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Camera Action

Image Capture

(Image Capture)

(Camera Action)
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path
in scenario

x

y

path
in practice

S E

S’

E’

path in scenario
S ( 5.0,  0.0) t=0.0 
E (-5.0,  0.0) t=3.0

path in practice
S’( 6.0,  2.0) t=0.0
E’(-6.0,-10.0) t=3.0

switching point
by the off-line
planning(t=1.5)

switching point
by the on-line

planning(t=0.92)

CAMERA-1
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(-2.4,6.9)

�;�������(<:�:=>�?1')+
@7�)+�� A��!B�8C3DE�/*?7%����7�)4�� �9

F�GIH'J�K:H3L�F8MON(P"L�QRFSH3TRT�H3U?F�V0L�WXH'Y�F[ZA\3L?]�\
V^H'_
H3]�V:`�L�L�Q:FaN:H
Y/b(_'\'K:V:Mc`�Y�F�VRFa]�VdY�H'TeL�KRU?F�M
]�ZAH'_'F�`�F�f0KRF�V�Y@F�`�g

h QR]#`2Y�H'Z"F�U?H3ikj-\'U?b"TRJ�H'Vl]�`>J�\
H
MeF�M^\'V0L�\cH"T:H']�U>\3W�\'N�`�F�U�GIHIL?]�\
V^`�L?H3L�]�\'V:`2H'V:MOL?QRF
Y�H'ZAF�U/HIiEj%\
U�blY@\
V
L?U�\
J�J�F�USmn`�j2]+L/Y/QRF�U�]�Vpoq]�_:gsr'tRgvuwQRF�VxL?QRFcH'YyL?]�\
Vx]�VzL�QRFc`?Y@F�V:F�]#`
`�L?H3U�L�F8Mv{�L�QRF"\'Ne|�F8YyL�MeF@L?F�Y@L�]�\'VxH'V:M}L?U?H
Y/b0]�VR_OT:U�\eY@F8`�`a`�K�Y/QxH'`~MeF�`?Y@U?]�N�F8M}]�Vp�(F�Y@L�]�\'V
� ]�`SF��eF�Y@KRL�F�MzHILSF�H
Y/Qx\
N:`�F�U�GIH3L�]�\'V�`�L?H3L�]�\'Vsg h QRF�Vs{vL?QRFcY�H3ZAF�U?H3ikj-\'U?bdY�\'V0L�U?\'J�J�F�USm
`�j2]+L/Y/QRF�U�ZA\'VR]�L�\
U?`�HaT:H3]�Uq\'W�]�ZcH3_'F-`�F8f0KRF�V:Y�F�`�Y�H'TeL�K:U�F8M�N(PSL�QRF>\'N�`�F�U�GIHIL?]�\
V�`�L?HIL?]�\
V:`
H3V�MdMRF@L�F�U�ZA]�VRF�`-L?QRF�\'TRL�]�ZAH'J�Y�H'ZAF�U/H�`�j2]+L/Y/Q�L?]�ZA]�VR_:g

� `aVR\'L�F�MxN�F�W�\'U?F'{�L�QRFAH'Y@L�K:H'J�`?Y@F�VRF�K�`�K:H'J�J�P}MeF�G(]#HIL?F�`~`�T:H3L�]#H3J�J�P}H'V:MlL�F�ZAT�\
U?H'J�J�P
W�U?\'Z�L?QRF�`?Y@F�V:H3U?]�\�gvoq]�_:g��
�^]�J�J�K:`�L�U/HIL�F8`~L�QRF�_'F�\
ZAF@L�U?]#Y"Y�\'Ve��_'KRU/HIL?]�\
V�\'W%L?QRF�`?Y@F�V:F'{
L�Q:F"Y�H3ZAF�U/HAJ�H�P
\'KeL8{�H'V:MlL�Q:F�\
Ne|�F�Y@LaZA\3L?]�\
V}T:HIL?Q�MeF8`�Y�U�]�N�F8Ml]�VxL�QRF"`�Y�F�V:H'U�]�\:g���F�U�F
j-F�H'`?`�KRZAF~L�Q�HIL2L�Q:F�H'YyL?K:H3J�\'Ne|�F8YyL2ZA\3L�]�\'VlT:H3L�Q}MeF�G0]#HIL?F�`-W�U?\'Z�L�QRF�TRJ#H3V}H
`2`�QR\Ij2V



0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0 0.5 1 1.5 2 2.5 3

an
gu

la
r v

el
oc

ity
 o

f p
an

-r
ot

at
io

n 
[ra

d/
s]

CAMERA-1 CAMERA-2

DIFFERENCE

time [s]

optimal switch timing
by off-line planning

(t = 1.5)

���������(�R�'�-�
���4�����8�y�����? ���¡E¢��£����¤����4���4¥0¦
§ �?���� ����+¥
� §2¨I© ��¤0��ª�«e¬X�+�4¥
���y������ ���¬�¢�ª� �­
�0�+��¥
¥0�4¥0¦'®

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 0.5 1 1.5 2 2.5 3

an
gu

la
r v

el
oc

ity
 o

f p
an

-r
ot

at
io

n 
[ra

d/
s]

time [s]

CAMERA-1

CAMERA-2

DIFFERENCE
optimal switch timing
by off-line planning

(t = 1.5)

optimal switch timing
by on-line planning

(t = 0.92)

���������(¯R�'�-�
���4�������y������ ��;¡E¢��£����¤[���4���4¥0¦
§ �����? ����4¥0� §�¨I© ��¤0�2ª8¥'¬X�+�4¥
�>�y������ ��~�/ª8¥'¬
�. �ª8�°®

±�²c³�´:µ�¶:·
¸R¹�µ
º
».²�¼2´:½I³%¾�¿'À�À�¿I¼�Á�Â3¼-µ[¼2±�À�ÀBÃeµ�ÄA¿
²:Á�³?¹?½3³�µ2³?´Rµ~±�ÄAÅ�¿'¹�³?½3²�Æ@µ�¿'¾v³�´Rµa¿'²eÇEÀ�±�²Rµ
Æ�½3ÄAµ�¹/½�Æ�¿'²0³�¹?¿'ÀB±�²}Ãeµ@³?µ�¹?Ä"±�²R±�²R·A³�´:µ�¿'Åe³?±�Äc½3ÀsÆ�½3ÄAµ�¹/½"Á�¼2±�³?Æ/´d³�±�ÄA±�²:·:º

».²È³?´Rµ^Æ�¸R¹�¹?µ�²0³�Á�±�Ä�¸RÀ#½I³�±�¿'²�Âs³�´:µ^Á�¼2±+³/Æ/´È³�±�ÄA±�²R·x±�Á�µ�ÉI½3À�¸:½3³�µ�ÃpÊ(Ë�³�´RµdÃe±�Ì�µ�¹�µ�²:Æ@µ
±�²Í³?´RµÎÆ�½'ÄAµ�¹/½x¹?¿3³/½I³�±�¿'²ÏÁ�Å�µ�µ8Ãvº�Ð>´Rµl¹?µ�½'Á�¿'²Í¾�¿'¹A³?´R±�ÁA±#Ác½'Á"¾�¿
À�À�¿I¼�Á�º�Ñ�±�¹?Á�³�À�Ë'Â�Á�±�²:Æ@µ
Ê�¿3³?´^Æ�½'ÄAµ�¹/½'Á-½3¹?µ�³�¹/½'Æ/Ò(±�²R·�³?´Rµ~¿'ÊeÓ�µ8Æy³�Â0³?´Rµa¿
ÊeÓ�µ�Æ@³-±�Äc½3·
µ~Á�³?½�ËeÁ;¶RÔeµ�Ã�½3³%³?´RµSÆ@µ�²0³?µ�¹
¿'¾�³�´Rµp±�Äc½3·'µ�¾�¹/½3ÄAµ'º2Ð>´(¸:Á�Â-´(¸RÄc½'²ÕÉ(±�µ�¼%µ�¹?Á^Å�µ�¹/Æ@µ�±�É'µ�³�´:µ�¿
ÊeÓ�µ�Æ@³dÄA¿3³?±�¿
²ÖÁ�Å�µ�µ�Ã
Ê:½
Á�µ8Ã×¿
²×³�´:µd¿
Åe³�±#Æ�½'À-Ø:¿I¼n¿3¾[³�´RµlÊ:½
Æ/Ò0·
¹�¿
¸R²:Ã×Á?Æ@µ�²Rµ'ºÚÙaÁ�Á�¸RÄA±�²:·�³?´Rµ}Ãe±#Á�³/½3²:Æ�µ^¿'¾
³?´Rµ�Ê:½
Æ/Ò(·'¹?¿'¸R²:ÃlÁ?Æ@µ�²Rµ�¾�¹?¿'ÄÛ³�´RµAÆ�½'ÄAµ�¹/½'Á2±#ÁaÆ�¿'²:Á�³?½'²0³�ÂR³?´Rµ�Æ�½3ÄAµ�¹/½c¹?¿3³/½I³�±�¿'²ÎÁ�Å�µ�µ�Ã
¸R²:±�Ü0¸Rµ�À�Ë�Ãeµ�³�µ�¹?ÄA±�²:µ�Á�³�´Rµ>Á�³?¹�µ�²R·3³?´�¿3¾R³?´Rµ;¿
Åe³�±#Æ�½'À'Ø�¿I¼�º�».²�¿'³�´Rµ�¹�¼-¿'¹/ÃRÁ�Â�Ê(Ë�Á�¼2±�³?Æ/´R±�²R·
³?´Rµ�Æ�½'Ä"µ�¹?½
Á�¼2´Rµ�²"³?´Rµ�±�¹;¹?¿3³/½I³�±�¿'²AÁ�Å�µ�µ�ÃRÁ�Æ�¿'±�²:Æ@±#Ãeµ2¼2±�³�´cµ8½'Æ/´"¿3³�´:µ�¹8Â3´(¸RÄc½3²AÉ(±�µ�¼%µ�¹?Á
Å�µ�¹/Æ@µ�±�É
µ�³�´Rµ�¿
ÊeÓ�µ�Æ@³�½'Á�Ä"¿IÉ(±�²R·2½I³s³?´Rµ;Æ�¿'²:Á�³?½'²
³�Á�Å�µ�µ�ÃSµ�É'µ�²~±�¾e³�´:µ;Æ�½'Ä"µ�¹?½-±#Á�Á�¼2±+³/Æ/´Rµ�Ã
¾�¹?¿'ÄÝ¿'²:µ�³�¿�³�´Rµ"¿3³?´Rµ�¹8ºBÞ�¿3³?µ�³?´:½I³~³�¿^¹�µ8½3À�±�ß�µ�ÄA¿'¹?µ�Á�Ä"¿(¿'³�´xÆ�½3ÄAµ�¹/½OÁ�¼2±+³/Æ/´R±�²:·:Â�¼%µ
Á�´R¿'¸:À�ÃÎÆ�¿'²0³�¹?¿'Àq³�´:µ�ß�¿0¿
ÄàÁ�¿d½'Á[³�¿dÄA½'Ò'µ�³�´Rµ"¿'ÊeÓ�µ8Æy³SÁ�±�ß�µ8Á[±�²Î³?´Rµ�Å�½3±�¹~¿'¾;Æ�½'Åe³�¸R¹?µ�Ã
±�Äc½3·'µ�Á�µ�Ü0¸Rµ�²:Æ@µ8Á-Æ�¿'±�²:Æ@±#Ãeµ
º

Ñ�±�·�º-á
âp±�À�À�¸:Á�³?¹?½3³�µ8Ác³�µ�ÄAÅ�¿
¹?½'À[ÉI½3¹?±�½3³�±�¿'²:ÁO¿3¾�³�´:µx¹?¿3³?½3³�±�¿'²wÁ�Å�µ�µ�ÃRÁ�¿3¾�Æ�½'ÄAµ�¹/½IÇ/ã
½'²:ÃwÆ�½'Ä"µ�¹?½3Ç.ä�¼2´Rµ�²w³�´:µ�Ëw½3¹?µl³�¹/½'Æ/Ò(±�²R·È³�´:µÎ¿'ÊeÓ�µ8Æy³l½3À�¿'²R·p³?´RµxÅ:½3³�´ÕÁ�Å�µ�Æ@±�¶:µ8Ãå±�²
³?´RµdÁ?Æ@µ�²:½3¹?±�¿:ºqÐ>´:µ^¿
Åe³�±�Äc½3À>Æ�½3ÄAµ�¹?½�Á�¼2±�³?Æ/´È³?±�ÄA±�²R·z±�ÁAÃeµ�³�µ�¹?ÄA±�²:µ�ÃÍ½
Á�æAçèã'é£êÎÁ�µ�Æ
½'²:Ã}³?´Rµc¿'ÊeÓ�µ8Æy³SÀ�¿eÆ�½I³�±�¿'²p½I³~³�´�½I³�³�±�ÄAµA±�Á�Á�´R¿I¼2²x±�²pÑq±�·:ºsá0êeºvÑ�±�·�ºsá'ë�ìX½
íaÁ�´R¿I¼�Á�³?´Rµ
±�Äc½3·'µ�Á�µ�Ü0¸Rµ�²:Æ@µ�¾X½3ÊR¹?±�Æ�½I³?µ�Ã^¾�¹�¿
Ä�³?´Rµ�Å�½3±�¹�¿3¾�±�Äc½3·'µ�Á�µ�Ü0¸Rµ�²:Æ@µ8Á>³?½'Ò'µ�²}Ê0ËlÆ�½'ÄAµ�¹/½IÇ/ã
½'²:ÃpÆ�½3ÄAµ�¹?½3Ç.äRÂB½
Á�Á�¸RÄA±�²R·d³�´RµO¿
ÊeÓ�µ�Æ@³�ÄA¿IÉ'µ�Á�½
Á�Á�Å�µ�Æ�±+¶�µ�Ãp±�²�³?´Rµ�Á?Æ@µ�²:½3¹?±�¿l½3²�Ãx³?´Rµ
Æ�½3ÄAµ�¹/½�±#Á2Á�¼2±+³/Æ/´Rµ�Ãl½I³2æ�çîã
é ê"Á�µ�Æ'º

»E¾�¼-µ>Ãe±�¹?µ�Æ@³�À�Ë�½3ÅRÅ:À�±�µ�Ã�³�´R±#Á�ÅRÀ#½3²R²Rµ8Ã�Æ�½3ÄAµ�¹/½IÇE¼%¿
¹�Ò[³�¿a³�´Rµ2½
Æy³�¸�½3À(Á�Æ�µ�²Rµ
Â8¼-µ-¼%¿
¸RÀ�Ã
¿
Êe³?½'±�²cÁ�¸:Æ/´O½�ÄAµ�½'²R±�²:·'À�µ�Á?Á�±�Äc½3·
µ[Á�µ�Ü0¸Rµ�²�Æ@µ�½'Á;Á�´R¿I¼2²A±�²�Ñ�±�·�º'á'ë�ì�Ê�í@Â'¼2´R±#Æ/´OÃeµ�Ä"¿
²eÇ
Á�³�¹/½I³?µ�Á%³�´Rµ�²:µ�Æ@µ8Á�Á�±�³�ËO¿3¾�³�´Rµ�¿
²eÇEÀ�±�²Rµ�½'ÃR½'Åe³�±�É'µ�Æ�½3ÄAµ�¹/½�Æ�¿'²0³�¹?¿'Àkº

Ñ�±�·�º
á(ïa±�À�À�¸�Á�³?¹?½3³�µ�ÁÚ³�µ�ÄAÅ�¿'¹/½3ÀRÉI½'¹�±#½I³?±�¿
²:ÁÚ¿3¾�³�´:µ�¹�¿'³?½3³�±�¿'²cÁ�Å�µ�µ8ÃRÁ�¿'¾BÆ�½3ÄAµ�¹/½IÇ/ã2½3²:Ã



t=0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

t=0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

(a)

(b)

(c)

switch here

switch here

switch here

t=0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

ð�ñ�ò�ó�ô(õRóeö(÷�ø
ù�ú4ûy÷�ü�ý/þ�ú4ÿ�÷��8ý��.ý����0ý	�
û/ý	�	
���÷�û�
��.ý����0ý	�
û/ý��Eü�÷�ù.ü���÷@ü�ü�

ý��4ý���ü����Rü�

ý������eý?ù�ù����
������������ýyþ�ø���ü�

ý�������ý?ùqù�����

ú��0û	���(þ'ú����2÷-ÿ�÷@ù� [þ
ý	����ü�ú����-ü�

ý��!�8ú��Iü"���eü�

ýÚûy÷�ÿ�ý?ù�÷#�$��ú4ü�û�
0ú�����




%�&�')(�*	&�+�,.-0/1(�2435/1(�67&8*5(.&�9:&�;:35<>=8(�?>6@3�*�&�%	A�<>2:BC35/1(D&8%E35F1&8?HG8I!J�(K%�3L')G�3�<MG�2ON�/1G�-02
<>2QPR<>B1SUT�V:SXWY/:()%�&8')(�*	&�+$-#G�*5AZ%EG82�3�*5G�?M?>(�*\[]N�-0<M3�%	/1(�*^9!6_21&�')<�%�&�?>?>6`'aG�2:<M35G8*	Nb35/:(KN�(
%�&�')(�*	&0')G�3�<MG�2cN�;X(�(K9:Nd&�219cN�-0<M3�%	/:(KN"3�/:(Y%�&�')(�*�&�Ne&�3Rf�gih:j k�,HN�(K%blmN5(�(nPR<MBoSpT_q�rESKPR<>B1S
T�s1lm%KrY<>?M?>F1N�35*	&�35(KNH3�/:(c<>'t&�B�(cN�(Ku�F:(�21%�(�vm&8I:*5<�%�&�35(K9wI�6Z3�/:<>NxG82:+y?><M21(z&891&�;!3�<M=�(c%�&8'a(�*�&
%�G82�35*�G8?X&�219{N�-0<M3�%	/:<>2:Bz'a(�35/:G!9U|_-0/:(�*5(b35/:(^N5G�G�'�3�/:?M6t%�G82:2:(K%�3�(�9L<>'t&�B�(xN5(�u�F:(�2o%E(b<�N
vm&8I:*5<�%�&�35(K9US

}e~M� �{���������K�����o�R�
� 2Q35/:<�N�N5(�%E35<>G82C-#();:*�G8;XG�N5(�9C&{v�*�&8'a(�-#G�*5AwG8vYN5(�21&8*5<>G�+$I1&�N�(K9.%EG_G8;X(�*	&�3�<M=�(z%�&�')(�*	&�+
-nG8*�At;:?�&�2:2:<>2:Bav�G8*H9:6�2o&�')<>%�N�%E(�2:(^=_<>N5F1&�?><>��&�3�<MG�2"S � 3�N021G�=8(�?�v�(K&�3�F:*5(KN0&�*�(
� � 2�3�*5G!9!F1%E35<>G82aG�vo35/:*�(�(n3�6_;o(KNdG�vXA�21G�-0?M(K9!B8(YN�G�F:*	%E(�N���N5%�(�21&8*5<>G1|pA_2:G�-Y+$/:G�-HNR&�IXG8F!3
%�&�')(�*	&�+$-nG8*�A_N�|�&8219wN�3�G8*�6�+yIXG8*	&89US

���b� +$?M<>2:()%�&�')(�*�&�+y-nG8*�A{;1?>&82:2:<>2:B�v�G�?M?>G�-n(�9.I_6`G�2!+y?><>2:(a9:6�2o&�')<>%)%�&�')(�*	&�%�G82�35*�G8?
&8219ZN�-0<M3�%	/:<>2:BoS

��� G_G�;o(�*�&�35<>G82�&8'aG�2:Bz9:<>N�35*�<MI1F!35(K9{&�%�35<>=8(^%�&8')(�*	&8N\l�<yS (�S!G8I1N5(�*�=�&�35<>G82{N�3	&�35<>G82oN�r�35G
&�9:&�;:35<>=8(�?>6L%�&8;!35F1*5(�<>2�35(�?>?><MB�<MI:?>(�&�219w&�3�35*	&8%E35<>=8(\<M't&8B8(�N�(Ku�F:(�21%�(�N�S

��� G8B�<>%�&�?e&8219`=_<M*535Fo&�?e<>'t&�B�(cN�/1G�3�NHvm&�I:*�<�%�&�3�<MG�2Zv�*5G�'�'zF:?M35<M+y=_<>(�-0;XG8<>2�3x<M't&�B�(cN5(E+
u�F:(�21%E(KN�S
� /:<>?M(t-n()/1&p=8()N5/:G�-02D;:*	&8%E35<�%�&8?RF:35<>?M<M35<>(�N�G8v#G�F:*�&�;:;:*�G�&�%	/.-0<M35/@N�(�=8(�*�&8?RN5<M'zF!+

?�&�3�<MG�21N�|_3�/:(^v�G8?>?>G�-0<M2:Ba3�(�%	/:2:<�%�&8?"9!(�=�(�?>G8;:')(�2�3	N0&�*�(^*5(Ku�F1<M*�(�9�35G)<>'a;1?M(�'a(�2�3x&)N5%�(�2:(
=_<�N�F1&8?M<>��&�35<>G82ZN�6!N�35(�'�35/1&�3H%�&�2w-nG8*�At<M2w*�(�&8?X-nG8*�?�9{N�%E(�2:(�N�S
��� (�N�%E*�<>;!35<>G82Z?>&82:B8Fo&�B8(KN#v�G8*Y35/1(�A�21G�-0?M(K9!B8(^N�G�F:*	%E(�NY&8219{35/:(�%�&�')(�*	&�+$-#G�*5Aa;:?�&�2
��� 21G�-0?M(K9!B8(�+yI1&�N�(K9t%�&8'a(�*�&c?>&p6�G8F!3Y&�219Z9!6_21&8'a<�%\%�&�')(�*�&�+y-nG8*�Ac;:?�&�212:<M21Bzv�G�*0T �
9:6�2o&�')<>%^N�%E(�2:(�N

��� ?>&82!+$B8F:<�9!(�9{9!6_21&�')<�%�%�&8'a(�*�&a%EG�2�35*�G8?Xv�G8*HN�%E(�2:(p��G8I!J�(K%�30=_<>N5F1&�?><>��&�3�<MG�2
��� 6_21&�')<�%�%EG_G8;X(�*	&�3�<MG�2x;1*5G835G!%EG�?>NXv�G�*"-#(�?M?8G8*�B�&�21<M��(�9o��N�6_21%	/:*�G821<M��(�90'zF:?�3�<�+$=_<M(�-0;oG�<M2�3
=_<�N�Fo&�?><M�K&�35<>G82

� � 't&8B8()N�(Ku�F1(�21%�()N5-0<M3�%	/:<>2:B`&�219Q=_<M*535Fo&�?d<M't&8B8()B8(�2:(�*	&�3�<MG�2`v�G8*�<>2�35(�?>?><MB�<MI:?>(t&�219
&�3�3�*�&�%�35<>=8(\<>')&8B8(�N5(�u�F:(�2o%E(\vm&�I:*�<�%�&�3�<MG�2

��� G�');:F!3�&�35<>G821&8?U')(E35/1G_9ZG8vR(�=p&8?MFo&�35<>2:Ba<M2�3�(�?>?M<>B8<>I:<>?M<M3�6{&8219w&�3�3�*�&�%�3�<M=_<M3�68S

� �Q �¡x¢U£�¤b¥x¦�¡b§©¨4ªe«­¬d®:¯0°

WY/:<�Nt;1&8;o(�*L9!(�N�%E*�<>Io(KNa35/:(.<�9!(K&C&8219±B8G�&�?0G�v^G8F1*)²1=8(w68(K&�*	N);:*�G�J�(�%E3tG824%EG_G8;X(�*	&�+
3�<M=�(L9!<>N�35*�<>I:F!35(K9³=_<>N5<MG�2@&�219@N5/:G�-HN\35(K%	/:2:<�%�&8?�*5(KN�(K&�*	%	/Q*�(�N5F:?M3�N�N5Gwvm&�*cG8I!3	&�<>2:(�9CG82
&�%�35<>=8(0<>'t&�B�(b%�&8;!35F:*�<>2:B�&�219t9:6�2o&�')<>%bN5%�(�2:(H=_<�N�Fo&�?><M�K&�35<>G82e�:´KrR²1µ_(K9)=_<M(�-0;oG�<M2�3�;1&82!+
3�<M?M3�+$��G_G8'¶%�&�')(�*	&av�G8*\-0<>9:(E+·&�*�(�&t&8%E35<>=8(�<>'t&�B�<M2:Bo|X,�r0')G�=_<M2:B�G8I!J�(K%�3\9:(E35(K%�3�<MG�2D&�219
3�*�&�%	A�<>2:BZv�G8*c*5(K&8%�3�<M=�(t<M't&8B8(L&8%�u�F:<>N5<M35<>G82"|eT�r\'cF:?M35<M+$=�<>(�-0;XG8<>2�3�NcG8I!J�(K%�3�<>')&8B8<>2:B`I_6
%�G�G�;o(�*�&�35<>=8(HG�I1N5(�*�=p&�35<>G82tN�3�&�3�<MG�21N�|�&8219t¸�r�N�(�21&�*�<>G�+$I1&8N5(�9)%EG_G�;o(�*�&�35<>=8(b%�&�')(�*	&�+$-#G�*5A
;:?�&�212:<M21B.v�G8*t9!6_21&8')<>%{N5%�(�2:(Z=_<>N5F1&�?><>��&�3�<MG�2"S � *�G�35G83�6_;o(�N56!N�3�(�'tNa9!(�')G82oN�3�*�&�35(L3�/:(
( � (K%�35<>=8(�2:(�N�N0&�2o9�;:*	&8%E35<�%�&8?UF!35<>?M<M35<>(�NHG�vR35/:(�;:*�G8;XG�N5(�9�')(E35/1G_91N�S



¹Yº:»0¼:½�¾�¿�»KÀ�Á�º:¾�Â>Ã1Ä�Å�Æ:Æ_Ç1Å8Â:È>Æ�Á�»�½�Æ1Å�Á�ÈM¾�Æ1Å�Â!Én¾8½�Ê!Ä�º1¾8¼1Ä�ËpÉ0º:»�½�»0½5»KÄ�»KÅ�½	À	ºc½�»�Ä5Ç:ÂMÁ�Ä�Å8½5»
¼:½�»�Ä5»�Æ�Á5»KÃZÉ0È�Á�º`É#¾�½5Ê_È>Æ:ÌaÃ:»�Í)¾�Ä5Î_Ä�Á5»�ÍtÄ�Ï1ÐbÂMÂe½5»KÄ�»KÅ�½	À	º{½�»�Ä5Ç:ÂMÁ�Ä0Å�ÆoÃ`Å8À�Á�ÈMÑ_ÈMÁ5È>»�Ä0¾8Ò�Á�º:»
¼:½�¾�¿�»KÀ�ÁeÅ�½�»�Ä�º1¾�É0Æ\È>Æ^Á5º1»�º:¾8Í)»�¼oÅ�Ì8»HÓ�ÔbÕHÖ�×�º�Á�Á�¼"×�Ø8ØpÑ_È�Ä�È>¾8ÆeÏ Ê_Ç:»�»8Ï Ê�Î�¾�Á�¾�Ù$Ç"Ï Å�À�Ï ¿�¼XØ8ÚnÛHÜxÝ�ÕbÞ�ßEÏ

¹Yº:È�Ä)É#¾�½5Ê@ÉYÅ8Ä)Ä5Ç:¼:¼X¾8½5Á5»KÃáà_Î@Á�º:»`Õ0»�Ä5»�Å8½�À	ºáÒ�¾8½aÁ5º:».â1Ç!Á5Ç1½5»`Ý�½�¾8Ì�½�Å8Íã¾�ÒbÁ�º:»
Þ�Å�¼1Å8Æ@ä!¾_À�ÈM»�Á�Î.Ò�¾�½�Á5º:»{Ý�½�¾8Í)¾�Á�ÈM¾�ÆQ¾8Ò0ä!À�ÈM»�Æ1ÀE»QÓmÞ_ä!Ý#ä�Ù·ÕHâd¹0âdå8æ�Ý�ç8ç�è�ç1éKß�Ï�Õ0»KÄ�»KÅ�½	À	º
»Eê�¾8½5Á�Ä#à_ÎaÅ8ÂMÂXÍ)»�Ízào»�½�Ä�¾�Ò"¾8Ç1½�Â�Å�àX¾8½	Å�Á5¾�½5ÎzÅ�Æ1Ã)Á�º:»xÅ�Ä5Ä5È�Ä�Á	Å�Æ1À�»0¾�Òeë.Ä�Ï�ìcÏ�¹RÅ�Ì�Ç1À	º:ÈoÈMÆ
¼:½�»�¼1Å8½5È>Æ:Ìzí1Ì8Ç1½5»KÄ0Å�½�»\Ì�½�Å�Á5»�Ò�Ç:ÂMÂ>ÎLÅ8À	Ê_Æ:¾�É0Â>»�Ã:Ì8»�Ã"Ï

î4ï"ð	ï"ñ:ïeòxó�ïeô

õ�öH÷)ø�ù�ú·û8ü�ø�ý�ø�þ:ÿnö����������
	���ø�ù�
���	���
�ú$ù���
���û8ù�	�����
�ú�
��������nü��_ø�ý�
� "!#��ù�	%$&��øEù�
����'�&()��
�ú·û_ø+*
, 	-�� %	-��ù�
����1þ/.0 �ù�
����1þ1ø&�1�2���Ký�ýxû3�4
5 	ø�ù�
������_þ , ���� Kö��&(�!yý�ø+$�	768�1��	-��ú$ù�ø&�3�4
��3$�9:�+��;�<
ú�=3�&�oþ_÷>����ù�	-��	�ü��?.bþ1õ�@&@�A�ö�õ�õ

B�ö".8*��&
�ý��&�3��ú	þ�C\öEDF	%�1ö G��IH��
	- %
�ø&*�!�ú·ú·û3	J��� , û4���
�Kú�
���	�þ�Knû_ø&*�
 ù�ø�ù�
���	�þL.8 �ù�
���	M�8
�ú�
��&�oþ
���8N�! , �3!�ý�ø&$&	�6��3�4	-��ú$ù�ø+�1�4
��4$�þ4�)�&*�ö O+P8þ1Q8��ö�õKþ1õ�@&@�B�ö

R�ö".8*��&
�ý��&�3��ú	þ
C\öSDF	��:ö G��T.8 �ù�
���	 , 	-�� -	%��ù�
����1þ�UXø%VW��	%�4 %	�XS��*��_ø�û�ýY.�ú·ú��� %
�ø�ù�		ú , û3�4*�
�ú�=4	-��þ
õ�@&@�R

Z ö�CRø&$�
SCxöXø+�1�'Cdø+ �=4
[��øa÷{ö��]\8		ø&*^<�ÿ?
�ý�	�N�	%�3	-��øEù�
����:�+(WX_���`
^������ý�	%��ù�ø&*e÷)ø+�`ø&�3�ba���<
ú$ù�ø& -*5	�.8���&
[��ø&�4 %	�6#ú�
5�4$�aný��4
[��
^��	% �ù�
�����ø&*
!yý�ø+$�	�H�	%��ú��&�WVc
 ù�=����&�3
� b÷>
^�����&��þ , ���+(yö��&(
��� , \Hþ3�4�oö:õ�P&d+<�õ�P�O�þ�õ%@�@8õ�ö

O�ö�CRø�ý�ø&e	ø�Vdøgf^ö�þ`Cdø+$�

C\ö�ø+�1�ICRø& h=3
5��ø\÷{ö��1a���ú$ù�ø& -*5	"��	�ù�	% �ù�
����IVc
 ù�=Eaný��3
5��
���	- �ù�
����_ø+*
!yý�ø+$�	iH`	%��ú��+�0j#ü��
	-��aný��3
3��
�ú�
����oþ , ���� �ö1�&(k!���\8.bþ4�3�oö�õ%d�P�Bi<#õ%d�P�l�þXõ%@�@�O�ö

P�ö , 	-��
T�xö�Qxö8ø&�3�IQnø	ü�ø+�0H!ö`f^ö��4N�	%�3	-��øEù�
����>�+( , 	-��ú��
	- �ù�
���	Yø+�1� , ø&�3�+��ø�ý�
� ��8
5�4	%�i(m����ý
aný��3
5��
���	- �ù�
����_ø+*]�8
5�4	%�8þ , ���� Kö1�+(S!#6094þ��3�1ö B Z R7<�B Z O�þoõ�@�@�l�ö

l�öH÷aû4����ø	ü�þ �\ö8ø+�1�Indø�ú·û1þ .Hö��!÷>��ù�
5�&�)ÿ]��ø+ �;`
��3$oVc
 ù�=aø+��.8 5ù�
5��	��dø�ý�	-��ø8þ�!pXqXqXQÿ]��ø+��ú	ö��&(
, .Y÷>!�þ4�q��* ö1õ�P�þ1Q��8ö
O�þ3�4�oö Z�Z @+< Z O+@8þ�õ%@�@ Z ö

A�ö�9`ø&��ø#ÿnö�ø&�3�^÷)øEù�ú·û�ü�ø�ý�ønÿnö���.0�3�
	�ør��ø&�3 -	cH��4=3	-��	��&ndø+ �;`$+���Kû3�3��÷>�`�4	-*�(m�&� , ø&�4<�ÿ?
�* ù�<
s ���Kýt�dø�ý�	���ø8þ , ���� Kö3�&(S!p� , \Hþ3�q��* ö3.bþ��3�1ö
l�õ�Ar<pl&B�B�þ�õ�@&@�P8ö

@�ö"UXø���	�ú$ù�þ
u�ö ÷{ö�þT��	%*�=3	���ý)þ
�#ö�þ , 	�û3 h=3��ù�þ1n#þ:ø+�1�>�0ø�û3 h=3	-��þ3Qxö��1!�ý��3*�
� %
 ù0\8	% -����ú$ù���û4 �ù�
����
��ü s ���Ký�
��3$8þ����Ký���û8ù�	-�]��
�ú�
����xø&�1�i!yý�ø+$�	q6��3�4	-��ú$ù�ø+�1�4
��4$�þ��q��* ö P�P�þ&Q8��ö R8þr�4�oö R�d�õ-<vR8õ�O�þ
õ�@&@�l�ö

õ�d�ö"jYø+*�*
\bö��`j#ü�����
[��ÿ]	% �=4�3
5w�û3		úq(x�+�W\nø+�3
5��!yý�ø+$�	�H�ü���ù�=3		ú�
�ú	þ�
��I!yý�ø&$&	8\0	%�3�4	-��
��3$bÿ]��
� h;�ú
Dx9y=4
�ù·ù�	%�aÿnö�ø&�1��������;I\bö4	���ú	ö G5þ1���Kû���ú�	"Q���ù�	�úHõ%P7(x�+��H`!�N"N�\8. , jgz A�P�þoõ%@�A&P8ö

õKõ�öoN8��	%	%�4	�Qxö��]X_���`
^������ý�	%��ùH÷)ø+�3�3
��4$)ø&�3�:a#ù�=4	-�i.8�4�3*�
� �ø�ù�
��&��ú"�&(�9:�&��*5� , ���r{p	% 5ù�
5�&��ú	þ
�WN�.bþ3P>D$õ�õrG5þ1�4�oö3B�õ�<#B&@8þoõ�@&A�P8ö

õrB�öo��=3	-�:H!ö X�ö��]Knû3
� h;�ÿ?
�ý�	o��\|�E.8�'!yý�ø+$�	-<vndø�ú�	��2.0�3�����pø& h=tù����8
^�·ù�û_ø&*_X_�`�`
����&��ý�	%��ù
QYø��`
�$pøEù�
5�&�oþ , ���� Kö3�&(qH`!�N"N�\8. , jgz @�O�þ3�4�oö3B&@r<vR�A8þoõ�@&@�O�ö

õ�R�ö"QYø+;Kø+
 þ4jbö��3\0����û�ú$ù0a��`{p	% 5ù8��	�ù�	% �ù�
�����6nú�
��3$�.0< , �Kú$ù�	-��
��+��
 , ������ø&�3
�*�
 ùyü�þ�ÿ/	% h=oö�\0	%�oö��&(
! , H4u8þ
H`!�N8<#����@&d+<�õKþ1õ�@&@ Z DF
��Eupø+�_ø&�4		ú�	rG5ö

õ Z öoN8��
�ý�ú����1þ1X�ö��1.~}4�&��		ú$ù0�&(_H�	%��ú��&��ú	þ , ���� Kö4�&(_��H4.Y÷�9b�&��;�ú�=3�&�oþ:õ�@&@�l�ö
õrO�ö"�0ø��`
�ú	þ1U"ö5�4��
�ú·û�ø&*/H8û4����	%
�*5*�ø+�3 %	Hø+�1�t÷>�&�3
 ù��&��
��3$8þ , ���� Kö1�+(S�"H�.Y÷�9b�&��;�ú�=3�&�oþ1õ�@�@�l�ö
õ�P�ö"jYø+�
	Kþ"jbö�þ"a�=�ü�ø8þYÿnö�þbø+�1�O÷)øEù�ú·û�ü�ø�ý�ø8þ0ÿnö��o.�\0����û�ú$ùbndø& h;`$&���Kû4�1��H8û4��ù���ø+ �ù�
����

÷>	�ù�=4�`��(x�&��Q�����<#H�ù�ø�ù�
��&�_ø+�·ü�H� -	%�3		ú	þ , ���� Kö?�&(\÷>!#\W6oz @&A8þW�q��* ö�õKþ?�3�oö Z P�lr< Z l�B�þHõ%@�@�A
DF
���upø+�_ø+�3		ú�	rG5ö

õrl�ö�CRø�ý�øKø�ú�=3
 þ4f^ö�þ
�������
	-��ú$ù��� h;!þ�u�ö \bö�þ3QYø+��
��4	Kþ!ÿnö�þ:ø+�1��nRû���ù����oþ�94ö��
n)	�ø�ù�
��3$�ù�=4	iU]
�ý�
^<
ù�ø�ù�
��&��úW�&(k�dø�ý�	���ø+<y÷>���4
�ù��+�#÷>	��4
�øEù�	��aÿ/	-*5	-�4��		ú�	%�4 %	�Vc
 ù�=�X_��ù���øoX"ü�	�ú	þ , ���� Kö��+(_��j�!�þ
�3�1ö O&d+<#O&l�þXõ%@�@&P8ö



���`���������h���k�T�/�&�1�b���+�������`�&�L�`�/�����/���%�4���b�>���+���4���%���%���i���'���3�L�>�4�^�����v�3 �¡-�3�g¢?�&���-�h�`�
£ �� �¡��1 +¤)¢�¥ £_¦ �4�3��� §�¨&©r�#§�¨&§`�/��§&§��

��§`�i�>��ª� ����4�F�4«g�5��©+�~¬#�L�+­����>���&�������%���%���c®?�+������ &� £ �5�&�3�-�%�
���+�p���-�8�?�3�%�����%��¯��� &�� o°��4�^�
± �-�����^�v�����%§�§&�'²F���>³��&�3�&�3�-���r´

µ&¶`�"·0��� ¸# ��]�3�7���
¹8�h�+���L�+�W +¤S���3�"�k�����tº/�+�3­��3�&­&���
�3 �¡%�&� £ ���%���8º��h�T���1º� ��1�� ������%§�»+¼
µ`�&�����&� º_���4¢� ��3�-�]� �2� ���5�4�+�1�I�4�+�5�-���5���`�7� �g���`�?�4��¥��^�����3�&�T¢����3�-�L�+�� �­+�h�&�4�3�-����· £ �r�h���4��­&�

¤x +�g·8�4�� &�L�+����¡ ¦ ���+�^�#�?�����I¢?�&�����h�>¢� &�`���� &���+�1�'���^���%¡-�����3­��/��¬�¹"¹ ¦ · £ �g½ §&¼��T�3��� µ`�r»��
µ�µr¾4�k�%§�§&¼��

µ�µ��i¢��4�����p���5�&�4�� ���� �g� ®0�5��·8�3�4�-���� &�]� �T� ¿W�5�o�8��� ºq���iÀ:�%�5��� �7� �
�5�7¢� &�3�%��� �2� �������+�1���4�+���%�����]�
�7� �g���)���%¡%�5�r�h�+��� ± �2¢?�&���-�h�:¢� ������� ��0¤x &�>·8���� ��L�r���5¡E¢��5�4�%�L�+�� &­&�h�+�3����� £ �� �¡%�-���4���3­&�
 &¤q·8·�·0¬0½ §�¼`�1�4�]���%¾��+���r¨&¨`�k�%§�§�¼`�

µ&©`�i���&���&� ¯���� £ ���3�1�+�3�%Á&� ¢8� �
�5���+�1�E®� &�3��¡hªT�1·o� ��������¡����5�������3­I�>�-���4 `�Â®��&������ &�'�/�%���
 &�h�+�
¬#�����-� ± �&���q¤x &�?���%����­��4�5�4­g¬v�����-�h�&¡-��� ± ���`���p���%���%���]�h�&�4�%�` &¤]¬ £ �4³4�`¥q ��F� ©�§`��Ã� 4� ¨��`�3�]���-¾�¶�©r�
�%¾���©`�k��§&§���²F���E³��+�1�&�4�%���r´��

µ+¾��"·8�����%���3³�� �����3�/ �ÄW�r�h�4�c��¹��-�3�-�h�+�]�?�4�% &���L +¤S·0¡-���� ����&�1�I�?�������4·0�����^Å1¡-�[�+�T¬#�����%�����5­&�%�3¡-���
¥q ��F� µ&©��3�3���5��µ&©r�h��¨+¾��k��§&�&¾4�

�?�3���0�+������¡%���"ÄW�+�8���� �¡%�%�������>�4�����3­7���4�"º^Æ-� ¿3Ç �L�+¡-�� ��3�&¡hª��+­���Äc�^���Eº/º�Ã"¢W�L�p�#�����


