
Brigham Young University Brigham Young University 

BYU ScholarsArchive BYU ScholarsArchive 

Theses and Dissertations 

2005-07-07 

Vision-based Target Localization from a Small, Fixed-wing Vision-based Target Localization from a Small, Fixed-wing 

Unmanned Air Vehicle Unmanned Air Vehicle 

Joshua D. Redding 
Brigham Young University - Provo 

Follow this and additional works at: https://scholarsarchive.byu.edu/etd 

 Part of the Mechanical Engineering Commons 

BYU ScholarsArchive Citation BYU ScholarsArchive Citation 
Redding, Joshua D., "Vision-based Target Localization from a Small, Fixed-wing Unmanned Air Vehicle" 
(2005). Theses and Dissertations. 558. 
https://scholarsarchive.byu.edu/etd/558 

This Thesis is brought to you for free and open access by BYU ScholarsArchive. It has been accepted for inclusion 
in Theses and Dissertations by an authorized administrator of BYU ScholarsArchive. For more information, please 
contact scholarsarchive@byu.edu, ellen_amatangelo@byu.edu. 

http://home.byu.edu/home/
http://home.byu.edu/home/
https://scholarsarchive.byu.edu/
https://scholarsarchive.byu.edu/etd
https://scholarsarchive.byu.edu/etd?utm_source=scholarsarchive.byu.edu%2Fetd%2F558&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/293?utm_source=scholarsarchive.byu.edu%2Fetd%2F558&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.byu.edu/etd/558?utm_source=scholarsarchive.byu.edu%2Fetd%2F558&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsarchive@byu.edu,%20ellen_amatangelo@byu.edu


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

 "�*)��+�,	.-/�����10,��#23�3�,�+��3���4���+56���7�'�

8:9

;=<=>@?BADCE��CGF�HJI2�LKMI�I%HON%P

�QR?%KS>@HO>L>TA 8%U HJQ@Q@KMIVQR<WQR?�K�XYC[ZMA%\]Q 9 <=X

��^THOP_?DC Ua` <_A%N�Pb06N%HJF=KM^T>@HJQ 9

HJNVcDC=^TQ@HdC=\eXfA%\JgD\J\ U KMN:Q7<[XhQ@?%K�^@KMiBA%HJ^@K U KSNBQ@>
Xf<_^7QR?%K�I%KSP_^@KSKj<[X

#kC=>�QRKM^L<=Xl�mZSHOKMN�ZMK

��KMc%C=^TQ U KSNBQ6<=Xl#2KSZn?DC=N%HJZoC=\'��N%P_HJN%KMKS^@HJN%P

��^THOP_?DC Ua` <_A%N�Pb06N%HJF=KM^T>@HJQ 9

,A%P_A%>�Q3p=q_q:r



��<_c 9 ^@HJP_?:Q Zs p=q=q:rW;=<_>@?BADCE��CoFmHJI&�6KSI%I%HON�P

3\J\��LHOP_?:QR>L�LKM>TKM^�F_KMI



�7�L���t56�# ` ��0,���u03�6�*�����,�m�v� `

���L���0,��L�w�
��#x#2�v�
�L���y3z�z+�7�L�h��

<=X"C{Q@?%KM>THO>L>@A 8%U H]Q@Q@KMI 8:9

;=<=>@?BADCE��CGF�HJI2�LKMI�I%HON%P

�
?%HJ>,QR?�KM>@HJ>,?%C=> 8 KMKSNx^@KMC=I 8:9 KoC=Zn? U K U|8 KM^L<=X"QR?%KtXf<_\O\J<~}LHJN%PWP_^RC[I%ADC[Q@KjZS< UbU HJQTQRKSKjC[N%I
8:9VU C~�T<_^@H]Q 9 F=<=QRK�?DC=> 8 KMKSN&Xf<_A�N%I&Q@< 8 K�>RC�QRHO>�XYC=ZSQ@<_^ 9=�

��C[Q@K �
H U <=Q@? 9 - � #2Zo�'C=HJN�(���?DC[HO^

��C[Q@K �6C=N%IDC=\e- � ��KoC=^TI

��C[Q@K - � ;=KM^T^ 9 ��<~} U C=N



�7�L���t56�# ` ��0,���u03�6�*�����,�m�v� `

3>�Zn?DC=HJ^'<=X%QR?�K�ZMC=N%I%HJIDC[QRK[��>�P_^@C=I%ADC[Q@K�ZM< UEU H]Q@Q@KMK=(~��?%CGF=K�^TKoC=ItQR?%K�QR?%KS>@HJ>h<=XD;=<_>@?BADC3��CGF�HJI
�LKMI%I%HJN%PkHJN�H]QR>�gDNDC=\�Xf<_^ U C=N%I�?DCoF_K�Xf<_A�N%I�Q@?DC[Q����~��HJQ@>tXf<_^ U C�Qo('ZMH]QnC[Q@HO<_N%>S("C[N%I 8 H 8 \OHJ<[	
P_^@C=c%?%HJZoC=\�>TQ 9 \OK&C=^TKVZM<_N%>THO>�QRKMN:QbC=N%I�C=ZSZMKSc�QnC 8 \OK�C=N%I�XfA%\]gD\O\�A%N%H]F_KM^T>@H]Q 9 C=N%I�I%KScDC=^TQ U KSN:Q
>TQ 9 \JK{^@KMiBA%HJ^@K U KSNBQ@>M���.p_�6HJQR>3HO\O\JA%>TQ@^RC[Q@HJF=K U C[QRKS^@HOC=\O>6HON%ZS\OA%I�HON%P�g%P_A%^@KS>M(�QRC 8 \OKS>M(�C[N%I�Zn?DC=^TQ@>
C=^TK|HON�c%\OC=ZMK[�'C=N%I��Y�:�6QR?�K|gDNDC=\ U C=NBA%>TZM^@HJc�Q�HJ>�>RC[Q@HO>�XYC=ZSQ@<_^ 9 QR<�Q@?%K|P_^@C=I%ADC[Q@K{ZM< UEU HJQ@Q@KMK
C=N%I&HO>
^TKoC=I 9 Xf<_^
>@A 8%U HJ>@>THO<_NVQR<{Q@?%K�A%N%HJF=KM^T>@HJQ 9 \OH 8 ^RC=^ 9_�

��C[Q@K �
H U <=Q@? 9 - � #2Zo�'C=HJN
��?DC=HJ^M(���^RC[I%ADC[Q@Kt��< UbU HJQTQRKSK

3ZSZMKSc�QRKSI2Xf<_^7Q@?%Kt��KMcDC=^�Q U KMN:Q

#kC[QTQR?%K�}�� � ;=<_N%KS>
��^RC=I%A%C[QRKt��<�<_^@I�HONDC[Q@<_^

3ZSZMKSc�QRKSI2Xf<_^7Q@?%Kj��<_\O\JKMP_K

3\OC=N&� � z"C=^T��HJN%>@<=N
��KoC[N�(%�v^RCW �  DA%\]QR<_N&��<=\O\OKSP_K�<=X
��N%P_HJN%KMKS^@HON�PbC[N%I2��KMZn?�N%<_\O<=P 9



��7�m�L�66���

�3���m�����L	��������������7�t�������������������
������ l�
��#$1��#2��'��(� "�*)����,	.-/�����

03��#&��3�,����3��������5,���7�'�

;=<=>@?BADCE��CGF�HJI2�LKMI�I%HON%P

��KMc%C=^TQ U KSNBQ6<=Xl#2KSZn?DC=N%HJZoC=\'��N%P_HJN%KMKS^@HJN%P

#kC=>�QRKS^6<[X��mZSHOKSN%ZMK

0,N U C=N�N%KMI�C=HO^�F=KM?%HJZM\OKS>
�Y0,'��>n�'C=^TK�C[QTQR^@C=ZSQ@HON%PLHON�ZM^@KMC=>@KSI|C[QTQRKSNBQ@HO<_N�C=>�QR?%KSHO^�KMN:F_K�	
\O<=ceK6<=X'>@A�HJQnC 8 \OKLQnC=>T�B>7K��mcDC=N�I%>7QR<jHON%ZS\OA%I%K3C=ZSQ@HJF�HJQ@HOKS>+>TA%Zn?&C=>�c�KM^TH U KSQ@KM^�QR^RC[Zn��HJN%P%(m>@KoC[^@Zn?
C=N%I�^@KM>TZMA%KLC[>@>@HJ>TQRC=N%ZMK[(:>@A%^�F_KSHO\O\OC=N%ZSK7C=N%I{^TKMZS<_N%NDC=HJ>@>@C=N%ZMK � �
?%K7>TH U c%\OH]gDKMIjP_<:C=\B<=X U C=N 9 <=X
QR?�KM>@K6QnC=>T�B>�HJ>�Q@<jH U C[P_KLC=NE< 8 �TKMZ�Q�Xf<=^�Q@^RC=Zn�BHJN%Pj<=^+HJN�Xf<_^ U C[Q@HO<_N�	vP:C[Q@?%KM^THON%P,c%A%^Tce<_>TKM> � �
?%K
C 8 HJ\OH]Q 9 QR<�I%K�QRKM^ U HJN%K�Q@?%KVHON%KS^TQ@HdC=\�\O<�ZoC�QRHO<=N�<=X,CkF�HO>TH 8 \JK=(�P_^T<_A%N%Im	 8 C=>TKMI�< 8 �TKSZSQ{}LH]QR?%<_AmQ
^@KSiBA%HO^THON%PEC{c%^@HJ<_^@He�BN%<G}L\OKMI�P_Kj<[X"H]QR>
K���C=Z�Q6\O<�ZoC[Q@HO<_N�}�<_A%\JI�Q@?%KM^TKSXf<_^TK�c%^@<GF_K 8 KMN%K�gDZMHOC=\ �

�
?%HJ>�QR?%KS>@HO>�I�HO>@ZSA%>@>TKM>tC U K�QR?%<�I�<=X+\O<�ZoC[\OHO�SHON%PbC�P_^T<_A%N%Im	 8 C=>TKMI�< 8 �TKSZSQ�}L?%KSN�H U 	
C=P_KSI�Xf^@< U C�g��mKSIm	*}LHJN%P 0,'� � 0,>@HJN%P�Q@?%KkQnC[^@P_K�Qo�¡>�c%H]�mKS\3\O<�ZoC�QRHO<=N¢HJN£C=N£H U C=P_K[(�}LHJQ@?
U KoC=>TA%^@K U KSNBQ@>L<=Xh0,'��c�<_>THJQRHJ<_N�(mC[Q@Q@HJQ@A%I%K�C=N�I2ZMC U KS^RC|c�<_>@K�C[N%P_\OKS>M(�Q@?%K�QnC=^TP_KSQ7HO>
\O<�ZoC[\]	
HO�SKMI2HON�}�<_^T\OI2ZM<�<_^@I%HJNDC[Q@KM> � �
?%HO>6QR?%KS>@HO>,C=\J>@<Ec%^@KS>@KMN:Q@>�CE>�QRA%I 9 <=X"ce<_>T>@H 8 \OK�KM^T^@<_^6>@<=A%^@ZSKM>
C=N%I¢\O<�ZoC=\JHO�MC[QRHJ<_N¤>@KSN%>@H]QRH]FmH]QRHJKM>|QR<�KoC=Zn?w>@<_A%^TZMK �  �^T< U Q@?%HO>E>TQ@A%I 9 (7C=N�C=ZSZMA%^@C=Z 9 }LH]QR?%HJN
�~r � r U <=X6C[ZSQRA%C=\�QnC=^TP_KSQ�\O<�ZoC[Q@HO<_N�HO>jK��mc�KMZSQ@KMI � 3\O>T<%(">TKSF=KM^RC[\ U K�QR?%<�I%>t<=X
gD\]QRKM^THON%P2C=^TK
c%^TKM>@KSN:QRKMI�(%}L?%HOZn?�C=\J\O<G}wXf<=^�KS¥eKMZ�QRH]F_K�N%<=HO>@K,^@KSI%A%ZSQ@HO<_N �  "HONDC[\O\ 9 (_gD\JQ@KM^TKMI�?DC[^@I�}�C=^@K�^TKM>TA%\JQ@>
C=^TKjc%^TKM>TKMN:QRKSI�Q@?DC[Q6F_KS^@HJX 9 Q@?%KM>TK|K��mc�KMZSQRC[QRHJ<_N%> 8:9 \J<mZMC=\OHJ�MHON�P{CbQnC[^@P_K�Q,Xf^T< U CEg��mKSIm	*}LHJN%P
0,'�!A%>@HJN%PW<_Nm	 8 <:C[^@IVF�HO>@HJ<_NVQR<{}LHJQ@?%HON��oq �§¦{U KSQ@KM^@> �



6�7¨t�3�L-y�'�����j#2�+�6�6�

�
?%HJ>"QR?%KS>@HJ>lHO>�QR?%K
^TKM>@A�\JQl<[X U C=N 9 ZM<_N:Q@^@H 8 A�QRHJ<_N%> U C=I%K 8B9 ZM<�	*}�<_^@�[KM^@>S(:Xf^@HOKSN%I%>�C[N%I
XYC U HO\ 9_� ��}�<_A%\JIW\OHO�[K7QR<�Q@?DC=N%��Q@?%KM>TKLZM<_N:QR^TH 8 AmQR<_^T>lXf<_^lQR?%KSHO^lQ@H U K=([QRC=\OKSN:QR>M(�C=N�I U <_>�Q�<=X�C=\O\
Xf<_^+QR?%KSHO^�c%C[QRHJKMN%ZSK � �vNVcDC=^�QRHJZMA%\OC=^M(��LKMKMI&��?�^@HO>�QRHOC=N%>@KSN�(D��CoF_K�5,A 8%8 C=^@I�(���KM^TKM��¨�HJN%P_>TQ@<_N�(
��^@C=N%I%<_Nb�7C=\J\.(=��CGF=K6;=<_?DC=N�>@KMN�(��BQRKSF=K,��^THJ©WQR?%>lC=N%IW3N%I�^@KS}���\OI%^TKMI%P_K � ,\O>@<�(Bz�^T<=XfKM>T>@<_^T>
�
H U #&Zo�'C=HON�C=N%I��,C=N�I 9 ��KoC=^TIbXf<_^�QR?�KMHO^�HJN%>@HJP_?:Q�C[N%I�P_A%HJIDC=N%ZSK6Xf^T< U HON�ZMKMcmQRHO<=NEQ@?%^@<_A�P_?
H U c%\JK U KMN:QnC[Q@HO<_N�<=XhQ@?%HO>Lc%^T<��TKMZ�Q � �'C=>TQ,C=N%I&ZMKS^TQRC=HON%\ 9 N%<[Q,\JKoC=>�QL<=X�C[\O\.( U�9 }LH]XfK���^THOZMC{Xf<=^
?%KS^6ZS<_N%>�QnC=N:Q6>@A%c�ce<_^�Q � �
?DC=N�� 9 <_A �



ª�«�¬��®h¬��¯

°V±~²�³�´�µb¶Y·�¸'¹eº�·m³�»~¼ ½'¾

¿ ¾À¼S»E´�Á6Â�Ã%Äh¶Y·�¼ ¾ÆÅ

¿ ¾À¼S»E´�Á6Ç
¾Y¹�È'É~·m¼ Å'¾

Ê Ë ³�»GÉ~´�¸hÈ�±=»~¾f´�³ Ê
� � � #2<=Q@HJF[C[QRHJ<_N �j�t�t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �
� � p z�^@< 8 \JK U ��KM>@ZS^@HJc�QRHJ<_N �j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p
� � � z�^@KSF�HJ<_A%>
-�<=^@� �j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �

� � � � � ��z+�%Ì=z�^@KSI%HOZ�QRH]F_Kj�m<_\JA�QRHJ<_N%> �j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� Í
� � � � p �3HO>THO<_N��7C[>@KMIx�m<_\JA�QRHJ<_N%> �j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� Í

� �¡Í ��<_N:QR^TH 8 A�Q@HO<_N�> �t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� r
� � r ��A�QR\JHON%K �j�t�j�t�t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� Î

Ï Ð ÃD±~²�¹�É�´�È�³h¸ Ñ
p � � 0,'�!3A�Q@<_c%HO\J<=Q �j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� Ò
p � p 0,'��z�\OC[Q@Xf<=^ U �t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� ¦
p � � ��HJ^TQRA%C=\���<�Zn�Bc%HJQ3ÌW��^T<_A%N%Ik��QRC[QRHJ<_N �j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �_�
p �¡Í � U C[P_K�z�^@<�ZMKM>T>@HJN%P ���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �G�
p � r z�^@< 8 \JK U ��KSgDN%H]QRHJ<_N �t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �~r
p ��Î �mA UEU C[^ 9 �j�t�t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �~r

Ó Ô Ã�»~Õ'·mº�Ã�»~¾Y±:¼W´�Á ¿ ´�±_ÃD¶À¾fÖ:Ã�»~¾f´�³ Ê Ñ
� � � ��K�Q@Q@HON%PE��QRC=^TQ@KMI �j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �G×

� � � � � ��<�<_^TI%HONDC�QRK� D^RC U KM> �t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �G×

FmHJH



� � � � p z�^T< 8 \OK U ��A�Q@\OHON�K �j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� pm�
� � p �h^@C=N%>�Xf<_^ U C[QRHJ<_N%> �j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p_p

� � p � � ��^RC[N%>TXf<_^ U C�QRHO<=N�Ø6ÙÚ �t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p=�
� � p � p ��^RC[N%>TXf<_^ U C�QRHO<=N�Ø,ÛÙ �t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p Í
� � p � � ��^RC[N%>TXf<_^ U C�QRHO<=N�Ø6ÜÛ �t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p Í
� � p ��Í ��^RC[N%>TXf<_^ U C�QRHO<=N�Ø,ÝÜ �t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p_r

� � � �
?%Kj�7C=\OH 8 ^RC�QRHO<=N�#kC[Q@^@H]� �t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p Î
� �¡Í � U C[P_K���KMc�Q@?&C=N%I&�"C=^TP_KSQ,��<�ZoC[Q@HO<_N �j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p Ò
� � r  "HO\]QRKS^@HON�P �t�j�t�t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �_q

� � r � � ��^@A�Kt6F_KS^RC=P_K �j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� ���
� � r � p #&<~F�HJN%PW,F_KS^RC=P=K �t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� ���
� � r � � �LKMZSA%^@>THJF=K���KoC[>TQ3�miBADC=^TKM> �t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� ���
� � r ��Í ¨�C=\ U C[NV "HO\]QRKS^ �j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �_�

� ��Î �mA UEU C[^ 9 �j�t�t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �:r

Þ ß É~É~´�É�°V³�Ã%¶fà'¼M¾À¼ Ó Ñ
Í%� � ��^@^@<=^6�m<_A%^TZMKM> �t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� � Ò
Í%� p �mKMN�>@HJQ@HJF�HJQ@HOKS> �t�t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� � ¦
Í%� � ��^@^@<=^6#2HON%H U HJ�oC[Q@HO<_N �t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� Í_Í

á â ·�¼oÈ�¶f»~¼ Þ Ñ

ã ä ´e³�±:¶YÈh¼o¾f´�³h¼{ÃD³�¸£Ç'È'»GÈ�É~·kå�´�É�² á�Ó
Î�� � ��<_N%ZS\OA%>THO<_N%> �t�t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� r=�
Î�� p  DA�QRA%^TK�-�<=^@� �t�t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� r=�

Ð ¾fÄ"¶Y¾Y´�¹�É~Ã%æhÕeà á�ç

F�HOHJH



èEé ¯B�«+ê2ëbì�í�î�®�¯

� � � �vN%I%K���QR<WZM<�<_^@I�HONDC[Q@K3Xf^RC U K�>TA 8 Ì[>TA%ceKS^@>TZM^@HJc�QR> � �j�t�j�t�t�j�t���j�t�j�t�t� � ¦
� � p 0,'��C=N%I�ZoC U KM^@C{cDC=^RC U K�QRKM^T> �t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� pm�
� � � 5,< U <_P_KSN%KM<=A%>7QR^@C=N%>TXf<=^ U C[QRHJ<_N U C�QR^@HJZMKS> � �j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p_p
Í%� � 0,N%ZSKM^�QnC=HJNBQ@HOKS>M(eï"ð ���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� � ¦
Í%� p �,< U HON%C=\�06��!ZM<=N%I%HJQ@HO<_N�>�Xf<_^
\O<�ZoC[\OHO�MC[QRHJ<_N�( �t�t�j�t�j�t�t�j�t���j�t�j�t�t� Í q
Í%� � ��>TQRH U C�QRKMI�cDC[^TQRHOC=\�I�KM^@H]F[C[QRH]F_KM>S(�ñ�òñ ð �j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� Í �
r � � ��^@^@<=^@>LHON�gD\]QRKS^@HON�P U KSQ@?%<�I%> �t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� rm�

H]�



�



èEé ¯B�«+ê&ó é�ô�õ�ö ®'¯

p � � ¨�KM>TQ@^@KS\�3A�Q@<:z�HO\O<[Qt�À¨��z+��� �¡Í r{C=N%I�ZM< U c�<_N%KSNBQ@> �j�t�t�j�t���j�t�j�t�t� ×
p � p ¨�KM>TQ@^@KS\�3A�Q@<:z�HO\O<[Qt�À¨��z+��� �¡Í r|>@c�KMZSHJgDZMC[QRHJ<_N%> �j�t�j�t�t�j�t���j�t�j�t�t� ¦
p � �  "HON�HO>@?�KMI�0,'�|÷�,A�QR<_c�HO\O<[Qo(���H U|8 C=\À(%��z+��K�QRZ �]� �j�t�j�t�t�j�t���j�t�j�t�t� �Gq
p �¡Í �7}�<�	�C��mHO>,��H U|8 C=\ ���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �_�
p � r ��HJ^TQRA%C=\���<�Zn�Bc%HJQ �j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �~p
p ��Î �mKSQ@A%c&<=X"> 9 >TQRK U C=^@Zn?%H]QRKSZSQRA�^@K �t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �G�
p �§Ò � U C[P_K���HO^TKMZSQ@KMI2��<_N:QR^T<_\+�Y�����
� �j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� � Í
p � × �����
Ì=53C[^@I�}�C=^@K�HJNBQ@KM^@C=ZSQ@HO<_N �t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �~r
� � � �7C U KM^RC|Xf^@C U KS> �j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� �G×
� � p ��<m<=^@I%HJNDC[QRK,Xf^RC U KM> �t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p=q
� � � ��<m<=^@I%HJNDC[QRK,Xf^RC U KM> �t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p=q
� �¡Í ��<mZMC=\OHJ�oC[Q@HO<_NEF_KMZ�QR<_^T> �t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� p ¦
Í%� � �mKMN�>@HJQ@HJF�HJQ 9 <=X�\O<�ZoC=\JHO�MC[QRHJ<_NjQ@<tA�N%ZMKS^TQnC[HON:QRHJKM>�HONWZMC U KS^RC�C=N%IE06��4C[QTQRHJQ@A%I%K

C=N%P_\JKM> �j�t�j�t�t�j���t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� Í �
Í%� p �mKMN�>@HJQ@HJF�HJQ 9 <=Xh\O<�ZoC=\JHO�oC�QRHO<=NbQR<WA%N�ZMKM^�QnC=HJN:QRHOKS>
HON&0,'�!\O<�ZoC[Q@HO<_N �j�t�j�t�t� Í p
Í%� � �mKMN�>@HJQ@HJF�HJQ 9 <=Xh\O<�ZoC=\JHO�oC�QRHO<=NbQR<WA%N�ZMKM^�QnC=HJN:QRHOKS>
HONVQnC[^@P_K�QLc%H]�mKM\�\J<mZMC[QRHJ<_N �t�t� Í �
r � � ��<mZMC=\OHJ�oC[Q@HO<_Nb^@KM>TA%\JQ@> �t�j�t�j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� Í ×
r � p ��<mZMC=\OHJ�oC[Q@HO<_Nb^@KM>TA%\JQ@>6C=ZMZS<_A%N:QRHJN%PEXf<=^7}LHON%I �t�t�j�t�j�t�t�j�t���j�t�j�t�t� Í:¦
r � � ��\O<_>TKMA%c&<=Xh\O<�ZoC=\JHO�MC[QRHJ<_Nb^TKM>TA%\JQ@> �j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� r=q
r �¡Í  "HO\]QRKS^�KM^T^@<_^LZS<_N:F_KM^TP_KMN�ZMK �j�t�t�j�t�j�t���j�t�t�j�t�j�t�t�j�t���j�t�j�t�t� rm�

�mH



ª¤ø�ì�ù,%® ö�ú

û ¬� ö «Lü õ�ý  é «�¬

3\]QR?%<=A%P_?{A%N U C=N%N�KMI{F_KS?%HOZS\OKM>�?%CGF=K 8 KSKMNWHON{A%>TK
>@HJN%ZMK7Q@?%K�� ¦:Ò qm��>S(_QR?%K
\OC=>TQ�I�KMZoC[I%K
?DC=>j>@KSKMN�C&I%^RC U C[Q@HOZ{^@HJ>@KEHON 8 <=Q@?�HJNBQ@KM^TKM>TQ�C=N%I¤C=c%c%\JHOZoC�QRHO<=N�C=>tQ@?%K�N�KMKMI�KMI¤QRKSZn?%N%<_\J<_P 9
?DC=>�ZM<_N:Q@HONBA%KMIbQR<|>T?%^@HJN%�WHONE>@HO�SK=(�}�KSHOP_?:Q
C[N%I�ZM<=>TQ�}L?�HO\OKL>T?%<G}LHON%P|>THOP_N�HJgDZMC=N:Q�HJN%ZM^TKoC=>TKM>7HJN
ZoC[cDC 8 HJ\OHJQ 9=�  D<_^6K���C U c%\OK[(DQR?%Kxþ@z�^@KMI%C[QR<_^Tÿ%(e��KSN%KM^@C=\'7QR< U HOZS>M�ep Ò Xf<m<=Q,06���(�?%C=>3\J<_P_P_KSI
<GF_KS^7p=qm(§q_q=q��DHJP_?:Q+?%<_A%^T>+>THON%ZSKj� ¦_¦=Í (B>@<=\OHOI�\ 9 c%^@<GF�HON%PtHJQ@>�^@KM\JHdC 8 HO\OH]Q 9 C=N%IWXfA%N%ZSQ@HO<_N%C=\OH]Q 9�� � � �
��HO�[KS}LHO>TK=(3�,<_^�QR?%^T<_cy��^TA UEU C=N���> þ@��\J< 8 C=\,53Co}L�Bÿ�}LHJQR?/H]QR>x�_� Î Xf<m<=Qb}LHON%P=>@cDC=N�(�� ¦ q=q
c�<_A%N%IbcDC 9 \J<:C=IEZoC=c%C=ZMH]Q 9 C=N%I Í q�(§q=q_qtI%C=HO\ 9 >@KMC=^@Zn?%C 8 \OK,>@iBADC=^TK3NDC[A�QRHJZoC=\ U HO\JKM>�?DC=>+c%^T<~F=KMI
HJQ@>,K�¥�KSZSQ@HJF_KSN%KM>T>�}LHJQ@?k<GF_KS^�r=qEZM< U c%\OK�QRKSIkZM< U|8 C[Q U HJ>@>THO<_N%>6A%N%I�KM^���c�KM^@C[QRHJ<_Nk��N%I�A%^@HJN%P
 D^@KSKMI%< U HON�6XfP_?DC=N%HJ>TQRC=N � � � � -/HJQ@?xQR^RC[Zn�k^@KSZM<_^TI%>�>@A%Zn?�C=>3Q@?%KM>TK=('HJQ�HO>�N%<�}�<_N%I�KM^�QR?DC�Q
<GF_KS^3QR?%KjN%K���Q�g�F_K 9 KoC=^T> U <_^@K�QR?DC[N¤�~p 8 HO\O\JHO<_N�I%<=\O\dC[^@>
}LHO\J\ 8 Kj>@c�KMN:Q 8 ^THON%P_HJN%Pb0,'��>,Q@<
QR?�K�Xf<=^@KSXf^T<_N:QL<=X U HJ\OHJQRC=^ 9 C=N�I U HO\JHJQRC=^ 9 >@A�c%ce<=^TQ6<_c�KM^RC�QRHO<=N%> � p � �
Ê��YÊ Ô ´D»~¾f½�Ã�»~¾f´�³

�
?%KWNDC[Q@A%^@K{<[X�QRC=>@�B>�P_KMN�KM^RC[\O\ 9 >@A�HJQRKSI�Xf<_^�0,'��> U <=QRH]F[C[QRKS>3QR?%KSHO^3XfA�^TQR?�KM^�I%KSF=KM\ 	
<_c U KMN:Q � 0,N U C=N%N%KSI/> 9 >TQ@K U >kC=^TK�c%^@H U K�ZMC=N%I%HJIDC[Q@KM>�Xf<_^�C=Z�QRH]FmH]QRHJKM>�HJNBF=<_\JF�HJN%P�^@HJ>@�w<=^
^@KSceK�QRH]QRHO<=N�(�}L?%C[Q�QR?�K U HJ\OH]QnC=^ 9 ZoC=\J\O>LQR?%K�þTI%A%\J\.(�I%HO^�Q 9 C=N�I�IDC=N%P_KS^@<_A�>@ÿ � p � � 06��3>�^@KSc%^@K�	
>@KSN:Q|C�QRKSZn?%N%<_\J<_P 9 Q@?DC[Q�HJ>�ZoC=cDC 8 \OKW<=X�>RCoF�HON%P�ZS<_A%N:QR\JKM>@>t\OH]F_KS> 8B9 c�KM^�Xf<_^ U HON�P�IDC=N%P=KM^@<=A%>
QnC[ZSQRHJZoC=\�C=N�I�^@KSZM<_N%N%C=HO>T>RC=N%ZSK U HO>@>THO<_N�>M(BI%KMZS^@KMC=>@HJN%P{^@KS>@c�<_N%>@K,QRH U KLHON 8 ^@HJN%P_HON�P�C=HJIbQ@<�F�HOZ�	
QRH U >,<=X�NDC[Q@A%^RC[\"I%HJ>RC=>�QRKM^T>�C=N%I�I%KSZM^TKoC=>THON%PV>TKoC=^TZn? Q@H U KM>3HJNx>@KMC=^@Zn? C=N�I�^@KM>TZMA%K U HO>T>@HO<=N%> �
�
?%K�>TH U c%\OH]gDKMIbP_<:C=\�<=X U C=N 9 <=X�QR?%KS>@K�QRC=>@�B>7HJ>�QR<�\O<�ZoC[Q@K�C=N%I�H U C=P_K,C=NV< 8 �TKSZSQ7Xf<_^+QR^@C=Zn�_	
HON�P%(BHON�Xf<_^ U C�QRHO<=Nm	vP:C�QR?%KS^@HON�P�<_^+I%KM\JHJF_KS^ 9 c%A�^@c�<_>@KS> � �
?%K�C 8 HO\JHJQ 9 Q@<�I%K�QRKM^ U HJN%KLQR?%K,HON%KS^TQRHOC=\
\O<�ZoC�QRHO<=N�<=X"CWF�HO>TH 8 \JK=(mP_^@<_A�N%Im	 8 C=>@KSI2< 8 �TKMZSQL}LH]QR?%<_AmQ,^TKMiBA%HJ^@HON�PWCWc�^@HO<=^@H��BN%<G}L\OKSI%P_K�<=XhHJQ@>

�



c%^TKMZMHJ>@K7\J<mZMC[QRHJ<_N�HJ> 8 KMN%K�gDZMHOC=\mQ@<3QR?�K7ZM< U c%\JKSQRHJ<_N�<[XDQR?%KS>@K7QnC[>@�B> � 06��3>�>@?%<G}wC3>TQ@^@<_N�P�ce<[	
QRKSN:QRHdC[\eXf<_^LC=ZSZM< UEU <mIDC�QRHON�P�>@A�Zn?kC{ZoC[cDC 8 HJ\OHJQ 9=� #kC[N 9 <=X'QR?%K�ZMA�^@^@KSN:Q3C[c%c%^@<_C=Zn?%KM>
Q@<|QR?%HJ>
< 8 �TKSZSQt\O<�ZoC[\OHO�MC[QRHJ<_N&c%^@< 8 \OK U HON:F_<_\]F_K{H U C=P=HON%P�C=N%I \O<�ZoC=\JHO�MHJN%PbC�QRC=^@P_K�Q�Xf^@< U A%N U C=N%N%KSI
8 \JH U c%>�<_^t^@<=Q@<_^�ZM^RC�XÆQ � � ( Í ( r � � ��A%KWQR<2Q@?%KMHJ^�\O<G}7	*F=KM\O<�ZMH]Q 9 C=N%I�\O<G}7	�C[\JQRH]QRA%I�K��DHOP_?:QtZoC~	
cDC 8 HO\OH]QRHJKM>M(DQ@?%KM>TK{C=HO^TZM^@C[XÆQ�C[\O\O<G}�Q@?%K�QRC=^@P_K�Q3Q@<�<mZSZMA%c 9 C�\dC=^TP_KM^,ceKS^@ZSKMN:QnC=P=K|<=X+C=N�H U C=P=K=(
U C=�BHON%PtFmHJ>@HJ<_Nm	 8 C=>@KSI�\O<�ZoC[\OHO�MC[QRHJ<_N U A%Zn?VKMC=>@HJKM^ � 5,<G}�KSF_KS^M( 8 \JH U c%>+C=^@K,N%<=Q�>@A%H]QRKMI�Xf<=^�A%>TK
HONE}LHON%Ib<_^�}�KMC[QR?%KS^M(�C=N%I�Q@?%K3ZS<_>TQ7C=N%I�ZS< U c%\OK���H]Q 9 C=>@>T<mZSHdC[Q@KMIE}LHJQR?b^@<=Q@<_^+ZM^RC�XÆQ7C=^TK3?%HJP_? �
�*QlHJ>hQ@?%KM^TKSXf<_^TK7^@KMC=>@<_N%C 8 \OK�QR<�K���c�\O<_^TK�QnC[^@P_K�Ql\O<�ZoC[\OHO�MC[QRHJ<_N U KSQR?�<mI%>"HON:F_<_\]F�HON%P U <_^TK�^T< 8 A%>�Q
C=N%I&\OKS>@>�	vK��mc�KMN%>THJF=K��DHJP_?:QLc%\dC�Q@Xf<_^ U > �

 "H ��KSIx}LHON%P�0,'��>M(�}L?�HO\OKt\dC[Zn��HJN%P�Q@?%KWC 8 HJ\OHJQ 9 QR<V?%<GF_KS^M(�c%^TKM>TKMN:Q�A%N%HJi�A�K 8 KSN%KSg%Q@>
>@A�Zn?bC[>�C=IDC=cmQnC 8 HJ\OH]Q 9 QR<�C=ImF_KM^T>@K
}�KoC[Q@?%KM^S(BC�>@?%<_^�QRKS^l\OKMC=^@N%HJN%P3ZSA%^TF=K7Xf<_^hQ@?%K
A%N:QR^@C=HON�KMI{<_cm	
KM^@C[QR<=^�C=N%I{K��mQ@^@K U K7I�A%^RC 8 HO\OH]Q 9 C=P:C=HJN%>TQ"?DC=^@>T?{KMN:F�HO^T<_N U KMN:QR> � 3\J>@<%(=Q@?%K U A�\JQRHJc%\OK�F[C=N:QnC=P=K
c�<_HON:QR>�<=¥�KS^@KSI 8B9 C�g��mKMIm	.}LHON%PE06���c�^@<GF�HOI%K U <_^@K,A%>RC 8 \OK�HJN�Xf<_^ U C[Q@HO<_NWXf<_^7\J<mZMC=\OHJ�oC[Q@HO<_N�(
QR^@C=Zn�BHON%P�C=N%I�<[QR?%KS^�c%A�^@c�<_>@KS> � #kC=Nm	*cDC=Zn��C 8 \JK=(Bg��mKMI�}LHJN%P|06��3>
C=^TK,> U C=\J\DKMN%<=A%P_?�Q@< 8 K
ZoC[^@^@HJKMIkC=N%Ik<=ceKS^RC[Q@KMI 8:9 CE>THON%P=\OKtceKS^@>@<=N2}L?%HJ\OKt<=¥�KS^@HJN%P U C=N 9 <=XlQ@?%Kt>RC U K�C[I�F[C=N:QnC=P_KS>
C=>
QR?�KMHO^
\OC=^@P=KM^
ZM<=A%N:QRKM^TcDC=^�QR>M(�}L?%HJZn?2K���c�\dC=HJN%>
QR?%KSHO^
^@KSZMKSNBQ,HON�ZM^@KMC=>@KtHON�I%K U C[N%I � Î � � �
?%K
I%K�F_KM\J<_c U KMN:QWC=N�I¤I%KMc�\O< 9�U KSNBQ|<=XL>@A%Zn? 06��3>|HO>j^@KS\dC[Q@HJF_KS\ 9 HJN%K��mc�KMN%>THJF_K[( U C[��HJN%P2Q@?%K U
ZM< U cDC[^RC[Q@HJF_KS\ 9 K��mc�KMN%I%C 8 \OK � Ò � � �
?%HO>
c�^@KM>TKMN:QR>6C|>THOP_N%H]gDZoC[NBQ
C=I�F[C=N:QnC=P=K�<GF_KM^L<=Q@?%KM^7C=\JQ@KM^�	
NDC[Q@HJF=KM>�>THON%ZSK|K��mc�KMN%IDC 8 \OK|A�N%HJQ@>3ZoC[N 8 K
�TA%>TQ@HJg�C 8 \ 9 c%\dC[ZMKMIkHONxK�F_KMN�Q@?%K U <_>TQ,IDC=N%P=KM^@<=A%>
>@H]QRADC�QRHO<=N%>�}LHJQ@?%<_A�Q�HJN%ZMA%^T^@HJN%P�A%N%N%KSZMKM>T>RC=^ 9 ^@HO>T� � ,\O>@<�( U C=N 9 <[X�Q@?%KM>TK�> U C=\J\l0,'��>jC=^TK
>TQ@HO\J\,\OC=^@P_K2KMN%<=A%P_?£QR<�ZMC=^@^ 9 C=N£<_N�	 8 <:C=^@I£ZMC U KM^RC � ,NyC=KM^THdC=\6ZoC U KM^@C¤ZoC=N/K�©bZSHOKSNBQ@\ 9
^@KS\dC 9 \dC[^@P_KWC U <_A%N:Q@>j<=X�HON�Xf<=^ U C[QRHJ<_NkQR<&QR?%KEA%>TKM^nÌ�<_ceKS^RC[Q@<_^ � �vN¤C=I%I�HJQRHJ<_N�(�Q@?%HO>�^@KS>@KMC=^@Zn?
}LHO\J\hA�>@K|QR?�K|FmHJI%KM<V>�QR^TKoC U C=>�C U KMC=N%>�<[X�\J<mZMC=\OHJ�MHJN%Pb< 8 �TKMZ�QR>�Xf<_A%N%I�HJN�HJQ@>,gDKS\OI�<=X�F�HOKS} �
��HJ>@HJ<_Nm	 8 C=>@KSI�< 8 �TKSZSQ
\J<mZMC=\OHJ�oC[Q@HO<_N{^TKMc%^TKM>TKMN:QR>LC=N�KS¥eKMZSQ@HJF=K�A%>@K3<=X�<_Nm	 8 <_C=^@Ib^@KM>T<_A%^TZMKM>LC[N%I
c%^T<~F�HJI%KM>LHONmXf<_^ U C[QRHJ<_N�Xf<_^ U C=N 9 c�^RC=Z�QRHOZMC=\�C=c�c%\OHJZoC[Q@HO<_N%> �

Ê��JÏ 	 É�´�Äh¶Y·�º 
V·�¼o±_É�¾Yæ'»~¾f´�³
�
?%KEc%^@< 8 \OK U K��mHO>�QR>tHON U C=N 9 C=c%c%\JHOZMC[QRHJ<_N%>3Q@?DC[QtCVQnC=^TP_KSQtN%KSKMI%>�QR< 8 K{Xf<_A�N%I�<=^

c%?%<[QR<_P_^@C=c%?%KSI }L?�KMN HJQR>�K���C=ZSQt\O<�ZoC�QRHO<=N�HO>�N%<=Q��BN%<G}LN � �mA�Zn?�HO>�<[XÆQRKMN�Q@?%KWZoC=>TKbHJN 8 <=Q@?
U HO\OH]QnC=^ 9 C=N%I{>TKoC=^TZn?�C[N%I{^@KS>@ZMA�K6>TZMKSNDC=^@HJ<_> � �
?%K
P_<:C=\m<=X�QR?%HJ>l^@KS>@KMC=^@Zn?EHO>"Q@<�I%KSQ@KM^ U HJN%K�QR?�K

p



\O<�ZoC�QRHO<=N�<=XhC=N�C=^ 8 HJQ@^RC=^ 9 P=^@<_A%N�Im	v< 8 �TKMZSQ7HON�}�<_^@\JIVZM<�<_^@I%HJNDC[Q@KM>7A%>THON%PWC|P=H U|8 C[\OKMI�ZoC U KM^@C
<_Nm	 8 <_C=^@I�C|g��mKMI�	*}LHON�P�06�� � �
?%KtP_KMN%KS^RC=\À(�^@C[QR?%KS^
QR?DC=N�K��%C[ZSQo(D\J<mZMC[QRHJ<_N�<=X�QR?�K�QRC=^@P=KSQ
HJ>
C=>T>@A U KMI&QR< 8 Kt��N�<~}LNxCEc%^THO<_^TH � �
?%K�c�^@<�ZMKM>T>3<=X"KM>�QRH U C[Q@HON%P{QR?�KtQRC=^@P_K�Qo�¡>,K���C=ZSQ,\O<�ZoC[Q@HO<_N
HO>LZMC=\O\JKMI�\O<�ZoC=\JHO�MC[QRHJ<_N�C=N�I2c%^T<GFmHJI%KM>6>@H U HJ\dC=^�HON�Xf<=^ U C[QRHJ<_NVC 8 <_A�QLQR?�K�QRC=^@P=KSQ,C=>LQR?%K�P_\J< 8 C=\
c�<_>@H]QRHO<=N%HON%P�> 9 >TQRK U �À�tz+�%� � �mHON%ZSK�C[\O\�H U C=P=KM>�\dC=Zn�/C I%KSc�QR?�I�H U KMN%>THO<_N�(6F�HO>@HJ<_Nm	 8 C=>@KSI
\O<�ZoC[\OHO�MC[QRHJ<_NxHJ>�C&N%<_Nm	.QR^@H]F�HdC=\�c%^T< 8 \JK U&� �
?%K�H U C=P=K{I%KMc�Q@?�(�C=\J>@<2ZoC=\J\OKMI���("HO>jC U KoC[>@A%^TK
<=X7Q@?%K�I�HO>TQRC=N%ZSKbXf^@< U QR?%KbZoC U KM^@C&QR<2QR?%Kb< 8 �TKMZ�Q|<=X7HON:QRKS^@KM>�Q|HJN�QR?�K�H U C=P_K � �
?%HO>tF[C=\OA%K
HO>t<=XÆQ@KMN¤A%N���N�<~}LN�C=N�I U A%>�Q�Q@?%KM^TKSXf<_^TK 8 KbKM>�QRH U C[Q@KMI�Xf<=^jK�F_KM^ 9 >TNDC=c%>T?%<=Q�QRC=�=KSN�<=X
QR?�K
QnC[^@P_K�Q � �
?%HJ>3^TKM>@KMC=^@Zn?�c%^TKM>TKMN:QR>tC�>TH U c%\OK U KSQR?�<mIkXf<=^3KM>�QRH U C[Q@HON%P�xXf^@< U 0,'� C=\]QRH]QRA%I%K
U KoC=>TA%^@K U KSNBQ@> � �
?%K�^TKM>TA%\JQjHO>�QR?%KSN¤A%>TKMI¤QR<2I%KM^THJF=KbQR?�K�K���C=Z�Q|\J<mZMC[QRHJ<_N�<=X7QR?�KbP_^T<_A%N%I�	
8 C=>TKMI�QnC[^@P_K�Q�A%>THON%PVN%<=HO> 9 C=N%IkH U ceKS^TXfKMZ�Q�>TKMN%>T<_^�IDC[QRC�QR?DC[Q3HON%ZS\OA%I�KM>�06�� \J<mZMC[QRHJ<_NxC[N%I
C[QTQRHJQ@A%I%K,C=>�}�KM\J\�C[>�ZoC U KS^RCjc�<_>TK�C=N%P=\OKM> � �
?%HO> U KSQR?�<mI�P=KMN%KS^RC[Q@KM>7Cj\O<�ZoC[Q@HO<_NWKM>�QRH U C[Q@K6Q@<
C=ZSZM< U cDC=N 9 KoC[Zn?xC=KS^@HdC[\�c%?%<=Q@<EQRC=�=KSNx<=X"Q@?%K�QnC=^TP_KSQM(%}L?%HOZn?2<mZSZMA%^T>,Xf^@KSiBA%KMN:QR\ 9 KMN%<=A%P_?2Q@<
C=\J\O<G}�Xf<_^,KS¥eKMZSQ@HJF=K|N%<_HJ>@K�	*^@KSI%A%ZMHJN%P U KSQ@?%<mI�> � �vN�<_^TI%KM^,QR<�I%HJ>@ZS<~F=KM^�^TKoC=>T<_NDC 8 \OK{C=ZSZMA%^@C=Z 9
K��mc�KMZ�QnC[Q@HO<_N%>S(�Ck>�QRA%I 9 <=XLc�<_>@>TH 8 \JKbKS^@^T<_^�>T<_A%^@ZSKM>{C[N%I�QR?�KMHO^jc%^@<=cDC=P:C[Q@HO<_N HON:Q@<2QR?�K�gDNDC=\
KM>�QRH U C[Q@K�<=X�QnC=^TP_KSQL\J<mZMC[QRHJ<_N�HO>LC[\O>@<WZS<_N%I%A%Z�QRKSI �

�
?%KVZS^@Am�¤<=X
QR?%HJ>|^@KS>@KMC=^@Zn?�HO>jI%KSQ@KM^ U HON�HON%PkQ@?%K�HJN%KM^�QRHdC[\.("<=^j}�<_^@\JI�\O<�ZoC[Q@HO<_N�<=X6C
QnC[^@P_K�Q�Xf^@< U F�HO>TADC=\+IDC[QRC � 5,<G}�KSF=KM^M(�QR?�HO>|< 8 �TKMZSQ@HJF=K�c%^@KS>@KSNBQ@>W>@KSF=KM^@C=\7> U C=\J\OKM^tc%^T< 8 \OK U >
>@A�Zn?�C=>�HJN%HJQ@HdC=\J\ 9 gDN%I%HJN%P|C[N%I�^TKMZM<=P_N%HO�SHON%PtQR?%K6QnC=^TP_KSQ � y>@<_\JA�QRHJ<_NE}�C=>�Xf<=A%N%I 8:9 C=\J\O<G}LHON%P
QR?�K�0,'��Q@<jXf<_\J\O<G}£Cjc%^@KS>@ZM^TH 8 KMI�>TKoC=^TZn?VcDC[QTQRKM^TN�QR?%C[Q�ZS<GF_KM^T>7QR?%K6QnC=^TP_KSQM��>��BN%<G}LNVP_KMN%KS^RC=\
C=^TKoC2}L?%HJ\OKbC2ZS<_\O<_^�	v>TKMP U KMN:QnC�QRHO<=N�^T<_A�QRHJN%KEc%HOZn�B>|<_AmQ�QR?�K�?%HJP_?%\ 9 	.FmHJ>@H 8 \OK|QRC=^@P_K�Q�Xf^T< U HJQ@>
>@A�^@^@<=A%N%I%HJN%P_>�}L?%KMN4HJQ&KMN:QRKS^@>&QR?%K�ZoC U KS^RC��¡>&g%KM\OIy<=XjFmHJKS} � �
?%K�^TKM>TA%\JQ2<=X�Q@?%K ZM<_\J<_^�	
>@KSP U KMN:QnC[Q@HO<_N ^@<=A�QRHJN%KWHO>�QR?%Kk�������%��c%H ��KS\�\O<�ZoC[Q@HO<_N�<=X�QR?%KWQnC[^@P_K�QjHJN Q@?%KEZoC U KM^@C&H U C=P=K �
�
?%HJ>6c�H]�mKM\�\J<mZMC[QRHJ<_NVZM<=^@^@KS>@c�<_N%I%>LQR<{Q@?%K�< 8 �TKMZ�Qo�¡>,HJN%KM^�QRHOC=\�\J<mZMC[QRHJ<_N�}L?%KSN��2HJ>
��N�<~}LN �
Ê��JÓ 	 É�·:½'¾f´�Èh¼|å�´�É�²

��A%^T^@KMN:QW^TKM>@KMC=^@Zn? HJN¤\O<�ZoC=\JHO�MC[QRHJ<_N�P_KMN�KM^RC[\O\ 9 HJNBF=<_\JF=KM>{C[N C=c%c%\JHOZoC�QRHO<=N�Q@< U < 8 HO\JK�	
^@< 8 <=Q@> � �
?%K U C=HON�Xf<�ZMA%>"C=^@KMC=>lC=^TK
��z+�%Ì[c%^TKMI%HJZSQRH]F_K�	 8 C=>TKMI{C[N%I�F�HO>THO<_Nm	 8 C=>TKMI�\J<mZMC=\OHJ�oC[Q@HO<_N�(
8 <=QR? <=X�}L?�HOZn?�?%CGF=K�>T< U KWI%KSP_^@KSK�<=X�^@KS\OKSF[C=N�Z 9 QR<�QR?�HO>�^@KS>@KoC[^@Zn?�C=N�I }LHJ\O\ 8 KEI�HO>@ZSA%>@>TKMI
C=ZSZM<_^TI%HON%P=\ 9_�

�



Ê��JÓ��YÊ ��	�����	 É�·�¸�¾À±=»G¾f½�· � ´�¶YÈ'»G¾Y´�³�¼
�vN�C[QTQRK U c�Q@HON%PEQR<b\O<�ZoC=\JHO�MKtCEP_^@<_A�N%Im	 8 C=>@KSI�< 8 �TKMZ�Q�Xf^@< U C�0,'�|(�HJQ,HO>,H U ce<_^�QnC=N:Q

QR<V?%CGF=KEC=ZMZSA%^RC[Q@K|HONmXf<_^ U C[QRHJ<_N2Xf<=^�C=HJ^@ZM^@C[XÆQ�C�Q@QRH]QRA%I�K{C=N%I�c�<_>@H]QRHJ<_N �  D<_^,Q@?%HO>3^@KM>TKoC=^TZn?�(�C
>@H U c�\OK�gD^@>�QT	v<=^@I%KS^lc%^@KSI%HOZ�QRHJ<_N�HJ>"A%>TKMI{QR<�KS>TQ@H U C[QRK�0,'�£\O<�ZoC[Q@HO<_NjC=N%I|C[Q@Q@HJQRA�I%K�HJN 8 K�Qv}�KSKMN
��z���A�ceIDC�QRKM> � �3QR?%KS^l^@KS>@KoC[^@Zn?�(�cDC=^�QRHOZSA%\dC[^@\ 9 ^TKM\OC[QRHJN%P3QR<�P=^@<_A%N�I|F_KM?�HOZM\JKM>S(�A�>@KM>�<�I%< U KSQ@^ 9
QR<tKM>�QRH U C[Q@KL^@< 8 <=Q+ce<=>@HJQ@HO<_NEC=N�I�<_^THOKMN:QRC[QRHJ<_NW^@KM\OC[QRH]F_K
QR<jC=N�C=^ 8 H]QR^@C=^ 9 <_^@HJP_HON � ��KMZn?%N%<=\O<_P 9
?DC=>�P_^TKoC[Q@\ 9 C=HOI�KMI£QR?%KS>@K c%^@<�ZMKS>@>TKM>2}LH]QR?/I%K�FmHJZMKS>&>TA%Zn?�C[>2C[ZMZMKS\OKS^@< U KSQ@KM^@>S(3^@C[QRK�P 9 ^@<=>
C=N%I <_cmQRHOZ��%<~} >@KSN%>@<=^@> � ,\JQR?�<_A%P_? ^@KS\dC[Q@HJF=KM\ 9 HON�K��mceKSN%>@H]F_K[( U <_>TQ{<[X,Q@?%KM>TK&>TKMN%>T<_^@>bC=^TK
HON�>@A�©EZMHJKMN:Q�}L?�KMN£A%>TKMI/C=\J<_N%K � �7C[^@>@?%C=N � × �3K��mc%\dC=HJN%>WQR?DC[Qb> U C=\J\6KS^@^T<_^@>bHONwP 9 ^T<_>�C[N%I
C=ZSZMKM\JKM^T< U K�QRKS^@>tZoC=N¤^TKM>TA%\JQjHON A%N 8 <=A%N%I%KSI¤KM^T^@<_^tP_^@<G}
Q@?�}L?%KSN¤QR?%KSHO^ U KMC=>@A�^@K U KMN:Q@>|C=^TK
HON:Q@KMP_^@C[QRKSI�Q@<Wc%^@<GF�HOI%K�A%>@C 8 \JKtHJN�Xf<_^ U C[Q@HO<_N���>TA%Zn?xC[>6^T< 8 <=QLce<=>@HJQ@HO<_N�(m<_^THOKSNBQRC[QRHJ<_N�(�C=N%I�Ì[<=^
F_KS\O<�ZMH]Q 9_�  "H]Q@Q@HON%PtC=N�KS^@^T<_^ U <�I%KM\DQR<tQR?%K,P 9 ^@<_>�ZoC=Nb^@KSI%A%ZMK,QR?%K,KM^@^T<_^+P_^@<G}
QR?bQR<�\JKM>T>�QR?%C=N
?DC=\]X�CtI%KMP_^TKMK�c�KM^ U HONBA�QRK � 5,<G}�KSF=KM^M(%Q@?%HO>+HO>+>TQ@HO\J\DA%NDC=ZSZMKMcmQnC 8 \JK3<GF_KS^�Q@H U K � �
?%HJ>�c�^@< 8 \JK U
U <=QRH]F=C�QRKM>�Q@?%K�N�KMKMI4Xf<_^&C�>TA%c%c%\JK U KMN:QnC=\t^@K�XfKM^TKMN%ZSK�QR<�QR^TA%K�c�<_>THJQRHJ<_NyC=N%I4<_^@HJKMN:QnC[Q@HO<_N
HONmXf<_^ U C[QRHJ<_N �  D<_^{QR?%HJ>b^TKM>@KMC=^@Zn?�(
^@KSXfKS^@KSN%ZMKkQ@<¤��z+��HJN�Xf<_^ U C[Q@HO<_N��DA�>@?%KS>VC=ZMZSA U A%\OC[QRKSI
KM^T^@<_^T>LHON�KM>�QRH U C[Q@KMI&0,'�!?%KoC=I�HON%PEC=N%I&\O<�ZoC�QRHO<=N �

Ê��JÓ��JÏ � ¾À¼o¾f´�³ Ð ÃD¼S·m¸ � ´�¶ÀÈ�»~¾f´�³h¼
��HJ>@HJ<_Nm	 8 C=>@KSI�\O<�ZoC=\JHO�oC�QRHO<=N,?DC[> 8 KSKMNt>TQRA�I%HOKSI�Xf<=^ U C=N 9,9 KoC[^@>M(�^@KS>@A%\]QRHJN%P
HON U KSQ@?%<mI�>

Xf^@< U <_c�Q@HOZoC[\ �D<G}$QR<�>TQRKS^@KS<£C=N%I�#2<_N:QRK¤�7C=^@\J< � Í ( ¦ ( �Gq ( �_� ( �~p � � �3QR?�KM^@>S(�>@A%Zn?�C[>
#kC=^TiBA%KM> � �G� �À(BXfA%>@K,<mI%< U K�QR^ 9 C[N%I�ZS< U c�A�QRKS^�F�HO>THO<_N 8:9 ^TKM>TKSQ@Q@HON%P�c%^@KSI%HOZ�QRHJF=K,KS^@^T<_^@>�A%>@HJN%P
A%c�IDC[Q@KM>WXf^@< U F�HJ>@ADC=\
HJN�Xf<_^ U C[Q@HO<_N�<=X3�BN%<G}LN�\OC=N%I U C=^T��> � 3\JQ@?%<_A%P=?w#2C=^@iBA%KS>�A%>TKM>bC=N
< U N%H]	*I%HO^TKMZ�QRHO<=NDC=\lF�HO>THO<_N�> 9 >�QRK U <_Nm	 8 <:C[^@I�C�>@<�ZMZSKM^{^T< 8 <[Qo(�?%HJ> U K�QR?%<�I�<=X6\O<�ZoC[\OHO�MC[QRHJ<_N
^@KSc%^@KS>@KSNBQ@>�CV>TH U HO\dC[^LQ@KMZn?%N�<_\O<_P 9 I%KS>@HO^TKMI�Xf<_^3Q@?%HO>�^TKM>TKoC=^TZn? � �
?%K U C[HONxI%H]¥�KS^@KSN%ZMK 8 KMHON�P
QR?%C[Q�}�KW}LHJ\O\�KM>�QRH U C[Q@K�QR?%K{\OC=N%I U C=^T���¡>�c�<_>@H]QRHJ<_N2}L?%KSN�^T< 8 <=QE�À06����3ce<=>@HJQ@HO<_NkHO>��BN%<G}LN
^RC�QR?%KS^hQR?%C=N�QR?�K7ZM<_N:F=KM^@>TK � ,\O>@<�([QR?�HO>"^TKM>TKoC=^TZn?W}LHJ\O\BK���Q@KMN%I|Q@?%KM>TK�F�HO>@HJ<_Nm	 8 C=>@KSI�QRKSZn?%N%HJi�A�KM>
Xf^@< U >TQ@^@A%Z�QRA%^TKMI�(�HJN%I%<�<_^
KMN:F�HO^T<_N U KMN:QR>
QR<WA%N�>TQR^TA%ZSQ@A%^@KSI�(�<_A�QRI�<m<_^
KSN:FmHJ^@<_N U KSNBQ@> �

� 9 >TI 9 � � � Í �+ZS<_N%I%A%Z�QRKSI�>@H U A%\dC[Q@HO<_N�>�QR< U C=HJNBQRC=HON�ZS<_N%>TQRC=N:Q|\JHON%K�	v<=Xd	*>@HOP=?BQ3}LHJQR?�C
P_^T<_A%N%Im	 8 C=>TKMIbQRC=^@P=KSQ�Xf^@< U C�g��mKSIm	*}LHJN%P|06�� � 5,K6<_A�QR\JHON%KS>�ZoC U KM^@C�c%C=N�C=N�IEQ@HO\JQ�ZS<_N:QR^T<_\.(
8 A�Q7K U c%?DC=>THO�MKS>L0,'��cDC[Q@?m	vc�\dC=N%N�HON%PtXf<_^7ZM<=N%>TQRC=N:Q7QnC=^TP_KSQ�FmHJKS}LHJN%P{C=N%I�C[>@>@A U KS>LC|c%^@HJ<_^@H

Í



�BN%<G}L\OKSI%P_Kk<[X3QnC[^@P_K�Q�\J<mZMC[QRHJ<_N � ��QR<_\J\OK � �~r �6c%^TKM>@KSN:QR>V>@H U HJ\dC=^j^@KS>@KoC[^@Zn?�( 8 A�QE}LHJQ@? U <_^@K
I%K�QnC=HJ\O>3<=N�ZoC U KM^@C�ZM<_N:Q@^@<_\ � ��<=QR?�� 9 >@I 9 ��C[N%I ��QR<=\O\OK�C=>@>TA U K{C�ZoC U KM^@C�ZMKSN:QRKM^�\J<mZMC[QRKSI
C[Q�Q@?%K60,'�4ZSKMN:QRKS^�<[X U C=>@> � �
?%HJ>�Q@?%KM>THO>�K���Q@KMN%I%>�QR?�K6>TH U A�\dC[Q@KMI{ZoC U KS^RC�ZM<_N:Q@^@<_\DI%<=N%K 8B9
� 9 >TI 9 ��C[N%IW��Q@<_\O\JK+HJN:QR<3?%C=^@I�}�C=^TK�H U c%\JK U KMN:QnC[Q@HO<_NtC=N�I|C=ZSZM<_A%N:Q@>"Xf<_^hC=I%I%KSI|ZM< U c%\JK��mHJQ@HOKM>
>@A�Zn?xC=>6C=N&C=^ 8 HJQ@^RC=^ 9 ZoC U KS^RC{\O<�ZoC[Q@HO<_N �

3>THOI%KlXf^T< U ZoC U KM^@CLZS<_N:QR^T<_\.(oQ@?%HO>�^TKM>TKoC=^TZn? U <_>TQ�ZS\O<_>TKM\ 9 ^TKM\dC�QRKM>�Q@<7QR?DC�Q'<=X���?DC=H U <G}7	
HOZS� � � �À(:}L?%<tc%^@KS>@KMN:Q@KMI�QR?�K6^TKM>TA%\JQ@>�<=X�C=NEK��mc�KM^@H U KSN:Q�A%>THON%PtC 8 \OH U c|Q@<j\J<mZMC=\OHJ�MK�Ct>�QnC[Q@HO<_Nm	
C=^ 9 < 8 �TKMZ�Q7<_NEQR?%K6P_^T<_A%N%I �  h\ 9 HON%P�<GF_KS^�Q@?%K,QRC=^@P_K�Q�C[Q7C[N�C=\]QRHJQ@A%I%KL<=X"�G× U C=N�I�KMiBA%HJc%c�KMI
}LHJQ@?�C�g��mKSI�ZoC U KM^@C�(_Qv}�< U KSQR?�<mI%>�<=X�QnC[^@P_K�Q�\J<mZMC=\OHJ�oC[Q@HO<_Nt}�KS^@K,K U c%\O< 9 KSI�C[N%IbZS< U cDC=^@KSI
}LHJQ@?�QR?%KVQnC[^@P_K�Qo�¡>WC=ZSQ@ADC=\L��z+� \J<mZMC[QRHJ<_N �  "HO^T>TQo(�C�>TKM^@HJKM>W<=X,H U C=P_KS>�}�KS^@K�QnC=�[KMN }L?%KM^TK
8 <=QR?�QR?%K�QnC[^@P_K�Q3C[N%IxCW>@K�Q3<=XlC[Q6\OKMC=>TQ Î ��N�<~}LNk\dC=N%I U C=^T�B>L}�KM^TKjF�HO>TH 8 \JK � 3\]QR?%<_A�P_?VQR?%HJ>
U KSQR?�<mI2\OKMI�QR<EF_KS^ 9 C=ZMZSA%^RC[Q@K�\J<mZMC=\OHJ�oC[Q@HO<_N�(�HJQL}�C=>3I�KMK U KMIkA%N%^@KS\OHOC 8 \OK�>THON%ZSK�C=ZSiBA%HO^THON%PbC
>@Am©bZSHOKSNBQlN�A U|8 KS^h<[XD\dC=N�I U C[^@�B>hHJNtQ@?%K�H U C[P_K�HO>�N%<=QhP_ADC=^@C=N:QRKMKSI � ��KMZM<=N%I�(B��z+��C=N%Ij��#k0
U KoC=>TA%^@K U KSNBQ@>�Xf^@< U Q@?%K 8 \OH U c�}�KM^@KWA%>TKMI�QR<�\O<�ZoC=\JHO�MK�QR?�K�QnC=^TP_KSQM(e}L?%HJZn?�QR?%K 9 C=Zn?%HJKSF=KMI
}LHJQ@?%HON2× � p U&� �
?�HO>LQR?%KS>@HO>6}LHO\J\�K U c%\O< 9 CE>@H U HJ\dC=^ U K�QR?%<�I2<[X�ZM< U�8 HON%HJN%Pb�tz+��C=N%I2��#k0
HONmXf<_^ U C[QRHJ<_NWQR<{\O<�ZoC[\OHO�SK3C|QRC=^@P_K�Q � �vN&C=I�I%HJQ@HO<_N�(BQR?�HO>7K���c�KM^TH U KMN:Q
}LHO\J\eHJN%ZM\JA%I%K�C|P=H U|8 C[\OKMI
ZoC U KS^RC U <_A%N:Q@KMI2Q@<�CWg��mKMIm	.}LHON%P�0,'�!� 9 HON�P�C[Q3CbN�KoC=^T\ 9 ZM<=N%>TQRC=N:Q3F_KS\O<�ZMH]Q 9 <=X
�G� U Ì�>
C=N%I¤C[Q{C U A%Zn?�?%HOP=?%KM^�C=\JQ@HJQRA�I%KW<=X Î q U&� �
?%KS>@K�C=I�I%HJQ@HO<_N%>�HJNBQ@^@<�I%A%ZSK�N%KS}aI%KSc�QR? C[N%I
c%^@C=ZSQ@HOZoC[\OHJQ 9 QR<{Q@?%K�FmHJ>@HJ<_Nm	 8 C=>@KSI�QRC=^@P=KSQL\O<�ZoC[\OHO�MC[QRHJ<_N�c�^@< 8 \JK U&�

Ê�� Þ ä ´�³e»GÉ�¾YÄhÈ�»~¾Y´�³�¼

�
?%HJ>�QR?%KS>@HO>V}LHJ\O\3I�HO>@ZSA%>@>VQ@?%K�I%KSF=KM\O<=c U KSN:QkC[N%I/?DC=^@Im}7C=^TK�QRKM>�QRHJN%P <=X|C¤^T< 8 A%>�Q
C=\JP_<_^@H]QR? U Xf<_^tC&g��mKSIm	*}LHJN%Px06�� QR<&\O<�ZoC=\JHO�MKWC�ZM< U c%AmQRKM^�	v^TKMZM<=P_N%HO�MC 8 \JKEP=^@<_A%N�I�< 8 �TKSZSQ �
3>3I%HO>TZMA%>T>@KMI�HJNkQR?%K�c%^@K�FmHJ<_A%>,>@KMZ�QRHJ<_N�(�F�HO>THO<_N�	 8 C=>TKMIx\J<mZMC=\OHJ�oC[Q@HO<_NVHJ>3N%<[Q�C�N%K�}1ZS<_N%ZSKMc�Q �
#2<_>�Q{c%^TKSF�HO<_A�>{K��mceKS^@H U KSNBQ@>M(�?%<G}�KSF=KM^M(�?DCoF_KVA%>TKMI >@H U HJ\dC=^�F�HJ>@HO<=Nm	 8 C[>@KMI¤Q@KMZn?%N�HOiBA%KM>|Xf<=^
A%N U C=N%N�KMI�P=^@<_A%N�IjF_KS?%HOZS\OK�>@KS\JXd	*\O<�ZoC=\JHO�oC�QRHO<=N�(MKSHJQR?�KM^hC=P:C=HJN%>TQ'<=Q@?%KM^�^@< 8 <=Q@>h<=^�\OC=N%I U C=^T��>'HJN
C=N2A%N%�BN%<G}LN�KMN:F�HO^T<_N U KMN:Q � �
?%K�ZM<_N:QR^TH 8 AmQRHO<=N%>L<=XlQR?�HO>6^@KM>TKoC=^TZn?xK���Q@KMN%IxQ@?%K|C=c�c%\OHJZoC[Q@HO<_N
<=XLF�HO>THO<_Nm	 8 C=>TKMI�\O<�ZoC[\OHO�MC[QRHJ<_N U K�QR?%<�I%>�Q@<xg��mKMIm	.}LHON%P 0,'��> � �
?%HJ>M(�ZM< U�8 HON%KSI¤}LHJQ@? C=N
HON�K��mceKSN%>@H]F_Kj0,'�!c%\dC[QTXf<_^ U (�^@KMc�^@KM>TKMN:Q�C|F=KM^ 9 c�^RC=Z�QRHOZMC=\�Q@KMZn?%N%<=\O<_P 9=�

r



Ê��Já " È�»~¶Y¾À³'·
�
?%HJ>LQ@?%KM>THO>6HO>L<_^TP:C=N%HJ�MKMI2C=>
Xf<_\J\O<G}L>M÷���?DC=cmQRKM^ p P_HJF=KM> 8 C=Zn�BP_^@<=A%N%I2Q@?DC[Q6K��mc%\OC=HON�>

QR?�K�P_^T<_A%N%Im}�<_^T��Xf<_^�Q@?%HO>'K���c�KM^TH U KMN:Q � �
?%K�\J<mZMC=\OHJ�oC[Q@HO<_N U K�QR?%<�I�HJ>�I�KSQnC[HO\OKSIjHJN|��?%C=c�QRKS^ � �
��?DC=cmQRKM^ Í c�^@KM>TKMN:QR>�CE>�QRA%I 9 <=X"KM^T^@<_^L>@<=A%^@ZSKM>�C[N%I2Q@?%KMHJ^6c�^@<_cDC[P:C[QRHJ<_N�KS¥eKMZ�QR> � 5,C=^@Im}7C=^TK
QRKS>TQE^@KS>@A%\]QR>EC=^TK&c�^@KM>TKMN:QRKSI�HON¢��?DC[c�QRKS^ r }LHJQ@? ZM<_N%ZS\OA%>THO<_N�>bC[N%I¢^TKMZS< UbU KMN�IDC[QRHJ<_N%>�Xf<=^
XfA�Q@A%^@K�}�<_^@��Xf<=A%N%I&HON2��?DC=c�Q@KM^ Î �

Î



ª¤ø�ì�ù,%® ö$#
% ì ý'&6ô+ö « õ ¬�ü

�
?%K{c%A�^@c�<_>@K{<=X�Q@?%HO>�Zn?%C=c�QRKS^�HO>,Q@<Vc%^@<GF�HOI�K{KMN%<_A�P_? 8 C=Zn�BP_^@<=A%N%I�HON�Xf<=^ U C[QRHJ<_N&Q@<
P_H]F_KbQ@?%K�^TKoC=I%KS^|C=N¤C=ZMZSA%^RC[Q@K�HOI�KoCk<=X�QR?%K�Xf<=A%N%IDC[Q@HO<_N�<_N�}L?%HJZn?¤QR?%HJ>�c%^T<��TKMZ�Q�}�C=> 8 A�HO\JQ
C=N%I&QR?%K�QR<�<_\J>LQ@?DC[Q6?%KS\Oc�KMI2QRC=�=KtHJQLQ@<�?DC=^TI�}�C=^@KtI%K U <_N%>�QR^@C[QRHJ<_N � �
?�KjXfA%N%Z�QRHJ<_NDC=\JHJQ 9 C[N%I
c%A%^Tce<=>@K�<=X�QR?%KS>@K�QR<�<_\O>�}LHJ\O\ 8 K�I%HJ>@ZSA%>@>TKMI � 3N&<GF_KM^�F�HOKS}�<=XhQ@?%K�XfA%N%Z�QRHJ<_NDC=\�>TceKSZMH]gDZoC[Q@HO<_N�>
C=N%I&ZoC[cDC 8 HJ\OHJQ@HOKS>�<=X�QR?%Kt06���C=A�Q@<_c%HJ\O<=Q�HO>
<_A�Q@\OHJN%KMIVHJN&>TKMZ�QRHO<=N p � � � �I%KS>@ZS^@HOcmQRHO<=N&<[X"QR?�K
g��mKMI�	*}LHON�P�0,'� c%\dC�Q@Xf<_^ U Xf<_\O\J<~}L>jHON�>@KMZ�QRHJ<_N p � p � �mKSZSQRHJ<_N p � � I%KS>@ZM^TH 8 KM>|Q@?%K�>@<[XÆQv}7C=^TK
I%K�F_KM\J<_c�KMIxC�Q�� ` 0�QR<EZM<_N:QR^T<_\�QR?%Kj0,'�!Xf^@< U Q@?%KtP_^@<_A�N%I � ��KMZSQ@HO<_N p �¡Í 8 ^THOK(� 9 K��mc%\OC=HON�>
QR?�KWF�HJ>@HO<=N�^@<_A�Q@HON%K{A�>@KMI QR<�\O<�ZoC�QRK�Q@?%KW< 8 �TKMZ�QtHON�QR?%KWZMC U KS^RC��¡>�H U C=P_K � �
?%KWc%^T< 8 \OK U HJ>
QR?�KMN�Xf<_^ U C=\O\ 9 I%KSgDN�KMIkHJN�>@KMZ�QRHJ<_N p � r

Ï)�YÊ * ° � °VÈ'»o´�æh¾Y¶Y´D»

�
?%K&¨�KM>�QR^@KS\
3A�Q@<:z�HO\J<=Q&�À¨�3z��j}�C=>WI%K�F_KM\J<_c�KMI¢C[QE��^@HJP_?DC U$` <_A%N�P�06N%HJF=KM^T>@HJQ 9
QR<Ec%^T<~F�HJI%KtCE>T<_\OA�Q@HO<_N�Xf<=^LQ@?%K�HON:QRKS\O\JHOP_KSNBQ
C=N%I2C=A�QR<=N%< U <_A%>+�DHOP=?BQLZS<_N:QR^T<_\'<=X U HOZS^@<BÌ U HJN%H
C=HJ^tF=KM?%HJZM\OKS> � �*Q|HJ>�ZM< U c%^THO>TKMI�<[XLC2XfA%\J\ 9 HJNBQ@KMP_^@C[QRKSI¤c%^T<mZSKM>@>T<_^{C=N�I¤>@KSN%>@<_^�>@A%H]QRK�C[N%I�HJ>
ZM< UbU KM^TZMHdC[\O\ 9 CoF[C=HJ\dC 8 \JK,Q@?%^@<_A�P_?kz�^T<mZSKM^@A�>,��KMZn?%N�<_\O<_P=HOKM> � � Î � �

Ò



 "HOP_A�^@K�p � �_÷�¨�KM>�QR^TKM\'3A�Q@<:z�HO\J<=Qt�À¨�3z��3� ��Í r{C=N�I2ZS< U c�<_N%KSN:QR>

 "HJP_A%^@K p � � >@?%<G}L>|Q@?%KVC=A�Q@<_c%HJ\O<=QjC=N%I¤ "HOP_A�^@K p � p � � Î ��P_H]F_KM>�>@< U K��[K 9 Q@KMZn?%N�HOZoC[\
>@c�KMZSHJgDZMC[QRHJ<_N%>"Xf<=^"QR?%K7¨�3z�� ��Í r�(=}L?%HOZn?{}�C=>�A%>TKMI{Xf<_^hQ@?%HO>"K��mceKS^@H U KSNBQ � �
?%KL¨��z � �¡Í r,HJ>
KMiBA%HJc%c�KMI�}LH]QR?bCj>@KSN%>@<=^�>@A�HJQRK6HON�ZM\OA�I%HON%P�Qv}�<|I%ADC[\]	�C~��HJ>+C=ZMZSKM\OKS^@< U KSQ@KM^T>M(BQR?%^TKMK3>THON%P=\OK�	vC��mHO>
^RC�QRKLP 9 ^@<_>S(�C 8 >@<=\OA�Q@K,C[N%IbI�HJ¥eKM^@KSN:QRHdC[\%c%^@KS>@>TA%^@K6>@KSN%>@<_^T>7C=N�IEXf<_A�^�C=I%I%H]QRHO<=NDC=\%C[NDC=\O<=P�HON%c%AmQ
c%HJN%>�Xf<_^|c%C 9 \J<:C=I¤N%KSKMI%> � 06>@HON�PkQR?%KS>@K�>@KSN%>@<=^@>M(+ZM< U|8 HON�KMI¤}LHJQ@? ��z���HJN�Xf<_^ U C[Q@HO<_N�(hQR?�K
¨��z¤KS>TQRH U C�QRKM>�H]QR>�<G}LN�C[QTQRH]QRA%I%K[(BHON%KS^TQRHOC=\%c�<_>@H]QRHJ<_N 8 K�Qv}�KSKMN&��z+�WA%c�IDC[Q@KM>S(�C=\]QRH]QRA%I%KLC[N%I
C=HJ^@>@c�KMKSI � ¨�N�<~}LHJN%P�Q@?%KM>TK|cDC=^@C U K�QRKS^@>�C[\O\O<G}L>LQR?%K�¨��z�QR<EXYC=ZMHJ\OHJQRC[QRK�C[A�QR<_N�< U <=A%>,QRC=�=K�	
<=¥e>M(�\dC[N%I%HON�P_>LC=N%Ik�tz+��}7C 9 c�<_HON:Q,NDCoFmHJP:C[Q@HO<_N � �*Q@>,> U C=\J\�>@HJ�MKjC=N%I&K���QR^TK U Kj\JHOP_?:Q
}�KMHJP_?:Q
C=\J\O<G}�06��3>�C=>6> U C=\J\�C=>t�~pEHJN%Zn?%KM>LQR<bceKS^TXf<_^ U QR?%KS>@KtQnC=>T��>6}LHJQ@?kCW>@HJN%P_\OK�A%>TKM^ � � Î � �  D<_^
C{QR?%<_^T<_A%P_?2C=N%I�QRKSZn?%N%HJZoC=\'K��mc%\OC=NDC[Q@HO<_N�<=XhQR?%Kt¨��z�(�HON%ZS\OA%I%HJN%P{KoC[Zn?k<=X"HJQR>
ZS< U ce<_N�KMN:QR>S(
>@KSK � Î � �

×



 hHOP_A%^TK�p � pm÷�¨�KM>�QR^@KS\'3A�Q@<:z�HO\O<[Qt�À¨��z+�3� �¡Í r|>@c�KMZSHJgDZMC[QRHJ<_N%>

Ï)�JÏ * ° �,	 ¶fÃ�»GÁ.´�É�º
-�DHOP=?BQWc�\dC[QTXf<_^ U ZM<_N�>@HO>�QR>E<=X3C=NwC[HO^TXf^@C U K�C=N%I¢C=\J\7<=X6QR?%K�N%KSZMKM>T>RC=^ 9 ?DC=^@Im}7C=^TK

QR<��[KMKMc�HJQ{C=\O<=XÆQ � �mc�KMZSHJgDZMC=\O\ 9 (lQ@?%HO>{HJN%ZM\JA%I%KM>|Q@?%KVZM<=NBQ@^@<_\ 	v>TA%^TXYC=ZSK�C=ZSQ@ADC[Q@<_^@>S(�KS\OKMZ�QR^T<_N%HOZ
>@c�KMKSI�ZS<_N:QR^T<_\.(�c�<G}�KS^�C=N%I�c%^@<=c%A%\O>THO<_N�> 9 >TQRK U2� ��?�^@HO>�QRHOC=N%>@KSN � Î ��HON%I�HOZoC�QRKM>�Q@?DC[Q�CVP_<�<�I
0,'�!�%HOP_?:Q,c%\dC[QTXf<_^ U >T?%<_A%\JI 8 K�> U C=\J\�KMN%<=A%P_?kQ@< 8 Kjce<=^TQnC 8 \OK[(�ZMC=cDC 8 \OKt<=X�ZoC[^@^ 9 HJN%P�QR?�K
C=A�Q@<_c%HJ\O<=Q�C[N%I�c%C 9 \J<:C=I�('^@KS>@HJ>TQnC[NBQ�Q@<2IDC U C=P=K{ZoC=A%>TKMI 8:9 HJN%KSF�HJQRC 8 \JK{C 8 A%>TK�C[N%I 8 KbC 8 \OK
QR<b>TQRC 9 C=HJ^ 8 <_^@N�Kj\J<_N%PEKMN%<_A�P_?kQR<bZM< U c%\JKSQRKjCbA�>@KSXfA�\ U HO>T>@HO<=N � -/HJQ@?2QR?�KM>@KjP_A%HJI%KM\JHON%KS>,HJN
U HON%I�(�C{ZM< UEU KS^@ZSHdC=\J\ 9 CoF[C=HO\OC 8 \OK���C=P_H/.10yC=HO^�Xf^RC U K3}�C=>LZn?%<_>@KSN2Xf<_^�QR?%HJ>LC=N%I�FmHJ^TQ@ADC=\O\ 9 C=\O\
<=Q@?%KM^60,'�!K��mc�KM^@H U KSN:QR>LceKS^TXf<_^ U KSI&C[Q6� ` 0 �

¦



 hHOP_A%^TK�p � ��÷� "HJN%HO>T?%KMI&0,'�|÷D,A�QR<=c%HO\J<=Qo(%��H U|8 C=\À(%��z+��K�QRZ �]�

�
?%K,��C=P_H��L53�&HO>�C�>TH U c%\OK2� 9 HON%P�}LHJN%P�I%KM>THOP_NWZS<_N%>TQ@^@A%Z�QRKSIb<=X�K��mQ@^@K U KS\ 9 I�A%^RC 8 \OK=(
9 K�Q�c%\OHOC 8 \JK���z�zyXf<:C U (�}L?%HOZn?�ZoC[N�C=c�QR\ 9 Q@<_\OKS^RC[Q@KjgDKS\OI�C 8 A%>@KS> � �
?�K|Xf<:C U }LHON%PVI%KS>@HJP_N
c%^T<~F�HJI%KM>�c%\JKMN:Q 9 <[X�F=<_\OA U K�Xf<=^lK U|8 KMI�I%HON%P�CoF�HO<=N%HOZS>M(:C=N:Q@KMN%NDC[>�C[N%I{cDC 9 \O<:C=I{ZS< U ce<_N�KMN:QR> �
 "HJP_A%^@K p � � >@?�<~}L>LC�gDN%HJ>@?%KSI&��C=P_HeC=HO^�Xf^RC U KL^@KoC[I 9 Xf<=^�C=AmQR<_N%< U <_A�>3�DHJP_?:Q7C[XÆQ@KM^ U <�I%HJg%ZoC�	
QRHJ<_N%>�C[N%I�A%c%P_^@C=I%KM> � �vN C=I%I%H]QRHO<=NkQR<�C=\J\"<=Q@?%KM^�c�\dC[QTXf<_^ U ^@KSi�A�HO^@K U KSN:QR>M(�Q@?%KW0,'��>�A%>TKMI
Xf<_^6QR?%HJ>,K���c�KM^TH U KMN:Q�ZMC=^@^ 9 CEQv}�<[	vC��mHO>,P_H U|8 C=\OKSI2ZMC U KS^RC�(�>@?�<~}LN�HJNx "HJP_A%^@K p �¡Í � ��H U�8 C=\
C=�SH U A�Q@?{C=N%IWKS\OKSF[C[Q@HO<_N|C=N%P_\JKM>�C=^TK7ZM<=NBQ@^@<_\J\OKSI{HON%I%HJ^@KSZSQR\ 9t8B9 QR?%KL¨�3z QR?�^@<_A%P=?WC�>@KMc%C=^RC[Q@K
>@KS^TF=<[	vZS<_N:QR^@<=\O\OKS^ 8 <_C=^@I �

�Gq



 "HJP_A%^TK�p �¡Í ÷��7}�<�	�C��mHO>,��H U|8 C=\

Ï)�JÓ � ¾fÉ~»GÈ�ÃD¶ ä ´�±�²�æ"¾Æ» ��� É�´�È�³h¸ � »GÃ�»G¾Y´�³
�
?%K{06��uHO>6<_ceKS^RC[Q@KMIxF�HdCbC�>@<[XÆQv}7C=^TK|c%^T<_P_^RC U ^TA%N%N%HJN%P�<_NxC�\dC=cmQR<_c2ZM< U c%A�Q@KM^M(

}L?%HJZn?�HO>3>TA%c�KM^TF�HJ>@KMI 8:9 C[Nx<_c�KM^RC�QR<_^ � �
?%K{>@<[XÆQv}7C=^TK=(�C[c%c%^@<=c%^@HOC[QRKS\ 9 NDC U KMIxQ@?%K��3HO^TQ@ADC=\
��<�Zn��c�HJQo(�HO>{>T?%<G}LN�HON� "HJP_A%^@K p � r C=N%I }�C=>bI�KSF_KS\O<_c�KMIwC[QE��^THOP_?DC U ` <_A%N�P�06N%HJF=KM^@>THJQ 9=�
�
?%K2�3HO^TQ@ADC=\6��<�Zn�Bc%HJQbHO>W>@H U c�\ 9 C=N�HON:Q@KM^TXYC[ZMK�Xf<_^{QR?%K4�DHOP_?:QEZM<=NBQ@^@<_\L<=X�0,'��> � �*QEHJ>

ZoC[cDC 8 \JK�<=XL<_Nm	.QR?%K�	5� 9 P:C=HJN�QRA%N�HON%P%("IDC[QnC�C[N%I¤QRKS\OK U KSQ@^ 9 \O<_P=P_HON%P�("I%HJ>@c%\OC 9 HJN%Px>TQ@^@KMC U KSI
F�HOI%KS<3HJN�^@KMC=\]	.QRH U K[(GA%c%\O<_C=I%HON�P3C=N�I U <mI%H]X 9 HON%P,��z���}7C 9 c�<_HON:QR>lC=N%I�I�HO>@c�\dC 9 HON%PLQR?%K�0,'�|�¡>
C[QTQRHJQ@A%I%K�C=N%I|\J<mZMC[QRHJ<_N � �
?%K��3HO^�QRADC=\m��<�Zn�Bc%HJQ"ZM< UEU A%N%HJZoC[Q@KM>�}LHJQR?tQR?%K70,'�wF�HdC,C3ZMA%>�QR< U
ZM< UbU A�N%HOZMC[QRHJ<_N 8 <G�WQ@?DC[Q�^TKM\dC 9 >�C=A�QR<=N%< U <_A%>6�DHJP_?:Q�ZM<_N:QR^T<_\DZM< UbU C=N%I%>�Q@<�Q@?%K60,'��C[N%I
c%HJ\O<=Q'ZS< UbU C=N%I�>�Xf^T< U C3�6C=I%HJ<[	���<_N:Q@^@<_\J\OKMI�Q@^RC=N%> U H]Q@Q@KM^ � �
?%K7¨�3zxZM<_N�>TQnC[NBQ@\ 9 HON:Q@KM^@c�^@KSQ@>
QR?�KtHJN�Xf<_^ U C[Q@HO<_Nb< 8 QRC=HON%KSI�HJQR>
>TKMN%>T<_^@>3C=N%I&C=I��TA�>TQR>6HJQ@>LC=ZSQ@ADC[Q@<_^@>LC=ZSZM<_^TI%HON�PWQ@<EQ@?%K7�DHOP=?BQ
c%\OC=N£A%c%\J<:C=I%KSI/Xf^T< U QR?%K���HJ^TQ@ADC=\���<�Zn�Bc%HJQ � �
?%K�P_H U|8 C=\JKMI�ZMC U KM^RC¤^TKMZSKMHJF=KM>2C=�MH U A�Q@?
C=N%I�KM\OK�F[C[QRHJ<_NbZS< UEU C=N�I%>�Xf^T< U QR?%K3¨��z�QR<��[KMKSc�QR?%K3QRC=^@P=KSQ�\O<�Zn�=KMIVHJNbQ@?%K3ZSKMN:QRKS^7<=X�QR?�K

�_�



 hHOP_A%^TK�p � rm÷l��HJ^TQ@ADC=\'��<�Zn�Bc%HJQ

H U C=P_K[( 8 A�Q�HJQhZoC[NWC=\O>T< 8 K U C[N�A%C=\O\ 9 ZM<_N:QR^T<_\O\JKMItFmHOC,QR?�K���HJ^TQRA%C=\m��<mZn�Bc%H]Q � �
?%K�FmHJI%KM<,Xf^@< U
QR?�K�P_H U|8 C=\OKSI�ZoC U KM^@C{HO>7c%HJceKSIVI%<G}LN&Q@<{QR?%K�P_^T<_A%N%IVF�HdC{CEp �¡Í ��5,�3Q@^RC=N�> U HJQ@Q@KM^RÌ[^@KSZMKMH]F_KS^
C=N%I�HON:QR<kQ@?%K�\OC=c�QR<=c�F�HdCxC&Xf^RC U KMP_^@C 8%8 KM^ � �
?%HJ>{C=\J\O<G}L>tXf<=^�^@KMC=\]	.QRH U K{F�HOI%KS<xI%HJ>@c%\OC 9 HJN
QR?�K���HJ^TQRA%C=\l��<�Zn�Bc%HJQ�C=N%I�IDC�QnC�K��mQ@^RC=Z�QRHJ<_NkXf<_^,A%>@K{HJNkQR^@C=Zn�BHON%PVC[\OP_<_^THJQ@? U > � �
?%K{<GF_KM^@C=\O\
> 9 >�QRK U C=^TZn?%HJQ@KMZ�QRA%^TKtHJ> U C[c%ceKSI�<_A�Q6HON� "HJP_A%^TK p �§Î �

�~p



 "HJP_A%^@K�p �§Î ÷+�mKSQ@A%ck<=Xh> 9 >�QRK U C[^@Zn?%H]QRKMZ�QRA%^TK

Ï)� Þ Ë º�Ã%¹�· 	 É~´�±_·�¼o¼o¾Y³�¹
 I�KM>@HJ^RC 8 \OKEP_<:C=\+HO>�QR<kQ@^RC=Zn��C=N�< 8 �TKMZ�Q{A%>THON%Px<=N%\ 9 CkZMC U KM^RC � ��<xI%<kQ@?%HO>S("QR?�K

QR^@C=Zn�=KSIx< 8 �TKSZSQ U A%>�Q 8 KtI%HO>�QRHJN%ZSQ@\ 9 FmHJ>@H 8 \OK�HJN�Q@?%KtZoC U KM^@C���>LH U C=P=K � þ@��HJ>TQ@HON%Z�QR\ 9 F�HO>TH 8 \JKMÿ%(
?%<G}�KSF_KS^M(�HJ>�C¤^TKM\dC�QRHJF=Kkc%?�^RC=>TK�>@HON�ZMKk}L?DC�Q U C 9 >@KSK U >T<¤QR<�Q@?%K�?BA U C[N£K 9 K[( U C 9 <=^
U C 9 N%<=Q 8 K�Q@<�CxZM< U c%A�Q@KM^|F�HO>THO<_N¤C=\OP_<=^@HJQ@? U&�  D<_^|Cx>THON%P=\OK�>TKMN%>T<_^M(+CxZoC U KS^RCxHO>|C 8 \OK
QR<�ZS< UEU A%N%HJZoC[Q@Kk\dC[^@P_K�C U <_A�NBQ@>�<=XtHONmXf<_^ U C[QRHJ<_N �  >@<=XÆQv}�C=^@K�c�^@<_P_^@C U ZoC=\J\OKMI£� U C=P_K
��HO^TKMZ�QRKMIE��<=NBQ@^@<_\��Y�����
��}�C=>�I%KSF=KM\J<_ceKSIEC[Q���^THOP_?DC U�` <_A�N%P�0,N%H]F_KS^@>@H]Q 9 Q@<�QR^RC[Zn�|C3QnC[^@P_K�Q

�G�



HON�CtF�HOI�KM<|>�QR^@KMC U C=N%I�<=A�QRc%AmQ7HJQ@>��8���9����c%H �mKM\�\O<�ZoC[Q@HO<_NWHONbKoC=Zn?�Xf^@C U K �  hHOP_A%^TK p � Ò >@?%<G}L>
CV>@ZS^@KMKSN�P_^@C 8 <=X������!C[N%I� hHOP_A%^TK p � × ce<_^�QR^@C 9 >�Q@?%KWHON:QRKS^RC=Z�QRHO<=N 8 K�Qv}�KSKMN�������C=N%I�QR?�K
K��mc�KM^TH U KMN:QnC=\�?DC=^@Im}7C=^TK=(+}L?%KM^TK�þ��,��ÿ ^@KSc%^@KS>@KSNBQ@>EQ@?%KV��HJ^TQRA%C=\L��<�Zn��c�HJQEC=N%I1þR�%��ÿ�QR?�K
>@KS^TF=<�ZM<_N:Q@^@<_\J\OKM^ 8 <:C=^TI � �����4^@KSZMKSHJF_KS>�C=N2H U C=P_K�Xf^@< U QR?%Kt<_Nm	 8 <:C[^@IkZMC U KM^RCm(�ZMC=\OZSA%\dC�QRKM>
C�c�H]�mKM\6\O<�ZoC[Q@HO<_N�<[X�QR?%K&QnC=^TP_KSQbHON�QR?%K&H U C=P_K&C=N�Iw>@KSN%I%>�Q@?%HO>E\O<�ZoC�QRHO<=N Q@<�Q@?%K2�3HO^TQ@ADC=\
��<�Zn��c�HJQL}L?%KM^TKjH]Q
HO>
A�>@KMI&QR<WZoC[\OZMA�\dC[Q@K�C{}�<_^T\OI�KM>�QRH U C[Q@K�<=XhQRC=^@P=KSQL\O<�ZoC�QRHO<=N �

 "HOP=A%^@Ktp �§Ò ÷�� U C=P_K���HJ^@KMZ�QRKSIk��<=NBQ@^@<_\+�f�����
�

� Í



 hHOP_A%^TKtp � ×�÷������
Ì=53C[^@I�}�C=^@K�HJNBQ@KM^@C=ZSQ@HO<_N

Ï)�Já 	 É�´�Äh¶Y·�º 
V·;:l³�¾Æ»~¾Y´�³
�^TKoC=>T<_NDC 8 \OK�>TZMKMN%C=^@HJ<�Xf<_^ 8 C=>@KS\OHJN%K,Q@KM>TQ@HON%P�<=X�QR?%K3c%^@< 8 \OK U >�QnC[Q@KMIVHON��mKMZ�QRHJ<_N � � p

HO>�C|>@HJN%P_\OK,0,'��\O<�ZoC[\OHO�SHON%PtC�?�HOP_?%\ 9 FmHJ>@H 8 \OKLQnC=^TP_KSQ7A%>@HJN%P|<_N%\ 9 HJQR>�P_H U|8 C=\OKSIbZMC U KS^RC �  D<_^
QR?�HO>+K��mceKS^@H U KSNBQM(%C 8 ^@HJP_?:Q7^@KSI�ZM\J<=QR?E}7C[>�A%>TKMI�C=>+QR?%K3QRC=^@P=KSQ�C=N%I�}�C=>�c�\dC=ZSKMI�HJN�C��BN%<G}LN
C=^TKoC�(�HJQ@>���z+� \J<mZMC[QRHJ<_N��BN%<G}LN�<_N%\ 9 Xf<_^tC�Q@^@A�Q@?�^@K�XfKM^TKMN%ZSK � �
?%K�06���('\dC=A%N�Zn?%KMI Xf^@< U
C=N C=^ 8 HJQ@^RC=^ 9 ?%< U K�ce<=>@HJQ@HO<_N�(hQR?�KMN<�DKS} <GF_KS^|QR?%K�P=KMN%KS^RC=\�C=^@KMCx<=XLQR?%K�QRC=^@P=KSQ|}L?%HJ\OK�C=N
<_c�KM^@C[QR<_^ U <_N%H]QR<_^TKMIVQR?%Kt\OH]F_K�F�HOI%KS<bXf^T< U QR?�K�06�� � -/?%KSN2Q@?%Kj<=ceKS^RC[Q@<_^,>@Co}�QR?%K�QnC[^@P_K�Q
QR?�K�0,'� }�C=>j>@KMN:Q{HJN:QR<xC&^RC=I�HdC=\�<_^ 8 HJQt<GF_KS^�QR?�K�A%>TKM^M�¡>|P_A�KM>@>�<=X7QR?�KEQRC=^@P_K�Qo�¡>�\J<mZMC[QRHJ<_N �
-/?%HJ\OKVZMHJ^@ZS\OHON�P�Q@?%HO>W\J<mZMC[QRHJ<_N�(�QR?%K20,'�|�¡>�P=H U|8 C[\�}7C[>�C=Z�QRH]F_KM\ 9 ZM<=NBQ@^@<_\J\OKSI�F�HdC������ Q@<
�=KSKMc�QR?�K�QnC=^TP_KSQ�ZMKSNBQ@KM^TKMI�HON�Q@?%K�F�HOI�KM<�H U C=P_K � �����uZMC=\OZSA%\dC[Q@KMI�C=N%I�>@KSN:Q{QnC=^TP_KSQ�c%H]�mKM\
\O<�ZoC�QRHO<=N%>|QR< QR?%K���HJ^TQRA%C=\,��<mZn�Bc%H]Qb}L?%KS^@K&QR?%K2HON�Xf<_^ U C�QRHO<=N¤}7C=>b^@KSZM<_^TI%KMI£C[N%IwA%>TKMIwQ@<
\O<�ZoC[\OHO�SK�QR?�KWQRC=^@P=KSQtHON�QR?�KEHJN%KM^�QRHOC=\"Xf^RC U K � �
?�HO>�N%KS}L\ 9 KM>�QRH U C[Q@KMI�QnC=^TP_KSQt\J<mZMC[QRHJ<_NkQR?�KMN
A%c�IDC[Q@KMI¤QR?�KVA%>@KS^M�¡>{HON%H]QRHdC[\+P=A%KM>T>WC=N%I¤QR?�KV0,'� C=I��TA%>�QRKSI�H]QR>j<_^ 8 H]Q|ZSKMN:QRKS^WC=N%I�P_H U|8 C=\
C=N%P=\OKM>�C=ZSZM<_^TI%HON%P=\ 9_� �
?%HO>�c%^@<�ZMKSI%A%^TK�C=\J\O<G}�KSIbQ@?%K�06��4QR< U C=HJNBQRC=HONEC=N�KS¥eKMZSQ@HJF=K3ZMHJ^@ZSA%\dC=^
<_^ 8 HJQ6I%HJ^@KMZ�QR\ 9 <~F=KM^3Q@?%K|C[c%c%^@<o�mH U C[Q@KMI�QnC=^TP_KSQ,\O<�ZoC[Q@HO<_NV}L?%HJ\OKt�=KSKMc%HJN%P�QR?�KjQnC[^@P_K�Q,}LH]QR?%HJN
QR?�KtZMC U KM^RCm��>
gDKS\OI�<=X�FmHJKS} �

Ï)�Jã � Èhº¤º�Ã%ÉGà
�
?%HJ>3c%^T<��TKMZ�Q3}�C=> 8 A%HJ\JQ6<_NkCbXf<_A%N%I%C[QRHJ<_N2<[X�c%^@K�F�HO<_A%>,^@KS>@KoC[^@Zn?�ZM<_N�I%A%ZSQ@KMI�HJN2QR?�K

C=^TKoC=>�<=X�ZM< U c%A�Q@KM^�F�HO>@HJ<_N C=N%I�0,'� ZS<_N:QR^T<_\ � �
?%K 8 A%HO\JI%HON�P 8 \O<�Zn�B>t<[X�QR?�HO>�K��mc�KM^@H U KSN:Q

�~r



HON�ZM\OA�I%K=÷��~�{CxXfA%N%Z�QRHJ<_NDC=\
06�� KSi�A�HOc%c�KMI�}LHJQR?�C=AmQR<_c%HJ\O<=Q{C=N%I P_H U�8 C=\OKSI�ZoC U KM^@C�(�p_�|C
>@<[XÆQv}7C=^TK�HJNBQ@KM^�XYC=ZMK{Xf<_^�ZM< UbU A�N%HOZMC[QRHJ<_Nx}LHJQ@?�C=N�I�ZM<=NBQ@^@<_\�<=X�QR?%Kb0,'�|(�C=N�I��:��C&ZM<_\J<_^�	
>@KSP U KMN:QnC[Q@HO<_N&C=\JP_<_^THJQR? U HJN%>@HJI%K�CWZM<_\J<_^�	.QR^RC[Zn��HJN%P|^T<_A�QRHJN%K�QR?%C[Q6HO>
ZoC[cDC 8 \JK�<=X"^TKMZS<_P_N%HJ�MHON�P
C�QnC=^TP_KSQ�HJNEH]QR>�>TA%^@^T<_A%N%I%HJN%P_>+C=N%IEc%^T<mI%A�ZMHON�PtQ@?%KLN%KMZSKM>@>@C=^ 9 ZS< UbU C=N%I�>lQR<�QR^@C=Zn�{HJQ�}LH]QR?EC
ZoC U KS^RC � ��^RC[NBQ@KMI�( U HJN%<_^�C=I��TA%>�Q U KMN:QR>7C=N%IVC=I�I%HJQ@HO<_N%>�}�KM^@K�N�KMZMKS>@>@C=^ 9 HON%ZS<_^@c�<_^RC�QRK,Q@?%KM>TK
8 A%HJ\OI%HJN%P 8 \O<�Zn�B>3HJNBQ@<bQ@?%HO>6K��mc�KM^@H U KSN:Qo(�?%<G}�K�F_KM^S(�}LHJQ@?%<_A�Q6QR?�KjXf<_A%N�IDC[QRHJ<_N�QR?%K 9 c%^T<GFmHJI%K=(
QR?�HO>
^@KS>@KMC=^@Zn?k}�<_A%\JI�N%<=Q 8 K�c�<_>@>TH 8 \JK � �6<~}�QR?DC[Q
Q@?%KM>TKtQ@<m<=\O>LC=^TKtHJN�c%\dC=ZSK=(�Q@?%K�N%K���Q,>TQ@KMc
HO>7Q@<WHON:QR^T<mI%A�ZMK�QR?%K U C[QR?�K U C[QRHJZM>7<=Xh\O<�ZoC[\OHO�MC[QRHJ<_N �

� Î



ª¤ø�ì�ù,%® ö>=

? ì"%ø�®A@aì" é�ý ¯�«�ê è « ý ì�î éCB ì" é «�¬
�
?%K{ZS^@Am�x<=X�QR?%HJ>�c%^T<��TKMZ�Q�HO>3Q@<�I%K�QRKM^ U HJN%K�Q@?%K|HON�KM^TQ@HdC=\�\O<�ZoC�QRHO<=N2<=X�CbF�HJ>@H 8 \OK|C[N%I

>TQRC[QRHJ<_NDC=^ 9 < 8 �TKMZ�Q
Xf^@< U QR?%K,F=C[NBQRC=P_K�c�<_HON:Q�<=XhC�g��mKMIm	.}LHON%PW06�� � �
?%K U C[QR?%K U C�QRHOZS>�A%N�	
I%KS^@\ 9 HJN%P�>@A%Zn?bC3QnC[>@��^TKMiBA%HJ^@K U KoC=>TA%^@K U KSNBQ@>�<=X�QR?%KL06�����>�C[QTQRH]QRA%I%K7C=N%IWHON%KS^TQ@HdC=\�ce<=>@HJQ@HO<_N
C=>6}�KS\O\hC=>,H]QR>6ZoC U KM^@Cbc�<_>@K[(�H � K � C[�MH U A�QR?kC=N%IkKS\OK�F=C�QRHO<=NkC=N�P_\OKS> � �vN�C=I%I�HJQRHJ<_N�(DQR?�K�\O<�ZoC[\]	
HO�MC[QRHJ<_N�C=\JP_<_^THJQR? U U A%>TQ 8 K{^@< 8 A%>TQ�QR<VQ 9 c%HJZoC=\lN�<_HO>TKWC=N%I�I%HO>�QRA%^ 8 C=N%ZSKM>�HON�KMC=Zn? <=X�Q@?%KM>TK
U KoC=>TA%^@K U KSNBQ@>M(�>THON%ZSK|QR?%K{^TKM>@A�\JQRHJN%PVHON%C=ZMZSA%^RC=ZSHOKS>3}LHO\J\ 8 K U C[P_N%HJg%KMI 8:9 Q@?%KW0,'�|�¡>tC=\JQ@H]	
QRA�I%K � 3NVHJN:F_KM>�QRHJP:C[QRHJ<_N�<=X'KS^@^T<_^7>@<=A%^@ZSKM>6C=N%I U KSQ@?%<mI�>7<=X'KM^T^@<_^ U HJN%H U HO�MC[QRHJ<_N{HO>7ZS<GF_KM^TKMI
HON2��?DC[c�QRKS^ Í �

�vN2Q@?%HO>LZn?DC[c�QRKS^M(eC=N2<=A�QR\JHON%K�C=N�IkI%KS^@HJF[C[Q@HO<_N�<=XhQR?%K U C[QR?%K U C�QRHOZMC=\�A�N%I%KM^Tc%HON�N%HON%P=>
<=XhFmHJ>@HJ<_Nm	 8 C=>@KSI2\J<mZMC=\OHJ�oC[Q@HO<_NVC[^@Ktc%^@KS>@KMN:Q@KMI � 0,>THON%PWQR?�KtQRC=^@P_K�Q6\O<�ZoC[Q@HO<_N�HON&c%H ��KS\O>
Xf^@< U C
0,'�yH U C=P_K[(BC=NWKM>TQ@H U C[QRK
<[X�QR?�KLQRC=^@P=KSQ+\O<�ZoC[Q@HO<_N�^@KM\OC[QRH]F_K7Q@<tQ@?%K
}�<_^T\OIE^@K�XfKM^@KSN%ZMKLXf^RC U K
HJ>
ZoC[\OZMA�\dC[Q@KMI � �
?%HO>6KM>�QRH U C[Q@K�HO>LZM<=NBQ@HONBA%<_A�>@\ 9 A�ceIDC�QRKMIkC=> U <=^@K�c%HOZ�QRA%^TKM>6<=X"Q@?%K�QnC=^TP_KSQ,C=^TK
ZoC[c�QRA%^TKMI�(BC[N%I{>@KSNBQ�Q@<�QR?%K70,'�/C=>"Q@?%K
N%KS}�I%KS>@HJ^@KMIWZSKMN:QRKS^�<=X�HJQ@>lZMHJ^@ZMA�\dC=^�<_^ 8 HJQlc%C[QR?{<GF_KS^
QR?�KjQnC[^@P_K�Q � �mKMZ�QRHJ<_N � � � 8 KMP_HJN%> 8:9 ^@K�F�HOKS}LHJN%P�N�KMZMKS>@>@C=^ 9 QRKM^ U HJN%<_\J<_P 9 C=N�Ix<_A�Q@\OHON�HON%P{QR?�K
c%^T<mZSKM>@>jC=>�C�}L?%<_\JK � �mKSZSQ@HO<_N � � p K��mc%\dC=HJN%>�QR?�KE>�QRKSc%>�<=X�Q@^RC=N�>TXf<_^ U C[Q@HO<_N 8 KSQv}�KMKSN�}�<_^@\JI
C=N%I ZoC U KS^RCVXf^RC U K{ZM<�<_^@I�HONDC[Q@KM> � �mKSZSQ@HO<_N � � � I%K�QnC=HJ\O>�Q@?%KbZMC U KM^RCm��>�ZoC[\OH 8 ^RC[Q@HO<_N U C[Q@^@H]�e(
}L?%HJZn?yZS<_^@^TKM\OC[QRKS>bQR?�KxQnC=^TP_KSQM��>�Q@?%^@KSK�	*I%H U KMN%>THO<_N%C=\,ZMC U KM^RC Xf^RC U KkZS<m<_^TI%HON%C[QRKS>�}LHJQ@?�HJQ@>
Qv}�<[	vI%H U KSN%>@HJ<_NDC=\�c%H �mKM\�ZM<�<_^@I%HJNDC[Q@KM>�C=N%IVCt>@ZoC[\OK,XYC[ZSQR<=^+� �  U KSQ@?%<mIEXf<_^�KS>TQ@H U C[QRHJN%P�QR?%HJ>
>@ZMC=\OKtXYC=ZSQ@<_^6HO>6I%HO>TZMA%>T>@KMI�HJN��mKSZSQ@HO<_N � ��Í � �vNkZM<_N%ZS\OA%>THO<_N�(���KMZSQ@HO<_N � �§Î c%^@<GF�HOI�KM>�CEZM<_N�ZMHO>TK
>@A UbU C=^ 9 <=X�QR?%K�\O<�ZoC[\OHO�MC[QRHJ<_N�C[\OP_<_^THJQ@? U2�

� Ò



Ó)�YÊ � ·:»o»G¾À³'¹ � »GÃ%ÉG»G·�¸
�
?%K|c�A%^@c�<_>@K�<=X�QR?%HJ>3>TKMZSQ@HO<_NkHO>,Q@<�I%HJ>@ZMA�>@>�>T< U KjH U ce<=^TQnC[NBQ6QRKS^ U >�C=N�IxZM<_N�ZMKMcmQR>

8 KSXf<_^TK�I%KM\]F�HON%P|HJN:QR<|c%^TKMZSHO>@K�I�KSQnC[HO\O> �  "HJ^@>TQM(%��KMZSQ@HO<_N � � � � � >T?%<G}L>,C[N%IVK��mc%\OC=HON%>+QR?%K3>@KSQ@>
<=X
ZM<�<_^TI%HONDC�QRK�Xf^@C U KM>lA%>TKMIWHON|Q@?%K7\J<mZMC=\OHJ�oC[Q@HO<_N�^@<=A�QRHJN%K � �mKMZS<_N%I�(:QR?�K7c%^@< 8 \OK U C=N�I{c%^@<_c�<_>TKMI
>@<=\OA�Q@HO<_N�C=^TK�QR?%<_^T<_A%P_?�\ 9 <=A�QR\JHON%KSIVHON2�mKMZ�QRHJ<_N � � � � p �

Y im

X im
X ip

Yip

Yc

Xc

Zc

f

q

p
obj

c

O

 λ

 "HOP_A�^@K�� � �_÷+�7C U KM^@C{Xf^@C U KM>

Ó)�YÊ'�YÊ ä ´�´�É�¸�¾À³'Ã�»G·xÇ'É~ÃDº�·m¼

0,N�I%KM^T>TQnC[N%I%HON�PV "HOP=A%^@KS> � � � ( � � p (�C=N%I � � � HO>6ZM^THJQ@HOZoC[\�QR<�ZS< U c%^@KS?%KMN%I�HON%PEQR?%KtXf<_\]	
\O<G}LHJN%P�c�^@< 8 \JK U I%KS>@ZM^THOc�Q@HO<_NwC=N%I�I�KM^@H]F[C[QRHJ<_N �  "HOP=A%^@K � � � >@?�<~}L>�C QnC[^@P_K�QVC[Qb\O<�ZoC[Q@HO<_N
��� Ý ��� Ý �ED Ý ��^@KS\dC[Q@HJF_K,QR<|>TKSF_KS^RC=\�ZS<m<=^@I%HJNDC[QRKLXf^RC U KS>M(�HJN%ZM\JA%I%HJN%PjQ@?%K�ZoC U KS^RC�Xf^RC U K[(mI%KSN%<=Q@KMI
}LHJQ@?{>@A 8 >@ZM^THOc�Q3F~(_QR?%K
H U C[P_K�c%H �mKM\mXf^@C U K=(;GIHEC[N%I{QR?%K
H U C=P=K U KSQRKS^lXf^RC U K=(JGLK �  "HJP_A%^TK � � �

�G×



C=>T>@A U KM>LC|>TH U c%\OK,c%^@<��TKSZSQ@HO<_NVZMC U KS^RC U <�I%KM\�C=N%I�QR?�K�<_^@HJP_HONbHO> U C=^T�=KMI 8:9�ME� �
?%K�ZMC U 	
KM^@C��¡>�Xf<�ZoC=\�\OKSN%P=Q@?�HO>+I%KSN%<=QRKSI 8:9�N C=N%Ib?DC=>�A�N%HJQ@>�<=X U KSQ@KM^T> � 56<~}�KSF=KM^S(%QR?%HJ>+}LHJ\O\D\dC�QRKM^ 8 K
>@ZMC=\OKSI2HJN&Q@?%K7��C=N%I4�VI%HJ^@KMZ�QRHJ<_N%>LC=N%I 8 KMZM< U K NPO C=N%I NPQ ^TKM>@c�KMZ�QRH]F_KM\ 9 ( 9 HOKS\OI%HJN%P{A%N%H]QR>L<=X
c%H ��KS\O> �

�
?%KtHON%I�HJF�HOI%A%C=\�ZM<�<_^TI%HONDC�QRK�Xf^RC U KM>6C=>T>@<�ZMHOC[QRKSI&}LH]QR?�QR?%Kj0,'�uC[^@K�>@?%<G}LNxHJNk hHOP[	
A%^TKM> � � p C=N%I � � � (m}LH]QR?V>@A 8 >@ZS^@HOcmQR>LI%KSg%N%KMI&HONV�hC 8 \JK � � � � 3\J\�ZM<�<_^TI%HONDC�QRK3Xf^@C U KS>�Xf<_\J\O<G}yC
^@HJP_?:QT	*?DC=N%Ix^TA%\OK � �
?%KW<_^@HJP_HON2<=X�QR?%K|ZMC U KM^RC�Xf^@C U K�HO>�C[Q�QR?�K{ZoC U KM^@C���>3ZMKMN:Q@KM^M(�}LH]QR?xQR?�K
c�<_>@H]QRHJF=KWZoC U KM^@Ck��	vC��mHO>M(SR Ý ("^TKMc%^TKM>@KSN:QRHON�P2QR?�K�<_c�Q@HOZMC=\�C��mHO>�<=X7Q@?%KEZoC U KM^@C � �
?%Kb<_^@HJP_HON
<=X6QR?%K�P_H U|8 C=\+Xf^RC U KVHO>|Q@?%K�ZMKSNBQ@KM^E<=X6QR?%KVQv}�<[	�C��mHJ>{P_H U|8 C=\ � �
?%K&C��mKM>EZM<_^T^@KM>Tce<=N%I�Q@<
QR?�Kb06�� 8 <mI 9 C��mKM>�}L?%KSN�P_H U|8 C=\"C=�MH U A�QR?�C[N%I�KS\OK�F=C�QRHO<=N�C=N%P_\JKM>�C=^TK{�MKM^T< � �
?%KE0,'�
8 <mI 9 Xf^@C U K6HJ>�ZMKMN:Q@KM^@KSI�C[Q�QR?%K6ZMKSN:QRKM^�<=X U C=>@>S(:}LHJQR?EQR?%KL),	vC��mHO>S(UT Û (�<_A�Q�Q@?%K3N%<=>@K6<=X�QR?�K
C=HJ^@ZM^@C[XÆQ�C=N�I�Q@?%K ` 	vC��mHO>S(�V Û (�<=A�Q�QR?%KW^THOP_?:Q�}LHJN%P � �
?%KE06�� F=KM?%HJZM\OK{Xf^@C U K�HO>�HOI�KMN:QRHJZoC=\
QR<bQR?%K|HJN%KM^�QRHOC=\�Xf^RC U K 8 A�Q�HO>6QR^@C=N%>@\OC[QRKSIx>@<bQR?%K{06��uZMKMN:Q@KM^�<=X�P_^@CoFmH]Q 9 HO>,Q@?%K|<_^THOP_HJN � �*Q
}LHO\J\�c%^T<GF_Kt?%KM\Jc�XfA%\�Xf<_^7Q@?%K�^@KoC[I%KM^
QR< 8 KMZS< U K�XYC U HJ\OHdC[^+}LH]QR?VQR?%KS>@KtZM<�<_^@I�HONDC[Q@K3Xf^RC U KS> �

�"C 8 \OK�� � �_÷��vN%I�K���QR<EZM<�<_^TI%HONDC�QRK3Xf^@C U K�>TA 8 Ì[>TA%c�KM^@>TZM^THOc�Q@> �

��<m<=^@I%HJNDC[QRK� D^@C U K >TA 8 >TZM^@HJc�Q
� U C[P_K�Xf^RC U KE�Yc�H]�mKM\J>n� GIH
� U C[P_K�Xf^RC U KE� U KSQ@KM^T>n� GLK
�7C U KM^RC|Xf^@C U K F
��H U|8 C=\�Xf^RC U K W
0,'����<mI 9 Xf^RC U K X
0,'����KM?%HJZM\OK�Xf^@C U K Y
-�<=^@\OIDÌ[�vN%KM^�QRHOC=\eXf^@C U K Z

� ¦



X  (North)

Y  (East)

I

I

Xb
Z c,Xg

Xv

Yv

Yb

CM

Gimbal

d
v
I

az

Yc,Yg

α

 "HOP=A%^@K�� � pm÷+��<�<_^TI%HONDC�QRK�Xf^RC U KS>

ZI

X  Y  Plane
I I
-

Xv

Xc

Zv

Xb

Zb

Xg

Zc

el

d
v

I

Zg

CM

α

 "HOP=A%^@K�� � ��÷+��<�<_^TI%HONDC�QRK�Xf^RC U KS>

p=q



Ó)�YÊ'�JÏ 	 É~´�Ä"¶f·�º " È�»~¶À¾Y³'·
�
?%K
P_<_C=\m<[XDQR?%K7\J<mZMC=\OHJ�oC[Q@HO<_N�C[\OP_<_^THJQ@? U HO>�QR<3Q@^RC=N%>�Xf<_^ U C=N|< 8 �TKMZ�Qo�¡>�c%H]�mKM\m\O<�ZoC[Q@HO<_N

Xf^@< U C[N¤H U C=P_KWQR<xH]QR>jHON%KS^TQRHOC=\�\O<�ZoC[Q@HO<_N HON U K�QRKS^@> � �h<�P_H]F_K�C U C�QR?%K U C[Q@HOZMC=\�<GF_KM^�F�HOKS}
<=X�QR?%HJ>7^@<=A�QRHJN%K=(%�hC 8 \JK � � p >T?%<G}L>,c%C=^RC U KSQ@KM^T>
^@KMc�^@KM>TKMN:QRHJN%PWQR?%Kt0,'�|�¡>6C[Q@Q@HJQ@A%I%K=(�HON%KS^TQRHOC=\
\O<�ZoC�QRHO<=N�(mZMC U KM^RC{P_H U|8 C=\�C=N%P_\JKM>6C=N%I�ZMC U KS^RC{ZoC[\OH 8 ^RC[Q@HO<_N�ZS<_N%>�QnC=N:QR> �

�hC 8 \JK�� � p�÷�0,'�1C[N%I2ZMC U KM^RC{cDC[^RC U KSQ@KM^@>

z"C[^RC U KSQ@KM^ � 9�U|8 <_\ 06N%HJQ@>
0,'�!^@<_\J\�C=N%P=\OK [ ^RC=I
0,'�!c%HJQ@Zn?kC[N%P_\OK \ ^RC=I
0,'� 9 Co}�C=N�P_\OK ] ^RC=I
0,'�!KoC=>�Q3c�<_>THJQRHJ<_N �J^�_a` U
0,'�!N%<_^�QR?&ce<_>THJQ@HO<_N �'^1_a` U
0,'��C=\JQ@HJQ@A%I%K bc^1_a` U
��H U|8 C[\�C=�SH U A�Q@?&C=N%P_\JK d�egf ^RC=I
��H U|8 C[\�KM\JKSF[C[Q@HO<_N�C=N�P_\OK d�hLi ^RC=I
�7C U KM^@CWXf<�ZoC=\�\OKMN�P=QR? N U
�7C U KM^@CW)�H U C=P=K�>@ZMC=\OKS^ j O U Ì�c%H]�mKM\
�7C U KM^@C ` H U C=P=K�>@ZMC=\OKS^ j Q U Ì�c%H]�mKM\
� U C=P_K�ZMKSN:QRKM^L)!<=¥e>@KSQ q O c%H]�mKM\J>
� U C=P_K�ZMKSN:QRKM^ ` <=¥e>@KSQ q Q c%H]�mKM\J>

�vN2C=I%I%H]QRHO<=N�(%C&� ÍlkxÍ ��ZMC U KM^RCWZoC[\OH 8 ^RC[Q@HO<_N U C[Q@^@H ��mW(DC=N%I�Xf<_A%^t� ÍnkxÍ ��?%< U <_P_K�	
N%KS<_A%>7QR^@C=N%>�Xf<_^ U C[QRHJ<_N U C[Q@^@HOZSKM>��À5,�6#&>n�7C=^TK�N%KMKSI%KMIVQ@<|QnC=�[K�C�QnC=^TP_KSQ7\O<�ZoC[Q@HO<_NEHON�c�H]�mKM\J>
QR<�C=N�KS>TQ@H U C[QRKLHONEQR?%K,ZoC U KM^@C�Xf^@C U K3C=N�IbQR?�KMN�Q@<jQR?�K,HJN%KM^�QRHdC[\%Xf^RC U K � yI%K�QnC=HJ\OKMIEI%KS^@HJF[C�	
QRHJ<_N�<[X�QR?%KS>@K�5,�6#&>7HO>�P_HJF=KMN�HJN��mKMZ�QRHJ<_N � � p C=N%I�m!HJ>�I%KS^@HJF=KMIVHJN��mKMZ�QRHJ<_N � � � � ,>@>@A U HJN%P
QR?�KbcDC[^RC U KSQ@KM^@>tHON��hC 8 \JK � � p C=N%I�QR?%Kb5,�6#2>�C=^@KE�BN%<G}LN¤<_^ U KoC=>TA%^@KSI�Xf<_^�KoC[Zn?¤H U C=P_K
ZoC[c�QRA%^TKMI�('QR?�Kb^TKM\dC�QRHO<=N%>@?%HJc 8 K�Qv}�KSKMN�C[N�< 8 �TKMZSQM��> � �<�¤�&�o�qp¤c%H]�mKS\�\O<�ZoC[Q@HO<_N�(�I%KMN%<[QRKMIsrm(
C=N%I&HJQM��> � �t��D&�o� p HON%KS^TQRHOC=\�ZS<m<=^@I%HJNDC[QRKS>M(%I�KMN%<=Q@KMIlH Úuwv�x (DZoC[N 8 K�I%KM>TZM^TH 8 KMI 8:9

r�y$m�Ø ÝÜ ØLÜÛ Ø ÛÙ Ø ÙÚ H Úuwvzxg{ �Y� � �G�

pm�



�
?%K�^THOP_?:Q7?%C=N%IV>@HJI%K�<=Xh��iBADC[Q@HO<_N�� � � � ���fXf^T< U ^@HJP_?:Q7QR<|\JKSXÆQn�+ZM<=N%>@HJ>TQR>
<[X�QR?%K U KMNm	
QRHJ<_N%KSI�5,�6#2>S(�}L?%HJZn?xQR^RC[N%>TXf<_^ U C=Nx< 8 �TKSZSQM��>�HJN%KM^�QRHdC[\�\O<�ZoC[Q@HO<_N&HON:QR<�C=NxA%N�ZoC=\JH 8 ^@C[QRKSIxKM>�	
QRH U C�QRK3<[XhQ@?%K�< 8 �TKMZ�Qo�¡>L\O<�ZoC[Q@HO<_N�HJN�QR?%K�ZMC U KS^RC�Xf^@C U K � �
?%HJ>6KS>TQ@H U C[QRK�HJ>7QR?%KSN�ZoC=\JH 8 ^@C[QRKSI
C=N%I�>TZoC=\JKMI�A%>THON%P�Q@?%K U C�QR^@H �|mE(�}L?�HOZn?�ZM<_N:QRC=HON%>�Q@?%K{H U C=P_K[��>,I%KMcmQR?�(�<_^3>@ZoC[\OHON�P�XYC=ZSQ@<_^M(� � �
?%K�c%^@< 8 \OK U }LH]QR?V��iBADC[Q@HO<_N � � � � ��HO>+QR?DC[Q 8 <=Q@?�H Úuwv�x C=N%I�Q@?%K��&c�<_^�QRHO<=N�<=X�m1C[^@K�N%<[Q
�BN%<G}LN � �m<_\JF�HJN%P|Xf<_^6H Úuwvzx C=N%I�K���Q@^RC=Z�QRHON�P��&Xf^T< U mW(���iBADC[QRHJ<_N�� � � � � 8 KMZS< U KS>

H Úuwv�x y>� � m�Ø ÝÜ ØLÜÛ Ø ÛÙ Ø ÙÚ ��}�~gr�� �Y� � p=�

}L?%HJZn?bC[\O\O<G}L>"Xf<=^"QR?%K
KMC=> 9 ZoC=\JZMA%\OC[QRHJ<_N�<=X1H Úuwvzx (BC[>@>@A U HJN%P��EHJ>l�BN%<G}LN � �
?%HO> U <=Q@HJF[C[QRKS>"QR?�K
N%KSKMIkXf<_^LC U K�QR?%<�I�<=XlKS>TQ@H U C[QRHJN%Pn� � ��KSXf<_^TKtQ@?%HO>LHJ>,C[ZMZM< U c%\JHO>T?%KMI�(D?�<~}�KSF=KM^S(eQR?�K�56�6#2>
C=N%I&ZoC U KS^RC{ZoC=\JH 8 ^@C[QRHJ<_N U C[Q@^@H]��>@?�<_A%\OI 8 KtK��mc%\dC=HJN%KMI�HJN U <_^TK�I%KSQRC=HO\ �

Ó)�JÏ Â�É~ÃD³�¼MÁ*´�É�º�Ã�»~¾f´�³h¼

 ?%< U <_P_KMN�KM<_A%>EQR^@C=N%>TXf<=^ U C[QRHJ<_N U C[Q@^@H �y�À56�6#x�EZS< U|8 HJN%KM> 8 <=QR?¢^@<=QRC[QRHJ<_NwC[N%I
QR^@C=N%>T\dC[Q@HO<_N 8 KSQv}�KMKSN¢ZS<m<=^@I%HJNDC[QRKbXf^RC U KM>|HJN:QR<�Cx>@HJN%P_\JK U C�QR^@H � � �
?�HO>{>@KSZSQ@HO<_N�}LHO\J\+F�HJ>@HJQ
KoC[Zn?�5,�6# HJN%I%H]FmHJI%ADC=\J\ 9 (�I%HO>TZMA%>T>@HON�PxHJQ@>tKS\OK U KSNBQ@>|C=N�I�c%A%^Tce<=>@K � �
?%Kb>@A 8 Ì�>@A%c�KM^�	v>@ZS^@HJc�Q
NDC U HON�PjZS<_N:F_KMN:Q@HO<_N�Xf<_^+QR?%K35,�6#2>
HJN���iBADC[Q@HO<_N%>�� � � � �+C=N%I�� � � p ��HJ>�>@?�<~}LN 8:9 Ø+� u��� uw� (%C[N%I
QR?�K�XfA�N%ZSQ@HO<_N�<=XhKoC=Zn?k5,�6#$HO>
I%KS>@ZS^@H 8 KMI2HONV�hC 8 \JK � � � �

�"C 8 \OK�� � ��÷�56< U <=P_KMN%KS<_A%>
QR^@C=N%>�Xf<_^ U C[QRHJ<_N U C[QR^THOZSKM> �

5,�6# ��KS>@ZS^@HOcmQRHO<=N
ØLÙÚ �h^@C=N%>�Xf<_^ U C[QRHJ<_N�Xf^@< U �vN%KS^TQRHOC=\�Q@<b06�����KS?%HOZS\OK�Xf^RC U K
Ø6ÛÙ ��^RC[N%>TXf<_^ U C�QRHO<=N�Xf^@< U 0,'�!��KS?%HOZS\OK�Q@<�06�����<�I 9 Xf^@C U K
Ø ÜÛ ��^RC=N�>TXf<_^ U C[Q@HO<_N�Xf^T< U 06�����<�I 9 Q@<b��H U|8 C=\�Xf^RC U K
Ø6ÝÜ ��^RC[N%>TXf<_^ U C�QRHO<=N�Xf^@< U ��H U|8 C=\�QR<b�7C U KM^RC|Xf^@C U K

�
?%Kj>TQR^TA%ZSQ@A%^@Kj<=X�C[NkC=^ 8 HJQ@^RC=^ 9 5,�6# (�Ø3�� (�HO>L>@?%<G}LNxHJNk��iBADC[Q@HO<_N¤� � � � �n(D}L?%KM^TK��
^@KSc%^@KS>@KSNBQ@>{C��À� k �:��^T<=QnC[Q@HO<_N U C[QR^TH]��C=N%I��P�� ^TKMc%^TKM>@KSN:QR>{C��À� k �G��Q@^RC=N�>@\dC�QRHO<=N�F=KMZ�QR<_^ �
��<=Q@?j^T<=QnC�QRHO<=NjC[N%IjQ@^RC=N%>T\dC[Q@HO<_N�<�ZMZSA%^�Xf^@< U Q@?%K3G�����QR<LQR?�KS������ZS<m<=^@I%HJNDC[QRK�Xf^@C U K � 56<G}�K�F_KM^S(
}L?%KSN�}L^@H]Q@QRKSN�HJN Q@?%HO> U C[N%N%KM^S(�Q@?%K�^T<=QnC�QRHO<=N <�ZMZSA%^@>tgD^@>�Qo(�Xf<_\O\J<~}�KMI 8:9 QR?%KEQR^RC[N%>@\OC[QRHJ<_N �

p_p



�
?%KS^@KSXf<=^@KVQR?%KVQ@^RC=N%>T\dC[Q@HO<_N�F_KMZ�QR<_^ U A�>TQ 8 KV^@KM>T<_\JF=KMI�HON�QR?�K�� ��� ZM<�<_^@I�HONDC[Q@K�Xf^RC U KVC[N%I
N%KSP:C[QRKSI&Q@<ECGF=<_HOI&c%^TK�	 U A%\JQ@HOc%\ 9 HJN%P�H]Q 8:9 � � � �

Ø3�� y �� � ��� � �
q q q �

��
�Y� � �_�

Ó)�JÏ��YÊ Â�É~ÃD³h¼SÁ*´�É[º�Ã�»~¾f´e³ Ø ÙÚ
�mHJN%ZMKWQR?%KEQR^@C=N%>TXf<=^ U C[QRHJ<_N�Xf^@< U Q@?%K�HJN%KM^�QRHdC[\"QR<&QR?%KEF_KM?�HOZM\JKEXf^@C U KbHJ>jC[ZSQRA%C=\O\ 9 C

>@HJN%P_\JK|QR^RC[N%>@\OC[QRHJ<_N�(�Ø ÙÚ }LHJ\O\"<=N%\ 9 I�KMc�KMN%I�<_N Q@?%KE0,'�|�¡>|��z+��\J<mZMC[QRHJ<_N�C=N�I 8 C[^@< U KSQ@^@HOZ
C=\]QRHJQ@A%I%K U KoC[>@A%^TK U KMN:QR>6>@?%<G}LN 8:9

Ø ÙÚ y �� Z ��� Ù Ú
q �

�� �@}L?%KS^@K
� Ù Ú y

����� �'^�_a`�J^1_a`��bc^�_a`
�/���� C=N%I

�'^�_a` y �,<=^TQR?�\J<mZMC[QRHJ<_N�<=X"0,'��C=> U KMC=>@A%^TKMI 8:9 �tz+��J^1_a` y ��C=>TQ6\J<mZMC[QRHJ<_N�<=X"0,'��C=> U KMC=>@A%^TKMI 8:9 �tz+�b�^1_a` y 3\]QRH]QRA%I%K3<=Xl06���C=> U KoC=>TA%^@KSI 8:9�8 C[^@< U KSQ@^@HOZ3c%^@KS>@>@A�^@Kt>@KMN�>@<_^

p=�



Ó)�JÏ��JÏ Â�É~ÃD³h¼SÁ*´�É[º�Ã�»~¾f´e³ Ø ÛÙ
�
?%K�QR^@C=N%>�Xf<_^ U C[QRHJ<_N3Xf^T< U Q@?%K�F_KS?%HOZS\OKlXf^RC U K"Q@<7QR?%K+06�� 8 <mI 9 Xf^RC U K[(oØ,ÛÙ (�ZS<_N%>THO>TQ@>

<=X"C{>@HON�P_\OK�^T<=QnC[Q@HO<_N 8 C=>@KSI2<_N U KoC=>TA%^@K U KSNBQ@>L<=Xl��A%\JKM^6C=N%P=\OKM>S(%>@?�<~}LN 8:9

Ø ÛÙ y �� � ÛÙ q
q �

�� �T}L?%KM^TK
� ÛÙ y �L<=QnC�QRHO<=N�Xf^@< U F_KM?�HOZM\JK�QR< 8 <�I 9 Xf^@C U K

y
����� F��EFE� F����o� ���a������a�EFE���<F��J�o� �a�J�a���o� �¡F(�¢FE� �a�¢F��F����a�EF�� �£�a�J�o� F��J�a���o���¡�a�¢F�� F���F��

� ���� C=N%I
[ y 06��!^@<=\O\�C=N�P_\OK\ y 06��!c%H]QRZn?2C=N%P_\JK] y 06��!?%KMC=I%HON�PbC[N%P_\OKFSð,y ZS<_>~�w¤=��~ð,y >THON'�5¤=�

Ó)�JÏ��JÓ Â�É~ÃD³h¼SÁ*´�É[º�Ã�»~¾f´e³ Ø6ÜÛ
�
?%K�Q@^RC=N%>�Xf<_^ U C[Q@HO<_NEXf^@< U QR?%K�0,'� 8 <�I 9 QR<|QR?�K�P_H U|8 C=\DXf^RC U K=(�Ø ÜÛ (�}LHO\J\eI%KSceKSN%I

<_N�QR?�KV\O<�ZoC[Q@HO<_N¤<[X6Q@?%K&0,'�|�¡>WZMKMN:Q@KM^W<=X U C=>T>|}LHJQ@?�^@KM>TceKSZSQEQR<xQ@?%K�P_H U|8 C=\.�¡>�^T<=QnC[Q@HO<_N
ZMKSN:QRKM^ � �
?%HO>{F=KMZSQ@<_^M(
I�KMN%<=Q@KMI 8B9 � Ü Û (�HO>W^@KS>@<_\]F_KMIwHON�QR?%K&P_H U|8 C=\�Xf^@C U K � Ø ÜÛ }LHO\O\7C=\O>T<
I%KSceKSN%Iw<_N QR?�K2^T<=QnC[Q@HO<_N�Q@?DC[QbC=\OHJP_N%>�Q@?%K&P_H U|8 C=\.�¡>|ZM<�<_^TI%HONDC�QRK�Xf^RC U K�}LH]QR? QR?%K20,'�|�¡>
8 <mI 9 Xf^RC U K � �
?�HO>
^@<[QnC[Q@HO<_N�HJ>
I%KMN�<=QRKSI|�3ÜÛ C=N%I�^@KSiBA%HO^TKM> U KMC=>@A�^@K U KMN:Q@>6<[X�Q@?%K�ZoC U KM^@C��¡>
C=�SH U A�Q@?EC=N%IEKM\OK�F[C[QRHJ<_NEC=N%P_\JKM>2dAegf7C[N%Id�hLi�^@KM>TceKSZSQ@HJF_KS\ 9 ( 8 <=QR?E<=Xe}L?%HOZn?bC=^@KL�BN%<G}LN � �
?%HJ>

p Í



QR^@C=N%>�Xf<_^ U C[QRHJ<_N�HJ>6>T?%<G}LN 8:9

ØLÜÛ y �� �3ÜÛ ���_ÜÛ
q �

�� �@}L?%KM^TK
�3ÜÛ y � Q(¥ ¦�§©¨ ��f ¥ ¦aªw«

y
����� F(h¬i q �ah¬i

q � q� �ah¬i q F�hLi
�/���� ����� F�ezf �aegf q����egf F�ezf q

q q �

�/����

y
����� F(h¬iqF(egf F(h¬iq�aezf �ah¬i����h¬i F�egf q� �ah¬iIF�egf ����h¬iI��egf F�hLi

�/���� C[N%I
�_ÜÛ y ��KSZSQ@<_^
Xf^@< U P_H U|8 C=\�ZSKMN:QRKS^6Q@<EZ U <=X"0,'��

}L?%KS^@K

F�ð®y ZS<_>G�5¤=��Gð®y >THON��5¤=�dAegf y ,�MH U A�QR?&C=N%P=\OK�<=Xh^@<[QnC[Q@HO<_N�C 8 <_A�Q�R ÜdAh¬i¯y ��\OK�F[C[QRHJ<_N�C=N%P_\JK�<=X"^@<=QRC[QRHJ<_NVC 8 <_A�Q�V Ü (�C[XÆQRKS^°dAegf {
Ó)�JÏ�� Þ Â�É~ÃD³h¼SÁ*´�É[º�Ã�»~¾f´e³ Ø,ÝÜ

Ø6ÝÜ HO>,Q@?%K|QR^@C=N%>�Xf<_^ U C[QRHJ<_N2Xf^T< U P_H U|8 C=\�QR<VZoC U KS^RC�^TKSXfKM^TKMN%ZSK{Xf^RC U KM> � �*Q3}LHO\O\�I%K�	
c�KMN%I¤<=N�QR?�KEF=KMZSQ@<_^�� ÝÜ ('}L?%HOZn?�I%KM>TZM^@H 8 KS>jQ@?%K�\J<mZMC[QRHJ<_N�<=X7Q@?%KbP=H U|8 C[\.�¡>�^@<=QRC[QRHJ<_N�ZSKMN:QRKS^
^@KS\dC[Q@HJF=KWQ@<2Q@?%K�ZMC U KS^RC�ZMKSNBQ@KM^{C[N%I�HJ>t^TKM>T<_\JF=KMI¤HJN�QR?�KbZMC U KS^RC��¡>tZM<�<_^@I%HJNDC[Q@KWXf^@C U K � Ø ÝÜ
C=\J>@<�I%KSceKSN%I%>W<_N�Cx>@H U c%\JK�^T<=QnC[Q@HO<_N�� ÝÜ (�}L?�HOZn?�C=\OHJP_N%>tQR?%KVZMC U KS^RC��¡>{ZM<�<_^TI%HONDC�QRK�Xf^@C U K

p_r



}LHJQ@?VQR?DC[Q6<=X�QR?�KtP=H U|8 C[\ � �*QLHJ>
>@?%<G}LN 8B9

Ø ÝÜ y �� � ÝÜ ��� ÝÜ
q �

�� �L}L?%KM^TK
� ÝÜ y �{I%H U KMN%>THO<_N%C=\�^@<[QnC[Q@HO<_N�Xf^T< U Q@?%K�P_H U|8 C=\eQ@<WQ@?%K�ZoC U KM^@C|Xf^RC U K

y
����� q q �t�
q � q
� q q

� ���� >@HJN%ZMK�}�KjZn?%<=>@K�T Ý y��R Ü C=N%I|R Ý y±T Ü
� ÝÜ y ��KMZ�QR<_^
Xf^@< U ZoC U KS^RC{ZMKSNBQ@KM^LQR<EP_H U�8 C=\�ZSKMN:QRKS^M(�^@KS>@<_\]F_KSI2HJN&ZMC U KM^RC|Xf^@C U K

-�K2N%<G} ?DCoF=K2Xf<_A%^b5,�6#&>bQR?%C[Q�C[^@K 8 C=>TKMI�<_NwC�c%^THO<_^TH
ZoC=\JH 8 ^@C[QRHJ<_N%>{C[N%I U KoC�	
>@A�^@K U KMN:Q@>�Xf^@< U <_N�	 8 <:C=^@I¢>@KSN%>@<_^T> �  D<_\J\O<G}LHON%P ��iBADC[Q@HO<_N�� � � p ��(7Q@?%KxN%K���QV>TQ@KMc 8 KSXf<_^TK
KM>�QRH U C[Q@HON%P|CWQRC=^@P_K�QL\O<�ZoC[Q@HO<_N�HO>7QR<EI%K�F_KM\J<_c�QR?%K�ZoC U KS^RC{ZoC=\JH 8 ^@C[QRHJ<_N U C[QR^TH]� �

Ó)�JÓ Â�Õ'· ä ÃD¶Y¾YÄ�É~Ã�»~¾f´�³ Ô Ã�»GÉ�¾ÆÅ

�
?%K7H U C[P_K�ZMC=c�Q@A%^@KSI|Xf^@< U C,F�HOI�KM<3XfKSKMI�(BC=>�}LHJQ@?{C=N 9 H U C[P_K=(�HO>"C,Qv}�<�	vI%H U KSN%>@HJ<_NDC=\
^@KSc%^@KS>@KSNBQRC[QRHJ<_Nk<[XhQ@?%^@KSK�	vI�H U KMN%>THO<_NDC[\�HONmXf<_^ U C[QRHJ<_N � �
?�Ktc�A%^@c�<_>@Kt<=X�QR?%K�ZMC=\OH 8 ^RC[Q@HO<_N U C�	
QR^TH]�|HO>lQR< 8 ^THON%P�Q@?%K
QnC=^TP_KSQM��>�\J<mZMC[QRHJ<_N|HJNEc�H]�mKM\J>�HON:QR<�Q@?%K
QR?%^TKMK�	*I%H U KMN�>@HO<=NDC=\�ZMC U KM^RC�Xf^@C U K
HON U KSQ@KM^@> � �
?%K&ZoC U KS^RC��¡>bZMC=\OH 8 ^RC�QRHO<=N U C�QR^@H ��I%K�gDN%KS>�C�\OHJN%K�Xf^@< U QR?%K&ZoC U KM^@C ZSKMN:QRKS^
QR?�^@<_A%P=?kQR?%KtQnC=^TP_KSQM��>,\O<�ZoC[Q@HO<_N&HON&QR?%KjH U C=P_K�Xf^RC U K[(l�8� �³² ��� �³² � � �vNxHJN%KM^�QRHdC[\�ZM<�<_^@I%HJNDC[Q@KM>M(
QR?�K+QRC=^@P_K�Q"\JHOKS>�>T< U K+I�HO>TQRC=N%ZSK+�|C=\J<_N%PLQR?%HJ>�\JHON%K+C=N�I�ZoC[N 8 K�c%HJNm	vc�<_HJNBQ@KMI�}L?%KSN��|HO>���N�<~}LN �
�mH U c%\ 9 c%AmQo(�QR?%KjZoC=\JH 8 ^@C[QRHJ<_N U C�QR^@H ��C=\J\O<G}L>
QR?%KjH U C=P_K�Q@< 8 Kj>TZoC=\JKMIk>T<�QR?%C[Q U K�QRKM^T>3ZMC=N
8 K{I%KM^THJF_KSI�Xf^@< U c%H]�mKM\J> �  "HOP=A%^@K � � � >T?%<G}L>�Q@?%K{H U C=P_KtXf^RC U K�HJN�c%H]�mKS\O>W��GIH���C=N�I U KSQ@KM^T>
��G¬K&� � �
?%KbZn?%C=N%P_Kb<=X
C��mKS> 8 KSQv}�KMKSN U K�QRKS^jC[N%I�c%H �mKM\lXf^RC U KS>tHJ> U KMC=N:QtQ@<kC[\O\O<G}�KoC=>THOKS^
ZM< U cDC[^@HO>T<_N 8 K�Qv}�KSKMN�H U C=P_KE� U K�QRKS^n�LC=N%IkZMC U KM^RCWXf^RC U KM> � �h^TA%ZMZS<%(�KSQ3C=\ � � Ò �h>T?%<G}�QR?DC�Q
QR?�KtZn?%C=N%P_K�Xf^@< U c%H]�mKS\O>7QR< U KSQ@KM^@>LHJN�Q@?%K�H U C=P_K3Xf^@C U K�HO>

� �´² y �g�µ� �·¶ �¢q Q �zj Q� �³² y ��� �·¶ � q O ��j O { �Y� ��Í �

��iBADC[QRHJ<_Ny� � ��Í � 9 HOKM\JI%> U KSQ@KM^@>�HON¤QR?�K�H U C=P_KWXf^RC U K � 06>@HJN%P�CxceKS^@>TceKSZSQRH]F_KVZMC U 	
KM^@C U <�I%KM\À(���iBADC[Q@HO<_N�� � � r �,K���QRKSN%I%>�QR?%HJ>3QR<�Q@?%K{ZoC U KS^RC�Xf^RC U K{C[N%I�HO>�>TH U c%\ 9 C U C[QR^TH]�

p Î



^@KSc%^@KS>@KSNBQRC[QRHJ<_N&<=XhQ@?%K�\dCo}�<[X">TH U HO\dC[^+Q@^@HdC[N%P_\OKS>M(m>@KMKj "HJP_A%^@K � � � ������ � � D
�/����
Ý

y �
����� �P¸ N q q
q �P¸ N q
q q �

�/���� ����� � �
�

�/����
�³²
� �Y� � r=�

��< U|8 HON%HJN%P���i�A%C[QRHJ<_N%>6� � ��Í �lC[N%I2� � � r ��(_}�K6C=Zn?%HJKSF_K,C�^@KS\dC[Q@HO<_N%>T?%HOc 8 K�Qv}�KSKMN�c�H]�mKM\J>
HONVQ@?%K�H U C=P_K3Xf^@C U K�C=N%I U K�QRKM^T>LHONVQR?%K�ZMC U KS^RC|Xf^RC U K � �
?%HO>LHJ>
>@?%<G}LN 8:9����� � �

�

�/����
�·¶
y ��

����� q ¹º(» q O� ¹º½¼ q q Q
q q �

�/���� ����� � � D
�/����
Ý

{ �Y� �§Î �

 ZM\J<_>@KS^&\J<m<=�wC[Q2 "HJP_A%^TK � � � ^TKSF_KMC=\O>�QR?%C[Q�� �·¶ ^TKM\OC[QRKS>�Q@<¾� Ý C=N%I¿� �·¶ QR<¾� Ý HJN
��iBADC[QRHJ<_N£� � ��Î ��>THON%ZSKEQ@?%KM^TKb}�C=>|C&Zn?DC=N%P=K�<=XLC~��KS> 8 KSQv}�KMKSN Q@?%KlGIH C=N�I�GLK ZS<m<=^@I%HJNDC[QRK
Xf^RC U KS> � � 9VU <GF�HON%Pn�&Q@<WQ@?%K�<=QR?�KM^L>@HJI%KtC=N%I�\OK�Q@QRHJN%P¯¹º½» y N�O C[N%IÀ¹º½¼ y N�Q (%}�KjC=Zn?%HOK�F_K

�
����� � �
�

� ����
�·¶
y
����� q NPO q O� N�Q q q Q

q q �

� ����
Á ÂoÃ ÄÅ

����� � � D
� ����
Ý

� �Y� � Ò �

}L?%KS^@K�m ^@KSc%^@KS>@KSNBQ@>|QR?%KbZoC U KM^@C2ZMC=\OH 8 ^RC[Q@HO<_N U C[QR^TH]� � �
?%HJ>�^@KSc%^@KS>@KSNBQRC[QRHJ<_N¤>T?%<G}L>�QR?DC�Q��ZMC=N 8 K{K��mQ@^RC=Z�QRKSI Xf^T< U m C=>�C=N%<=Q@?%KM^�c%C=^RC U KSQ@KM^ � #2<_^TK{ZM< U c%\JK��kZoC=\JH 8 ^@C[QRHJ<_N U C[QR^TH]	
ZMKS>jK��mHO>TQtQR?%C[QjC=ZMZS<_A%N:QjXf<=^tH U C[P_K{>@�[KS}LHON�PxC=N%I�^RC=I�HdC=\�C[N%I QRC=N%P_KSN:QRHdC[\�I%HO>�QR<_^�QRHO<=N%> � �o× �.(
?%<G}�KSF_KS^M(�}LH]QR?kCb>@iBADC[^@KW�
�7�uC[^@^RC 9 C=N%IkCbNDC[^@^@<G}!C=N�P_\OK�\OKSN%>M(�QR?�KM>@K�ZoC=N 8 K
�TA%>TQ@HJg�C 8 \ 9
HOP=N%<_^@KSIV}LHJQR?�<_A�QL>@KS^@HJ<_A%>LZM<_N�>@KMiBA%KSN%ZMK �

-�K&N�<~} ��N�<~}�(�<_^{?DCoF_K U KMC=>@A�^@K U KMN:Q@>EXf<_^S(�C[\O\7cDC[^RC U KSQ@KM^@>WHJN¢��iBADC[Q@HO<_N4� � � p �
}LHJQ@?kQR?�K�K��mZSKMc�Q@HO<_N�<=X"QnC=^TP_KSQ3\O<�ZoC[Q@HO<_N�(�H Úuwv�x (�C=N�IxH U C=P_K�I%KSc�QR?�()� � �
?%KM^TKSXf<_^TK=(�Q@?%K�N�K���Q
>@KSZSQ@HO<_N&c%^@KS>@KSNBQ@>3C U KSQR?�<mI�<=XhKM>�QRH U C[Q@HON%P�� �
Ó)� Þ Ë º�Ã%¹�·t
V·Bæ�»GÕ�ÃD³h¸£Â�Ã%É~¹�·:» ¿ ´�±_Ã�»~¾f´�³

�
?%HJ>�>TKMZSQ@HO<_NEc%^TKM>@KSN:QR>
C U K�QR?%<�IW<=X�P=KMN%KS^RC[Q@HON%PjC=NEKM>TQ@H U C[QRK
Xf<_^3��A%>THON%P U KoC=>TA%^@K�	
U KMN:QR>W<=X30,'� C=\JQ@HJQRA�I%K � �*QbHJ> 8 KSN%KSg%ZMHdC[\�QR<�gD^T>TQEA%N%I%KS^@>�QnC=N%I�}L?DC[Q�¢^TKMc%^TKM>@KSN:QR>�C[N%I

p Ò



I%HJ>@ZMA�>@>
HJQ@>7c%\OC=ZMK�HJN�ZoC U KS^RC U <mI%KS\eKSiBADC[QRHJ<_N%> 8 KSXf<_^TK�I%HJ>@ZMA�>@>@HJN%P|QR?�K U K�QR?%<�I�XfA%^�QR?%KS^ � �vN
ZM< U c%AmQRKM^�F�HO>THO<_N�(�Q@?%KEQ@KM^ U þTH U C=P_K{I%KSc�QR?�ÿk^@K�XfKM^T>jQR<�QR?�KbI%HJ>TQRC=N%ZMK�C=\O<=N%PVQR?%KEZoC U KM^@C��¡>
<_c�Q@HOZMC=\�C��mHO>S(AR Ý ('Q@<VQR?%KW< 8 �TKSZSQt<=X�HON:QRKS^@KS>TQtHONxQ@?%KWH U C=P_K��f>@KMKE "HJP_A%^TK � � � � � �*Q@>�F[C=\JA%K|HJ>
<=XÆQ@KMN�A%N%�BN%<G}LN�(+C=N�I�HO>jQ@?%KM^TKSXf<_^TK�^@KSc%\dC[ZMKMI¤}LH]QR?�C[N C=^ 8 H]QR^@C=^ 9 >TZoC=\OC=^�� � � ¦ � � ��<_\JF�HON�P
��iBADC[QRHJ<_N�� � � r ��Xf<_^µ� 9 HJKM\OI�>

� y N � Ý� �³²y N � Ý� �´² � �Y� � ×_�

}L?%KS^@K �'(c� Ý C=N%I�� Ý C=^TK�A%N%�BN%<G}LN � �
?%HO>LKSi�A%C[QRHJ<_N�KS¥eKMZSQ@HJF=KM\ 9 ^@KSc%^@KS>@KMN:Q@>�C{^RC 9 <=X�\JKMN%P=Q@?��(�}L?%<=>@K�<=^@HOP=HON�HO>�Q@?%KbZMC U KM^RC�ZMKSN:QRKM^�C=N%I }L?%<_>@KbI%HO^TKMZ�QRHO<=N HJ>�I%KSgDN�KMI 8:9 QR?%KWQnC[^@P_K�Qo�¡>
ZoC[\OH 8 ^RC[Q@KMIVc%H ��KS\�\O<�ZoC�QRHO<=N���� �´² �9� �³² � � �mHJN%ZMK���iBADC[Q@HO<_N�� � � × ��ZM<_N:QRC=HON%>7Qv}�<EKMiBADC[Q@HO<_N%>LC[N%I
QR?�^@KMKtA%N%�BN%<G}LN%>S(�Q@?%KM^TK�C[^@KtC=N&HON�gDN�HJQRK3N�A U|8 KS^,<[X">T<_\OA�Q@HO<_N�>M(�}L?%HJZn? U <=QRH]F[C[QRKS>7QR?%K�N%KSKMI
QR<&KM>�QRH U C[Q@Kl� � 5,<G}�KSF_KS^M( 8 KSXf<=^@K��ZoC=N 8 KEKM>�QRH U C[Q@KMI�(�Q@?%KbZSKMN:QRKS^j<[X�QR?�KbZMC U KS^RC U A%>�Q
8 K|^@KSc%^@KS>@KMN:Q@KMI ^@KM\OC[QRH]F_KtQR<�}�<_^@\JIxZM<�<_^TI%HONDC�QRKM> � ��<VC=ZMZS< U c%\OHJ>@?2Q@?%HO>S(eQ@?%K��À� k �G�LF_KSZSQ@<_^
N%KSKMI%KSI�QR<&I%KS>@ZM^TH 8 K{QR?%KWZoC U KS^RC�ZMKMN:Q@KM^tHON�}�<=^@\OI�ZS<m<_^TI%HON%C[QRKS>tHJ>�C=c%c�KMN%I�KMI�}LH]QR? C��WQ@<
ZM^TKoC[Q@K
C{� ÍÆk �~��F_KSZSQR<=^M(aH ÚÇ�Ç (=Xf<_^ U A%\]QRHOc�\OHOZMC[QRHJ<_N�}LHJQ@?�QR?�K�� Í3k�Í ��QR^RC[N%>TXf<_^ U C�QRHO<=N U C[QR^THOZMKS> �H ÚÇ�Ç HJ>
I%KSg%N%KMIkC=>

H ÚÇ�Ç y
��������
� � D
�

� �������
Ú

Ç�Ç
y � Ø ÝÜ ØLÜÛ Ø ÛÙ Ø ÙÚ ��}�~

��������
� � D
�

� �������
Ý

Ç�Ç
� �Y� �§¦ �

}L?%KS^@K�Q@?%K�F_KSZSQ@<_^ � �t��D��o� ÝÇ�Ç p HJ>,KSi�A%C=\hQ@< � q�q�qk�o� p (�>THON%ZSK�H]Q3I%KS>@ZS^@H 8 KM>,QR?%K|\J<mZMC[QRHJ<_N�<=X
QR?�K,ZMC U KS^RCtZMKMN:Q@KM^�HJN�ZMC U KS^RC�ZM<�<_^@I�HONDC[Q@KM> � �,<=Q@K6Q@?%K,C 8 >@KSN%ZMK3<=X�QR?�K,ZMC=\OH 8 ^RC[Q@HO<_N U C[Q@^@H]�e(mW(mHJN���iBADC[QRHJ<_N�� � �§¦ � � �
?%HJ>�HJ>�I%A�K,QR<jQR?%K6XYC=ZSQ+QR?DC�Q�QR?�K3ZoC U KS^RCjHJ>+gm��KSI�QR<�Q@?%K�C[HO^TXf^@C U K=(
}L?%<_>TK�c�<_>@H]QRHJ<_N�HO>'�BN%<G}LN|HON�}�<=^@\OIjZM<�<_^@I�HONDC[Q@KM>S(=C=N�I�HJQ@>'ZMKMN:Q@KM^"ZMC=N 8 K�ZMC=\OZSA%\dC�QRKMI�}LH]QR?%<_AmQ
�BN%<G}L\OKSI%P_K�<=XÈ� �

p=×



Z

X   Y  PlaneI I
- 

CM

-
I

.

p
I

obj

_

p
I

obj

_

p
I

obj

_
p

I

cc

z
I
cc

_
z

I
obj

p
I

cc

cc

h
I
UAV

λ

. ( )

 "HJP_A%^TK�� �¡Í ÷���<mZMC=\OHJ�oC[Q@HO<_N�F=KMZ�QR<_^T>

 "HJP_A%^@K � ��Í >T?%<G}L>{QR?%KVZMC U KS^RCxZSKMN:QRKS^M(+ZMZ_(+C=N%I¤Q@?%K�F_KSZSQ@<_^@>EI%KM>TZM^TH 8 HJN%PxQR?%K�QRC=^�	
P_K�Q,\J<mZMC[QRHJ<_N�}LHJQ@?2^TKM>TceKSZSQ6QR< 8 <=Q@?2ZMC U KM^RCEC=N%I&HON�KM^TQ@HdC=\�ZM<�<_^@I%HJNDC[Q@K�Xf^RC U KM> � �
?%K�F_KSZSQ@<_^H Úuwvzx I%KM>TZM^TH 8 KM>�QR?%KWQR^TA%KW\O<�ZoC[Q@HO<_N�<=X�QR?%K{QRC=^@P_K�QtHON�QR?%KEHON�KM^TQ@HdC=\hXf^RC U K=(�}L?%HJ\OK�ÉH Úuwvzx ^@KSc%^@K�	
>@KSN:QR>�QR?%KWA%N�>@ZoC[\OKMI�QRC=^@P_K�Q�\O<�ZoC�QRHO<=NxHONxQ@?%K{HON%KS^TQ@HdC=\'Xf^RC U K � �vN C=I%I%H]QRHO<=NkQR<�H ÚÇ�Ç (�P_H]F_KMN�HJN
��iBADC[QRHJ<_N/� � �§¦ ��( ÉH Úuwvzx HJ>{C=\J>@<kN�KMKMI�KMI QR<xKS>TQRH U C�QRK���(�C=N%I�A%\JQ@H U C[QRKS\ 9 H Úuwvzx � �7C=\OZSA%\dC[Q@HON%PÉH Úuwvzx ^TKMiBA%HJ^@KM>,QR?%K�QRC=^@P=KSQo�¡>3c�H]�mKM\h\O<�ZoC[Q@HO<_N�('r�(�C[N%IxQR?%KjZoC U KM^@C�ZoC[\OH 8 ^RC[Q@HO<_N U C[QR^TH]�e(ÊmW(�C[>
>@?�<~}LN 8:9

ÉH Úuwv�x y
��������
É� É� ÉD
�

� �������
Ú

uwvzx
y � m�Ø ÝÜ ØLÜÛ Ø ÛÙ Ø ÙÚ ��}�~Cr�� �À� � �Gq:�

}L?%KS^@K�r|HO>
I%K�gDN%KSIxC=> r�y � � �·¶ � �·¶ �E�o� p { �À� � �_�~�

�LKSXfKM^T^@HJN%P�C=P:C=HJN�QR<� hHOP_A%^TK � �¡Í (lQR?�KVHON%KS^TQRHOC=\+\O<�ZoC[Q@HO<_N�<=XLQR?%K�QRC=^@P_K�Q{ZoC[N 8 KVI%K�	
>@ZS^@H 8 KSIVA%>@HJN%P|QR?%K3\O<�ZoC[Q@HO<_Nb<=X�QR?%K3ZoC U KM^@C|ZMKMN:Q@KM^
HON�HON%KS^TQRHOC=\�ZM<�<_^@I�HONDC[Q@KM>S(�H ÚÇ�Ç (mQ@?%K�H U C=P_K

p ¦



I%KSc�QR?�(S��(hC[N%I�QR?%KWA%N%>TZoC=\JKMI�\O<�ZoC[Q@HO<_Nx<[X�Q@?%K{QnC=^TP_KSQtHON�HJN%KM^�QRHOC=\lZM<�<_^TI%HONDC�QRKM>S(�ÉH Úuwv�x � �
?%HJ>
^@KS\dC[Q@HO<_N�>@?%HJcVHO>
>@?�<~}LN 8:9

H Úuwv�x y
��������
� � D
�

�/�������
Ú

uwv�x
y¾H ÚÇ�Ç �Ë�ÌPÉH Úuwv�x �tH ÚÇ�ÇgÍ � �À� � �~p_�

}L?%HJZn?k^@K U C[HON%>
I%KSceKSN%I%KSNBQ3<_N�QR?%KtH U C=P_K�I�KMc�Q@?�(Î� � 5,<G}�KSF_KS^M(e^@KMZMC=\O\JHON%P|Q@?%KjC=>@>TA U cmQRHO<=N
QR?%C[Q�Q@?%K�QnC[^@P_K�Q{\OHJKM>t<_N�QR?�K�c%\dC[N%K�<=XL�SKM^@<�C[\JQRH]QRA%I�K=(lC[>�ZoC[\OH 8 ^RC[Q@KMI 8:9 QR?%KV06���(hQ@?%K�D
ZM< U c�<_N%KSNBQ@>L<=Xl��iBADC[Q@HO<_N�� � � �~p �+Xf<_^ U QR?%K�^@KS\dC[Q@HO<_N�>@?%HJc

q y>D ÚÇ�Ç �Ë� Ì ÉD Úuwvzx �<D ÚÇ�Ç�ÍË{ �À� � �G�:�

 D^@< U ��iBADC[Q@HO<_N%>�� � ��¦ �+C=N%I�� � � �oq ��( 8 <[QR?�D ÚÇ�Ç C=N%I�ÉD Úuwvzx C[^@K3�BN%<G}LN�(%C=\O\J<~}LHJN%Pj��iBADC~	
QRHJ<_N�� � � �G� ��QR< 8 K�>T<_\JF=KMI2Xf<=^µ�'(DC[>6>T?%<G}LN 8:9

��y ��D ÚÇ�ÇÌaÉD Úuwvzx �¾D ÚÇ�Ç Í { �À� � � Í �

�mHJN%ZMKLQR?%K6HON�KM^TQ@HdC=\D��	�C��mHO>S(1R Ú (�HO>�I%K�gDN%KSI�ce<=>@HJQ@HJF=KLQ@<G}7C=^TIbQ@?%K,ZSKMN:QRKS^�<=X�QR?%K6KoC=^�QR?�(D ÚÇ�Ç }LHO\O\ 8 K�N%KSP:C[Q@HJF_K�Xf<_^A�%HOP_?:Q�C[\JQRH]QRA%I�KM>�P_^@KMC[QRKS^hQR?%C=N�}L?DC[Q"}7C=>"ZoC=\JH 8 ^@C[QRKSI|C=>h�MKM^T< � �
?BA%>S(
��iBADC[QRHJ<_N¢� � � � Í � 9 HJKM\JI%>�C�ce<=>@HJQ@HJF=K�F[C=\OA%K|Xf<=^��'('C[>�K��mceKSZSQ@KMI � �,<G}!QR?DC�Q ��HO>��BN%<G}LN�(�HJQ
ZoC[N 8 K�A%>@KSI&Q@<�C=c�c%^@<o�mH U C[QRK,QR?%K�\O<�ZoC�QRHO<=N�<=X"Q@?%K�QnC=^TP_KSQ6C[ZMZM<=^@I%HJN%P{QR<E��i�A%C[QRHJ<_N�� � � �~p � �

Ó)�Já Ç
¾Y¶f»G·BÉ�¾Y³�¹

��C=Zn?�H U C[P_K|<=X�QR?%KWQnC=^TP_KSQM('ZM< U|8 HON%KSI }LH]QR? C U KoC[>@A%^TK U KMN:Q�<[X706�� C=\JQ@HJQ@A%I%K|HJ>
ZoC[cDC 8 \JK
<=XeQRC=^@P=KSQ�\O<�ZoC[\OHO�MC[QRHJ<_N � 56<G}�K�F_KM^S( 8 C[N%I�}LHOImQR?WZM<_N�>TQR^@C=HON:Q@>+^TKM>�QR^@HJZSQ�Q@?%KLN�A U|8 KS^�<=X
A%>@C 8 \OK3H U C=P_KM>+QR<EC 8 <_A�Q�g%F_K�c�KM^
>@KSZM<_N�I �  �<=^TQRA�NDC[QRKS\ 9 (mg%F=K�KM>TQ@H U C[QRKS>7<=X'QnC[^@P_K�Q
\O<�ZoC[Q@HO<_N
c�KM^�>@KSZM<_N%IbHO>�Xf^@KSiBA%KMN:Q�KMN%<_A�P_?EQ@<�C[\O\O<G} Xf<_^�KS¥eKMZ�QRH]F_KLgD\JQ@KM^@HJN%P �  D<_^lQR?%HJ>�^@KM>TKoC=^TZn?�(�>@KSF=KM^@C=\
gD\]QRKM^THON%P U K�QR?%<�I%>+}�KS^@K3Q@KM>TQ@KMI�(�HON%ZS\OA%I%HJN%PjQ@^@A%K3CoF_KM^@C=P_K[( U <GF�HON�P|CoF_KS^RC=P_K[(%^@KSZMA%^T>@H]F_K�\JKoC=>�Q
>@iBADC[^@KM>3C=N%I2¨�C=\ U C=NVgD\JQ@KM^T> � ��C=Zn?2<=X"Q@?%KM>TKtg%\JQRKS^@>L}LHO\J\ 8 K�I%K�QnC=HJ\OKSI&HJN&Q@?%HO>L>TKMZSQ@HO<_N�(eC[N%I
QR?�Kt^TKM>TA%\JQ@>6<[X"?DC[^@I�}�C=^@K�QRKS>TQ@>,C[^@K�c%^@KS>@KSNBQ@KMI�C[N%I�I%HO>TZMA%>T>@KMIkHON&��?DC=cmQRKM^ r �

�_q



Ó)�Já��YÊ Â�É�È�·�°�½�·BÉ~Ã%¹�·

3N�CoF=KM^RC[P_K=(+É��<_^�C=^THJQ@? U K�QRHJZ U KoC[N�(�HO>3>@H U c%\ 9 QR?%K{>TA U <=X+C[\O\'QR?%K{< 8 >@KM^�F[C[QRHJ<_N%>M(� � (%I�HJF�HOI%KSI 8B9 Q@?%K�NBA U|8 KM^L<=Xh< 8 >@KS^TF[C[Q@HO<_N%>S('Ï�(�C=>
>T?%<G}LN 8:9
É��y �Ï ÐÑ ��Ò ~ � � � �À� � �~r_�

}L?%KS^@K�Ï ^TKMc%^TKM>TKMN:QR>�QR?�K�QR<=QRC=\'NBA U|8 KM^�<=X�< 8 >@KS^TF[C[QRHJ<_N%> U C=I�K � �
?�K{CoF_KM^@C=P_K{<=X�C�>@K�Q�<=X
N%<_^ U C[\O\ 9 I%HJ>TQ@^@H 8 A�QRKSI&>@C U c%\OKS>
^@KMc�^@KM>TKMN:QR>,QR?%K�F[C=\OA�K�<=X U C��mH U A U \JHO�[KM\OHJ?%<�<mI �

Ó)�Já��JÏ Ô ´�½'¾Y³�¹�°�½�·BÉ~Ã%¹�·

 U <GF�HON�P2CoF=KM^RC[P_KEg%\JQRKS^�HO>tCV>@c�KMZSHdC=\�ZMC=>@KE<=X�Q@?%KECoF_KM^@C=P_K � �vN%>�QRKoC[I�<=X�A%>@HJN%P2C=\O\
< 8 >TKM^�F=C�QRHO<=N%>�QR<�ZMC=\OZSA%\dC[Q@K�C U KoC=N�(6<_N%\ 9 Q@?%K�Ó U <_>TQV^TKMZSKMN:Q2C=^@K�A%>TKMI � �
?%K U <GF�HON�P
CoF_KS^RC=P_K[(2É��ÔWHO>
ZoC[\OZMA�\dC[Q@KMI 8:9 É��Ô y �Ó

ÔÑ ��Ò ~ � � � �À� � � Î �

}L?%KS^@K�Ó ^@KMc�^@KM>TKMN:QR>tQR?%K{NBA U�8 KS^t<[X�>@C U c�\OKM>�A�>@KMI�QR<�ZMC=\OZSA%\dC[Q@K�QR?�HO>�CoF_KS^RC=P_K � �vN�K�¥�KSZSQM(
IDC[QRC6<=\OI%KS^�QR?DC=N Ó{QRH U K�>TQ@KMc%>hHO>'N%<6\O<_N�P_KM^�ZS<_A%N:QRKSI�QR<G}�C=^@ItQR?%K+CoF_KS^RC=P_K[(_?%KSN%ZMK+HJQ,þ U <GF_KS>@ÿ
QR<V�[KMKSc�A%cx}LH]QR?xQ@?%K U <=>TQ�^TKMZMKSN:Q�>RC U c%\OKS> � �
?%HJ> U K�QR?%<�I�N%KMKSI%>�XYC=^�\JKM>T>�>TQR<=^RC=P_K�>@cDC=ZSK
QR?%C=NEC�Q@^@A%KLCoF=KM^RC[P_K=( 8 A�Q�?%C=>�QR?%K7Q@KMN%I%KSN%Z 9 Q@< 8 K U <_^@K7C[¥�KSZSQ@KMI 8B9 <_A�Q@\ 9 HON%P�I%C[QnC�c�<_HON:Q@>
C=N%I&HO>7Q@?%KM^TKSXf<_^TK�\OKM>T>L>TQnC 8 \OK �

Ó)�Já��JÓ â ·�±:È�É�¼o¾Æ½�· ¿ ·�Ã%¼S» �)Õ È'Ã%É~·�¼
�LKMZMA�^@>@H]F_K��'KMC=>TQ��miBADC=^TKM>|�À�6�h���
HJ>6Cb>@H U c�\OK U KSQR?�<mI&<=Xl^TKMZSA%^@>THJF_KS\ 9 g%QTQRHJN%P�CW>@K�Q

<=X3ce<_HJN:QR>{QR< >@< U K�XfA%N%ZSQ@HO<_N�<=X3Zn?%<_HOZSK 8:9 U HON%H U HJ�MHJN%P2Q@?%K2>TA U <=X,QR?%K&>@iBADC=^TKM>b<=X�QR?�K
<=¥e>@K�QR>�<=X�QR?�K{ce<_HJN:QR> � � 9 c�HOZoC[\O\ 9 (�C=N �6���xC=\OP_<=^@HJQ@? U HO>3A%>@KSI�Q@<Vg%Q�C�>@K�Q�<=X+ce<=HON:QR>3Q@<�C
Zn?DC=^@C=ZSQ@KM^THO>TQ@HOZ7\JHON%K+<_^liBADC[I%^RC[Q@HOZ[(_?%<G}�K�F_KS^M(�HJQlZMC=N 8 K
C=\O>T< 8 K7A%>@KSI{QR<�gDN%IWC�Zn?%C=^RC=Z�QRKS^@HO>�QRHJZ
c�<_HON:Q�C[>�>@?%<G}LN HONkQ@?%K�Xf<_\J\O<G}LHON�PEQRC 8 \OK � �vN�QR?%HJ>3ZoC[>@K=(�Q@?%K{^@KS>@A%\]Q�<=X�Q@?%K{�6�h�xC[\OP_<_^THJQ@? U
HO>3HOI%KSNBQ@HOZMC=\�Q@<�QR?%K{^TKM>TA%\JQ�<[X+Q@?%K�Q@^@A%KWCoF_KS^RC=P=K=(�<_N%\ 9 < 8 QnC=HJN%KMIxQ@?%^@<=A%P_?�C U <_^@KjKS©EZMHJKMN:Q
c%^T<mZSKM>@> �

���



�6�h��gD\]QRKS^
>@A UEU C[^ 9

�vN�c%A�QR>S÷
� � �7C U KS^RC{ZMKSN:QRKM^6\O<�ZoC�QRHO<=N�(¢H ÚÇ�Ç y � � ÚÇ�Ç �°� ÚÇ�Ç �µD ÚÇ�Ç ���o� pp � 0,N%>TZoC=\JKMI�QnC=^TP_KSQL\J<mZMC[QRHJ<_N�(ÖÉH Úuwv�x y � É� Úuwvzx �lÉ� Úuwvzx �lÉD Úuwvzx �t�½� p� � � U C=P=K�I%KMc�Q@?2KS>TQ@H U C[QRK[('�

#2C[QR\OC 8 z�>TKMA%I�<[	���<�I%K�Xf<_^×T�÷
ceKS^@>@HJ>TQ@KMN:Q�Ø

Ð
(�Ù
Ð
('X
Ð
�Ú Ð)Û

y Z ~�Ü1~ �Y� � � Ò �X
Ð)Û

y Ý � ÚÇ�Ç �Ë���(É� Úuwv�x ��� ÚÇ�Ç ��Þ �Y� � �o×:�

HJXT�hHJ>@K U c�Q 9 ��Ù
Ð
�
� Ù

Ð
y � Ú Ð)Û

� �Y� � � ¦ �X
Ð

y � X
Ð)Û
� �Y� � p[q:�Ø

Ð
y ��Ù

Ð
p Ù
Ð
�9}�~ �Y� � p��~�T

Ð)Û
y Ø

Ð
Ù
Ð
p X
Ð

�Y� � p=p_�

KM\O>TK Ø
Ð)Û

y Ø
Ð
� Ø

Ð Ú ÐÊÛ
p Ú Ð)Û

Ø
Ð�3� Ú ÐÊÛ

Ø
Ð Ú ÐÊÛ p

�Y� � p[�:�Ù
Ð Û

y � Ù
Ð Ú Ð Û

� p �Y� � p Í �X
Ð Û

y � X
Ð
X
Ð Û
� p �Y� � p=r_�T

Ð)Û
y Ø

ÐÊÛ
Ù
ÐÊÛ
p X
ÐÊÛ

�Y� � p Î �

KMN%I Ø
Ð

y Ø
ÐÊÛ

�Y� � p Ò �Ù
Ð

y Ù
ÐÊÛ

�Y� � p[×:�X
Ð

y X
ÐÊÛ

�Y� � p ¦ �

^@KSQ@A%^@N�T
ÐÊÛð Z ~�Ü1~ ^@K�XfKM^T>6Q@<WQ@?%Kb��� k �~�7HJI%KMN:QRH]Q 9�U C[QR^TH]�ðvð �
?%Kt>RC U K�KMiBADC�QRHO<=N%>6C=c%c%\ 9 Xf<_^µVb(�<_N%\ 9 X

Ð)Û
y � � ÚÇ�Ç �£�h�½É� Úuwvzx �<� ÚÇ�Ç �w�

�:p



Ó)�Já�� Þ ß ÃD¶Yº�ÃD³�Ç
¾Y¶Æ»G·BÉ
a¨�C=\ U C=NkgD\]QRKS^t^TKMZSA%^@>THJF_KS\ 9 ZMC=\OZSA%\dC�QRKM>�C[N�<_cmQRH U C=\hKM>TQ@H U C[QRK{<[X�Q@?%KW>TQnC�QRKM>t<=X�C

I 9 NDC U HOZ3> 9 >TQ@K U&� �
?�HO>
KM>�QRH U C[Q@K3HJ>7<_c�Q@H U C=\eHJN�QR?�K�>@KMN�>@K�QR?DC[Q7HJQ�}LHJ\O\�?DCoF_KtC|\O<G}�KM^
KS^@^@<=^
ZM<GF[C=^THdC=N%ZSK�QR?DC=NkC=N 9 <=QR?�KM^LA%N 8 HdC[>@KMI�(�\JHON%KMC=^
KM>�QRH U C[Q@K � �
?%Kj¨tC[\ U C=NVgD\JQ@KM^7}LHO\J\�XfA%>TKjQR?�K
>TQRC[QRK�KS>TQRH U C�QRKM>
ZMC=\OZSA%\dC�QRKMIVXf^T< U Q@?%K�> 9 >TQ@K U U <�I%KS\�}LHJQ@?�Q@?%<_>TKtZMC=\OZSA%\dC�QRKMIVXf^T< U > 9 >�QRK U
U KoC=>TA%^@K U KSNBQ@>�C=ZSZM<_^TI%HON�P Q@<�QR?�K U C[QR^THOZSKM>là C=N%Iá�|(�^@KM>TceKSZSQ@HJF_KS\ 9=� à$^TKMc%^TKM>@KSN:QR>�QR?�K
K��mc�KMZ�QRKMI�F[C=^THdC=N�ZMKLHONEQR?%K6> 9 >TQ@K UaU <�I%KS\eC[N%I���^TKMc%^TKM>TKMN:QR>�Q@?%K3K��mceKSZSQRKSI�F[C=^@HOC=N%ZMKLHJNbQR?�K
> 9 >�QRK U U KoC[>@A%^TK U KMN:QR> � �vN�<[QR?%KS^|}�<_^TI%>M(+QR?%K�F[C=\JA%KM>{HJN¾à$C=N%I¡� HON%I%HJZoC[Q@K�?%<G} U A%Zn?
QR?�K&gD\]QRKS^E}LHJ\O\�Q@^@A%>�Q�QR?�K2> 9 >�QRK U U <mI�KM\LC=N%I¢>@KSN%>@<_^ U KMC=>@A�^@K U KMN:Q@>�^@KS>@c�KMZ�QRHJF=KM\ 9 }L?�KMN
ZoC[\OZMA�\dC[Q@HON%P{HJN%I%HJF�HJI%ADC=\�>�QnC[Q@KjKS>TQ@H U C[QRKS> � �
?%K 8 KMN%K�g%Q,<=X"Q@?%HO>L>TQ@^@A%Z�QRA%^TK�HJ>LQ@?%K�F_KM^T>RC[Q@HO\JHJQ 9
HJQ|C[¥e<_^@I%>j>@HJN%ZMK 8 <=Q@?¾à C=N%I�� ZMC=N 8 K�QRH U K�	*F[C=^ 9 HJN%P � �vN¤QR?%HJ>|ZoC=>TK=(l}L?%KS^@K�Q@?%K�QnC[^@P_K�Q
HO>jC=>T>@A U KMI�>�QnC[Q@HO<_NDC[^ 9 (�QR?%Kb> 9 >TQ@K U U <�I%KM\�?DC[>��MKS^@<xI 9 N%C U HJZM>�C=N%I¤HJ>jZS<_N%>@HJI%KM^TKMI�F=KM^ 9
C=ZSZMA%^@C[QRK � �
?%HO>�ZS^@KoC�QRKM>�C�à U C�QR^@H ��}LH]QR?{F_KS^ 9 > U C=\J\�NBA U|8 KM^T>+C=\O<_N�P�QR?%KLI%HOC=P_<_NDC[\.([}L?�HOZn?
^@KSc%^@KS>@KSNBQ3> U C=\O\�F[C=^@HOC=N%ZMKS>
HONVQR?�K U <�I%KM\�<[XhQ@?%K�QnC=^TP_KSQ �

�*X,C U <GF�HON�PkQnC=^TP_KSQ�HO>�Q@< 8 K�\O<�ZoC=\JHO�MKSI�HJN�XfA�QRA�^@K�}�<_^@��(�QR?%K�N%<_Nm	*�MKM^T<�I 9 NDC U HOZS>
<=XjQR?%K�QnC=^TP_KSQ U <mI�KM\3}�<_A%\JI4QR?�KMN 8 K A%>@KSI�HJN4c%\OC=ZMK�<=XjQR?%K c%^TKSF�HO<_A�> U <�I%KM\�C=N�I4QR?�K
¨�C=\ U C=NxgD\]QRKS^�}�<_A%\JI�C[I��TA%>TQjHJQ@>�>TQnC�QRKWKM>�QRH U C[Q@KM>tC=ZMZS<_^@I�HON%P_\ 9_� �,<=Q@K{QR?DC[QjZn?DC=N�P_HON%P�QR?�K
> 9 >�QRK U U <�I%KM\�C[\O>@<{Zn?%C=N%P_KS>6Q@?%K�ZM<_N�g%I%KMN%ZSKjHJN U <�I%KM\�c%^@KSI%HOZ�QRHO<=N%>M(�}L?�HOZn?&HO>7^TKMc%^TKM>@KSN:QRKMI
8:9 à � 3\J>@<%(�HJN�ZM<_N:Q@^RC=>�QEQ@<xQR?%K�CoF=KM^RC[P_HON%P�^T<_A�QRHJN%K�<_AmQR\OHJN%KMI�c%^@K�FmHJ<_A%>T\ 9 (+N%<�^TKMZM<=^@I <=X
KoC[^@\OHJKM^7>@C U c%\OKS>6HJ>
^@KSi�A�HO^@KSI&Q@< 9 HJKM\OI�CW>@<=\OA�Q@HO<_N � �
?%HO>Lc%^TKM>@KSN:QR>�CWI%HJ>TQRHJN%ZSQ6C[I�F[C=N:QnC=P_K�Xf<=^
H U c%\JK U KMN:QnC[Q@HO<_Nk<_N�C U HOZM^T<[	vZS<_N:QR^T<_\O\JKM^,}L?�KM^@K U K U <_^ 9 >TcDC=ZSKbHJ>t\JH U HJQ@KMI � �
?�Kbc%>TKMA%I�<[	
ZM<�I%K�<_A�Q@\OHJN%HON%PjQR?%HJ>7gD\JQ@KM^
HO>
>T?%<G}LNkHJN�Q@?%K�QnC 8 \OK 8 KM\O<G} �

�_�



¨�C=\ U C=N�g%\JQRKS^L>@A UEU C[^ 9

�vN�c%A�QR>S÷
� � �7C U KS^RC{ZMKSN:QRKM^6\O<�ZoC�QRHO<=N�(¢H ÚÇ�Ç y � � ÚÇ�Ç �°� ÚÇ�Ç �µD ÚÇ�Ç ���o� pp � 0,N%>TZoC=\JKMI�QnC=^TP_KSQL\J<mZMC[QRHJ<_N�(ÖÉH Úuwv�x y � É� Úuwvzx �lÉ� Úuwvzx �lÉD Úuwvzx �t�½� p� � � U C=P=K�I%KMc�Q@?2KS>TQ@H U C[QRK[('�

#2C[QR\OC 8 z�>TKMA%I�<[	���<�I%K=÷
ceKS^@>@HJ>TQ@KMN:Q°�'â5i�ã~('ØAâ5i�ãG('àW('�|�
HJXT�hHJ>@K U c�Q 9 ���'âLi�ãS�L� �'â5iäã y � qå�6q�� p � �Y� � �=q:�ØAâ5i�ã®y ���Gp=q_q:�CZoæ Ü æo� �Y� � �m�~�à y � { q��~�CZoæ Ü æo� �Y� � �_p_�� y ���oq_q:�gZ½æ Ü æo� �Y� � �=�:�

KM\O>TKçéèëê ��ZM<_A%\JI�Zn?DC=N%P_K�I 9 NDC U HJZoC=\J\ 9 ?%KM^TK
KMN%I

Vìy �� � ÚÇ�Ç �£�h��É� Úuwv�x �s� ÚÇ�Ç �� ÚÇ�Ç �Ë���½É� Úuwvzx ��� ÚÇ�Ç �
��

�Y� � � Í �

ç A%c�IDC[QRK�ØW(%gDN%Iîí¤(%A%c�IDC[Q@K7� ê ØW(%c%^T<_cDC=P:C�QRK � ê ØØ y Ø�â5iäã6�¡àE� �Y� � �_r_�í y Ø���Øá�£���9}�~�� �Y� � � Î �� y �'â5i�ã6�£í ��Vï�s�'â5i�ãS��� �Y� � � Ò �Ø y ��Zoæ Ü æ2�<í��gØE� �Y� � �=×:��'âLi�ã y �'� �Y� � � ¦ �Ø�â5iäãðy ØE� �Y� ��Í q:�

^@KSQ@A%^@N��
ð }L?�KM^@K�Z½æ Ü æ3^@K�XfKM^T>LQ@<{QR?%Kb�.p k p_��HJI%KMN:Q@HJQ 9�U C[Q@^@H]�

� Í



Ó)�Jã � Èhº¤º�Ã%ÉGà
�
?%K6P_<:C=\m<=X�Q@?%HO>�^TKM>TKoC=^TZn?b}�C=>+Q@<�I%KSQ@KM^ U HON�K7QR?%KLHON�KM^TQ@HdC=\m\O<�ZoC[Q@HO<_N�<=X�C�>TQRC[QRHJ<_NDC=^ 9 (

P_^T<_A%N%Im	 8 C=>TKMI{QnC=^TP_KSQhXf^@< U C3g��mKMI�	*}LHON�P�0,'�/A%>@HJN%P�ZM< U c%A�Q@KM^"F�HJ>@HO<=N � �
?�K U C[Q@?%K U C[QRHJZM>
^@KSiBA%HO^TKMIVQR<WC=ZSZM< U c%\JHO>@?bQR?%HJ>�}�KS^@K�c%^TKM>TKMN:QRKSIxC=N%I�Q@?%<_^T<_A%P_?%\ 9 I�HO>@ZSA%>@>TKMI � �
?%K�gD^T>TQLc%HJKMZSK
<=X'HJN�Xf<_^ U C[Q@HO<_NEN%KMKSI%KMI�Xf<_^�\O<�ZoC=\JHO�oC�QRHO<=NEHJ>�QR?�K3QnC=^TP_KSQM��>�c%H]�mKM\e\O<�ZoC[Q@HO<_NbHONVC[NVH U C=P_KLQnC=�[KMN
8:9 Q@?%K7<GF_KS^@?%KMC=IE0,'� � �
?%HO>l\J<mZMC[QRHJ<_N�(�ZM< U�8 HON%KSI�}LHJQ@?|�BN%<G}L\OKSI%P_K7<=XDQ@?%K
06�����>�c�<_>@H]QRHJ<_N�(
C[QTQRHJQ@A%I%K&C=N%IwZoC U KM^@C c�<_>@KkC=N%P_\JKM>EC[QEQR?%K�QRH U KVQ@?%KkH U C=P=K�}7C=>EQnC=�[KMN�(LC[>E}�KM\J\,C[>bQR?�K
ZoC U KS^RC��¡>�HJN:QR^@HJN%>@HJZLc%^@<_c�KM^�QRHJKM>M(�c%^T<~F�HJI%K3C[N�A%N%>TZoC=\JKMI�KS>TQ@H U C[QRKLXf<_^�QR?%K,HON%KS^TQ@HdC=\D\J<mZMC[QRHJ<_N{<=X
QR?�K�QRC=^@P=KSQ � -/?%KSNjQR?�K+>TZoC=\JHON%PLcDC[^RC U KSQ@KM^M(~<_^'H U C=P=KlI%KMcmQR?�(J�'(�HO>��BN%<G}LN�([QR?%HJ>�\O<�ZoC[Q@HO<_N�ZMC=N
8 K{>@ZoC[\OKMI�HJNBQ@<�C U KMC=N%HON�P=XfA%\�KM>TQ@H U C[QRK�<=X�C=ZSQ@ADC=\"QRC=^@P_K�Q�ce<=>@HJQ@HO<_NkHONx}�<_^@\JI�ZM<�<_^@I%HJNDC[Q@KM> �
�mHJN%ZMK�C,c%H ��KS\m\J<mZMC[QRHJ<_NtC=N%I|H U C[P_K�I%KMcmQR?{K��mHJ>TQ"Xf<=^hKMC=Zn?|H U C=P_K�QRC=�=KSN|<=X%Q@?%K�QRC=^@P_K�Qo([>@KSF=KM^@C=\
gD\]QRKM^THON%P U KSQ@?%<�I%>6C=^@K�A%>TKMI&QR<WZM< U�8 HON%K�KMC=Zn?kN�KS}�KS>TQ@H U C[QRK�HJNBQ@<ECW>THON%P=\OK�\O<�ZoC�QRHO<=N �

�:r



� Î



ª¤ø�ì�ù,%® öòñ

ó öDö « öõô ¬�ì�îCö6¯ é ¯
��A%^T^@KMN:Q
^TKM>TKoC=^TZn?VHON�\J<mZMC=\OHJ�oC[Q@HO<_N{A�N%ZMKS^TQnC[HON:Q 9 C[N%I�KS^@^@<=^�c%^T<_cDC=P:C�QRHO<=NbHJ>+Q 9 c%HJZoC=\J\ 9

^@KS>TQ@^@HOZ�QRKSI Q@<2P_^T<_A%N%I�	 8 C=>TKMI U < 8 HO\JK�^@< 8 <=Q@> � p=q ( pm� ( p=p ( p=� � � �
?%HO>�Zn?DC[c�QRKS^t}LHJ\O\"c�^@KM>TKMN:Q
Ck>�QRA%I 9 <=XLA%N%ZSKM^�QnC=HJNBQ@HOKS>|HON�Q@?%K�cDC[^RC U KSQ@KM^@>�<=X60,'�é�DHJP_?:Q{C=N%I�?�<~} Q@?%KM>TKVc%^@<_c%C=P:C[Q@K
HON:Q@<2KS^@^@<=^@>tHON�QnC=^TP_KSQj\O<�ZoC=\JHO�MC[QRHJ<_N � ��HO�[K�C=\J\�C=HO^TZM^@C[XÆQo(�0,'��>�C=^@KE>@A�>@ZMKSc�QRH 8 \OKWQR<2<_A�Q@>@HOI�K
HON��DA%KMN�ZMKM> � �
?%KS>@K
HON�ZM\OA�I%K+}LHJN%I|P_A�>TQR>S(��TKSQ">TQ@^@KoC U >S([F[C=^@HOC[QRHJ<_N%>'HON�C[Q U <_>Tc%?%KM^THOZ+c%^@KS>@>TA%^@KS>M(
C=HJ^VI%KMN%>THJQ@HOKM>&C=N�IyQ@K U ceKS^RC[Q@A%^@KS> � �
?%KM>TK�c%?%KSN%< U KMNDCm(�C U <_N%P <=QR?�KM^@>S(�C=I%IyA%N:}7C[NBQ@KMI
N%<_HJ>@K{QR<2C=HJ^@ZM^@C[XÆQ�>TKMN%>T<_^@> � �
?%HO>�N%<=HO>@K[('ZM< U|8 HON%KSI }LH]QR?�>@KSN%>@<_^tKM^T^@<_^T>�C[N%I�HJNDC=ZSZMA%^@C=ZMHJKM>M(
ZM<=NBQRC U HONDC[Q@KM>tKoC=Zn? U KMC=>@A%^TK U KMN:Q|<[X
ce<=>@HJQ@HO<_N�(hC[\JQRH]QRA%I�K=(hC=HO^T>@c�KMKMI¤C=N%I�?�KoC=I%HJN%PxC[>j}�KM\O\
C=>6^@<_\J\.(mc%HJQ@?kC=N�I 9 Co}�^@C[QRKS> � �
?%Ktc%A%^Tce<=>@Kt<=XlQR?�HO>LZn?DC=c�Q@KM^6HO>
QR<bK��mc%\J<_^@K�QR?�K U C=HON�KS^@^@<=^
>@<=A%^@ZSKM>�HONE0,'�yC=N%IWP_H U|8 C=\�ZM<=NBQ@^@<_\�C[N%I{QR<�>TQ@A%I 9 ?�<~}wKoC=Zn?E<_N%K
HJN%I%H]FmHJI%ADC=\J\ 9 C[¥eKMZ�QR>�QR?�K
QnC[^@P_K�Q�\O<�ZoC[\OHO�MC[QRHJ<_NV^@KS>@A%\]Q �  hHO^@>�Qo(�QR?%K U C=HJNkKS^@^@<=^3>@<=A%^@ZSKM>�C=^TK�I%HJ>@ZMA�>@>@KSI�HON��mKSZSQ@HO<_N Í�� � �
�mKSZSQRHJ<_N Í%� p QR?%KSN�>TQRA�I%HOKS>
?%<G}�>TKMN%>THJQRH]F_K�Q@?%K�KM>�QRH U C[Q@KMI�QnC[^@P_K�Q
\O<�ZoC[Q@HO<_NbHO>�Q@<{KoC=Zn?�>T<_A%^@ZSK
C=N%I&I%K�QRKM^ U HJN%KM>
}L?%HJZn?kC[^@K U <=>TQ6>@HJP_N%HJg%ZoC=N:Q �  hHONDC=\J\ 9 (D�mKSZSQRHJ<_N Í%� � I%HJ>@ZSA%>@>TKM> U KSQ@?%<�I%>
<=X
U HON%H U HJ�MHON�PtQ@?%KM>TK U C~�T<_^7KS^@^T<_^@>6C=N%I�}�C 9 >6HONV}L?%HJZn?&Q@<E?%C=N%I%\JKtN�<_HO>TK�HON�P_KMN�KM^RC[\ �

Þ��YÊ ß É~É~´�É � ´eÈ'É�±_·�¼
�vN�QR?%K�KMiBADC�QRHO<=N H Úuwv�x y÷� � m�Ø ÝÜ Ø ÜÛ Ø ÛÙ Ø ÙÚ ��}�~gr1� � Í%� �G�

KoC[Zn?2QRKS^ U HJNBQ@^@<�I%A%ZSKM>6HONDC=ZSZMA%^@C=ZMHJKM>
QR<EQR?%K�KSN%Ix^@KS>@A%\]Q � �mHON%ZSK �kHO>LZoC=\JZMA%\OC[QRKSI&Xf^T< U U KoC�	
>@A�^@K U KMN:Q@>"<=X�06��wC=\]QRHJQ@A%I%K[([H]QR>�C=>@>T<mZSHdC[Q@KMIjKM^@^T<_^@>'}LHO\J\ 8 K�C=ZSZM<_A%N:Q@KMI�Xf<_^'QR?�^@<_A%P=?�C=\]QRH]QRA%I%K

� Ò



A%N%ZSKM^�QnC=HJNBQ 9=� ��^@^T<_^@>�HON�QR?�K�ZMC U KS^RCLZoC=\JH 8 ^@C[QRHJ<_N U C[QR^TH]�e(¢mE([C=^@K+ZM< U cDC[^RC[Q@HJF_KS\ 9 > U C=\O\:>THON%ZSK
QR?�K 9 <=^@HOP=HONDC[Q@K�HON�Q@?%K7ZoC[\OH 8 ^RC[Q@HO<_Nt^@<_AmQRHON�K�HJQ@>@KS\JX�C=N%I|C=^@K�Q@?%KM^TKSXf<_^TK7N%KSP_\OKSZSQRKSI � Ø6ÝÜ I%KSceKSN%I%>
<_N�QR?%KW\J<mZMC[QRHJ<_Nx<=X�QR?%KE0,'�aZMKSNBQ@KM^j<=X U C=>T>�}LH]QR?�^@KS>@c�KMZ�QjQ@<&Q@?%KWZoC U KM^@C�ZSKMN:QRKS^ � �
?%K
KM^T^@<_^T>LC=>@>T<mZSHdC[Q@KMI�}LH]QR?�QR?�HO> U KoC=>TA%^@K U KSN:Q6C=^@K�<=N�QR?%K�<_^TI%KM^
<[X U HJ\O\OH U K�QRKS^@>+C=N%IVZMC=N&C=\O>T<
8 K{HOP_N%<=^@KMI � ØLÜÛ <_NxQR?%KW<=Q@?%KM^�?%C=N%I�(�}LHJ\O\�I%KMc�KMN%I <_N�ZoC U KS^RC�P_H U|8 C=\hC=N%P_\JKM>S(�}L?%HOZn? C=^TK
N%<=Qt�BN%<G}LN � �
?%KEZoC U KS^RC�P_H U|8 C=\lHO>�ZS<_N:QR^@<=\O\OKSI�FmHOC&ZS< UEU KS^@ZMHOC=\O\ 9 CGF[C=HJ\dC 8 \OK|?%< 8%8:9 >TKM^�	
F_<=>M(�Xf<_^3}L?�HOZn?�N%<VXfKMKSI 8 C=Zn�xK��mHO>TQ@> � �
?�A�>M(�QR?%K�ZM< UEU C[N%I%KMI�ZMC U KM^RCVC[N%P_\OKS>�C=^TK{��N�<~}LN�(
}L?%HJ\OK�C[ZSQRA%C=\�C=N�P_\OKS>7C=^TK�N%<=Q � ��KM>Tc%HJQ@K3QR?%HJ>M(m\dC 8 <_^RC�QR<_^ 9 QRKM>�QR>7?%CGF=K�>@?%<G}LN�>@KS^TF=<EKS^@^T<_^@>�Q@<
8 K{C=ZMZSA%^RC�QRK|QR<V\JKM>T>3QR?DC[N�?DC=\JX+CbI%KMP_^TKMKWC=N�I c�^@KMZSHO>TK�QR<V\JKM>@>,QR?DC=N�<=N%K|g%XÆQR?�<[X+C�I%KMP_^TKMK �
�
?%<_A�P_?VH U c%^@KS>@>THJF_K[(mQ@?%KM>TK�N�A U|8 KS^@>
C[^@K�<_N�\ 9 F[C=\OHJIb}L?%KSN�QR?%K�>TKM^�F_<_>6C=^TK3P_H]F_KMNV>TA�©EZMHJKMN:Q
QRH U K|Q@<2^TKoC=Zn? QR?%KSHO^�I%KS>@HO^TKMI�C=N%P_\JKM> � �
?%KWQRH U K{^@KSiBA%HO^TKMI�Q@<2I�<2>T<kHO>�<_N�QR?�Kb<_^TI%KM^�<=X
r
U >nÌ[I%KSP%(�}L?%HJZn?k>T?%<_A%\JI 8 K�>@A�©EZSHOKMN:Q@\ 9 XYC=>�QLXf<_^7Q 9 c%HOZMC=\�Zn?DC=N�P_KM>6HON�I%KS>@HO^TKMI2C=N%P_\JKM> �

Ø ÛÙ HON:Q@^@<�I%A%ZMKS>�XfA%^�QR?%KS^�HJNDC=ZMZSA%^RC[ZMHOKS>+Q@?%^@<=A%P_?�KS^@^@<=^@>�HJN�06���C[Q@Q@HJQRA�I%K,KS>TQ@H U C[QRHJ<_N �
��A%\OKS^�C=N%P=\OKM>Ö[�(U\m(BC[N%I�]�C=^TK7ZoC=\JZMA%\OC[QRKSI|Xf^@< U P 9 ^@< U KoC=>TA%^@K U KSN:QR>�<=X�^@<=\O\.([c%HJQ@Zn?WC=N%I 9 Co}
^RC�QRKM>�C[>3}�KS\O\�C[>�C=ZMZSKM\JKM^@< U K�QRKM^3^@KoC[I%HON%P=>3}LHJQ@?�^@KSXfKS^@KSN%ZMK{QR<�Q@?%K{P_^@CGF�H]Q 9 F=KMZSQ@<_^ � p Í ( p=r � �
0,NmXf<_^TQ@A%NDC[Q@KM\ 9 (DP 9 ^@<_>LQRKSN%I�QR<EI%^@H]XÆQo(%ZMC=A%>@HJN%PbC=ZMZSA U A%\OC[QRHJN%PWKM^@^T<_^@>LHJNî] � ��>�QRH U C[Q@KM>L<=X6[
C=N%Is\�C=^@KWP_KSN%KM^@C[QRKSI 8:9 >TA 8 QR^@C=ZSQ@HON%P�QR?�KEP=^RCoF�HJQ 9 F=KMZSQ@<_^�Xf^@< U C=ZMZSKM\OKS^@< U KSQ@KM^ U KoC=>TA%^@K�	
U KMN:QR>S(eC{QRKSZn?%N%HJi�A�Kj}L?%HJZn?&}�<_^@�B>6}�KS\O\�A%N%I�KM^3>�QnC[Q@HOZ�ZS<_N%I%H]QRHO<=N%> � 5,<G}�KSF_KS^M(�QR?%HJ>6>TA 8 Q@^RC=Z�	
QRHJ<_N 9 HOKM\JI%>
ZM<=^@^@A�c�QRKSIk^@KS>@A%\]QR>
}L?%KSN2QR?�Kj06��!HJ>
K��mceKS^@HJKMN%ZSHON%PbC=ZMZSKM\JKM^RC�QRHO<=N%>M(DCWI 9 NDC U HOZ
ZM<=N%I%HJQ@HO<_N�i�A�HJQRK�ZM< UEU <=N�I%A%^THON%P �%HOP_?:Q � ��A%K�Q@<�QR?%KS>@K
\OH U H]QnC[Q@HO<_N�>M(~��A%\OKS^�C=N%P=\OK�KS>TQ@H U C[QRKS>
C=^TK,ZS<_N%>@HJI%KM^TKMIbI%KMZSKMN:Q
C[Q 8 KM>�Q � �
?%^T<_A%P_?b\dC 8 <_^RC�QR<_^ 9 QRKS>TQ@>M(�['(1\tC[N%I]�?DCoF=K 8 KMKMN�>@?%<G}LN
QR< 8 K{>TQRC[QRHJZoC=\J\ 9 C=ZSZMA%^@C[QRK|Q@<�}LHJQR?�HONxg%F=K{I%KMP_^TKMKS>M(�C=N%I�I 9 NDC U HOZMC=\O\ 9 C=ZMZSA%^RC[Q@K|QR<�}LH]QR?%HJN
QRKSN2I�KMP_^TKMKM> � -/?�KMN�QR?%Kt0,'�!HO>LHON�CW\dC[^@P_K�<=^ 8 H]Qo(%>�QnC[Q@HOZ�ZM<=N%I%HJQ@HO<_N�>7ZoC=N 8 KjC[>@>@A U KSI �

�
?%KtQR^RC[N%>@\OC[QRHJ<_NVXf^@< U HJN%KM^�QRHdC[\�QR<EF_KM?�HOZM\JKtXf^@C U KM>M(�C=ZSZM< U c%\JHO>@?�KMI 8B9 ØLÙÚ (eC=I%I%>6HONm	
C=ZSZMA%^@C=ZMHJKM>�QR?DC�Q�>TQRK U Xf^@< U18 <=QR?E��z+� U KoC=>TA%^@K U KSN:QR>+C=N%I 8 C=^T< U KSQR^THOZ�C=\JQ@HJQRA�I%K7^@KMC=I%HJN%P_> �
�
?%K U C~�T<_^t��z��xHJNDC=ZMZSA%^RC[ZMHOKS>�C=^@KEC[QTQR^TH 8 A�Q@KMI�QR<&C�F[C=^@HJKSQ 9 <=X�>T<_A%^TZMKM>�QR?%C[Q�ZM< U�8 HON%K|Q@<
C=Zn?%HJKSF=K�C=NVC=ZSZMA%^@C=Z 9 <=X'^T<_A%P_?�\ 9 �Gq U HJNbQ@?%K3?%<=^@HO�S<_N:QnC=\�c%\OC=N%K[(�C=N�I�p_r U HONWQR?�K3F_KS^TQRHJZoC=\
c%\OC=N%K � p Î � � 56<G}�K�F_KM^S(�>THON%ZSK�QR?%K 8 HdC=>|c�<_^�QRHO<=N¤<=XLQR?%HJ>|KM^T^@<_^{KSiBADC=\O\ 9 K�¥�KSZSQ@> 8 <=Q@? 0,'�
C=N%IVQRC=^@P_K�Qo(mHJQ
ZMC=N 8 K�N%KSP_\OKSZSQ@KMI�\OKMCGF�HJN%P|<_N%\ 9 ^@C=N%I%< U KM^T^@<_^T>M(�}L?�HOZn?&ZoC=N U KoC=>TA%^@K�A�c�Q@<
^@<=A%P_?%\ 9 r U HJN�QR?%K�?%<_^@HJ�M<_N:QRC=\mc�\dC=N%K � -/H]QR?�Q@?%K
C=I%I�HJQRHJ<_Nt<=X�C=NWC 8 >T<_\OAmQRK�c�^@KM>T>@A%^TKL>@KMN�>@<_^S(

�_×



C=\]QRHJQ@A%I%K�HJNDC=ZMZSA%^RC[ZMHOKS>3C[^@K�^@KSI%A%ZMKSIkQR<E^@<=A%P_?%\ 9 × Uø� � Î � � ,\JQR?�<_A%P_?2C=\JQ@HJQ@A%I%K�KM^T^@<_^T>,?%CGF=K
CWI%HO^TKMZSQ6HJNå�DA%KSN%ZMKt<_N2Q@?%K�KM>�QRH U C[Q@HO<_N�<=X"H U C=P_K�I%KSc�QR?�(�C=>LI%HJ>@ZSA%>@>TKMIxHJNx�mKSZSQ@HO<_N � �¡Í (DHJQLHJ>
HON:Q@A%HJQ@HJF_KS\ 9 K��mceKSZSQRKSIxQR?DC�Q3QnC[^@P_K�Q3\J<mZMC=\OHJ�oC[Q@HO<_N�}LHJ\O\ 8 K U <_>TQ,>@KSN%>@H]QRH]F_KjQ@<�HJNDC=ZMZSA%^RC[ZMHOKS>3HJN
ZoC U KS^RCWC=N%I20,'��C[Q@Q@HJQRA�I%K�C=N%P_\JKM> �

�hC 8 \JK Í%� �=÷�0,N%ZSKM^TQRC=HON:Q@HOKM>S(�ï"ð

�m<_A�^@ZMK ù��+C=\OA%KdAegf � r{I%KMPdAh¬i � r{I%KMP[ r{I�KMP\ r{I�KMP] r{I�KMP�ûúaü�ý r U��úaü�ý r Ub'úaüzý × U� �·¶ r{c%H]�mKS\O>� � ¶ r{c%H]�mKS\O>

�
?%K+QnC=^TP_KSQhc%H]�mKS\m\J<mZMC[QRHJ<_N�(�r�(=HO>�I%K�QRKM^ U HJN%KMI 8:9 ������C=N%I|HJ>h>TA 8 �TKMZ�QlQR<LQR?�K7C=I�F=KM^T>@K
KS¥eKMZ�QR>�<[XlF�HO>@A%C=\h<�ZMZS\OA%>THO<_N�>3C=N�Ix\OHJP_?:QRHON�PEZn?%C=N%P_KS> � ,ZMZS<_A%N:QRHJN%P�Xf<_^LQR?%KS>@K|KS^@^T<_^,>T<_A%^TZMKM>S(
HJQ�HO> 8 KM\OHJKSF=KMI�QR?DC[Q�r�C=ZMZSA%^RC[Q@KM\ 9 ^@KSc%^@KS>@KSNBQ@>jQ@?%K{QnC=^TP_KSQ�\J<mZMC[QRHJ<_NxHON�Q@?%K{H U C=P_K�}LH]QR?%HJN r
c%H ��KS\O>�HJN 8 <[QR?t� �·¶ C=N%I�� �·¶ � ,\JQ@?%<_A%P_?xC=ZSQ@ADC=\lA%N�ZMKM^�QnC=HJN:QRHOKS>�C=^TK{N%<=Q��BN%<G}LN�(�QR?�K|F=C[\OA%KS>
>@?�<~}LN�HON��"C 8 \OK Í%� � C=^@KbQR?%KV^TKM>@A�\JQR>{<[X,\OC 8 <_^RC[Q@<_^ 9 Q@KM>�QR>EC=N%I�H]Q{HO>{C[>@>@A U KSI Q@?DC[Q|Q@?%K 9
^@KSc%^@KS>@KSNBQ�C ¦ r ç c�^@< 8 C 8 HO\JHJQ 9_�

Þ��JÏ � ·m³�¼o¾Æ»~¾Æ½'¾f»G¾Y·�¼
 D<_^�QR?%HJ>�^@KS>@KMC=^@Zn?�(�Q@?%K�c%^T<mZSKM>@>WC[N%I¤^@KS>@A%\]Q|<=XLKS>TQ@H U C[QRHJN%PkC&QnC=^TP_KSQM��>|HJN%KM^�QRHOC=\�\O<[	

ZoC�QRHO<=N�HJ>{^@K�XfKM^@^TKMI�QR< C=>{QnC=^TP_KSQE\J<mZMC=\OHJ�oC[Q@HO<_N � �vN QR?%HJ>{>@KMZ�QRHJ<_N�(7C�>TQ@A%I 9 <=X,\O<�ZoC[\OHO�MC[QRHJ<_N
>@KSN%>@H]QRH]FmH]Q 9 QR<�A%N%ZSKM^TQRC=HON:Q@HOKM>WHJN U KoC=>TA%^@K U KSN:QR>E<=X�06�� \O<�ZoC[Q@HO<_N�C=N�IwC[QTQRH]QRA%I%K&C=>W}�KM\O\
C=>tZoC U KM^@C&P=H U|8 C[\lC=N%P=\OKM>�HJ>tc�^@KM>TKMN:QRKSI �  D<_^�QR?%KEc%A%^Tce<=>@KE<=X7K���c�KM^TH U KMN:Qo("C&>TH U A�\dC[Q@HO<_N
}�C=>�ZM^TKoC[Q@KMI�HJNk}L?%HOZn?�C[\O\�0,'� >@KSN%>@<=^@> 9 HOKS\OI%KSIxceKS^TXfKSZSQ�>THOP_NDC[\O>L}LHJQR?k�MKM^T<VKM^T^@<_^ � �
?%KS>@K

� ¦



c�KM^TXfKSZSQ U KMC=>@A�^@K U KMN:Q@>t}�KM^TKEQRC=�=KSN�Xf^@< U N%< U HONDC[\S�DHOP=?BQtZS<_N%I%H]QRHO<=N%>�\OHJ>TQRKSI�HON��"C 8 \OK Í%� p
C=N%I }�KS^@KbA%>@KSI�QR<�Xf<_^ U Q@?%Kb5,�6#2>j<=XL��iBADC[QRHJ<_Nw� Í%� � � � �
?%K�ZMC U KM^RCV}�C=>�c%\OC=ZMKSI�C�Q

�"C 8 \OK Í%� pm÷��,< U HON%C=\�06��!ZM<=N%I%HJQ@HO<_N�>�Xf<_^
\O<�ZoC[\OHO�MC[QRHJ<_N�(

�m<=A%^@ZSK ù��+C=\OA%Kd�ezf ¦ qWI�KMPd�hLi �=qWI�KMP[ p[qWI�KMP\ r{I�KMP] qWI�KMP�ûúaü�ý q U��úaüzý q Ub�úaü�ý Î q U� �·¶ �:p=q{c%H �mKM\O>� �·¶ p Í q{c%H �mKM\O>

¦ qEI%KMPVC[�MH U A�QR?kC=N%I��_qEI%KMPVKS\OK�F=C�QRHO<=NkC=N�P_\OKS>3C=N�IkQR?%K|0,'�1}�C=>�c%\OC=ZMKSI Î q U <GF_KS^3QR?�K
?%< U K{c�<_>@H]QRHO<=Nt� 9 HON%P2C2qVI%KSP2?�KoC=I%HJN%P�}LHJQR?�p=q�I%KSP2^T<_\O\"C=N%I�r�I%KSP2c�HJQRZn?�C=N%P=\OKM> � �
?%K
QnC[^@P_K�Q�}�C=>LC=>@>TA U KMI�QR< 8 K�\J<mZMC[QRKSI�C[Q7Q@?%K�H U C=P=K,ZSKMN:QRKS^M(DC=N�I�}LHJQR?�C[\O\�<=QR?�KM^�F[C=^THdC 8 \JKM>+<=X
��iBADC[QRHJ<_N�� Í%� � ���BN%<G}LN�(%gDN�I%HON%P{Q@?%K�QnC=^TP_KSQ
\J<mZMC[QRHJ<_N�(PH Úuwv�x ( 8 KMZMC U K�C{>TH U c%\OK,ZoC=\JZMA%\OC[QRHJ<_N �
�
?%HJ>�\O<�ZoC�QRHO<=N }�C=>|ZS<_N%>@HJI%KM^TKMI¤Q@^@A�Q@? C=N%I�}�C=>�Q@?%KMN�ZS< U c%C=^@KSI�QR<&QR?%K�QRC=^@P=KSQ|\J<mZMC[QRHJ<_N%>
ZoC[\OZMA�\dC[Q@KMI{C=>�KMC=Zn?W<=X�QR?%K�cDC=^RC U K�QRKM^T>�HON|�hC 8 \JK Í%� p }7C[>�HON%ZS^@K U KMN:QRC=\O\ 9 c�KM^�QRA%^ 8 KSI 8B9 c%\OA�>
C=N%I U HJN�A�>hH]QR>�A%N%ZMKS^TQRC=HON:Q 9 (_}L?�HO\OK�C=\J\:<=QR?%KS^@>"}�KM^TK7?%KS\OI�ZS<_N%>�QnC=N:Q �  "HOP_A�^@KM> Í%� � QR?�^@<_A%P=? Í%� �
>@?�<~}�QR?%KWKS^@^@<=^3Xf^@< U QR^TA�QR? C=>�C�XfA%N%Z�QRHJ<_N�<=X+A%N%ZMKS^TQRC=HON:Q 9 HJN�KoC=Zn? <=X+QR?%KS>@KWcDC=^@C U K�QRKS^@> �
3>�K��mceKSZSQRKSI�(�HON%ZS^@KoC[>@HON�P�A%N%ZSKM^TQRC=HON:Q 9 ^@KM>TA%\JQ@>�HON{HJN%ZM^TKoC=>THON%P�\J<mZMC=\OHJ�oC[Q@HO<_NtKM^T^@<_^ �  "HJP_A%^TK Í%� �
>@?�<~}L>+QR?%K6>@KSN%>@H]QRH]FmH]Q 9 <=XeQnC=^TP_KSQ+\O<�ZoC[\OHO�MC[QRHJ<_N�Q@<jA%N�ZMKM^�QnC=HJN:QRHOKS>�HONb0,'��C[QTQRH]QRA%I%K6C=N�IbZMC U 	
KM^@CEP=H U|8 C[\�C=N%P=\OKM> �

Í q



−10 −5 0 5 10
0

5

10

15

20

25

Parameter Uncertainty (deg)

Lo
ca

liz
at

io
n 

E
rr

or
 (m

)

Localization Error due to UAV Attitude and Camera Angle Inaccuracies

Azimuth
Elevation
Phi
Theta
Psi

 "HJP_A%^@K Í�� �_÷��mKSN%>@H]QRHJF�H]Q 9 <=X7\J<mZMC=\OHJ�oC[Q@HO<_N&QR<&A%N%ZSKM^TQRC=HON:Q@HOKM>tHON�ZMC U KS^RC&C=N%I�0,'� C[QTQRH]QRA%I%K
C=N%P=\OKM>

3>">@?%<G}LN{HON� "HOP=A%^@K Í%� � (_P_<�<mIjKM>�QRH U C[Q@KM>�<=X�0,'�£^@<=\O\BC=N%P=\OK7C[N%I|ZoC U KS^RC,KS\OK�F=C�QRHO<=N
C=N%P=\OK
C=^TK
H U ce<=^TQnC[NBQ">@HJN%ZMK
QR?�K
KM>TQ@H U C[QRKSI|QnC=^TP_KSQ�\J<mZMC[QRHJ<_N�HJ> U <=>TQ�>TKMN%>THJQRH]F_K
QR<�I%K�F�HdC[Q@HO<_N%>
HON�QR?�KM>@KjcDC=^@C U K�QRKS^@> � �
?%KjXYC[ZSQLQR?DC�Q,\J<mZMC=\OHJ�oC[Q@HO<_N�HO>LKMiBADC=\J\ 9 >TKMN%>THJQ@HJF_K�QR< 8 <[QR?20,'�1^T<_\O\
C=N%I�ZMC U KS^RC{KM\JKSF[C[Q@HO<_N�C=N�P_\OKS>
HO>
K��mc�KMZ�QRKMI2>@HJN%ZMK�I%A%^THON%PEC{\O<�ZoC[\OHO�MC[QRHJ<_N��DHOP_?:Q
Q@?%K�ZoC U KM^@C
HO>LcDC[N%N%KMI�QR<E^@<=A%P_?%\ 9 N%HJN%KSQ 9 I%KSP_^@KSKM>S(�}L?�HOZn?xC[\OHOP=N%>+V Ü (%QR?%KjC��mHO>LC 8 <_A�QL}L?%HJZn?2KS\OK�F=C�QRHO<=N
<�ZMZMA�^@>M(=N%KoC=^T\ 9 cDC=^@C=\O\JKM\:QR<�T Û (=QR?%K�C��mHO>"C 8 <=A�Q"}L?%HJZn?{C=HJ^@ZM^@C[XÆQh^@<_\J\�<�ZMZSA%^@> � �
?%HJ>lC=\JHOP_N U KMN:Q
U KoC=N%>|Q@?%KV\O<�ZoC[\OHO�MC[QRHJ<_N C=\OP=<_^@H]QR? U ZoC[N%N%<=QWI%H]¥�KS^@KSNBQ@HdC[Q@K 8 KSQv}�KMKMN�Zn?DC=N�P_KM>WHON�KS\OK�F=C�QRHO<=N
C=N%P=\OK�C=N%I�Zn?DC[N%P_KM>6HON&06��!^@<=\O\�C=N�P_\OK �

þ Úuwv�xÊÿ�������� ÝÜ � ÜÛ � ÛÙ � ÙÚ	� }�~�
 ÿ����� ezf�� � hLi ������������� ��� ��� ��!	"5úaü�ý " ��#�$&% "
�mHJN%ZMKEQR?%Kb>@KMN�>@HJQ@HJF�HJQ 9 c�\O<=Q@>tXf^T< U  "HOP=A%^@KS> Í%� � ( Í%� p C=N%I Í%� � C=^@Kb\OHJN%KoC=^�<GF_KS^�QR?�K

K��mc�KMZ�QRKMIVKS^@^T<_^�^RC=N%P=K=(BQR?%K6cDC=^�QRHdC[\%I%KM^THJF[C[Q@HJF_K6<=XeQnC=^TP_KSQ+\O<�ZoC�QRHO<=N('W(���i�A%C[QRHJ<_Nx� Í%� p ��(:}LHJQ@?
Í �



−10 −5 0 5 10
0

2

4

6

8

10

12

Parameter Uncertainty (m)

Lo
ca

liz
at

io
n 

E
rr

or
 (m

)

Localization Error due to UAV Location Inaccuracies

East
North
Altitude

 "HJP_A%^TK Í%� p�÷+�mKMN%>THJQ@HJF�HJQ 9 <=X"\J<mZMC=\OHJ�oC[Q@HO<_NWQR<EA%N%ZSKM^�QnC=HJNBQ@HOKS>
HON&0,'�!\O<�ZoC[Q@HO<_N

^@KS>@c�KMZ�Q3QR<EKoC[Zn?kKM^T^@<_^6>@<=A%^@ZSKjZMC=N 8 KjKS>TQ@H U C[QRKSIkC=>L>TH U c%\ 9 QR?%Kt>@\J<_ceK�<=X"KoC=Zn?kZMA%^�F_K �  D<_^
HON�ZM^@KMC=>@KSI�ZM<_NmgDI%KMN�ZMK�HON QR?%KS>@KVcDC=^�QRHOC=\O>S(hQR?�K U K�QR?%<�I¤<=X,��KMiBA%KMN:Q@HdC=\�zhKM^�QRA%^ 8 C[Q@HO<_Ny�À��z+�
I%HJ>@ZMA�>@>@KSI4HJN � p Ò �,}7C=>�C[\O>@<�A%>@KSI4C[N%I�QR?%Kk^@KM>TA%\JQ@>V<=X 8 <=QR? U KSQ@?%<mI�>VC=^@K&QnC 8 A%\dC[Q@KMI£HJN
�hC 8 \OK Í�� � �

Í p



−10 −5 0 5 10
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Parameter Uncertainty (pixels)

Lo
ca

liz
at

io
n 

E
rr

or
 (m

)

Localization Error due to Target Pixel Location Inaccuracies

X
ip

Y
ip

 hHOP_A%^TK Í%� ��÷+�mKMN�>@HJQ@HJF�HJQ 9 <=Xh\O<�ZoC=\JHO�oC�QRHO<=NbQR<WA%N�ZMKM^�QnC=HJN:QRHOKS>
HONVQnC[^@P_K�QLc%H]�mKM\�\J<mZMC[QRHJ<_N

�hC 8 \JK Í%� ��÷���>TQRH U C�QRKMI�cDC[^TQRHOC=\�I%KS^@H]F=C�QRHJF=KM>S( ñ�òñ ð

H �m<=A%^@ZSK �m\J<_ceK �mz
� d�ezf � � p U Ì[I%KMP � � � U Ì[I%KSP
p d�hLi p � q U Ì[I%KMP � � Ò|U Ì[I%KSP
� [ p � q U Ì[I%KMP � � Ò|U Ì[I%KSP
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Localization Experimental Data: Altitude = 60 m, Winds 5 mph from 290 deg
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<_N�� U C[\O\�06��3>M(¡ÿ # � � � QR?%KS>@HO>S(l��^THOP_?%C U ` <_A%N�Px0,N�HJF_KS^@>THJQ 9 ("z�^@<GF_<%("06QRC=?¤× Í_Î q:pm(
3c%^THO\�p=q_q Í%�

� p_r¢�j��KM^TKM� � � ¨�HJN%P_>TQ@<_N�C=N�I��,C[N%IDC=\�- � ��KMC=^@I�(�þT�6KMC=\]	*�
H U KE6Q@Q@HJQRA�I%K�C=N�I�z�<_>@H]QRHO<=N
��>TQRH U C�QRHO<=N�Xf<=^�� U C=\J\'0,'��>�06>@HJN%P���<G}7	���<_>�Q��mKSN%>@<=^@>M(¡ÿ£HON�H l H�H � KGF;>=@?BAC=@=EDGF;�=@P�M�?mM�i�DGFB�b�fWLi�DL?�W(n�Z_=�h�DLKeDL=EUSD�AC=�F�y{Z_Ke¼fWSR@ZS\�(���?�HOZoC[P_<%(%�v\À(��mKMcmQRK U�8 KS^�p=q=q Í%�

r Ò
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} ��U <_N:QnC=N%C � KSI%A�Ì
c%\dC[ZMKM>RÌ[P_c%>RÌ[\O^TKM>@�:r Ò Ì[>T\OHJI%KM>RÌ_�tz+��C[ZMZMA�^RC=Z 9_� c%c�Q �

� p Ò �j�6HJZn?DC=^TI � �  "HJP_\OHJ<_\dCVC[I ��<_NDC=\JI�� � ��KoC[>@\OK 9 (½oR@DSZ_KL�~AC=�F�®xDSWLM|gC=Yh�Z_K(¢~DSUSR AC=@MVUGACP¢µDGA_WLsTKeDL?�DL=@i�W�(+;=<=?%NV-/HO\OK 9 C=N�Ix�m<=N%>M(D�vN%Z � (��6KS} ` <=^@��(�0��mj(�p=q_q_q �
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