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vqfdy�h;utr�\mj
rSgt_�hJ[bf�y�jJ`xgMh
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\^aA]A��rSgt_*�,[bfAfdv»\qgbfAjJh}\^r*rSjJf´\mpxgb`�jJfi_��
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\qh;\^]
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 Â '$r{gt_ �&% � �"lM�FhJfi]Y`Sy °)°7º 
´Ä.'��H°7rxaJ[/'�\qgF\ �7`FrSjw_
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Á
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hJ[bf*y~`Sv|vq`��¨\mgbp
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h}�/`/'�\mgF\;�7`FrSjw_b]A���±\qp�cbjJf � ]k[b`��Y]8hn[bf�jJfdv^rSh}\q`�gt]}[F\qut]
ltfAh}�/fAfAg�hJ[bf1]k`Sy�h}�,rSjJfYe6`b_FcFvqfi]8rSgt_�hJ[bf�¶t`�� `Sy _brShwr"ltfAh}�/fAfAg�hJ[bfAe��'Z¨[bf1�»Á� '�\mgF\7�)`MrSjw_�ad`�gFhwr�\qgt]
hJ[bf;�bcb�A�A�*Á§gFy~fAjJfAgtadf��´gF\qhw]´ª�»Á�Ã³w�br�e6`b_FcFvmf;hn`�ad`xe1lF\qgbf;hJ[bfY`�cbhJubcbhd]Qy~jJ`�e hJ[bf8�»Á�Y]A�brSgt_"e6`b_FcFvmfi]´hJ`
jJfir�_�hJ[bf8lOfir�ad`�g�rSgt_�ubjJ`�¼F\qe
\qhª��]kfAgt]}`�jw]A�,Z¨[bf1]}cbuOfAjJ��\^]}`xj0'�\qgF\¾�)`Mr{jw_�ad`�gFhwr�\qgt]´hJ[bf1ad`xgMhJjn`Sv½]}`Sy~hª�,rSjnf��
Z/[F\^]´lt`MrSjd_�jJfiÆxcbfi]}hw]Y_brShwr�y~jJ`�e hJ[bf1�»Á � '�\qgF\z�)`Mr{jw_��thn[Mct]/fir{jJgF\qgbp6\qhw]´gtrSe6f
r�],hn[bf8]}cbutfAjJ�x\^]}`�j('�\qgF\
�)`MrSjw_��

�������	��
 
"� 
 � ����9�

Z/[bf�ubcbjJuO`M]}f�`Sy;hJ[bf��»Á � '�\mgF\;�7`FrSjw_�\^]
hJ`�jJfir�_�hn[bf�ltfir�ad`�g�r{gt_�ubjJ`�¼M\qe
\qh}�	]kfAgt]}`�jw]A�zy�cb�A�d\|y~��hJ[bfi]}f
\qgbubcbhw]A�»fd¼bfiadcbhJf¯r�]}fAh8`{y y~cb�A�A��\qgFy�fAjJfAgtadf�jncFvmfi]��zr{gt_¤hJ[bfAg�_Ffdy�cb�A�d\|y~��hJ[bf"jJfi]}cFvqhw]A���±\qp�cbjJf � ]}[b`S�X];]o\|¼
]}fAutrSjdrShJf1�»Á �X]��0�´`S�/fA��fAji�t_Fcbf
hJ`�]}fA��fAjJf�e6fAe6`�jn�*v�\qe
\qhwr{h}\q`�gt]
§`xgFvm� ��5&`{y7e6fAe6`�jJ�O³w�OhJ[F\^]/\^]Ygb`�hY[b`S�
hJ[bf6]}�b]}hJfAe �,r�]Yr�adhJctr�v|vq��\qe6uFvqfAe6fAgMhnfi_��6°7r�an[¤�»Á��\qg¤hn[bf8�tpxcbjJf
\^]´\^_FfAgMh}\^aAr�v§�Q]}`*\qgt]}hJfirx_�`Sy ]o\|¼��»Á�Y]
`�uOfAjwrSh}\qgbp*\qg�utrSjwr�v|vqfdv§�H�/f8[tr���f�`�gbf6�»Á� aAr�v�vqfi_¤]ª\�¼�h}\qe6fi]A��`�gtadf�y~`�j,fir�an[¤]}fAgt]}`�j;_x\qjJfiadh}\q`�gH�
Z/[bf8ltrx]o\^a
`�uOfAjwrSh}\q`�gH�Fy~jJ`�e«]}fAgt]k`�jw]/hJ[bjn`�cbp�[�hJ[bf��7`�e
lF\qgbf6:¤fd\qp�[Mhd]/e6`b_FcFvmf�\^],r�] y�`Sv|vq`S�X]A�
�b`xjXfir�an[s]kfAgt]}`�j;_x\mjnfiadh}\q`�g�hJ[bf�y�`Sv|vq`S�/\qgbp�`µaAadcbjd]A�XZ/[bf
rSgtr�vq`�p*ubjJ`�¼M\qe
\qh}��]}fAgt]}`xj,\^]YjJfir�_��O�/\qhJ[¤r"jJfi]}cFvqh
\qg�hn[bfXjwr{gbp�f,`Sy %;hn`���-�-©�7}Z/[bf/vq`S� fAj)hJ[bfYjJfir�_x\qgbp�y�jJ`xe hJ[bfi]}fY]}fAgt]}`�jw]��Mhn[bf,e6`�jJf´`�utfAg*hJ[bf;rSjJfir8r{jJ`�cbgt_
hJ[trSh*]}fAgt]}`�ji�m³ Z¨[bfs_x\qpS\qhwr�vXlOfir�ad`�g _FfAhJfiadh}\q`�g ]kfAgt]}`�j
\^]"jJfir�_��)�/\qhJ[ r�jnfi]}cFvqh�`SyYfd\mhn[bfAj %�ogb`¤ltfir�ad`xg
_FfAhJfiadhJfi_O³Y`�j È §ltfir�ad`xg�_FfAhJfiadhJfi_O³w�
Z/[bfi]}f"hª�/`*jJfir�_x\qgbpM];rSjnf1hn[bfAg�y�fi_�\qgFhJ`�hJ[bf6�»Á �8�HZ/[bf�\qgbubcbh6_brShwr
e6fAe
ltfAjd]}[F\qu�y~cbgtadh}\q`�gt]/ct]}fi_*lF�6hJ[bf;�»Á��rSjJf;]}[b`S�,g"\mg��±\qp�cbjnf0-b�)Z/[bfXubjn`i¼F\qe
\qh}�¯]}fAgt]k`�j/[tr�]¾�t��f,y~cb�A�A�
]}cblt]}fAhd]7hn`Y\mhd] _F`xe�r�\qgH� Â vq`���ª®z³½jJfir�_x\qgbp�\qgt_x\^aArShJfi],r�anvmfir{j utr{hJ[
\qg�hn[bf'_x\qjJfiadh}\q`�g�`{y hn[bfX]}fAgt]}`�j��µr{gt_6r
[F\qp�[¤ �;³7jnfir�_x\qgbp*\mgt_x\^aArShnfi];rSg�`�lt]}hwrxanvmf��/Z/[bf
]}cblt]}fAhw]´ltfAh}�/fAfAg¤ '�®� '�fi_x\mcbe ®�`S�8� '�� '�fi_x\qcbe��

=
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�±\mpxcbjJf � �7²;rShdr;¶t`S��`{y½hJ[bf1�©cb�A�i�)cbp¯ad`�gFhJjJ`{v�vqfAj
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�±\qp�cbjnf(- �QÁ§gbubcbhYe6fAe
ltfAjd]}[F\qu�y~cbgtadh}\q`�gt],`{yzhJ[bf8�»Á �8�O® È68 ®7-"�/fAjJf8_FfAhJfAjJe�\mgbfi_�fd¼µuOfAj}\qe6fAgFhwr�v|vq���

rSgt_/' � � '�fi_x\qcbe �¨\mpx[�³'jnfAubjJfi]}fAgFh8��r{jJ��\qgbp¤_FfAp�jJfAfi]Ã`Sy,lFvq`µan¬�rSpxf���Z/[bf6lOfir�ad`�g�]}fAgt]}`�jÃ\�]
r�_x\mp{\mhdr�v
]o\qp�gtr�v§�;Z/[Fct]A�O\qhw]¨y�cb�A�A��]}cblt]}fAhw];rSjnf8jwrShn[bfAjXadj}\^]}u�\qg�gtrShJcbjJf��ÃÄ/¿¤\^];r6jnfir�_x\qgbp�`Sy %�r{gt_�\qgt_x\^aArShJfi]ÃhJ[trSh
hJ[bf;lOfir�ad`�g��,r�])gb`�hY_FfAhJfiadhJfi_��´Ä,g*\�]Yr
jJfirx_x\mgbp*`Sy È rSgt_*\qgt_x\^aArShJfi]YhJ[tr{h hn[bf;ltfir�ad`�g��,r�]/_FfAhJfiadhJfi_��
Z/[bf��»Á �&hwr{¬�fi];r�]¨\mgbubcbh6r*ubjJ`�¼F\qe
\qhª��]}fAgt]}`�j;jnfir�_x\qgbp¤ %*hJ` ��-�-µ³¨rSgt_�r*ltfir�ad`�g�]}fAgt]}`�j;jJfirx_x\mgbp� %"`�j
È ³w��Z/[bf"�tjw]}h�hJ[F\qgbp¤hJ[trShÃ\�]
_F`�gbf*\^]�hJ[trSh�hJ[bf�ubjJ`�¼F\me�\mh}�¤]}fAgt]}`xj8\qgbubcbh
\^]�y~cb�A�d\|�tfi_���Z/[F\^]Ã\^]6_F`�gbf*lM�
_FfAhJfAjJe�\mgF\qgbp�hJ[bf
p�jwrx_Ff���`�jXhnjJcbhJ[H��`Sy/fir�aJ[�`Sy/hJ[bf��t��f�y�cb�A�A�¤]}cblt]kfAhw]�ª®Q�7'�®Q�;'��7' ����rSgt_ �;³,`Sy/hJ[bf
ubjJ`�¼F\me�\mh}��]kfAgt]}`�j,_F`�e�r�\qgH�/²YcbfXhn`�adfAjnhwr�\qg6v|\qe
\qhwrShk\m`xgt],`Sy»hJ[bf;ubjJ`�p�jdrSe6e
\qgbp8fAgF�x\mjn`�gbe6fAgFh;§gb`6]}cbubut`xjJh
y~`�j,¶t`FrSh}\qgbp�ut`S\qgFh;gMcbe
lOfAjw]A�Oy~`�jXfd¼trSe6uFvqfS³w��hn[bf1pxjwr�_Ffi]´`Sy hJ[bfi]kf1]}cblt]}fAhd]Y[tri�xf�r"jwrSgbpxf8ltfAh}�/fAfAg/%�rSgt_
È % ~\qgt]}hJfir�_�`Sy,lOfAhª�/fAfAg %�rSgt_ È r�]'\^]
gb`�jJe�r�v�³d��Z/[bf�`�cbhJubcbh�`SyXhJ[F\^]
]}hJfAu�\^]��t��f*hJjJcbhJ[���r�vqcbfi]A���b`�j
fd¼trSe6uFvqf��thn[bfYy�`Sv|vq`S�/\qgbp�e�\mpx[Mh,jnfi]}cFvqh �

hJjJcbhJ[�`{y´® � =
hJjJcbhn[�`Sy.'s® � �
hJjJcbhJ[*`Sy0' � %

hJjJcbhn[�`Sy6' � � %
hnjJcbhJ[�`Sy.� � %

�
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�±\qp�cbjJf(# �7²´\qjJfiadh}\q`�g¤o`�cbhJubcbhA³Qe6fAe
ltfAjd]}[F\qu�y~cbgtadh}\q`�gt]´`SyQhJ[bf8�»Á�

Z/[bf*gbfd¼µh*]}hJfAu�\�]�hJ[bf"y~cb�A�d\��EaAr{h}\q`�g�`SyYhJ[bf�lOfir�ad`�g�]}fAgt]k`�j�\mgbubcbh�� Â vqhJ[b`�cbpx[�hJ[F\^]1]kfAgt]}`�j�\^]6_x\qpS\qhwr�v/\qg
gtrShJcbjnf���\qh,�,r�])hJjnfirShJfi_*r�]¾\�y»\qh,�/fAjJf;ut`F]J]o\qlFvqf8hJ`
p�fAh/��r�vmcbfi]´ltfAh}�/fAfAg %
rSgt_ È �»Á§g�hJ[F\^],]}hJfAuH�FhJ[bf;pxjwr�_Ffi]A�
`�j)hJjJcbhJ[t]A�x`SyHfir�an[6`SyHhJ[bf´y�cb�A�A��]kcblt]}fAhw])`SyHhJ[bf,lOfir�ad`�g�]}fAgt]}`�j/rSjJf;_FfAhJfAjJe
\qgbfi_��7Z/[bfY`�cbhJubcbh)`SyHhJ[F\^]/]}hJfAu
\^],h}�/`
hJjJcbhJ[*��r�vmcbfi]�� �©`�j,fd¼trSe6uFvqf��thn[bfYy�`Sv|vq`S�/\qgbp�e�\mpx[Mh,jnfi]}cFvqh �

hJjncbhJ[�`Sy;Ä/¿ � %
hJjncbhJ[�`Sy;Ä,g � È %

Â y�hJfAjYhJ[bfÃ\mgbubcbh8_br{hwr
[tr�]´ltfAfAg�y~cb�A�d\��tfi_���hn[bf;y~cb�A�A��\qgFy�fAjnfAgtadf1jncFvmfi];r{jJf;fd¼µfiadcbhnfi_��XZ/[bf
`�cbhJubcbh´`Sy7hJ[bf
\qgFy�fAjnfAgtadf8ubjJ`badfi]J]¾\^] r�e6firx]}cbjJfY`Sy½hJ[bfYp�`F`µ_Fgbfi]J]´§`xj7ltr�_Fgbfi]J]¸³7`SyHhJ[bf;_x\mjnfiadh}\q`�g�hJ`��,[F\^aJ[�hn[bfXubjJ`�¼F\qe
\qhª�
]}fAgt]}`xj'rSgt_�ltfir�ad`xg ]kfAgt]}`�jYltfdvq`�gbpt�;Z/[F\^]´e6fir�]}cbjJf�\^]´jJfAubjJfi]}fAgFhJfi_�r�]Yr
�/fd\mpx[Mhi�O�/\qhJ[/%�\mgt_x\^aArShk\mgbp�hJ[trSh
hJ[bf�_x\qjJfiadhk\m`xg�\^] �QfAjJ�¤º»`F`�j
 �;º/³w��rSgt_¤r � %"\qgt_x\^aArSh}\qgbp�hJ[trSh;hn[bf�_x\qjJfiadh}\q`�g�\�] �QfAjJ� � `M`b_� � � ³w��Z/[bf
y~cb�A�A��]}cblt]}fAhw]/`{yzhJ[F\^],_x\qjJfiadhk\m`xgs�/fd\qp�[FhX_F`�e�r�\mg�r{jJf8]}[b`S�,g*\qgs�±\qp�cbjJf #b�
Z/[bfYy~cb�A�A�*\qgFy�fAjJfAgtadf
jJcFvqfi]¨y�`{v�vq`S� �

È �)\�y/§ubjJ`�¼F\qe
\qhª�"\^].�Ã³7hJ[bfAg�}_x\mjnfiadh}\q`�g�\�]��'º¨³
�©�)\�y/§ubjJ`�¼F\qe
\qhª�"\^].' �Ã³7rSgt_�§lOfir�ad`�g*\^]ÃÄ/¿X³QhJ[bfAg¤}_x\mjnfiadh}\q`�g�\^] �'º¨³
� �)\�y/§ubjJ`�¼F\qe
\qhª�"\^].' �Ã³7rSgt_�§lOfir�ad`�g*\^]ÃÄ,g�³7hJ[bfAg¤}_x\mjnfiadh}\q`�g�\^]Yº/³
� �)\�y/§ubjJ`�¼F\qe
\qhª�"\^].'�³7rSgt_ §ltfir�ad`xg*\�]ÃÄ/¿X³QhJ[bfAg�ª_x\qjJfiadh}\q`�g�\�]Yº/³
-©�)\�y/§ubjJ`�¼F\qe
\qhª�"\^].'�³7rSgt_ §ltfir�ad`xg*\�]ÃÄ,g�³7hJ[bfAg�ª_x\qjJfiadh}\q`�g�\�]Y�)³
#©�)\�y/§ubjJ`�¼F\qe
\qhª�"\^].'�®»³/rSgt_�§ltfirxad`�g�\^]YÄ/¿Y³7hJ[bfAg�ª_x\qjJfiadh}\q`�g�\^]X�)³
= �)\�y/§ubjJ`�¼F\qe
\qhª�"\^].'�®»³/rSgt_�§ltfirxad`�g�\^]YÄ,g�³/hJ[bfAg�ª_x\qjJfiadh}\q`�g�\^] � ³

È %



�©�)\�y/§ubjJ`�¼F\qe
\qhª�"\^]X®z³ rSgt_�oltfir�ad`�g*\^]ÃÄ/¿X³QhJ[bfAg�ª_x\qjJfiadhk\m`xg�\^] � ³
� �)\�y/§ubjJ`�¼F\qe
\qhª�"\^]X®z³ rSgt_�oltfir�ad`�g*\^]ÃÄ,g�³7hJ[bfAg�ª_x\qjJfiadh}\q`�g�\^] � � ³

ªZ/[F\^]
�»Á� ct]}fi]�hJ[bf"e
\qg¤y~cbgtadh}\q`�g�y~`�j Â �Y² rSgt_�hJ[bf*e�r�¼�y~cbgtadh}\q`�g¤y~`�j"Ä�
;�|³0�´`�h}\^adf*hJ[trSh 
/cFvqf È \�]
_Ffi]o\qp�gbfi_�hJ`�]}hJfAfAj;hJ[bf6�bcb�A�i�)cbp�ri�,r��*y~jJ`�e r*��fAjJ�sanvq`M]kf6`�lt]}hwrxanvmf��±gb`�e�rShJhnfAjX�,[bfAhn[bfAj;hJ[bf6ltfirxad`�g�\�]
_FfAhJfiadhJfi_	\qg�hJ[trSh6_x\qjJfiadh}\q`�g�`�j6gb`�h��	Z¨[Mct]A�)�,[bfAg�rSg�`xlt]}hwr�anvqf�pxfAhw]���fAjJ��anvm`F]}f�hJ`�hJ[bf��©cb�A�i�)cbpt�/hJ[bf
`�lt]}hdr�anvqf�r���`{\�_br{gtadf8ltfA[tr��x\q`�j;hwrS¬�fi]´ubjJfiadfi_FfAgtadf6`S��fAjYhJ[bf�ltfir�ad`�g�[b`�e�\mgbp�lOfA[tr���\q`�ji�;Z/[F\^]´\^];_Ffi]o\qjwrSlFvqf
r�]»hJ[bf/lOfir�ad`�g�aArSgbgb`xhQut`M]J]ª\mlFvq�6lOf,jJfir�an[bfi_Ã\|y±r{g1`xlt]}hwr�anvqf/\^]»[F\qhi�Mr{gt_6_brSe�rSpxf7e�r��8`baAadcbj7hn`XhJ[bf´��fA[F\^anvmf��
Z/[bfY`�hJ[bfAj)jJcFvqfi] r{jJf,p�jJ`xcbutfi_�\mg*utr�\qjw]/r�]¾hJ[bfA��ad`�jJjnfi]}ut`�gt_"hJ`;hJ[bf;]JrSe"f,ubjJ`�¼M\qe
\qh}��]}fAgt]k`�j7jJfirx_x\mgbpO�7Z/[bf
`�gFvq��_x\|¿HfAjJfAgtadf*\^]��,[bfAhJ[bfAj
`�j8gb`xh8hJ[bf*ltfir�ad`xg¤\^]
_FfAhJfiadhJfi_���²YfAhnfiadh}\qgbpshn[bf�lOfir�ad`�g�[tr�];hJ[bf*fd¿Hfiadh8`Sy
\qgtadjJfir�]o\qgbp
hJ[bf/p�`F`µ_Fgbfi]n]Q`Sy�hJ[trSh7_x\qjJfiadh}\q`�gH� 
¨cFvmf � \^]»\qe6uO`�jJhwrSgFh 8 �,[bfAg6gb`�`�lt]}hwrxanvmfi]Qr{jJfX_FfAhJfiadhJfi_��xhJ[bf
jJcFvqf1_Fjk\m�xfi],hJ[bf8�©cb�A�i�)cbp6\qg�hn[bf8_x\mjnfiadh}\q`�g�`Syzhn[bf;ltfir�ad`�gH�)Z/[F\^]/\^]´ltfiaArSct]}f�hJ[bf;`�gFvq���,r��6hJ[bf1_x\qjJfiadhk\m`xg
aArSg�lOf � � \�]´hJ`
[tr���f8r6anvqfirSjYutrShJ[��/\qhJ[�hn[bf;ltfir�ad`�g�_FfAhJfiadhJfi_¯\mg�hJ[trSh,_x\qjJfiadh}\q`�gH�
Z/[bf;`�cbhnubcbh `{y½hJ[bfYy~cb�A�A�6\qgFy~fAjJfAgtadf8jJcFvqfi]¨\^],r�p�jwr�_Ff��F`�j/hJjJcbhn[��Sr�vqcbf��by~`�j/fir�an[�`Sy»hJ[bfY�t��fYy~cb�A�A�¯]}cblt]kfAhw]
`SyQhJ[bf8_x\qjJfiadh}\q`�g��/fd\qp�[MhY_F`�e�r�\qgH�7�©`�j/fd¼©rSe"uFvmf��OhJ[bfYy~`Sv|vq`��¨\mgbp*e
\qp�[Fh,jJfi]}cFvqh �

hJjJcbhJ[�`SyX_x\qjJfiadh}\q`�g�\^]��;º � %
hJjncbhJ[�`SyX_x\qjJfiadh}\q`�g�\^],º � �
hJjJcbhJ[�`SyX_x\qjJfiadh}\q`�g�\^]Y� � #
hJjncbhJ[�`SyX_x\qjJfiadh}\q`�g�\^] � � �

hnjJcbhJ[*`Sy'_x\qjJfiadh}\q`�g�\�] � � � %

Z/[bfÃv�rx]}h']khJfAu*\qgshn[bf;y~cb�A�A�*\mgFy~fAjJfAgtadf
ubjJ`badfi]J]¨\�]Yhn`�_Ffdy�cb�A�d\|y~��hJ[bfi]kf8hJjJcbhn[���r�vqcbfi]A�YZ/[F\^],e
ct]}hYltf
_F`�gbf��
r�]¾� fY`�gFvq�6�,rSgFhQ`�gbfYgMcbe
ltfAj/hJ`�jJfAubjJfi]}fAgFh/hJ[bfYp�`M`b_Fgbfi]J])`SyHfir�an[¯_x\qjJfiadhk\m`xgH�QÁ§g��»Á}²;°¤hJfAjne
\qgb`Svq`�p����FhJ[bf
Z��;�»Á _Ffdy~cb�A�d\|�EaArSh}\q`�g�e6fAhJ[b`b_*\^]/ct]}fi_��/Z/[F\^]/e6fAhn[b`µ_¯\�]´]o\qe6uFvq�sr��/fd\mpx[MhJfi_�r���fAjwrSp�f��»�b`�j´hJ[bf;fd¼©r{e6uFvqf
]}[b`S�,g�rSlO`S��f��FhJ[F\^],�/`�cFv^_�jnfi]}cFvqh/\qg�hJ[bfYy~`Sv|vq`��¨\mgbp*p�`F`µ_Fgbfi]n],e6firx]}cbjJfYy~`�j,hJ[F\^],_x\qjJfiadh}\q`�g��
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�,[bfAjJf(% � �/fd\mpx[Mh,`{y �'º
È % � �/fd\mpx[Mh,`{y'º
��% � �/fd\mpx[Mh,`{y'�
� % � �/fd\mpx[Mh,`{y �

� % � �/fd\mpx[Mh,`{y � �

Z/[Fct]A�FhJ[F\^],_x\qjJfiadh}\q`�g�� `xcFv�_*[tr���f;r��/fd\mpx[Mh,`{y�� �b�O�S\qgtadf1r��/fd\qp�[Mh/`Sy�%�\^]/��fAjJ�6uO`M`xjX �'º¨³¾r{gt_�r8�/fd\qp�[Fh
`Sy � %
\^]Ã��fAjJ��px`M`b_� � � ³d�bhJ[F\^]8_x\qjJfiadh}\q`�g \�]�]ov|\qp�[Mhkvm�¤rSlO`S��f�y r�\qj
ª�)³d�EZ/[F\^]'\�]Yfirx]}��hJ`�]kfAf1lF��hn[bf1hnjJcbhJ[
��r�vmcbfi]´jJfi]}cFvqh}\qgbp*y~jJ`�e�hJ[bfYy~cb�A�A�*\qgFy�fAjJfAgtadf
jJcFvqfi]¨\qg�hJ[bf;fd¼trSe6uFvqf��

È�È



     Dir: 6
Motor: (M, M)

     Dir: 0
Motor: (−M, −M)

     Dir: 1
Motor: (−H, −L)

     Dir: 2
Motor: (−H, −L)

     Dir: 3
Motor: No change

     Dir: 4
Motor: (H, L)

     Dir: 5
Motor: (H, L)

     Dir: 7
Motor: (L, H)

     Dir: 8
Motor: (L, H)

     Dir: 9
Motor: No change

     Dir: 10
Motor: (−L, −H)

     Dir: 11
Motor: (−L, −H)

= Sensor

�±\qp�cbjJf = �)��fAgt]}`�j;_x\qjJfiadh}\q`�gt]YrSgt_�ad`�jJjJfi]kut`�gt_x\qgbp�e6`�hn`�j,]}utfAfi_b]

Z/[F\^]´fAgMh}\qjJf�\qgFy~fAjJfAgtadf
ubjJ`µadfi]n]Q¦}ct]}hX_Ffi]Jadjk\mlOfi_�\^],jnfAutfirShJfi_�y~`�j,fir�an[�`{yzhJ[bf
]o\|¼s]}fAgt]}`�j;_x\qjJfiadh}\q`�gt]A� Â y~hJfAj
hJ[F\^]´\^]8_F`�gbf����/f
[tr���f6]o\|¼s�/fd\qp�[Fhw]YjJfAubjJfi]}fAgFh}\qgbp�hJ[bf
p�`F`µ_Fgbfi]n]Ye6fir�]}cbjJfi]Y`{y hJ[bf6]o\|¼ ]kfAgt]}`�j8_x\qjJfiadh}\q`�gt]A�
:¤f/gb`S��gbfAfi_
hJ`;ad`�e
lF\qgbf,hJ[bfi]}f)\qg6`�jw_FfAjQhn`'an[b`M`F]}f/hJ[bf/ltfi]}hQ`Sy�hJ[bf,]o\|¼�_x\mjnfiadh}\q`�gt]A��`xj7r�adhJctr�v|vq�
hJ`'an[b`F`M]}f
rYltfi]kh _x\qjJfiadh}\q`�g6fA�xfAg
\|yE\qh/_F`Mfi]»gb`�h»v|\qf;r�vq`�gbp8`�gbf/`Sy�hJ[bf,]o\|¼�]}fAgt]}`�j/_x\mjnfiadh}\q`�gt]A�QÁog6hJ[bf,�bcb�A�i�)cbp8�/f/[tr���f
h}�/fdvm�xf1uO`M]J]o\qlFvqf�_x\qjJfiadh}\q`�gt]Ã`Sy e6`xh}\q`�gH�6Z/[bfAjJf
\^]Ã`�gbf�_x\qjJfiadh}\q`�g�y~`�j;fir�an[¤`Sy/hJ[bf�]}fAgt]k`�j8_x\qjJfiadh}\q`�gt]
rSgt_
`�gbf;_x\qjJfiadh}\q`�g�lOfAh}� fAfAg*fir�an[¯]kfAgt]}`�j,_x\qjJfiadh}\q`�gsr{gt_
\qhw]/gbfd\qp�[Flt`xj}\qgbp�]}fAgt]}`�j,_x\qjJfiadh}\q`�gt]�� Z/[F\^])\^]/]}[b`S�,g"\qg
�±\qp�cbjJf = �
Z/[bf6]}fiad`�gt_�vqfA��fdvQ`Sy7hJ[bf�\qgFy�fAjnfAgtadf6ubjJ`badfi]J],uOfAj}y~`�jJe�]Yr6�/fd\qp�[FhJfi_�r���fAjwrSp�f;e
ctan[�v�\q¬�f
hJ[tr{h'_F`�gbf�\qg�hJ[bf

È �



_Ffdy~cb�A�d\��EaAr{h}\q`�g�]}hJfAu;`{yµhJ[bf/�»Á�����´`��/fA��fAj��i_Fcbf/hJ`/hJ[bf an\qjwadcFv^rSjQgtrShncbjJfQ`SybhJ[bf _x\qjJfiadh}\q`�gt]Qr{gt_;hJ[bfQubjJ`xlFvmfAe
`SyQ�,jwrSub�§r{jJ`�cbgt_��OhJ[bf1r�vqp�`xj}\qhJ[be�\^];r
lF\qhXe"`�jJf8hnj}\^aJ¬F���,Z/[bf8`xcbhJubcbh,`Sy7hJ[F\^]´e6`b_FcFvmf�\^]Yr�_x\qjJfiadh}\q`�g�y~jJ`�e
%�hJ` È�È �»Á§g�r�_b_x\qh}\q`�gH�trÃ¶ErSp
\^])\qgtanvqct_Ffi_�\qg�hJ[F\^]/`�cbhJubcbh,hn`�_FfAhnfAjJe
\qgbf;�,[bfAhJ[bfAj,`xj gb`xh hn[bfAjJf8r�adhJctr�v|vq�"\�]
r�ubjJfdy~fAjJjJfi_*_x\mjnfiadh}\q`�gH� Â ubjJfdy�fAjnjJfi_�_x\qjJfiadhk\m`xg�_F`Mfi])gb`�h/fd¼F\�]kh7\|yQhJ[bfAjJf;rSjJf,gb`
`�lt]khwr�anvqfi]/_FfAhJfiadhJfi_�rSgt_"gb`
ltfirxad`�g�\�]Y_FfAhJfiadhJfi_��´Á§g�hJ[F\^];aAr�]}f���r�v|v7_x\mjnfiadh}\q`�gt]Y[tr���f1r
�/fd\qp�[FhX`{y � %6rSgt_�gb`�gbf
rSjJf8ubjnfdy�fAjwr{lFvmf
hJ`*rSgM�
`�hJ[bfAjd]A�»Á§g�hJ[F\^],]o\qhJctr{h}\q`�g�hJ[bf8�bcb�A�i�)cbp6e
ct]}h,an[b`M`F]}f'r
_x\qjJfiadh}\q`�g�`�g"\mhd]/`S�,gH�QZ/[bf;�,rSgt_FfAj)¶ErSp�vmfAhd]/hJ[bf
�bcb�A�i�)cbp*¬Mgb`S���´[bfAg�hJ[F\^]X]o\qhJctr{h}\q`�g�\^])\qg�fd¿Hfiadhi�
Z/[bf�jJ`�cbh}\qgbf;�,[F\^an[suOfAj}y~`�jJe�]/hn[bf8]}fiad`�gt_*vqfA��fdv»ubjJ`µadfi]n]o\qgbp�e1ct]kh hdrS¬�f;hJ[bf8rSjnjwr��6`Sy #
�/fd\mpx[Mhw] y�jJ`xe«hJ[bf
�»Á�&r{gt_�_Ffian\^_Ff
�,[F\^aJ[�_x\mjnfiadh}\q`�g�hJ`�ad`�e6e*rSgt_�hJ[bf;jn`�lt`�h�� Z/[bf�ubjJ`�lFvqfAe \�]´hJ[trSh´hJ[bf1rSjnjwr��
\^]Xan\qjwadcFv^rSji�
Z/[F\^]�e6firSgt]�hJ[trSh8r�]o\qe6uFvqf��/fd\qp�[FhJfi_¤r���fAjwrSpxf6�/\|v|v¨gb`xh8ubjJ`�uOfAj}vq�¤[trSgt_xvqf�]}`�e"f�aAr�]}fi]A��Z/[bfAjJfdy~`�jJf��»hJ[bf
r�vqp�`�jk\mhn[be«�/`�jJ¬b] rx])y�`{v�vq`S�X]��

È � � r�v^adcFv^rShJf8hn[bf;e�r�¼F\me
cbe«�/fd\qp�[Fhi�trSgt_*hn[bf;gMcbe
ltfAjY`Sy7_x\qjJfiadh}\q`�gt]´[tri�x\qgbp�hn[trSh/� fd\qp�[Fhi�
�©� � r�v^adcFv^rShJf8hn[bf8]}[b`�jJhJfi]kh utr{hJ[�rSjJ`�cbgt_�hJ[bf8an\qjwanvqf
�,[F\^aJ[���\^]o\qhw]Yr�v|v½e�r�¼F\qe
cbe�]A�
� � �7`�e6ubcbhJf�hJ[bf1r���fAjdrSp�f;`SyQhJ[bf�\qgt_x\�adfi]�]}hwrSjnh}\qgbp�rShYhJ[bf;�tjw]khXfdvqfAe6fAgFhY\qgshn[trSh,utrShJ[H�OubjJ`badfAfi_x\qgbp�hJ`
hJ[bfYv^r�]}hi�

Z/[bfÃ\mgt_x\^adfi]Ãct]}fi_�hJ`*ad`�e6ubcbhJf;hJ[bf
r���fAjwrSp�fY\qgtadjJfirx]}f8e6`xgb`�hJ`�gF\^aAr�v|vq���HrSgt_*hJ[bfAg�r6e6`b_FcFvq` #1\�]´hwrS¬xfAg�hJ`
rSjJjk\m�xf1rSh,hn[bf;�tgtr�v7_x\qjJfiadh}\q`�gH�;�b`�j´fd¼©rSe"uFvmf��O\|y7hJ[bf�e�r�¼F\qe1cbe*]XrSjnf1rShX]kfAgt]}`�jw],%b� È rSgt_ -b�bhJ[bf
r���fAjwrSp�f
]}[b`�cFv^_"ltf;aAr�v^adcFv^rShJfi_�r�]¨ - 1#  = ³ � � � #b��#������ # � %b�F]}`8hn[bf,�tgtr�vH_x\qjJfiadh}\q`�g�]}[b`�cFv^_"ltf6%b� Â adhnctr�v|vm���
hJ[bf
]}cbe \^]X_F`�cblFvqfi_�lOfdy�`xjJf8hJ[bf6_x\q�x\�]ª\m`xgH�½rSgt_�r6e6`b_FcFvq` È ��\�]´ct]}fi_��;Z/[F\^]´\^]X_F`xgbf�]k`�hJ[tr{h,�/f1aArSg�p�fAh
È �6_x\^]}hk\mgtadh;_x\qjJfiadh}\q`�gt]A�
Z±`�_F`�]}hJfAu��"rSlt`S��f��bhn[bfYy�`Sv|vq`S�/\qgbp�hnfiaJ[bgF\^Æxcbf;\^],ct]kfi_ �

�b� È �,�b`�j/fir�an[s_x\qjJfiadh}\q`�gH�OuFv^r�adf1r %�\qgshn[bf8ad`�jJjJfi]}uO`�gt_x\qgbp�lF\qhYut`M]ª\mhk\m`xg�`Sy7r�#
lF\qhYgMcbe
ltfAj´\|y7hJ[trSh
_x\mjnfiadh}\q`�g¯_F`Ffi])gb`�h ad`xgMhwr�\mg*r;e�r�¼F\qe
cbe��7º»v^r�adf;r È \qg�hJ[tr{h7lF\qh7uO`M]o\qh}\q`�g*\|yH\qh _F`Ffi])jJfAubjJfi]}fAgFh
r
e�r�¼F\qe1cbe � fd\qp�[Fhi�Q�b`xj,hJ[bf;fd¼trSe6uFvqf1rSlO`S��f��bhJ[bf;lF\qhYutrShJhJfAjJg*�/`�cFv^_�lOf È�È %&%�% È �

�b���©��
/`�hwrShnf7hJ[bf)lF\mhQutr{hJhJfAjJgÃ�t��f/h}\qe6fi]A�Sfir�an[8h}\qe6f/¬�fAfAuF\qgbp�hJjwr�an¬X`{ythJ[bf/e�r�¼F\me
cbe���r�vqcbfXr{hJhwr�\qgbfi_
lM�*hJ[bf;lF\qhXutr{hJhJfAjJg�rSgt_*hn[bf;gMcbe
ltfAjY`Syz]k[F\�y~hw]¨\qh,hJ`F`�¬�hn`1pxfAh,hJ[trSh,e*r�¼M\qe
cbe«�Sr�vqcbf��

�b� � � Â y~hJfAj�-
]}[F\|y�hw]��bhJ[bf;gFcbe1lOfAj/`Sy¾]k[F\�y~hw]/jnfiÆ�cF\qjJfi_*hJ`��tgt_�r8e*r�¼M\qe
cbe���r�vqcbf�`Syzhn[bfXlF\qh,utrShnhJfAjJg
ad`�jJjJfi]}uO`�gt_b]Qhn`8hJ[bf´\qgt_Ffd¼�hJ`8lOfApS\qg�hJ[bfXr���fAjwr{p�fXad`�e6ubcbhdrSh}\q`�g
\qg�]}hJfAu � �Q�b`�jQfd¼trSe6uFvqf��tr�y~hJfAj
-�]}[F\|y~hw]A��hJ[bf
lF\qh;utrShJhnfAjJg�\qg�]}hnfAu �b� È �/\|v|v lOf ÈxÈ�È %�%�%©�XZ/[F\^]´\^]YhJ[bf
e�r�¼F\qe1cbe �Sr�vqcbf
hJ[trSh´\�]
`�lbhwr�\qgtrSlFvqf,lF�
jJ`�hwrShk\mgbpYhJ[F\^]QlF\qh)utrShJhJfAjJgH�QZ/[bfAjnfdy�`�jnf��S� fY]}[b`�cFv^_
ltfAp{\mg*hJ[bf/�/fd\qp�[Mhnfi_6r���fAjwrSp�f
ad`�e6ubcbhwrShk\m`xg�rSh)\mgt_Ffd¼/-b�
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Z/[bf;]}cbutfAjn��\^]}`�j�'�\qgF\½�7`FrSjw_*ª]kcbutfAjJ�x\^]}`�jA³QjJfiÆxcbfi]}hw])_brShwrYy~jJ`�e hJ[bfX�»Á � '�\mgF\½�)`MrSjd_6rSh rÃjwrShJf´`Sy ��%(�´���
Z/[F\^]8_br{hwr�ad`�gt]o\^]}hw]Y`{y¨r�_x\qjJfiadh}\q`�g�~y~jJ`�e %*hJ` È�È ³,rSgt_¤r*�,rSgt_FfAjY¶ErSpO�Hr�];_Ffi]Jadj}\qltfi_ \qg¤hJ[bf
ubjJfiadfi_x\qgbp
]}fiadh}\q`�gH��Z/[bf¤]}cbuOfAjJ��\^]}`xjsad`�gt]o\^]}hd]*`Sy1hJ[bf�y~`Sv|vq`��¨\mgbp�e"`µ_FcFvqfi]�� È ³�]}hdr�v|v1]}fAgt]}`�j*e6`b_FcFvmf����F³ � `��§�)cbp
e6`b_FcFvqf��ErSgt_ � ³ º�: ' e"`�hJ`�j,ad`�gFhJjJ`SvHe6`b_FcFvqf��
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Z/[bf�]}hwr�v|vX]}fAgt]}`xj8e6`b_FcFvqf*\�]"aAr�v|vmfi_�firxaJ[�ad`�gFhJjJ`Sv,ad�µanvqf�hJ`�_FfAhJfAjJe
\qgbf*\|y'hn[bf¯�©cb�A�i�7cbp�[tr�]
]}hdr�v|vmfi_�� Â
]}hwr�v�v1ad`xcFv�_�`µaAadcbj*\|y1hn[bf �©cb�A�i�)cbp�[tr�]*lOfiad`�e6f¤fAgFhwrSgbpSvqfi_��/\qhJ[Çr{g�`�lt]}hdr�anvqf��X[F\qh�r�adjwrxaJ¬�`�j�`xhJ[bfAj
]}e�r�v�vQ`�lt]}hdr�anvqf��tfAhwaS�´Á~y r*]}hwr�v|v»\^]X_FfAhJfiadhnfi_���hJ[bf1_x\qjJfiadh}\q`�g�utr�]n]}fi_�hJ`6hJ[bf
]}cbutfAjJ�x\^]}`�j;lF��hJ[bf1�»Á ��\^]´gb`�h
ct]}fi_��´Á§gt]}hJfirx_��thJ[bf
]}hwr�v|vz]kfAgt]}`�jYe6`µ_FcFvqf
utfAjky�`�jne�]Xr"ubjJfA�~ubjJ`xp�jwrSe6e"fi_*e�rSgbfAcb��fAj;_Ffi]o\qp�gbfi_�hJ`�y�jJfAf�hJ[bf
�bcb�A�i�)cbpt� �7`�gFhJjJ`{vEjJfAhJcbjngt]/hJ`6hJ[bf8]kcbutfAjJ�x\^]}`�j;r�y�hnfAj hn[bf1ad`�e6uFvqfAh}\q`�g�`SyQhJ[F\^]/e�rSgbfAcb��fAj��
Á~yQgb`6]}hwr�v|vH\^],_FfAhnfiadhJfi_��bhJ[bf;]}cbutfAjn��\^]}`�jYct]}fi]/hn[bf'_x\qjJfiadh}\q`�g�utr�]J]}fi_*hn`8\qh,lF�6hJ[bf8�»Á �8�OZH`
ltf;ct]kfi_*lM�*hJ[bf
�bcb�A�i�)cbpt�»hJ[F\^]�_x\mjnfiadh}\q`�g�e
ct]}h;lOf�ad`�gF��fAjJhJfi_ hJ`�r*e6`�hJ`xj']}uOfAfi_�y~`�j;fir�an[¤`Sy/hJ[bf6h}�/`�e"`�hJ`�jw]��1Z/[F\^]'\�]
hJ[bfY¦}`�l�`Sy7hJ[bf � `��§�)cbp�e6`b_FcFvqf�� � `��§�)cbp*\^];r*jwrShJ[bfAj;]o\qe6uFvqf�ubjn`�p�jwrSe hJ[trSh;utfAjky�`�jne�]Xr*hdrSlFvqf8vq`F`�¬Fcbu
hJ`�_FfAhJfAjJe
\qgbf6hn[bf1e"`�hJ`�j;]}utfAfi_sy�`�jYhJ[bf6h}�/`6e6`xhJ`�jw]A�;�±\qp�cbjJf = ]}[b`S�X]´[b`S�&fir�an[ _x\qjJfiadhk\m`xg�\^];ad`��xfAjJhJfi_
hJ`6r;e"`�hJ`�j/]}utfAfi_¯y�`�j)hJ[bfYvqfdy�h,rSgt_*jk\mpx[Mh/e6`�hn`�jw]A�±Á§g�hJ[F\^]¾�tp�cbjJf��t®�]}hdrSgt_b]¾y�`�j,®�`S� e6`�hn`�j ]}uOfAfi_�� ' y~`�j
'�fi_x\qcbe¢e6`xhJ`�j,]}utfAfi_���rSgt_1� y~`�j��/\qp�[�e6`�hJ`xj¨]kutfAfi_��
Z/[bf)e6`�hJ`�j»]}utfAfi_b]»jJfi]kcFvmhk\mgbpÃy�jn`�e � `x�§�7cbp � ]�hwrSlFvqf)vq`M`x¬Mcbu6rSjJf/]}fAgFhHhJ`YhJ[bf º$: ' e6`xhJ`�j½ad`�gFhJjJ`{vMe6`b_FcFvmf��
Z/[F\^]»y~cbgtadh}\q`�g*ct]}fi]7º¾cFv^]}f.:�\^_FhJ[�'�`b_FcFv^rSh}\q`�g�ªº�: '�³Ehn`8ad`�gMhnjJ`SvthJ[bf,h}�/`Ye6`�hJ`�jd]»`SyEhJ[bfY�bcb�A�i�)cbpt�brSgt_
�,r�]¾\qgtanvmct_Ffi_ �/\qhJ[�hJ[bf('�\qgF\z�)`MrSjd_�r�],r�v|\qlbjwrSjJ��jn`�cbh}\qgbf��
Â ]
e6fAgFh}\q`�gbfi_�\qg�hn[bf�ubjJfiadfi_x\qgbp�]}fiadh}\q`�gH�/hJ[bfAjJf�e�r��¤gb`�h�rxadhJctr�v|vq��ltfsr ubjJfdy�fAjnjJfi_�_x\qjJfiadh}\q`�g y�`xj6hJ[bf
�bcb�A�i�)cbp�hJ`�y�`{v�vq`S�8��Z/[F\^]"`µaAadcbjw]��,[bfAg�gb`¤`xlt]}hwr�anvqfi]6rSjnf�_FfAhJfiadhJfi_�rSgt_�gb`¤lOfir�ad`�g \�]"_FfAhJfiadhJfi_���Áog
hJ[F\^]8aArx]}f��HhJ[bf6�©cb�A�i�7cbp�\^];`xg�\qhw]Ã`S�,g¤rSgt_�e
ct]}h8an[b`M`M]kf8\qhw]Ã`S�,g¤_x\mjnfiadh}\q`�gH�»�,[F\^aJ[�\qh8_F`Mfi]ÃlM�¤]o\qe6uFvq�
ad`�gFh}\qgMcF\qgbp"\qg�\qhw]YadcbjJjJfAgFhX_x\qjJfiadh}\q`�gH�
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�7`�e"e1cbgF\^aArShk\m`xg�ltfAh}�/fAfAg�hn[bf1�»Á� '�\qgF\7�7`FrSjw_�rSgt_�hJ[bf1]}cbuOfAjJ�x\�]k`�j0'�\qgF\7�7`FrSjw_*hwrS¬xfi]/uFv^r�adf
`��xfAj,hJ[bf
��fAj}\^r�v½º»fAj}\qub[bfAjwr�vHÁogMhJfAjky r�adfÃJ�MºQÁn³z`{y hn[bf0# �&� � � È�È ubjJ`badfi]J]}`�ji�QZ/[bfYubjJ`�hn`µad`Svby~`�j)hJ[F\^]Q\qgFhJfAj}y§r�adfYjJfiÆ�cF\qjJfi]
hJ[trSh
`�gbf*lt`FrSjw_�ltfiad`�e6f�hn[bf�e�rx]}hJfAj6rSgt_�hJ[bf�`xhJ[bfAj6rs]ªv�r���f���Áog�hJ[bf��bcb�A�i�)cbpt�)hJ[bf¯]kcbutfAjJ�x\^]}`�j�'�\qgF\
�)`MrSjw_"ltfiad`xe6fi])hJ[bfXe*r�]}hJfAj)�,[F\|vmf�hJ[bf;�»Á� '�\qgF\½�7`FrSjw_"ltfiad`�e6fi])hJ[bf8]ªv�r���f��QZ/[bf;]ov^r���f´\�]´rSh7hJ[bfYe6fAjwad�
`SyQhJ[bf;e�r�]khJfAji�br�]/`�gFvq��hJ[bf;e*r�]}hJfAj,aArSg�\mgF\qh}\^rShnf1r6_brShdr
hJjwrSgt]ªy�fAji�
Z/[bf
]}cbutfAjJ�x\^]}`�j´\qgF\mhk\�r{hJfi];r�_br{hwr
hJjwr{gt]oy�fAj´lM���,jk\mhk\mgbp"\qgMhn`�hJ[bf
�Mº)² 
�jnfApS\^]}hJfAj�ªr6_brShwr�jJfApS\^]}hJfAjA³/`SyQhJ[bf
�MºQÁ»\qgFhJfAj}y§r�adf�� Â h7hn[bf']}hdrSjJhQ`SyHfA��fAjJ�6ad`�gFhJjJ`{vbvm`F`�uH�FhJ[bfX]kcbutfAjJ�x\^]}`�j,jJfirx_b]7rSgt_
hn[bfAg��,jk\mhnfi]QhJ`�hJ[bf8�Mº)² 

jJfApS\^]}hnfAj;cbgMh}\|v r*¬Fgb`S�,g�lF\mh�utrShJhJfAjng�\^];jJfiadfd\q��fi_sy�jJ`xe hJ[bf6�»Á� '�\qgF\ �)`MrSjw_��"Ä,gtadf6hJ[F\^]YlF\qh8utr{hJhJfAjJg�\�]
`�lbhwr�\mgbfi_��FhJ[bf;]}cbuOfAjJ��\^]}`xj jnfAhJj}\qfA��fi])hJ[bf;_brShwrYy~jJ`�e hJ[bf;�»Á����Á§h,]}[b`xcFv�_*lOfXgb`xhJfi_6hn[trShi��`xg6hJ[bf;�»Á� '�\qgF\
�)`MrSjw_��FhJ[bf
ad`�e6e
cbgF\^aArSh}\q`�g�\�]¨[trSgt_xvqfi_�lF��rSg*\qgMhJfAjnjJcbubh']kfAjJ��\^adf�jJ`�cbh}\qgbf��
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Z±`6fA��r�vqctrShnf;hJ[bf;utfAj}y~`�jJe*rSgtadf;`SyQhJ[bf8�bcb�A�i�)cbpt�t]kfA��fAjwr�vHhJfi]}hd]7�/fAjJf;jncbgH��:¤f;�/\|v|vH�tjw]}hY_x\�]nadct]J],hn[bf;hJfi]}hw]
rSgt_�hJ[bf�jJfi]}cFvqhw]
Æxctr�v|\qhwrSh}\q��fdvq����®HrShJfAj��7Æ�ctr{gMh}\qhwr{h}\q��f�jnfi]}cFvqhw]��/\|v�vYltf�ubjJfi]}fAgFhJfi_�hJ`�]}[b`S��hJ[bf�jnfi]}ut`�gt]kf
cbgt_FfAj;_x\�¿HfAjJfAgFh,fAgF��\qjJ`xgbe6fAgMhdr�vzad`�gt_x\qh}\q`�gt]A�
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Z/[bf��tjw]}h;]}hJfAu��,r�]´hJ`*hJfi]}h;hJ[bf
ltfirxad`�gb�~hJjwr�an¬x\mgbp�uOfAj}y~`�jJe�rSgtadf����¨\mhn[b`�cbh;`�lt]}hwrxanvmfi]���ct]o\qgbp�r�]}hwrSh}\q`�gtr{jJ�
ltfirxad`�gH�;Á§g�hJ[F\^];]o\qhJctr{h}\q`�gH��hJ[bf1�©cb�A�i�)cbp�jJfi]}uO`�gt_Ffi_�r�vqe6`M]}h´\qgt]}hwrSgFhwrSgbfA`xct]ovq���8Z/[bf
ltfir�ad`xgs�,r�]´fir�]o\|vq�
_FfAhJfiadhJfi_��brSgt_"hJ[bfX�©cb�A�i�)cbp6jJfi]}uO`�gt_Ffi_6lF�6hJcbjngF\mgbp
hJ`S�,rSjw_�hJ[bf´ltfir�ad`�gH�)Z/[F\^]7hnfi]}h7�,r�]¾jJfAutfirShnfi_��Mct]ª\mgbp
_x\|¿HfAjJfAgMhY_x\mjnfiadh}\q`�gt]Xr{gt_*��rSjJ�x\qgbp6hJ[bf8_x\^]}hwr{gtadf;y~jJ`�e�hJ[bf8�bcb�A�i�)cbp6hn`1hn[bf;ltfir�ad`�gH�)Z/[bf8�bcb�A�i�)cbp�ad`�cFv^_
jJfi]}uO`�gt_Yy~jJ`�e e6`M]}hHrSgbpSvqfi]A� 
/fi]kut`�gt]}f/�,r�]Ogb`�h½rx]�p�`F`µ_'y�jJ`xe�hJ[bf7]o\^_Ff7uO`M]o\qh}\q`�gt])~\§� f���� � %/_FfAp�jnfAfi]½rSgt_�� = %
_FfAp�jJfAfi]¸³w� Z¨[F\�]´ltfA[tr��x\q`�j'aAr{g�ltf�fd¼µuFv^r�\qgbfi_�lF��_Ffi]Jadj}\qlF\qgbp�hJ[bf8ad`�gF��fAjw]ª\m`xg�y~jJ`�e¢ad`�e"e�rSgt_Ffi_�_x\qjJfiadhk\m`xg
hJ`�e6`xhJ`�j8ad`�gFhJjJ`Sv§�6Z/[bf*ad`�gM�xfAjw]o\q`�g¤e6fAhn[b`µ_¤r�v�vq`S�X]ÃhJ[bf6�bcb�A�i�)cbp�hJ`�fd\qhJ[bfAj8p�`*y~`�jJ�,rSjd_�`xj;ltr�aJ¬F�,rSjw_��
_FfAutfAgt_x\qgbp�`�g��,[F\^aJ[�_x\qjJfiadh}\q`�g�jJfiÆxcF\mjnfi],hJ[bfYvqfi]J]kfAjXhJcbjngH��: [bfAg�hJ[bf;lOfir�ad`�g�\^]Y_x\qjJfiadhJfi_�rSh � %6_FfAp�jnfAfi]A�
hJ[bf6]}fAgt]}fi_�_x\qjJfiadh}\q`�g�]}`�e"fAh}\qe6fi]6·dlt`xcbgtadfi]J¹*ltr�an¬srSgt_�y~`�jJhJ[�r�adjJ`M]J]´hJ[bf � %*_FfAp�jJfAf�v|\qgbf��6Z/[F\^]Y[tr�]YhJ[bf
fd¿Hfiadh6`Sy8e�r{¬�\qgbp¤hJ[bf��bcb�A�i�)cbp�`M]Jan\|v|v^rShJf�ltr�an¬	r{gt_�y~`�jJhJ[�r�]�hJ[bfs_x\qjJfiadh}\q`�g�an[trSgbp�fi]A� Z/[F\^]"ltfA[tr���\q`�j
�,r�],ad`�jnjJfiadhJfi_�lF�*y~`�jwan\qgbp�hn[bf1�bcb�A�i�)cbp*hJ`6p�`�]}hJjdr�\qp�[Mh¨\mgt]khJfir�_��,Z/[bf�jwrSh}\q`�gtr�vqf�\^],hn[trSh,fA��fAgFhJctr�v|vq����hJ[bf
ltfirxad`�g��/\|v|vQltf1_FfAhnfiadhJfi_"\qgsrSgb`�hn[bfAjX_x\qjJfiadh}\q`�gH��aArSct]o\qgbp�hn[bf8�bcb�A�i�)cbp�hn`6hJcbjJg�ad`�jnjJfiadh}vq���
:�\qhJ[
��rSjJ�x\qgbp1_x\^]}hwr{gtadfi]A���/f)y�`xcbgt_8hn[trSh½hn[bf¨�©cb�A�i�)cbp8�/`�cFv^_
]}`�e6fAh}\qe6fi]»pxfAh7ad`�gFy�ct]kfi_
�,[bfAg
hJ[bf/ltfir�ad`xg
�,r�]»hJ`F`8anvq`M]}f;§`xgbf7y~`F`�hQ`�j»vqfi]J]d³w�»Áog6hJ[F\^]7]o\qhJctr{h}\q`�gH��hJ[bf´Á
�®±°7² lOfir�ad`�g�rSubuOfirSjw]¾hJ`XlOfXfirx]o\|vm�6_Ffd¶tfiadhJfi_��
]}`�hJ[trSh*hJ[bf�ltfir�ad`xg�\^]�_FfAhJfiadhnfi_�\qg�]}fA��fAjdr�vÃ_x\qjJfiadhk\m`xgt]A� Z/[F\^]*�/`�cFv^_��,`Sy6ad`�cbjw]}f��/[tr���f�hJ[bf�fd¿Hfiadh�`Sy
ad`�gFy~ct]o\qgbp�hJ[bf�gtr��x\qpMrSh}\q`�g�ad`�gFhJjJ`Sv§� :�\qhJ[ v^rSjJp�fAj�_x\^]}hwrSgtadfi]�§cbu hJ` È ��y~fAfAh*`�j¯]k`b³w�/hJ[bf�ltfir�ad`�g �,r�]
_FfAhJfiadhJfi_�rxaAadcbjwrShJfdvq���7Z/[bf8ad`xgtanvmct]ª\m`xg�`SyHhJ[bfi]}f;hnfi]}hw])�,r�]QhJ[tr{h hn[bfXgtr��x\mpFrSh}\q`�g*e6fAhJ[b`b_*utfAj}y~`�jJe6fi_"�/fdv|v �
�/\qhJ[F\qg�hn[bf;v|\qe
\qhwrSh}\q`�gt]´`SyQhJ[bf8]}fAgt]}`�jd]A�
�´fd¼µhi�©� f;hnfi]}hJfi_�hn[bf8ltfirxad`�gb�~hJjwr�an¬x\mgbp*utfAjky�`�jne�rSgtadf��b�/\qhJ[b`xcbhX`�lt]khwr�anvqfi]A�bct]o\qgbp�r6e"`��x\qgbp6ltfirxad`�gH�,Z/[bf
jJfi]}cFvqhw]�`Sy,hJ[F\^]ÃhJfi]}h8�/fAjJf*]o\qe
\|v�r{j6hJ`�hJ[b`M]kf�`Sy/hJ[bf"�tjw]}h8hnfi]}hi�Hct]ª\mgbp¤r�]}hwrSh}\q`�gtr{jJ��ltfir�ad`�gH�+:�\qhJ[F\qg�hJ[bf
v|\qe
\qhwrSh}\q`�gt]*_x\^]Jadct]J]}fi_�rSlt`S��f��)hJ[bf��bcb�A�i�)cbp¤�,r�]
rSlFvqf�hJ`�hJjwr�an¬¤hJ[bf�e6`S�x\qgbpslOfir�ad`�g rSgt_�jJfi]}uO`�gt_�lM�
hJcbjJgF\qgbp*hJ`S�,rSjw_
hJ[bf�hwrSjJpxfAhi�
Z/[bf�gbfd¼bh6hJfi]}h
�,r�]
_Ffi]o\qp�gbfi_ hJ`�fA��r�vqctrShJf�hJ[bf�ad`Sv|v|\^]o\q`�g�ri�x`S\^_brSgtadf�utfAj}y~`�jJe*rSgtadf���Z/[bf��©cb�A�i�)cbp��,r�]
hJfi]}hnfi_�\qg¯r'�tfdv�_*`{y `xlt]}hwr�anvqfi]A�x�/\qhJ[b`�cbh,r;lOfir�ad`�g*hwrSjJp�fAh��½Z/[bf,uOfAj}y~`�jJe�rSgtadfY�,r�]»p�fAgbfAjwr�v�vq�*p�`F`µ_��x�/\qhJ[F\qg
hJ[bf)v|\qe
\qhwrSh}\q`�gt]¾`SythJ[bf/Á
 ubjJ`�¼M\qe
\qh}�8]}fAgt]}`�jd]A�Q�7fiaAr{ct]}f/hJ[bf/Á
�]kfAgt]}`�jw]»rSjJf)v|\qp�[Mhn�§]}fAgt]o\qh}\q��f��b]}[tr�_F`S�X]±hJfAgt_
hJ`�lOf¯]}fAgt]kfi_¤r�];`xlt]}hwr�anvqfi]A� Â v^]}`t�Q_x\|¿HfAjJfAgFh8`�lt]}hdr�anvqfi];jJfd¶tfiadh�hJ[bf6Á
 lOfirSe _x\|¿HfAjJfAgFh}vq���z_FfAuOfAgt_x\qgbp¤`�g
hJ[bf;ad`Svq`�j r{gt_6�,[bfAhn[bfAj7hJ[bf;]}cbj}y§r�adf/\^]/]}[F\qgM�*`�jQe�r{hJhJf��»Á§g*hJ[bfYhJcbgF\qgbp1`{y hn[bf,e6fAe
ltfAjw]k[F\mu*y~cbgtadh}\q`�gt]A�F�/f
hJ`F`�¬1rYad`�gt]}fAjn��rSh}\q��fYrSububjJ`Mr�an[H��r�]J]kcbe
\qgbp8hJ[trSh±\qh7�,r�]±ltfAhJhnfAjQhJ`8r���`S\^_
r�v|vt`�lt]}hwr�anvqfi]A�{\qgtanvmct_x\qgbp
\qe�r{pS\qgbfi_
`�gbfi]A�
Z/[bf6uOfAj}y~`�jJe�rSgtadf
`Sy/hJ[bf��©cb�A�i�7cbp�jJfd¶tfiadhw]YhJ[F\^]�_Ffian\�]ª\m`xgH��Z/[bf��©cb�A�i�)cbp��/\|v|v ltr�an¬�cbu��,[bfAg�\qh
jJfir�an[bfi],r6]k[tr�_F`S�8���,`S�/fA��fAji�x\qh,p�fAgbfAjwr�v�vq��aArSg�]}fAgt]}f�`�lt]}hwr�anvqfi],]k`M`�g�fAgb`xcbp�[�hJ`6r���`S\^_*hJ[bfAe��QÁ~y»\qh'_F`Ffi]
[trSubuOfAg�hJ`
hJ`�ctan[�rSg�`�lt]khwr�anvqf;ltfiaArSct]kf;\qhX_x\^_�gb`�h,]}fAgt]kf;\qhX]}`F`�g�fAgb`�cbp�[H�x\qhY�/\|v�vQrSh)vmfirx]}h,ltr�an¬�cbu��´[bfAg
hJ[bf;`�lt]khwr�anvqf;\^],]}fAgt]kfi_��
�±\qgtr�v|vq����hJ[bf/�bcb�A�i�)cbp;�,r�]�hJfi]}hnfi_Y\qg6r/�tfdv^_�`Syt`�lt]}hdr�anvqfi]A�S�/\qhJ[1r´ltfirxad`�g8hwr{jJp�fAhi� Â pMr�\mgH�Shn[bf7utfAjky�`�jne�rSgtadf
�,r�])p�`F`µ_��b�¨\mhn[F\mg�hJ[bfYv|\qe
\qhwrSh}\q`�gt]Y_Ffi]Jadj}\qltfi_�rSlO`S��f��7Z/[bf;lOfir�ad`�g�hdrSjJp�fAh)�¨rx]7firx]o\|vm��_FfAhnfiadhJfi_��t�´[bfAhJ[bfAj
]}hwr{h}\q`�gtrSjJ��`�j;e6`S��\qgbpt�*Z/[bf��©cb�A�i�7cbp��,r�];rSlFvqf�hn`�hJjwr�an¬�hJ[bf"ltfir�ad`�gH�±�,[F\|vqf�rSh;hJ[bf�]Jr{e6f
h}\qe6f�r���`S\^_
`�lt]}hdr�anvqfi]A�)ÄXaAaAr�]o\q`�gtr�v|vq���FhJ[bf �©cb�A�i�7cbp;�/`�cFv^_�p�fAh»hJ`F`'anvq`M]}f/hJ`YrSg
`�lt]}hwr�anvqf/]}`Xhn[trShH\qh»�/`�cFv^_8pxfAh¨·A]khJctaJ¬b¹b�
Z/[bf8]}hdr�v|vz]}fAgt]}`�j¨\�]´ct]}fi_�hJ`
jJfiadh}\|y���hn[F\�]´ad`�gt_x\qh}\q`�gH�
�)fiaArSct]}f,hn[bf¨�©cb�A�i�)cbp;\^]QubcbjJfdvq��rYjnfir�adh}\q��f,ad`�gFhJjJ`Svt]}�b]}hJfAe rSgt_
_F`Ffi]Qgb`�hQct]}fYrSgM��pSvq`�ltr�vbutrShJ[6uFv^rSgbgF\qgbpt�
\qhY\^];ut`F]J]o\qlFvqf6y~`�jYhJ[bf6�bcb�A�i�)cbp�hJ`*ltfiad`xe6f�]}hJctan¬�\qg�r�vq`µaAr�v e
\qgF\qe�rb�
Z/[F\^];jJfd¶tfiadhd]YhJ[bf�v�\qe
\qhwr{h}\q`�gt];`Sy
r�v|vHvq`baAr�v½utrShJ[�uFv^rSgbgF\qgbp�e6fAhn[b`µ_b]A�
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FuzzBug Beacon Tracking Without Obstacles
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`�lt]}hwrxanvmfi]��zZ¨[bf'_br�]k[bfi_
v|\qgbfY\mgt_x\^aArShnfi],hJ[bf;_x\qjJfiadh}\q`�g*\qg*�,[F\^aJ[�hJ[bfYltfirxad`�g��,r�])_FfAhJfiadhJfi_��7Z¨[bf']}`{v�\^_"v|\qgbf;\qgt_x\^aArShJfi]/hn[bfXjJfi]kcFvmhk\mgbp
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Z±`¯ad`Sv|vqfiadh1ÆxctrSgFh}\qhwrSh}\q��f�jJfi]}cFvqhw]Y`SyQhJ[bf6�bcb�A�i�)cbp � ],gtr��x\mpFrSh}\q`�g¤]}�b]}hJfAe���_brShwr
�,r�]Yad`Sv|vqfiadhJfi_��/\qhJ[�r�]}hwrS�
h}\q`�gtrSjn���bcb�A�i�)cbpt�8Z/[bf
lOfir�ad`�g�hwrSjJpxfAh,�,r�],hn[bfAg�e6`S��fi_�rSjJ`�cbgt_�hJ[bf
�bcb�A�i�)cbp�\qg¤r � #�%�_FfApxjJfAf6an\mjdanvmf��
Â hJfi]}h´ubjJ`�p�jwr{e �,r�]´_F`��´gFvm`Fr�_Ffi_�hJ`"hJ[bf8]}cbutfAjn��\^]}`�j6'�\qgF\¾�)`MrSjd_��b�,[F\^aJ[�]o\qe6uFvq�s_x\^]}uFv^r���fi_�hJ[bf8jnfi]}cFvqhw]
hJjwr{gt]oy�fAjnjJfi_�y~jJ`�e�hJ[bf��»Á� '�\qgF\'�)`Mr{jw_�� Â vq`�p��bvqf��,r�];pxfAgbfAjwrShJfi_�ct]o\qgbp 5YfAjJe
\qhi��Á§g�hJ[F\^]
�,r����»hJ[bf
ad`�e6e*rSgt_Ffi_�_x\qjJfiadh}\q`�g�rSgt_*ltfirxad`�gs]}fAgt]k`�j/\qgFy�`xjJe�rSh}\q`�g��,r�]/aArSubhJcbjJfi_�]}`"hJ[trSh/\qhXad`�cFv^_�ltf8uFvq`�hnhJfi_��
²;rShwr��,r�],ad`{v�vqfiadhJfi_�y~`�j/y~`�cbj;]o\qhJctrSh}\q`�gt]A� �´gt_FfAjXgb`�jne�r�vHv|\qp�[Fh}\qgbp�ad`�gt_x\qh}\q`�gt]A�OhJ[bf8lOfir�ad`�gb�~hJjwrxaJ¬x\qgbp��,r�]
e6fir�]kcbjJfi_�lt`�hJ[��/\qhJ[b`xcbh'rSgF��`xlt]}hwr�anvqfi];rSgt_��/\qhJ[�`�gbf
`�lt]}hwr�anvqf6rSh;r*¬Mgb`S�,g�ut`M]ª\mhk\m`xgH�8Z/[bf
hJfi]}hw]´�/fAjJf
hJ[bfAg�jJfAutfirShnfi_*cbgt_FfAj'r
lbjk\mpx[Mh/v|\qp�[Fh'ad`xgt_x\mhk\m`xgH� �±\qp�cbjJfi] �b� � � È %b�brSgt_ È�È ]}[b`S� hJ[bf�jJfi]}cFvqhw]A�
�´gt_FfAj8gb`�jJe*r�vQv|\mpx[Mh}\qgbp�ad`�gt_x\qh}\q`�gt]
rSgt_��/\qhJ[b`�cbh�`�lt]}hwrxanvmfi]��½r�];]}[b`S�,g�\qg��±\mpxcbjJf �b�HhJ[bf*�bcb�A�i�)cbp��,r�]
rSlFvqf�hn`shnjwr�an¬¤hJ[bf�ltfirxad`�g�Æ�cF\qhJf��/fdv|v§��Z/[bf*y~`�cbjs·dlFv|\qut]J¹�jJfAubjJfi]}fAgFh
hJ[b`M]}f�hk\me"fi]
�,[bfAg�hJ[bf��©cb�A�i�7cbp
_x\^_�gb`�h�]}fAgt]}f�hn[bf�ltfirxad`�g rSh*r�v|v ��Á§g r�v|v'`xhJ[bfAj�aAr�]}fi]��7hJ[bf�ad`�e6e�r{gt_Ffi_�_x\mjnfiadh}\q`�g �¨rx]
hJ[bf�]JrSe"f�r�]
hJ[bf�]kfAgt]}fi_�_x\qjJfiadhk\m`xg�`Sy/hJ[bf6lOfir�ad`�gH��Z/[F\^];hJfi]kh8e�r��sr{ubutfirSj
]}`�e6fA�,[tr{h;hJj}\q��\^r�v � [b`S�/fA��fAji���¨\mhn[¤gb`S\^]}�
rSgt_"\qgtad`�gt]o\^]}hnfAgMhX]kfAgt]}`�jw]A�FhJ[bfYltfirxad`�g*\^]/`Sy~hJfAg¯_FfAhnfiadhJfi_*lM�"e6`�jJfYhJ[trSg*`�gbf8]}fAgt]}`xj¨r{gt_*gb`�h/gbfiadfi]J]JrSj}\|vq�
r�_�¦Jr�adfAgFh�]kfAgt]}`�jw]A� Â ]6r�jJfi]}cFvqhi�)hJ[bf*utrShJhJfAjng�`SyYhJ[bf*�tgtr�v,�/fd\mpx[Mhw]
aArSg�]k`�e6fAh}\qe6fi]�ltf�ad`xgFy�ct]o\qgbpt� Â ]
]}[b`S�,g*\qg�hn[bf;p�jwrSub[H�bhn[bf8_Ffdy�cb�A�d\|�EaArSh}\q`�g¤r�vqp�`xj}\qhJ[be«ct]}fi_�hJ`�ad`�e
lF\qgbf8hJ[bf;�/fd\qp�[Fhw]/�/`�jJ¬xfi_�ÆxcF\qhJf8�/fdv|v§�
Á§g�hJ[bf
]}fiad`�gt_�hJfi]}h��E]}[b`S�,g*\qg¤�±\qp�cbjJf � �O`�gbf8`xlt]}hwr�anvqf
�,r�]/uFv^r�adfi_¤rSh È ��%*_FfAp�jJfAfi]A�´Á§g�hJ[F\^]XaArx]}f��t�´[bfAg
gb`
ltfir�ad`xg*\�]/_FfAhJfiadhnfi_��bhJ[bf;ad`�e6e�rSgt_Ffi_�_x\qjJfiadhk\m`xg�� `xcFv�_"ltf � %�%8_FfAp�jnfAfi]Y~\§� f��q� È ��%�_FfAp�jJfAfi]/r��,ri��y~jJ`�e
hJ[bfY`�lt]}hwrxanvmfS³d� : [bfAg�r;lOfir�ad`�g"\�]/_FfAhJfiadhnfi_��Mhn[bf'ad`�e"e�rSgt_Ffi_6_x\qjJfiadh}\q`�g�]k[b`�cFv^_*ltfYfi]J]}fAgFh}\^r�v|vm�*hJ[bfX]nrSe6f
r�]ÃhJ[bf6ltfirxad`�g�� ]8_x\qjJfiadhk\m`xg�cbgFh}\|v,hJ[bf6ltfirxad`�g¤p�fAhw]ÃhJ`F`�anvm`F]}f�hn`�hJ[bf6`xlt]}hwr�anvqf���Z/[bfAgH�Hhn[bf¯ad`�e"e�rSgt_Ffi_
_x\qjJfiadh}\q`�g¤]}[b`�cFv^_�hJcbjJg�hn[bf1�bcb�A�i�)cbp�r��¨r��
y~jJ`�e hJ[bf8`�lt]khwr�anvqf��blbcbhY[b`�utfdy~cFv|vm�¤]}hk\�v|v»\qg�hJ[bf
]JrSe6f;p�fAgbfAjdr�v
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FuzzBug Beacon Tracking:  Obstacle at 120 degrees
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hJ[bf,`�lt]khwr�anvqf��
hJ[bf�ad`�e6e�rSgt_Ffi_�_x\qjJfiadh}\q`�g�\^]�rSpFr�\qg � %�%�_FfAp�jnfAfi]A� Â ]"hJ[bf�lOfir�ad`�g r{ububjJ`Mr�an[bfi]6hn[bfs_x\qjJfiadh}\q`�g `Sy;hJ[bf
`�lt]}hdr�anvqf��7hJ[bf�ad`xe6e�rSgt_Ffi_�_x\qjJfiadh}\q`�g�hJcbjJgt]
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_x\qjJfiadh}\q`�gH�brSgt_�hJ[bfXad`xe6e�rSgt_Ffi_
_x\qjJfiadh}\q`�g"\^]7]}fAhQhJ` � %�%;_FfApxjJfAfi]A�QZ/[F\^]QlOfA[tri�x\q`�j7jnfAubjJfi]}fAgFhw]QrYhJjwr�_FfA`{¿6\qg
_Ffi]o\qp�g�p�`Mr�v^]A�/Z/[bf;jJcFvqfi]YrSgt_�e6fAe
lOfAjw]}[F\qu�y�cbgtadh}\q`�gt]Yad`�cFv^_�lOf1_Ffi]o\qp�gbfi_�hJ`"hJcbjJg�hJ[bf
�bcb�A�i�)cbp¯]ªv�\qp�[Fh}vq�
r��,ri��y�jJ`xe hn[bf;`�lt]}hwr�anvqf����,`S�/fA��fAji�{\qg�jJfir�vq�~�/`�j}v^_�`�utfAjwr{h}\q`�gH�tr
ltr�an¬*cbu�\^],r�adhJctr�v�vq��e6`xjJf;ct]}fdy~cFv �
Z/[bf/v^r�]kh7h}�/`Xp�jdrSub[t]7]}[b`S��hJ[bfY]JrSe6f,hnfi]}hw]»cbgt_FfAj,rYlbj}\qp�[FhQv|\qp�[Mh,ad`�gt_x\qh}\q`�gH�)Z/[F\^]Q\^]z\mgFhJfAgt_Ffi_"hJ`8hnfi]}hQhJ[bf
r�_brSubhdrSlF\|v�\qh}�6`SyHhJ[bf;]}�b]}hJfAe��xfi]}utfian\^r�v|vq��]o\qgtadf;hJ[bf,Á 
 ]}fAgt]}`�jw]/rSjnf,¬Mgb`S�,g"hJ`8lOf,v|\qp�[FhJ�§]}fAgt]o\qh}\q��f�� :�\mhn[b`�cbh
rSgF�¤`�lt]}hdr�anvqfi]A�QhJ[bf�lOfir�ad`�gb�~hJjwrxaJ¬x\qgbpsuOfAj}y~`�jJe�rSgtadf��,r�]Ãp�`F`µ_��7rx]1]k[b`��´g¤\qg��±\qp�cbjJf È %©� Â pMr�\mgH�¾hJ[bfAjJf
rSjJf
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hJ[bf8lOfir�ad`�g��,r�]´gb`�h']kfAfAg r{hXr�v|v§�'Z¨[bf1uOfAj}y~`�jJe�rSgtadf
�,r�]/gb`xh'r�]´p�`F`µ_��,[bfAg¤rSg
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hJ[bf*`�lt]}hwrxanvmf��)rSgt_¤hn[bf¯ad`�e"e�rSgt_Ffi_�_x\qjJfiadh}\q`�g��,r�]�]}`�e6fAh}\qe6fi] È �&%�_FfAp�jJfAfi]�� � \q��fAg�hJ[bf�`xutfAjwrShk\m`xg�`Sy
hJ[bf�Á
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FuzzBug Beacon Tracking Without Obstacles (Bright Light)
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FuzzBug Beacon Tracking:  Obstacle at 120 degrees  (Bright
Light)
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/fir�adhk\m�xf�ad`�gMhnjJ`Sv,`SyXe6`xlF\�vqf�jJ`xlt`�hw]�[tr�]"r�v^]}`�ltfAfAg�\qe6uFvqfAe6fAgFhJfi_ ct]o\qgbp�r�]}cblt]}cbe6ubh}\q��f�ltfA[tr��x\m`xj�rSub�
ubjJ`MrxaJ[ � � � � � � Â ]8rSubuFv|\qfi_�hJ`�hJ[bf*�bcb�A�i�)cbpt�»hJ[F\^];�/`�cFv^_�\qgF��`Svq��f�adjJfirSh}\qgbps]kfAutrSjwrShJf
lOfA[tri�x\q`�jw]Ãy~`�j;hJ[bf
ltfirxad`�gb�~hJjwr�an¬x\mgbp*rSgt_6hn[bfX`�lt]khwr�anvqf'r���`{\�_br{gtadfYy�cbgtadh}\q`�gt]��7Z/[bfYubjJ`�lFvqfAe«�/\qhJ[�hJ[F\^]/rSububjJ`Fr�aJ["\^])hJ[trSh/`�gbf
ltfA[tr��x\q`�j/ltfiad`�e6fi]/_F`�e�\mgtr{gMh/`S��fAjQhJ[bfY`�hJ[bfAj)ltfA[tr���\q`�j��µr{gt_6hJ[bf´hª�/`Ãy�cbgtadh}\q`�gt]/rSjnf,gb`�hQy~ct]}fi_"��fAjJ�
�/fdv|v �
Z/[trSh¾\^]A�S\|y½hJ[bfY�bcb�A�i�)cbp
fAgtad`�cbgMhnfAjJfi_�r{g6`�lt]}hwrxanvmf´�,[F\|vmf;hnjwr�an¬�\qgbp8hn[bf,ltfir�ad`xgH��\qh)� `xcFv�_"gb`�h)gbfiadfi]J]JrSj}\|vq�
¬Fgb`���hJ[bf�ltfi]}h;�,r���hn`�hJcbjngH�t�,[F\|vqf�]}hk\�v|v7hJjdr�aJ¬x\qgbp�hn[bf1lOfir�ad`�gH�;Z/[bf6r�_F�SrSgMhdrSp�f;hJ`*ct]o\qgbp*y�cb�A�A��vq`�pS\^aÃ\�]
hJ[trSh�hJ[bf6h}�/`�y~cbgtadh}\q`�gt]
aArSg�ltf"y�ct]}fi_ \qg	r���fAjJ�¤gtr{hJcbjwr�v7�,r����½]}`�hJ[trSh
r�jJfir�]k`�gtrSlFvqf¯_Ffian\^]o\q`�g aArSg¤lOf
e�r�_Ff;hn`�]}fAjJ��f;lO`�hJ[*y~cbgtadh}\q`�gt]A�
Â gb`�hJ[bfAj7r�_F�SrSgMhdrSp�f7`{ytct]o\qgbpYy�cb�A�A��vq`�pS\^a/rSubuFv|\qfi]QhJ`;hJ[bf)gb`S\^]}�
Á
�]}fAgt]k`�jw]A�	�X]o\qgbp
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Á
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rSjJ���/`�cFv^_�lOf¯r�]o\qgbpSvqf�hJ[bjnfi]}[b`Sv^_¤�Sr�vqcbf�� �,gFy~`�jJhJcbgtr{hJfdvq���½�¨\mhn[¤v|\qp�[FhJ�§]}fAgt]o\qh}\q��f�]}fAgt]k`�jw]A�±hJ[F\^];hJ[bjJfi]k[b`Sv^_
�/`�cFv^_�an[trSgbp�f*_FfAutfAgt_x\qgbp�`xg¤hJ[bf�rSe
lF\qfAgFh8vqfA��fdv/`Sy/v|\mpx[Mhi��Z/[F\^]1ad`xgt_x\mhk\m`xg�fd¼F\^]}hw]Ã\qg�hJ[bf�y�cb�A�A��\qe6uFvqfA�
e6fAgFhwrSh}\q`�g�r�]/�/fdv|v§�blbcbh,ct]o\qgbp"y�cb�A�A�"vq`�pS\^a8r�v�vq`S�X])hJ[bf;lO`�cbgt_brSjJ�*hJ`6lOf;p�jwr�_Fctr�v�\qgt]}hJfirx_*`Sy¾r
]}[tr{jJu*v|\mgbf��
Z/[F\^]Y[tr�]´hJ[bf8fd¿HfiadhY`Sy ]}e6`F`�hJ[F\qgbp*`�cbhYhJ[bf8fd¿Hfiadhw]´`Sy7hJ[bf���rSj}\^rShk\m`xgt]A�,Á y¨r6_x\^]JadjJfAhnf1e"fAhJ[b`µ_��/fAjJf�ct]}fi_��
hJ[bf;uOfAj}y�`xjJe�rSgtadf�� `xcFv�_*ubjn`�ltrSlFvq��ltf�fA��fAg�e6`�jJf8]kfAgt]o\qh}\q��f8hJ`"hJ[bfYv|\mpx[Mh}\qgbp�ad`�gt_x\qh}\q`�gt]��
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Z/[bf;h}�/`�� vqfA��fdv�y�cb�A�A�*vq`�p{\�a�ad`�gFhJjJ`Sv|vqfAj,ubjJ`S��fi_*hJ`
lOf8r
fdÅ¯an\qfAgMhYe6fAhJ[b`b_"y~`�j,ad`�e
lF\mgF\qgbp*e
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r,]}e�r�v|vµr{e6`�cbgFhH`Sybe6fAe6`�jJ���»Z/[bf r�vmhnfAjJgtrSh}\q��fQ�/`�cFv^_;lOf7hJ`´�,j}\qhJf7`xgbf7]}fAh½`{yµjJcFvqfi]±hJ[trShHjnfdy�fAjJfAgtadfi_�r�v|v
hJ[bfX]kfAgt]}`�jw]A�»Z/[F\^]/rSububjJ`Mr�an[
�/`�cFv^_
[tr���f/ltfAfAg*e1ctan[6e6`xjJf,ad`�e6uFvqfd¼�rSgt_
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utfAjky�`�jne�rSgtadf��FjJfir�_x\qgbpM]¾y~jJ`�e ub[b`xhJ`6]}fAgt]}`�jw])ad`�cFv^_*ltf;ct]}fi_"hJ`
r�_�¦ªct]kh hn[bfXe6fAe
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Á
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