AC? / 9F�G�`9IH �GJ KML
�zuxo�p
}xt|�xfHk«��fHkz�nuxo�uUont|f.kEmyp,mnt|uxk �z{E¦�f?�df�²zkdf­mnbdf¥��t|�nt|¬dtv¨|tvm�§Cpxonf�pON�����Pf �u~¤=p�¨|pxkz�^e�p~oq¯QP«{^px��mnbdf
�nf�m<ux¤�mqbdf
��fHkz�nuxo&�_uE��tvmnt|uxk_�&¦<bdf.oqfRP t|�&t|k�mnbdf
�nf.kz�nuxo�²zfH¨|��ux¤*��t|f.¦ °Q��fHf(��t|}zµ=��´sµ �¼f(bzp!�Uf !

N � ��Pf � PTS L ���+* P+U �,.- �,VB L � 7 °ÚgU´

�*tv}U®donf�� !V�^f.kz�nuxo&²zfH¨|��ux¤���tvfH¦ °Útvk6}Uoqp!§d´�p~kz�1��t|�ntv¬ztv¨|t³m�§1p~oqfHp�u~¤*mnbdoqf.f�¨�p~kz�^e�pxon¯^�

Zθ (B1)

B1

Z (B2)θ
B2

Zθ (B3)

B3

R
S

p

θ

*,+XW E A�8UAC2"A�6�AC? /ZY5476C/\[ 47;^] J K_L
a&bzfC��t���t|¬dt|¨vtvm�§�pxonf�p1�^u�f���kdu~m(myp~¯xfCt|kUmqu6pxr.r.ux®dkEm�mnbzfCfHk��Et|oquxkde�f.kEm
p~k_��tvmq��uU¬z��mypxr.¨vf��.µ�a=u6�^f�p~¨
¦<tvmnb5mnbdt��&�doqux¬d¨|f.e2{�¦�f?®z�nf?mnbdf�` XÚ�OX±�<X 'YX±� Â \�Å ' Âba_Å[T¹kdu~mqtvuUk2!*mnbdf���t���t|¬dt|¨vtvm�§��_uU¨v§�}Uuxk	c �DPf �u~¤�p
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�*t|}zµÏ��tv¨|¨v®_��mqoqp~mnfH��mqbdt��<r�uxk_��mqon®zr�mnt|uxk�µ

�*t|}x®doqf
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Zθ (B)P(B)

B

B

Vθ (B)
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¶=f�m"®z�Vpx�q�n®de�f�mnb_p,m��«¨�p~kz�^e�pxon¯^� * P�� 7 ��������� �
p~oqf&�^t|��mnoqt|¬d®^mnf��
t|k E pxkz�(mqbzp,mV¦�f�kzf.fH�
mnu¥t|�df.kEmntv¤±§
p~m�¨|fHpU��m 4=¨|pxkz�^e�p~oq¯^�"mnu�¬_f�p~¬z¨vf<mqu�¨|u^r.p~¨|t|ª.f9mqbdf?�nf.k_��uUoHµ"a&bdf.k={U}Utv�Uf.k5p
�nf.k_��uUo�uxoqt|f.kEmqp~mnt|uxk �d{�¦�f
�df�²zkdf�mqbdf(¨|u�rHp~¨|tvª�p,mqtvuUk1¨�p!§xfHo�c � px��mqbdf
��®z¬z��f.m9u~¤ E ¦<bdfHonf 4*¨�p~kz�^e�pxon¯Y°Ú�y´�p~oqf�tvk�mnbzf���fHkz�nt³mqtv�Uf
²_f.¨��1ux¤=mqbdf
��fHkz�nuxo�µ"�zuxoqe�p~¨|¨v§ !

c � � * ���(���B B'E -��! #" � � *%$ - �������B B � � �DP��  7  '& 4 7 °Q�x´
�¼f(¦<tv¨|¨�®z�nf¥mnbdf(kzu~mqp~mnt|uxkg^ � mqu��^f�²zkzf�mnbdf
r.uxoqonf����Nuxkz�dtvkd}��n®d¬z�nf�m<u~¤ G !

^ ��� c �)( * � 7
*,++* .���; 8)4�� 6�4,��9�6�A��]9@?BAC47; 8 Y"9-�0�/.
e­u,¦({x¦�f­r.pxk�fHpx�nt|¨v§Cf�¾^�doqfH�q�*mnbdf?¦<bdux¨|f9¨|u^r.p~¨|t|ªHp,mqtvuUkC�n�zpUr�fx{UtQµ fxµ*mqbdf?�n®d¬z�nf�m�ux¤ G ¦<bdfHonf?��®$&«r.tvfHkUm¨�p~k_�^e�p~oq¯��&pxonf���t|�nt|¬d¨vf¥mqu�r.uxe��d®^mqf�mnbdf(�NuU�nf�u~¤*mnbdf
�nf.k_��uUoHµ
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�nf.kz�nuxoV�NuU�nf9t��]�=µ � p~¨|¨|tvkd}�� mqbdf<¤±®dk_rsmnt|uxk�e�px�d�dt|kd}�p(r�uUk^²z}U®doqp~mnt|uxk R mnu�mnbzf­oqfH�n®d¨³mqtvkz}�nf.k_��uUo��NuU�nfx{^¦�f�bzp!�xf !

a c � * R BgK�L MONQP�P - � � R  B ^ 7 °�&~´
e­u~mqf­mqbzp,m<�^®df?mnu�mnbdf�r�uU¨v¨|t���t|uxkz�H{UmnbdfHonf¥e�p!§Cf.¾^t|��m��NuU�nfH��t|k%^ ¦<bdt|ryb�p~oqf­kduxm�mqbdf¥tve�p~}Uf­¬�§�� ux¤
p�r.uxk^²z}U®doyp,mnt|uxk1tvk K�L�MON	PCP µ

� �
	 � �� "�
���*������	 ����# ��:5�����*���
� �����
a&bzf�r.uxe��d®^myp,mqtvuUk1ux¤@^ oqfH½E®dt|onf����nuxe�f(p~�z�donu!¾^t|e�p,mnt|uxk_��mqbzp,m9¦<t|¨v¨=¬_f(�doqfH�nf.kEmqfH�5pxkz����®z��mntv²zfH��t|k
mqbdt��9��f�rsmqtvuUk�µ
C,+�- 
 Y Y��B4��1A�0 9@?BAC47;"8

D �*tvoy��m�{�mqbdf6¨vu^rHp~¨|tvª�p,mnt|uxkZ���zpUr�f�t|���df�²zkdf��ZpU��p¹®zkdtvuUk ux¤?¨�p!§xf.oy��u,�xf.o�mnbzf2r.uxkEmnt|k�®dux®_�C�nf�m� � d ����� 5�� eJµ0�¼f�mnb�®z�<bzp!�Uf­mqu�rybduU�nf(pC�dt|�qr�oqf�mqtvª�p,mnt|uxk2��mnf.�g����� P % p~kz��oqf.�d¨�pxr.f � ¬E§
�� � *�� � ��� P % 7��! #" 5 ' � ' ����� '%$ 032'&

�)(�*�+-,/.10
a&bdf.k={d¦�f(pU�n�n®de�f¥mnbzp~m<mnbdf(¨|u^r.p~¨|t|ªHp,mqtvuUk5¨�p!§xfHo�t��9r.uxkz��mqpxkUm�¤±uxo

� B d �RU ����� P % -65324242 � A:����� P % - 5 ep~kz��¦�f�}xf�m
5769857: 4

;=<?>@
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¨|u^r.px¨vt|ªHp~mnt|uxkL�n�zpxr.fx{©t³m�t��9mqbdf.uUonf.mnt�r.p~¨|¨|§�px¨v¦&p!§^�9�NuU�q��t|¬d¨|f
mnu1onfH¨vu^rHp~¨|tvªHf(mnbdf��n§���mnfHe p~kz�6mnbdfHonf.¤±uxoqf
r.uxoqonf�rsm�mqbdf­f.¾^fHr�®dmnt|uxk«fHonoquxoy��pxkz���doqf.�Uf.kEm�mnbzf?}Uonu,¦&mqb�u~¤Ymnbzf?®dk_r�f.onmqpxtvkEm�§Cuxk�mqbdf¥�_uE��tvmnt|uxk�µVa&bdf
¬NfH��m­�qr�f.k_p~oqtvuCt|�<p��ntvkz}x¨|f�r.uxkdkzfHrsmqfH�2r�uUe��_uUkdf.kEm&¤±uxo,^ r.u,�xf.oqt|kd} E µ
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a&bzf2¤±ux¨|¨vu,¦<t|kd}�¨vt���m«u~¤(r�oqt³mqf.oqt|p¼®z�ntvkz}H^;}xt|�xfH���nuxe�fL½E®zpxkUmqt³mqtvf���¦<bdt�ryb rHp~k ¬Nf6®z��f�� tvk p�r�uE��m
¤±®zkzrsmqtvuUk1¤±uUo&mnbdf(¨�p~k_�^e�p~oq¯��d¨|pUr�fHeCfHkEm9ux�^mqtve�t|ªHp,mqtvuUk�!

D a&bdf�r.uxkdkzfHrsmqtv��tvm�§�!<p«r.uxkdkzfHrsmqfH�2¨|u^r.p~¨|t|ªHp,mqtvuUk6���zpUr�f
¦<t|¨|¨�¨|fHpU��mnu1pxk6fHpU��t|f.o9�z¨|pxkdkdt|kd}5p~k_�
mnu«pCe�uxoqf�onfH¨vt�p~¬d¨|f¥f�¾^fHr.®^mnt|uxk2u~¤�mnbdf(oqfH�n®d¨vmnt|kd}Cmnoyp,��f�rsmnuUon§Uµ

D a&bdfL�Uux¨|®de�f !�tv¤(p�¬ztv} �doqux�Nuxonmnt|uxk u~¤ G t|�5r�u,�xfHonf�� ¬�§ ^­{&mnbzfLonuU¬_uxm«¦<tv¨|¨9bzp!�Uf6e�uxoqf
ux�d�Nuxonmn®zkdt³mqtvf��&mnu�¨|u^r.p~¨|t|ª.fxµ

D a&bdf&��f�r�®doqf�pxonf�p !=tJµ fxµ�mnbdf&��®z¬z��f.m*ux¤ E ¦<bdfHonf�¨vu^rHp~¨|tvª�p,mnt|uxk�t|�*�NuU�q��t|¬d¨|f�¤±uxoVpxkE§�uUont|f.kEmqp~mnt|uxk�µ
a&bdt��=t����zpxo�mqt|r.®d¨�p~oq¨v§¥tve��NuxonmqpxkUm�¦<bdf.k��dfHp~¨|t|kd}9¦<tvmnb�p<kzuxkdbduU¨vuUkduxe�t�rV��§^��mnfHe�µ*�duUo=t|kz��myp~kzr.fx{
mnbdf�r�¨�px�q�nt|rHp~¨�e�ux¬ztv¨|f�oqux¬Nu~my�?pxonf��ne�p~¨|¨³wJmnt|e�f
¨|u�rHp~¨|¨v§6r.uxkEmnoqux¨|¨|px¬d¨|f(¦<bdt|ryb�tve��d¨|tvf��9mqbzp,m(p~k�§
�zp,mqb�t|k
mqbdf�¨|u^r.px¨vt|ªHp~mnt|uxk
�n�zpxr.f�r.pxk
¬Nf�px�d�doqu!¾�t|e�p,mqfH��¦<tvmnbdt|k�mqbdt��*�n�zpUr�fx{!¬�§(p9¤±f�px�ntv¬z¨vf��zp,mqb
¤±uxo�mnbdf9kzuxkdbduU¨vuUkduxe�t�r&��§^��mnf.e2µ #9u,¦�f.�Uf.o�{d°Ú�n�_f�r�t�p~¨|¨v§C¦<tvmnb«p�²d¾^f�����fHkz��uUoy´�{,mnbzf?r�uUe��d¨vf.¾^t³m�§
u~¤�mnbdt��(p~�z�donu!¾^t|e�p,mnt|uxk�t|�(��mnoquxkd}U¨v§6t|k��z®zf.kzr.fH�¼¬�§6mnbdf��n�zpxr.f�p!�!pxtv¨�p~¬z¨vf�¤±uxo¥mnbzf«rybzp~kd}Uf�ux¤
uxoqtvfHkEmqp,mqtvuUk�µ|µvµ

D a&bdf��doqu~��f�rsmnf���p~oqfHp�!
tQµ fxµ5mnbdf«�n®d¬z�nf�m�u~¤ E ¦<bdfHonf�¨|u�rHp~¨|tvª�p,mqtvuUk¹t��(�NuU�q��t|¬d¨|f�¤±uxo
p,m
¨|fHpU��m
uxkdf1uxoqtvfHkEmqp,mqtvuUk�µ�a�§��dt�r.px¨v¨|§x{"¦<bdfHkZp�� & � % wJuUont|f.kEmqpx¬d¨|f5��fHkz�nuxo�t��C®z�nfH�Y{VtvmCt�����®B&�r.tvfHkEm�mnu
e�p,¾^tve�t|ª.f?mnbdt��<p~oqfHpzµ3�­kdu~mqbdf.o&®z�nf¥u~¤�mqbdt|�<�n�zpUr�f­t���mnbdf(rHpx�nf­u~¤*p�bduU¨vuUkduxe�t�r­e�uU¬dtv¨|f¥onuU¬_uxm
p~�d�z¨vt|fH�1mnu��doqux¬z¨vfHe��&¦<bzf.oqf?mqbdf�²zkzpx¨YuxoqtvfHkEmqp,mqtvuUk1t��&kduxm9tve��Nuxonmqp~kEm�µ

D a&bdf�¨vu^r.px¨vt|ªHp~mnt|uxk pUr.r.®doqpUr�§ !5tvmCe�p!§�¬Nf�t|e��_uUo�myp~kEm�mqu¹�z¨|pUr�f«mqbdf2¨|pxkz�^e�p~oq¯^���n®zrybºmqbzp,m
p~k�®d�d�Nf.o�¬_uU®dkz�¼u~¤�mnbdf5¨vu^r.px¨vt|ªHp~mnt|uxk¼f.oqonuUo(r�ux®z¨|�¹¬_f5}x®zpxoqpxkUmqf.f��6¤±uxo
p2oqfHpx¨���fHkz�nuxo�µ«�duxo
tvk_��myp~kzr.fx{xt|kCmnbdf?r.px�nf&u~¤Nmnoqt|pxkd}x®z¨|p~mnt|uxk�{!mqbdf9t|k��z®dfHkzr�f<ux¤Ne�fHpU��®zonfHeCfHkEm"fHonoquxoy�*uxkCmnbzf<¨vu^r.px¨³w
tvª�p,mqtvuUkLt|�¥e�t|kdtve�px¨�¦<bdfHkLmqbdfCpxkd}x¨|f
¬Nf�m�¦�f.fHkLmnbzf��nf.kz�nuxo¥p~kz�Lmnbdf�m�¦�u1�Et��ntv¬d¨|f�¨�p~k_�^e�p~oq¯��
t|�­r�¨|uU�nf?mqu �x���^f.}UonfHfH�Hµ
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�Luxoqf.u,�xfHoH{©tvm
¦<tv¨|¨�¬Nf�kdfHr.fH�q�npxon§2mqu6�^fHr.t|�^f�¦<bzf�mnbzf.o�mnbzf�¨|pxkz�^e�p~oq¯^�(p~oqfCpUr.r�fH�^mnf��¼tvkz�nt��^f E uxo
uUkd¨|§5uxk2tvmq�­¬_uUoq�^fHoHµ�ilk2mnbdf(²_oq��m­r.pU��fU{d¦�f(e�p!§1bzp!�xf¥mnu«r.uxkz�nt��^f.o<mqbdf.e px�&uU¬z��mqpxr.¨vf��9�^®doqt|kd}�mnbdf
k_p!�Et|}Up~mnt|uxk�µ(e9f.�Uf.onmnbdfH¨vf��n�H{~px��mqbdf<¨|pxkz�^e�p~oq¯^�*¦<tv¨|¨^¬_f&��t���t|¬d¨|f�¤±oquxe p~k�§
�^t|onf�rsmnt|uxk={~fHpUryb�¨�p~kz�^e�pxon¯
¦<t|¨|¨=p~¨|¨vu,¦»eCuUonf�¨|u^r.p~¨|t|ªHp,mqtvuUk5�NuU�q��t|¬dt|¨vtvmnt|fH�Hµ
W +DC # �,9�0 Y"6$�
¶=f�m&®z�&}xf.m�¬_pxry¯�mnuCux®zo�e�uU¬dtv¨|f¥onuU¬_uxm�¦<tvmnb2p~k1uxk^w ¬_uEp~oy��uxoqt|f.kEmqpx¬d¨vf¥��fHkz�nuxo�µ�ilk1mnbdt���¤±oyp~e�f.¦�uxoq¯©{
¦�f¥mnoq§�mnu�®_��f(px��¤±fH¦ pxo�mqt³²Nr�t�p~¨©¨|pxkz�^e�p~oq¯^�<px�&�NuU�q��t|¬d¨|fxµ
������� � ��Å �H��� � T  x��X Å T
�zuxo�p5}Utv�Uf.k¹kE®ze�¬Nf.o�u~¤�¨�p~k_�^e�p~oq¯��H{©¦�fC¦&p~kEm­mqu1¬Nf�p~¬d¨|f�mqu1¨|u^r.px¨vt|ª.f�tvk�p5¨�p~oq}xf��_uUo�mqtvuUkLu~¤�mnbdf
�n�zpUr�f
p~k_��mnu«bzp!�Uf�mnbdf�¨vf�px��m­�_uE�n�nt|¬d¨vf�kE®ze�¬Nf.o9ux¤V�nf.�_p~oyp,mnf(¨|u^r.px¨vt|ªHp~mnt|uxk6��®z¬z���_pxr�fUµ �¼f��dfHr�t��^f��
mqbdf.oqf�¤±uUonf�mqu e�p~¾^tve�t|ª.f2mnbzf�p!�xfHoqpx}xf5�Uux¨|®de�f6u~¤¥mnbdf¹��fH�zp~oyp,mqf�¨|u^r.px¨vt|ªHp~mnt|uxk ��®d¬_���zpUr�fUµ ilk u~mqbdf.o
oqfH�n�NfHrsmy�.{<t|k»uUoq�df.o�mqu t|eC�zonu,�Uf2mnbdf¼¨vu^rHp~¨|tvª�p,mnt|uxk¸pUr.r�®zoqpUr�§x{<¦�fLt|e��_uE��f¼pºe�tvkztve�®de��^t|��mqpxkzr�f
¬Nf�m�¦�f.fHk5m�¦�u�¨|pxkz�^e�p~oq¯^�.µ"ilk�mnbzt|�<¦&p!§x{^¦�f�tvk_r�oqfHpx�nf?mnbdf
p!�Uf.oyp~}xf¥p~kd}U¨vf�¬Nf�m�¦�f.fHk1mqbdf
�nf.kz�nuxo<p~k_�
p1�zpxtvo¥u~¤�¨�p~k_�^e�p~oq¯��?®z�nfH�L¤±uxo�¨vu^rHp~¨|tvª�p,mnt|uxk=µ(ilkz�^f.f��Y{Y¦<tvmnb�p1�ne�p~¨|¨"pxkd}x¨|fx{©e�fHpU��®zonfHeCfHkEm?f.oqoquxoy�
¨|fHpU�d��mnu�¨�p~oq}xfHo�¨|u^r.px¨vt|ªHp~mnt|uxk5fHonoquxoy�Hµ*a&bdf���f(r.uxkz��mnoyp~t|kEmq��¨vf�px�5mnu�mqbdf�¤±ux¨|¨vu,¦<t|kd}�r�uE��m&¤±®dkzr�mnt|uxk K !
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�¼fL®z�nfLmqbdt��5r�uE��m5¤±®dkzrsmqtvuUk ¦<tvmnb»p�¨|tv¬zoqpxon§Ztve��d¨|f.e�f.kEmqtvkd}Z}xfHkdf�mqt|rLpx¨v}Uuxoqt³mqbde��.µ ilk¸mqbdf�¬Nu~mqb
¤±uU¨v¨|u,¦<t|kd}?f.¾dp~e��d¨|fH�H{~¦�f&bzp!�Uf�� �ED � % p~kz��mnbzf<onuU¬_uxm*kdfHfH�d��p,mV¨vf�px��m"m�¦�u�¨�p~kz�^e�pxon¯^��mnu(r�uUe��d®^mnf
tvmq��r�uxkd²z}x®doyp,mqtvuUk�µ �¼f<oqpxk�mqbdf<ux�dmnt|eCt|ªHp~mnt|uxkC�doqu�r.fH�q�*¤±uxo��­mnu��x�¥¨|pxkz�^e�p~oq¯^���z¨|pUr�fH��f.tvmnbzf.o�t|kz�nt|�^f
mqbdf�fHk��Et|oquxkde�f.kEm�{zuxo?uxkLtvmq�?¬Nuxoy�^f.o?uxkd¨|§�pxkz�6¦�f�r.uxe��zp~oqfH�1mqbdf�uU¬^mqpxtvkzfH�2u^r.r.®d�dt|fH�L�n�zpxr.f5°Ú�nf.f
�*t|}zµ -�p~kz���*tv}_µ &x´sµ

D ilk¸mnbzfL²zoy��m1f�¾dp~e��d¨|fx{&mqbdfL¦�uxoq¯��n�zpUr�f2bzpx�1p � wl�nbzp~�Nf °Ú�nf.f¼�*tv}_µ �U´�p~kz� mqbdf¹�nf.k_��uUo«bzpx�p~k¼tvkd²zkdtvmnf�oyp~kd}UfCr.uxe��zp~oqfH�Lmnu�mnbzfCfHk��Et|oquxkde�f.kEm(��t|ª.fUµCa&bzf�onf���®d¨vmq�¥uUk¼�*t|}zµ -1�nbdu,¦�mqbzp,m

��t|}x®zonf
�5! � w �nbzpx�_f�¦�uxoq¯��n�zpUr�f?pxkz�1�d¨|pUr�fHeCfHkEm9u~¤��U��¨|pxkz�^e�p~oq¯^�.µ
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mnbdf5f.k���tvoquxkde�fHkUm�{�f�¾dr.f.�^m�tv¤&¦�f�bzp!�Uf��xf.oq§6¤±fH¦ ux¤�mqbdf.e2µ1ilkz�^f.f��Y{*¨|pxkz�^e�p~oq¯^�?t|kz�nt|�df�mnbdf
f.k���tvoquxkzeCfHkEm"b_p!�xf�e�p~¾^tve�®de���t|�nt|¬dtv¨|tvm�§xµ0#9u,¦�f.�xfHoH{!tv¤_mqbdf9�nf.kz�nuxo"oyp~kd}Uf�t��V¨|pxon}Uf�fHkdux®z}xb�{~pxk
fH�^}Uf(u~¤*mnbdf�f.k���tvoquxkde�fHkUm<t��<��t|�nt|¬d¨vf�¤±oquxe p~k�§5r.uxk^²z}U®doyp,mnt|uxk=µ���t|}zµÏ���nbdu,¦9��mnbdf(�z¨|pUr�f.e�fHkUm
ux¬^myp~t|kdfH�1¤±uUo(�x�¥¨|pxkz�^e�p~oq¯^��¦<tvmnb6pxkz��¦<t³mqbdux®^m<¤±uUon¬zt|�d�dtvkd}�t|kz�nt|�^f�mqbdf
�n�zpxr.fxµ

�*t|}x®doqf -<! ¢ �^mqtve�t|ªHp,mqtvuUk1oqfH�n®d¨vmq��! � w �nbzp~�Nf�¦�uUon¯^�n�zpxr.f
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®z�nfH��¨vu^rHp~¨|¨v§Uµ
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e­u,¦@mqbzp,m«¦�f2¯Ekzu,¦ bdu,¦ mnu�ux�^mqtve�t|ª.f2mqbdf6¨|pxkz�^e�p~oq¯ �d¨�pxr.f.e�f.kEmH{�¨|f�m«®z�«�nf.f2bdu,¦ mnu�®z�nf2mnbdf
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�*tv}U®donf ��!���tve�®d¨�p,mnt|uxk�f.k���t|onuUkde�f.kEmH{^¨�p~kz�de�pxon¯^�&p~k_� a c­µ

Angular sensitivity : 90 degrees

Start Position
End Position

Obstacle

Workspace boundary

�*t|}x®doqf��H��!*�Vp~mnb�¤±onuUe �?
 � �?
©mnu2� �[�

Visible landmarks
in the shown configuration

Path Steps

Robot orientation in a particular step

�Vp~mnb6��mqf.�z�&t|k E �Vp,mqb6��mqf.�z�<t|k a c
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Intermediary steps of the trajectory

Current step and visible landmarks
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