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R3

R2

R4

Rm

R=MAX{votos(R 1), votos(R2), ..., votos(R m)}
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[]\�^�_�`�acbedgf&bh`�^�\jikdml&`�n�o�a*lgl�p\kq ���������r#��(7#pþ*���s+����t;������&uwv�����xk�6y v���rz�{}| /�)�� "�~�����k�.þ % � ���
% ����� � � �+��� % �� ���� % ��(��� �+�('�� ���� % � � ������ � þ*��� � �}���������.þ % ���������� /�"�������������6�� �+���þ*���þ*�����������
� � � � �+��� % �� ���� % ���� ����+������� ���� % �)����� �&% þ7#�����)� ��������+���������� % ������"+��� � �� "������������+������ �
�����$�k���"3���� "�� �� /4 #��7þ*�$��� � � �+�� %����� � þ'�	�s������� � � �+��� % �� ���� %  /�m����+���������� % ����s+������ "�
 /���k�.þ*����������� % ������Q���.þ % ��$���6�9ýZ���c�4ÿ������m�	� �k�5�k������� � ��+�����('�"�� "��3�����������"�k���$���&�����$�� 
��� % ���� Aþ*������ � � �+��� % �� ���� % �� [ �6�9ý % �� �(;þ*��������������� % �������������8��� /4 ����þ*� % ����(;þ;ÿr������� � � 
�� % ����8 /�����(*���� � � �+��� % �� ���� % ��g��� [ ������þ;ÿ����������� l&`�n�o�a*lgl�p\kq ������ÿ�����-+��� � ������6��� � ��� �
��������������~��� % ���m�� � � �+��� % �� ���� % �������� �+��� % �� ���� % �� � � �+�(*���	������ � �� "������������+�����þ*������
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+��� % �� ���� % �v � �� % ���('��$#�� /4 � ��(*���§��K � � �+��� % �� ���� %  [ ��� % þ7#����5� �&% þ7#��1��$�����$��� /4 ����þ*�.þ*���
�¡��� /4 ���¡�� � � �+��� % �� ���� % )v¨� /���-ÿ�����¡ � � �+��� % �� ���� %  [ �k��� � �� % ���('�¡¡#�� /4 � ��(*���©D
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� �&% þ7#�"�� � � �+��� % �� ���� %  [ þ*��� �&% þ7#��1J����� % �������"�� � � �+��� % �� ���� % "vª����� /�m�"��� % �������mvQ�
©D���� % ��� % �1����8 � � �+��� % �� ���� %  [ ��� % þ7#����D� �&% þ7#��1������������ /4 ���$+���������� /���������D����� % ����������
� � �+��� % �� ���� % "vQ�J�Z «�� $����D��Q �� � ���.þ*�� ����1 /�� � � �+��� % �� ���� % ������ /4 #���(¬ "�-þ*�;��(*�&#�����
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S

Supressor

Inibidor

Entradas Saídas
Módulo de

Comportamento

È�É*Ê�Ë�Ì�Í Ç	Î Ï�Ð�Ñ6Ò ÈwË	Ó�É*Ô*É*Õ�Í�Ö�Í�×�Í6Ø�Ù�Ú�Û�ÜcÝeÞgß&ÝhÛ�Ù�Ø¡àkÞFá&Û�â�ã�Ü*ágá�äØkå

Comportamento A
Entrada A Saída A

Comportamento B I
Saída BEntrada B

Comportamento A
Entrada A Saída A

Comportamento BS

Saída BEntrada B

Saída B se A inactivo
Saída A se A activo

È�É*Ê�Ë�Ì�Í Ç	Î¥æ�Ð�ç Ì�è�É7Ó�Ì�Í�éê�ëÍ�ì8×�Í"Ø�Ù�Ú�Û�ÜcÝeÞgß&ÝhÛ�Ù�Ø�àkÞ;á&Û�â�ã�Ü*ágá�äØkå5Í�Ó�Ì�Í�í�îï�ð Ö ï Írñ.òe×�É*è�É,éê�ëÍ�ì ï è0ñ�ó�Ë�ô�Ì ï�ð�ð�ëÍ�ì

õ Ë ï�ð�ï8ð ì�è�Ì ï ô ëì ï Í�ì ê ì�ö�ô�ì�Ì,ÓgÍ�ö ï ×rÓ�ì�É*×	÷ ï Ì�É*ì�Ì Î
ø;Ó�É*Ô*É*Õ�Í�×�Ö�ì ï�ð Ó ï Ó�É*ô�ìFÖ ï Í�Ì�è�É7Ó�Ì�Í�éê�ëÍ�ì�ù ï�ú É ð Ó ï Í�ô ï ×�Í ð Ë�ö ê ì�ö�ô�ì�Ì,ÓgÍ�ö ï ×rÓ�ì õ Ë ï ù ð ì�è�Ì ï ô�ì�×�Ö�ì�û

ð�ï Í)Ó�ì�Ö�ì ð ì ð ì�Ë	Ó�Ì�ì ð ù ê ì�×rÓ�Ì�ì�Ô'Í)ì-í ï îü ê Ë�Ô*ì Î-ý ï�ð ÓgÍ-÷�ì�Ì�ö"Í	ù2× ëÍ�ìÂîï ô�ì ð�ð îü í ï Ô ð Í�Ó�É ð ÷hÍ�Õ ï Ì�Ö�ì�É ð ì�Ë
ö"Í�É ð ì�èkþ ï�ê Ó�É7í�ì ðDð É*ö$Ë�Ô7ÓgÍ�× ï Í�ö ï ×rÓ ï Î

ÿ�������� ���	��
�������������������	���
� öwîï Ó�ì�Ö�ìFÖ�ì ð ß�Ø�ã ��å á!��å�ÝeÞ#"Jß&ÜhØ�Ü*áDØ�Ù�ÝhÜ $�ß&ÜhØ�Ü*á¬÷�ì�É�Ö ï�ð�ï ×rí�ì�Ô7í�É*Ö�ì�ô�ì�Ì�%FÌ�ì�Ê'&�(�ß�Ø�ã ��å á)��å�ÝeÞ#"Jß&ÜhØ�Ü*á
* Þ#"JÞ&Ù�Ø,+ Ü.- Øràkå�ñ�/ %10�2'354 ï %1&�Í�Ó�É*è6(�ß�Ø�ã ��å á���å�ÝeÞ#"Jß&ÜhØ�Ü*á�ß#+87Ø}ágá&Ü�ßgå�ñ�/ %1&�Í'2'354Jô�Í�Ì�Í�ô�Ô'Í�× ï Í�ö ï ×rÓ�ì�Ö ï
Ó�Ì�Í þ ï�ê Ó0îì�Ì�É'Í ð�ð Ë�Í�í ï�ð�ï ö Ì�ì�è;îì�Ó�É ê Í)ö îì�í ï Ô ï ö"Í�×�É*ô�Ë�Ô'Í�Ö�ì�Ì ï�ð ù2Ì ï�ð ô ï�ê Ó�É7í�Í�ö ï ×rÓ ï Î ó ï Ê�Ë�×�Ö�ì ï�ð ÓgÍ
Í�è�ì�Ì�Ö�Í�Ê ï ö-ù.ìsÌ�ì�è�9ì îï Ó�Ì�Í�ÓgÍ�Ö�ì ê ì�ö�ì�Ë�ö"Í�ô�Í�Ì,Ó îü ê Ë�Ô'Í õ Ë ï¡ð�ï ö�ì í ï¡ð ì�è Í�É*×;:�Ë<9ï × ê É'Í�Ö ï Ë�ö
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Z\[,]_^a`N^a`,bdcEe�ZEfg[,hi[,jkbdf.lmZEfg[,hYn)o�p�qsr t1um['v'w5xzy|{}Z\[,]_^a`N^a`,bdcEe�ZEfg[,h�~c���c#lme�f���`�ZE`']_`N[N��`']V[
��c���]�^a`,bdcEe�ZEfg[,hP[5bdjd[,Z#bdf.�'`�����c�^��L��[�`�j�`'���`�cE]���f�j�cEZL�Z,�[,`�[,`�`'����cEZ#bdf.�'`�c���c���]�Z\[,]_^a`
^a`,bdcEe�ZEfg[,h�j�cE^���h���f.�'`�����c�j�cE^acEh�c�`�j�`'���`���`'��`'���kb�~[,ZE��h�`'�S��lm�'��jd[��;y w8��yi�Lc��d[_��� ��¡¢`�cE��^m[a�ZE`
��cVZE`'e;lm�'��jd[a�Z,�[,`���`�j�`'���`�c�[£^a`'��fk�Z,�[,`���`�j�`'���`���]¤^a`'e8bd`�¥§¦¨�©cE]}����cV¥�ª¤��«�¬d��S¦¨�
e���]®��c#bdcEj�]_f�em[,��`¢j�c#¯°cEj�cEe�ZEfg[,hz±�`_j�`'���`§~ci�'��fg[,��`¢^acEhg[�¯°`'j5�Z\[����'cEZ#bd`'j�fg[,h���²³o�p�q��°¥;�´f�e�����µEf��m[S^acEh�`
Z\[,]_^a`�^a`,bdcEe�ZEfg[,h¶�°cE��Z\[,hg[,j·��n)o�p�q��°¥;������c�h�u�c´��~[1[�]_cEh�u�`'j���f�j�cEZL�Z,�[,`1c´�'cEh�`LZEf��m[,��c´��c´]_`¸�Lf�]_cEe8bd`
[S��cE�'��f�jE¹

²³o�p�q��°¥;�	ªJº�»�n)o�p�qd�°¥;� �¼�;y.½³�
cE]|����c¢»|j�cE^�j�cE��cEe8b·[¾`V��f�em[,h���c�'jd[,��f�cEe8bdc,y�{¿Z\[,]_^a`V^a`,bdcEe�ZEfg[,h�[,jkbdf.lmZEfg[,h)n)o�p�qS~c�m[,��`�^acEhg[
��`']V[���`¾Z\[,]_^a`¾^a`,bdcEe�ZEfg[,h![5bdjd[,Z#bdf.�'`£n)o�c���`sZ\[,]_^a`�^a`,bdcEe�ZEfg[,h)j�cE^���h���f.�'`�n�pi[,����`LZEfg[,��`s[,`'�
`'���kb�~[,ZE��h�`'�E¹

n)o�p�q��°¥;�	ªÀn)o,�°¥��¶ÁÂn�p³�°¥;� �¼�;y = �
n)os~cPf�e���cE^acEe���cEe8bdc���`'�Ã`'���kb�~[,ZE��h�`'�´[,����f�]ÄZE`']_`¢n�pV~c f�e���cE^acEe���cEe8bdc��m[Y^a`'��fk�Z,�[,`��``'����cEZ#bdf.�'`�y
Å ¯°`'j5�Z\[¢[,jkbdf.lmZEfg[,hÆj�cE����h.b·[,e8bdci����ci�'��fg[S`¢j�`'���`Ç~ci�m[,�m[S^a`'jE¹

²³o�p�q��°¥;�	ªJº�»�n)o8�°¥;�)º§»�n�p5�°¥;��ª ²³o'�°¥;�¶Á�²¸p³�°¥;� �¼�;y �8�
Å ¯°`'j5�Z\[V[5bdjd[,Z#bdf.�,[V²³o6~cYe�`'j�]V[,h�]_cEe8bdc1^�j�`'^a`'j�ZEf�`'em[,hÃÈ[_��f��kb5�[,e�ZEfg[¢cEe8bdj�c`Vj�`'���`Vc[_^a`'��fk�Z,�[,`_��`
`'����cEZ#bdf.�'`�¹

²³o'�°¥;�	ªJº É_o8�°¥ºÇ¥�Ê�ËÍÌE� �¼�;y > �
cE]®����cÉ_o�~ci��]V[SZE`'e��kb·[,e8bdc��cY^�j�`'^a`'j�ZEf�`'em[,h�f��m[,��c ^a`'��f.bdf.�,[�cY¥�Ê�ËÍÌ�j�cE^�j�cE��cEe8b·[�[¢^a`'��fk�Z,�[,`¢��`
`'����cEZ#bdf.�'`�e�`�cE��^m[a�ZE`��Çy�Î�`'j�¯°`'j�]V[[YZE`'e���cE�'��f�j´[cE�kb·[,��f�h�f��m[,��c���`���f��kbdcE]V[;±;ti[5bdu�f��_f�e8bdj�`L����µ
[,f�e��m[S��]V[¯°`'j5�Z\[¢Ï�ÐPªÑº É¢Ð<Ò¥V¯°��e)�Z,�[,`_�m[��'cEh�`LZEf��m[,��c,±�j�cE����h.b·[,e���`_��]V[�¯°`'j5�Z\[¢[5bdjd[,Z#bdf.�,[;¹

²³o'�°¥;��ªÑº É_o'�°¥ºÇ¥�Ê�ËÍÌE�)º§É¢Ð<Ò¥ �¼�;yÔÓ'�
Å ¯°`'j5�Z\[Çj�cE^���h���f.�,[§²¸p£j�cE����h.b·[Ç�m[Ç��`']V[Ç�m[,�¾¯°`'j5�Z\[,�¾j�cE^���h���f.�,[,�£[,����`LZEfg[,�m[,�s[ÇZ\[,�m[§��]©��`'�
`'���kb�~[,ZE��h�`'� ²¸p�Õ�¹

²¸p³�°¥;�	ªXÖ Õ ²¸pz×k�°¥;� �¼�;y w8�
Ø `6Z\[,��`6��c���cE�k�Lf�`6h�`LZ\[,h���c�`'���kb�~[,ZE��h�`'�E±�`'��Z\[,]_^a`'���E�[,`�Z\[,h�ZE��hg[,��`'�h�`LZ\[,h�]_cEe8bdc_cE]}bdcE]_^a`
j�c\[,hz±�ZE`']Ä�m[,��cPcE]Ùh�cEf.bd��jd[,�	[,Z#bd�m[,f��	��`'�Ã��cEe���`'j�cE�Ã��`j�`'���`�y Å ¯°`'j5�Z\[ij�cE^���h���f.�,[;±�~cP^a`'j	f�����`Y]V[,f��
ZE`'j�j�cEZ#b·[,]_cEe8bdcic��;^�j�cE���d[V^a`'jE¹

²¸p³�°¥���ª Ö Õ ²5Ú¼Û¼Ü¸Ú¼Êzpz×k�°¥;� �¼�;yÔÝ'�
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Robô

Meta

s_ds_e
s_f

obstáculo 1

obstáculo 2
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¯�° ±�²U³~´µ�¶U·�¸Q¹»º5¼¾½ ²T¿pÀTÁ=²J± Â¬Ã² ¹ÅÄ À;²h± ¶�µ ¿5²
Æ�Ç�È�Æ�É�Ê�Ç�Æ�ËLÌ�Ê"Ì�Í�Î�ÏÐÌ�ÊKÉ~Ê�É�Ñ�ÒÉ�Ó�Æ�Ç�È�Ô�É~ËEÉ�Ê�Ï�Æ�Æ�É�Õ�É�È�Æ�Ï�Ô�Ç�Ê"Ì�Ô�É~Î�Ö×Ö}ØÇ1Ù"É5Ô�É�Ê�Ç3Ì�Õ1Ù"Ï!Ú�É�Û$ÜÝÖ}ØÇ1Ù"É5Ô�ÉÔ�É�Æ�Õ3Ì�Ö
ËEÉ�ÆKËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Ï�ÆUËEÉ5Ô�Ç�Ó�È�É�Ç�ÈBÙ¨Ì�ÈBÙ"É�Ó�Æ�Ç�Ê�Î�Ù"Ï�Þ�Ï�ß3Ì�Ô�ÉCÕ�É�Ö
É�Ö}ØÇ1Ù"É5Ô�É$Í�Þ�É�ÑLÌ�Þ+ÓAÏ�ÆPÙ"ÉàØÇ�ÓIËLÌ�Ê"ÌË�ÞÐÌ�È�Ç3Ì�Ö
Ç�ÈBÙ"ÉKÍ�Þ�É�ÑLÌ�Þ5Ô�Ç�Ù"Ê"Ì-á�Ç�Õ1ÙRØÉ�Ê�ÏÐÌ�Æ�Ûpâ>Ù"Ï�Þ�Ï�ß3Ì�È�Ô�É<Î�ÖãÖ
É5Ô�Ç�Þ�ÉUË�Ê5ØÇ/äsÔ�Ç1åLÈ�Ï�Ô�É�Ô�ÉKÖ0Î�È�Ô�É�ÓBËEÉ5Ô�Ç�ÖÆ�Ç�Ê<Î�Ù"Ï�Þ�Ï�ß3Ì�Ô�É�Æ=Ö}ØÇ1Ù"É5Ô�É�ÆTÆ�Ï�ÆPÙ"Ç�Ö¬Ì'Ù"Ï�ß3Ì�Ô�É�ÆTÔ�Ç�Ë�ÞÐÌ�È�Ç3Ì�Ö
Ç�ÈBÙ"É
Ô�ÇhÙ"Ê"Ì-á�Ç�Õ1ÙRØÉ�Ê�ÏÐÌ8æ ç�Ì'Ù¨è�é1ê+ÓEÇ�Þ�Ï�Ö
Ï�ÈLÌ�È�Ô�ÉÌ�Þ�Í�Î�Ö¬Ì�ÆSÔLÌ�ÆQÔ�Ç�ÆPÚ�Ì�ÈBÙ¨Ì�Í�Ç�È�Æ�Ï�È�Ç�Ê�Ç�ÈBÙ"Ç�Æ�Ì�É�ÆwÕ3Ì�Ö
ËEÉ�ÆSËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Ï�Æ�ÓmÈ�É�Ö
Ç3Ì�ÔLÌ�Ö
Ç�ÈBÙ"Ç<ÌhÆ�Î�Æ�Õ�Ç�Ë�Ù"Ï�Ñ�Ï�Þ�Ï�äÔLÌ�Ô�ÇQÔ�ÇQÉTÊ�É�Ñ�ÒÉ>åLÕ3Ì�Ê�Ë�Ê�Ç�Æ�É<Ô�Ç1Ú5Ï�Ô�ÉUÌ>Ö~Øë È�Ï�Ö
É�ÆAÞ�É5Õ3Ì�Ï�ÆQìíåLÍ�Î�Ê"ÌTî�Û�ï�ðAÇQÇ1Ú5Ï�Ô�Ç�È�Õ�ÏÐÌ�Ê�Õ�É�Ö
ËEÉ�ÊPÙ¨Ì�Ö
Ç�ÈBÙ"ÉÕ�Øë Õ�Þ�Ï�Õ�ÉCìíåLÍ�Î�Ê"Ì�î�Û ñBð/Û;âTÖòÖ~Øë È�Ï�Ö
É�Þ�É5Õ3Ì�ÞLÆ�Î�Ê�Í�Ç<ómÎLÌ�È�Ô�ÉJÉ�Æ�É�Ö¬Ì'ÙRØÉ�Ê�Ï�É�ÔLÌ�Æwô%É�Ê'õÕ3Ì�ÆQÊ�Ç�Ë�Î�Þ�Æ�Ï!Ú�Ì�ÆwÕ�É�ÖÌCô%É�Ê'õÕ3Ì�Ì'Ù"Ê"Ì�Õ1Ù"Ï!Ú�Ì®ØÇ9ß�Ç�Ê�É�Ó�Þ�Ç1Ú�Ì�È�Ô�ÉYöÌ$ËLÌ�Ê"Ì�Í�Ç�Ö�Ô�É�Ê�É�Ñ�ÒÉ�ÛJ÷;ÆPÙ"Ç
Ë�Ê�É�Ñ�Þ�Ç�Ö¬ÌCÇ9É�Î�Ù"Ê�É�ÆUÙ¨Ì�Ï�ÆKÕ�É�Ö
ÉÌ0Ï�È�Õ3Ì�ËLÌ�Õ�Ï�ÔLÌ�Ô�ÇUÔ�ÇUËLÌ�Æ�Æ"Ì�Ê=Ç�ÈBÙ"Ê�Ç�É�Ñ�ÆPÙRØÌ�Õ�Î�Þ�É�Æ�ËEÉ�Î�Õ�ÉJÇ�Æ�ËLÌEõÕ3Ì�Ô�É�Æ�ÓRÌ0É5Õ�É�Ê�Ê�ÒÇ�È�Õ�ÏÐÌ�Ô�ÇKÉ�Æ�Õ�Ï�ÞÐÌEõÕ�øÉ�Ç�Æ�ÈLÌË�Ê�Ç�Æ�Ç�È�õÕ3Ì¬Ô�ÇhÉ�Ñ�ÆPÙRØÌ�Õ�Î�Þ�É�ÆTÇ�É�Æ�Õ�Ï�ÞÐÌEõÕ�øÉ�Ç�Æ>Ç�Ö4ËLÌ�Æ�Æ"Ì�Í�Ç�È�Æ<Ç�ÆPÙ"Ê�Ç�Ï!Ù¨Ì�Æ>ô%É�Ê"Ì�Ö�Ô�Ï�Æ�Õ�Î�Ù"Ï�Ô�É�Æ>Ç�Öùæ ú�û�è�é1ê�ÇÌ�Ë�Ê�Ç�Æ�Ç�ÈBÙ¨Ì�Ô�É�Æ;Õ�É�Ö
ÉUÞ�Ï�Ö
Ï!Ù¨ÌEõÕ�øÉ�Ç�Æ�Ï�È�Ç�Ê�Ç�ÈBÙ"Ç�ÆSÌ�É�ÆpÕ3Ì�Ö
ËEÉ�Æ�ËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Ï�Æ�ÛpüwÉ�È�ý�Ç�Õ�Ç�È�Ô�É�Ù"É5Ô�ÉUÉUÇ�Æ�ËLÌEõÕ�ÉÔ�Ç�Õ�É�È�åLÍ�Î�Ê"ÌEõÕ�øÌ�É8ì%Õ�É�Ö4Ô�Ç�Æ�Õ�Ê�ÏPõÕ�øÌ�É
Ô�É�Æ>É�Ñ�ÆPÙRØÌ�Õ�Î�Þ�É�Æ¨ð/Ó=ØÇ�ËEÉ�Æ�Æ3Øë Ú�Ç�ÞIÇ�Æ�ËEÇ�Õ�Ï!åLÕ3Ì�ÊTÎ�Ö¬Ì0ô%Î�È�õÕ�øÌ�É
ËEÉ�Ù"Ç�È5äÕ�ÏÐÌ�ÞwÕ�É�ÖþÎ�ÖÿØÎ�È�Ï�Õ�ÉGÖ~Øë È�Ï�Ö
É�Þ�É5Õ3Ì�ÞwÞ�É5Õ3Ì�Þ�Ï�ß3Ì�Ô�É~ÈLÌGËEÉ�Æ�ÏPõÕ�øÌ�ÉGÉ�Ñmá�Ç�Õ1Ù"Ï!Ú�É�Û��TÉ�Ù"Ç/äsÆ�Ç�ÓQÈ�É@Ç�ÈBÙ¨Ì�ÈBÙ"É�ÓómÎ�ÇCómÎLÌ�È�Ô�ÉGÎ�Ù"Ï�Þ�Ï�ß3Ì�Ô�É�ËLÌ�Ê"Ì~Ë�ÞÐÌ�È�Ç3Ì�Ö
Ç�ÈBÙ"É~Í�Þ�É�ÑLÌ�Þ;Ô�Ç¬Ù"Ê"Ì-á�Ç�Õ1ÙRØÉ�Ê�ÏÐÌ�Æ�Ó�É8Õ3Ì�Ö
ËEÉ~ËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Þ;Ù"É�Ù¨Ì�ÞÙ"Ç�Ö�Ô�ÇhÆ�Ç�ÊTÕ3Ì�Þ�Õ�Î�ÞÐÌ�Ô�ÉJË�Ê�Ç1Ú5ÏÐÌ�Ö
Ç�ÈBÙ"Ç�ÓRÇ�Ô�Ç�Î�Ö¬ÌJÆLØÉ
Ú�Ç�ß�ÓRÉ
ómÎ�ÇhÇ���Ï�Í�Ç�Î�Ö�Ç�Þ�Ç1Ú�Ì�Ô�É
Ç�ÆPô%É�Ê'õÕ�É
Õ�É�ÖJäË�Î�Ù¨Ì�Õ�Ï�É�ÈLÌ�Þ+Û��<Ì¬Ë�ÊLØÌ'Ù"Ï�Õ3Ì�ÓRÈLÌ
Ë�Ê�Ç�Æ�Ç�È�õÕ3ÌCÔ�Ç0Ì�Ö0Ñ�Ï�Ç�ÈBÙ"Ç�Æ<Ô�Ï�È�ÒÌ�Ö
Ï�Õ�É�Æ�Ó�Ù"É�Ê�ÈLÌ äsÆ�ÇhÆ�Ç�Ö
Ë�Ê�Ç�È�Ç�Õ�Ç�Æ�ÆLØÌ�Ê�Ï�ÉÎ�Ö¬Ì�Ê�Ç3Ì�Õ1Ù"ÎLÌ�Þ�Ï�ß3ÌEõÕ�øÌ�É�ì%Ç�ÖÝÙ"Ç�Ö
ËEÉ0Ê�Ç3Ì�ÞíðSÔ�É�Æ=Õ3Ì�Ö
ËEÉ�ÆwËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Ï�ÆwÈLÌ�Æ=Ë�Ê�É���Ï�Ö
Ï�ÔLÌ�Ô�Ç�ÆwÔ�ÉJÊ�É�Ñ�ÒÉ�Û��åLÍ�Î�Ê"Ì9î�Û è�ÌBðQÖ
É�ÆPÙ"Ê"ÌJÌ�Æ=Þ�Ï�È�ýLÌ�ÆwÇ�ómÎ�Ï�ËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Ï�Æ�Ô�ÇUÙ"É5Ô�ÉJÉ9Õ3Ì�Ö
ËEÉJËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Þ�ÇKÎ�Ö¬Ì�Ù"Ê"Ì-á�Ç�Õ1ÙRØÉ�Ê�ÏÐÌómÎ�Ç�Æ�Ç�Í�Î�ÇKÉJÍ�Ê"Ì�Ô�Ï�Ç�ÈBÙ"ÇKÔLÌ�ô%Î�È�õÕ�øÌ�É9ËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Þ+Û��ÅåLÍ�Î�Ê"Ì9î�Û è�ÑRðQÖ
É�ÆPÙ"Ê"ÌJÌ�Æwô%É�Ê'õÕ3Ì�Æ�Ú�Ç�Õ1Ù"É�Ê�ÏÐÌ�Ï�Æ�ómÎ�ÇÔ�Ç�Ê�Ï!Ú�Ì�ÖòÔ�É0Õ3Ì�Ö
ËEÉ0ËEÉ�Ù"Ç�È�Õ�ÏÐÌ�ÞLÙ"É�Ù¨Ì�ÞEÇUómÎ�ÇUÆ�øÌ�É0Î�Ù"Ï�Þ�Ï�ß3Ì�ÔLÌ�ÆQÕ�É�Ö
É�Õ�É�Ö¬Ì�È�Ô�É�ÆwËLÌ�Ê"Ì�Í�Î�ÏÐÌ�ÊQÉ0Ê�É�Ñ�ÒÉ�Û

	 Ì�Ê"Ì Ì�Þ1ØÇ�Ö ÔLÌ¾Õ�ÞÐÌ�Æ�Æ�Ï!åLÕ3ÌEõÕ�øÌ�É®Ô�ÇOÖ}ØÇ1Ù"É5Ô�É®Þ�É5Õ3Ì�ÞUÚ5Æ�ÛuÍ�Þ�É�ÑLÌ�Þ+ÓUÉ�Æ~Õ3Ì�Ö
ËEÉ�Æ�ËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Ï�Æ�Æ�øÌ�ÉÙ¨Ì�Ö0ÑwØÇ�Ö Õ�ÞÐÌ�Æ�Æ�Ï!åLÕ3Ì�Ô�É�Æ¬Ô�Ç8Ì�Õ�É�Ê�Ô�ÉYÕ�É�Ö ÉOÙ"Ï�ËEÉNÔ�Ç8ËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Þ�
������������ ����É�Î���������� � � � �!��" �'ÛÅÜÕ�É�È�Õ�Ç�Ï!Ù"É�Ô�Ç#� �%$'& � �(& �*)+����� �,�%�-� ��������� � � � �!��" ��ô%É�ÏpÏ�ÈBÙ"Ê�É5Ô�Î�ß�Ï�Ô�É�ËEÉ�ÊhúKÊ�É�Í�ý®æ ú/.>ñ ° ê+Û105Ç�Í�Î�È�Ô�ÉÇ�ÆPÙ¨Ì$Ì�ÑEÉ�Ê�ÔLÌ�Í�Ç�Ö�ÓEÌ¬Ï�ÈBÙ"Ç�È�Æ�Ï�ÔLÌ�Ô�Ç�Ô�ÉCÕ3Ì�Ö
ËEÉ¬ËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Þ�ÈAøÌ�É¬Ô�Ç�ËEÇ�È�Ô�Ç9Ì�ËEÇ�ÈLÌ�ÆUÔLÌ¬ËEÉ�Æ�ÏPõÕ�øÌ�É32�Ô�ÉÊ�É�Ñ�ÒÉ
ì%Ô�Ï�ÆPÙ'ÒÌ�È�Õ�ÏÐÌUÌ�É�ÆpÉ�Ñ�ÆPÙRØÌ�Õ�Î�Þ�É�Æ¨ð�Õ�É�Ö
ÉUÈLÌKÌ�ÑEÉ�Ê�ÔLÌ�Í�Ç�Ö Õ�Þ-ØÌ�Æ�Æ�Ï�Õ3Ì�Ó�Ö¬Ì�Æ�Ù¨Ì�Ö0ÑwØÇ�Ö ÔLÌ<Ú�Ç�Þ�É5Õ�Ï�ÔLÌ�Ô�Ç54Ô�É�Ê�É�Ñ�ÒÉ�È�Ç�Æ�Æ�ÇUÏ�È�ÆPÙ¨Ì�ÈBÙ"Ç�ÛQÜÅËEÉ�Ù"Ç�È�Õ�ÏÐÌ�Þ=ØÇTÕ3Ì�Þ�Õ�Î�ÞÐÌ�Ô�ÉhÇ�ÖVô%Î�È�õÕ�øÌ�É0ÔLÌhË�Ê�É���Ï�Ö
Ï�ÔLÌ�Ô�ÇTÌ�É�ÆQÉ�Ñ�ÆPÙRØÌ�Õ�Î�Þ�É�ÆÇ<Ù¨Ì�Ö0ÑwØÇ�ÖòÔ�É0Ù"Ç�Ö
ËEÉ0Ì'Ù�ØÇUÎ�ÖÝËEÉ�Ù"Ç�È�Õ�ÏÐÌ�ÞEÏ�Ö
ËLÌ�Õ1Ù"É$ìíÙ"Ç�Ö
ËEÉ�Ô�ÇUÕ�É�Þ�Ï�Æ�øÌ�Émð/ÛpúKÊ�É�Í�ýCÔ�Ç1åLÈ�ÇKÉ0ËEÉ�Ù"Ç�È5äÕ�ÏÐÌ�Þ;Õ�É�Ö
É�É�Ï�ÈBÚ�Ç�Ê�Æ�É~ÔLÌ $6� ����� $7" �8)+� $'& � &9� � �:" � ��;!� ��ì�<=.?>�ð/Ó�ómÎ�Ç}ØÇ¬Ì�Ô�Ï!ô%Ç�Ê�Ç�È�õÕ3Ì�Ç�ÈBÙ"Ê�Ç
ÉÙ"Ç�Ö
ËEÉ¬ómÎ�Ç�É¬Ê�É�Ñ�ÒÉCÞ�Ç1Ú�Ì�Ê�ÏÐÌ9Ì'Ù�ØÇ�ómÎ�Ç0Ì9Ú�Ç�Þ�É5Õ�Ï�ÔLÌ�Ô�Çhô%É�Æ�Æ�Ç�ß�Ç�Ê�ÉCÆ�Ç�Ô�Ç�Æ"Ì�Õ�Ç�Þ�Ç�Ê"Ì�Æ�Æ�Ç~öÌ9Ù¨Ì���Ì
Ö~Øë È�Ï�Ö¬ÌìíÙ"Ç�Ö
ËEÉKÖ ØÌ���Ï�Ö
É�Ó%@+ACBEDJìíÙ"Ç�Ö
ËEÉKÔ�Ç>Õ�É�Þ�Ï�Æ�øÌ�Émð�ð�Ç=ÉKÙ"Ç�Ö
ËEÉ�ómÎ�Ç>Þ�Ç1Ú�Ì�Ê�ÏÐÌUÌ'Ù�ØÇ>ómÎ�ÇTÌUÚ�Ç�Þ�É5Õ�Ï�ÔLÌ�Ô�Ç�ô%É�Æ�Æ�Çß�Ç�Ê�ÉJÆ�ÇUÔ�Ç�Æ"Ì�Õ�Ç�Þ�Ç�Ê"Ì�Æ�Æ�Ç¬öÌhÙ¨Ì���Ì�Ö ØÌ���Ï�Ö¬Ì¬ìíÙ"Ç�Ö
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 ÷ ø��ñ ÷o÷ ínüJï9ñ��û-ùú4ø ÷ øÿCñ ÷ í7ýTüJøðJñ û �û-ùú4ø ÷ øýTüJð3ø^ú����3ø û üJí��4ú ÷o÷ùñ-ú
ÿSï1ínüJú©í7ÿ��Aú4ð*ü,ñ-ýTüJø ÷�� �Aú4í ÷ ñ ÷3÷ øî4ï1ðJñ�
 ÷ ø���ï1ø~ø ÷ üJø ÷ � ùñ-ú ÷ øð û ú4ÿ��1í7ý9ñ-þ1ú ÷ þ1ø��]ú4ð3ÿ"ñ û ú�øð3øýTüJø
ú��güJøý1þ1úQñSð3ø ÷ �Aú ÷ ü,ñSþ1ø ÷ ø �Jñ-þ9ñ ò"! ú�øýTü,ñ-ýTüJú �9÷ øoú�ý#�ï1ÿQøð3úSþ1ø$�-ñ-ð3í%�ñ&�4øí ÷ þ1øoøýTüJðJñ-þ9ñ�ñ-ï1ÿQøýTü,ñ-ð �
ú�ý#�ï1ÿQøð3ú�þ1øoð3øî4ðJñ ÷ ñ-ï1ÿQøýTü,ñ ÷ í7î4ý1í�' û ñRüJí��-ñ-ÿQøýTüJø ò)( ï9ñ-ýTüJú*�ñ ÷ øî4ï1ý1þ9ñQñ��Aú4ð3þ9ñ-î4øÿ � ñ ÷ ð3øî4ðJñ ÷
÷ùñ-ú·ÿ"ñ-í ÷ ���ñ û øí ÷ þ1ø�ø ÷3û ð3ø+�4øðQø�ý ùñ-ú��Aú ÷3÷ ï1í�ñ,�7í7ÿQínü,ñ��û-ùñ-úkþ9ñ,�1ð3í7ÿQøí7ðJñ ò�! ú·øýTü,ñ-ýTüJú ��÷ ï1ð3î4ø�ú
�1ð3ú��	�7øÿ"ñ�þ1ø û ú4ÿ��1í7ý9ñ-ð[ñ ÷ ñ	�- þ9ñ�þ1ø û ñ-þ9ñ�ï1ÿCþ1ú ÷[û ú4ÿ��Aú4ð*ü,ñ-ÿQøýTüJú ÷�� þ1ø.�]ú4ð3ÿ"ñ�ñ�ú��güJøð[ï1ÿ"ñ
ð3ø ÷ �Aú ÷ ü,ñ û ú�øð3øýTüJø ò0/%÷ ü,ñQñ��Aú4ð3þ9ñ-î4øÿ1�ø2�Aú4ð�í ÷3÷ ú^ÿ"ñ-í ÷/÷ øý ÷ �- �4ø��Áø[þ1ø��Aøý1þ1øýTüJøGþ9ñ ÷ ü3�ø û ý1í û ñ ÷ þ1ø
þ1ø ÷ þ1í��]ï ÷ùñ-ú ò

ö �9ñ-ð*üJí7ð�þ1úSø54gøÿ��	�7úGþ9ñ6'9î4ï1ðJñ ëgònó�78��û ú4ÿ��9ñ-ðJñ-ÿ.
 ÷ ø�ñ��7î4ï1ÿ"ñ ÷ �]ú4ð3ÿ"ñ ÷ þ1ø�í7ÿ��	�7øÿQøýTü,ñ-ðsï1ÿ
û ú4ýTüJð3ú��Zñ-þ1ú4ð�þ1í��]ï ÷ ú9�9ñ-ðJñ^ý9ñ:�4øîTñ��û-ùñ-ú"ð3øKñ û üJí��-ñ òsö �Aú ÷ í;�û-ùñ-ú^þ9ñ^ÿQødü,ñ ÷ ï1î4øð3ø6��ï1ø&úQð3ú��=<ú^ð3ú�þ1ø>�ñ
ø ÷ ��ï1øð3þ9ñ � ý1ú�øýTü,ñ-ýTüJú � ñ?�1ð3ø ÷ øý@�û ñ�þ1ø@ï1ÿ�ú�� ÷ üA�ñ û ï	�7úSú�� ÷ üJð3ï1í7ý1þ1úSú û ñ-ÿQí7ý	B1ú?�9ñ-ðJñSñGÿQødü,ñ � �cñ�C
û ú4ÿD��ï1ø[úQð3ú��=<ú ÷ í7îTñ�øÿE�]ð3øýTüJø[ú4ïF�7í7î4øí7ðJñ-ÿQøýTüJø9�ñ�þ1í7ð3øínü,ñ ò

G�øý�øIHKJ9ï1î4øð2L G2HNM ô�O ïgüJíP�7íPCKñ-ÿ ï1ÿ û ú4ýTüJð3ú��Zñ-þ1ú4ð�þ1í��]ï ÷ ú��9ñ ÷ øKñ-þ1ú�ý9ñ ÷ øî4ï1ý1þ9ñ�ñ��Aú4ð3þ9ñ-î4øÿ ò
Q ÿR�ødüJú�þ1úIñ��	�7í û ñEï1ÿ"ñ/ý1ú%�-ñ/ü3�ø û ý1í û ñ�þ1ø%þ1ø ÷ þ1í��]ï ÷ùñ-úIþ1ø ÷ í7î4ý9ñ-þ9ñS�Aú4ð=T�U2V ö � û øýTüJðW�ú4í7þ1ø%þ9ñ�ÿ"ñ-í7ú4ð
�ñ-ð3øKñ � �9ñ-ðJñ"øý3�]ð3øýTü,ñ-ð ÷ ínüJï9ñ��û-ùú4ø ÷ øÿX��ï1ø^ñ ÷�÷ ñ	�- þ9ñ ÷ þ1ú ÷�û ú4ÿ��Aú4ð*ü,ñ-ÿQøýTüJú ÷@÷ùñ-ú û ú4ýTüJðJñ-þ1ínüA�ú4ð3íZñ ÷ò
ö@÷ ñ û �û-ùú4ø ÷ þ1ø û ú4ýTüJð3ú��7ú~þ1úið3ú��=<ú~ð3ø ÷ ï	�nü,ñ-ÿ þ9ñ��]ï ÷ùñ-úiþ9ñ ÷"÷ ñ	�- þ9ñ ÷ þ1ø�þ1ú4í ÷Qû ú4ÿ��Aú4ð*ü,ñ-ÿQøýTüJú ÷õ
÷ øî4ï1í7ÿQøýTüJú^þ1ø[ÿQødü,ñ�ø[þ1ø ÷ ��í7úQþ1ø[ú�� ÷ üA�ñ û ï	�7ú ÷ò

Y[Z.\?]�^�_)]A`%a%bW^�c8d�a%]�efc,g�c�h�i=jk^�c8d�a%]�efc,^�cla%b

ö ÿQødü,ñ�øý û ú4ýTüJðJñ�
 ÷ ø ÷ øý ÷ í��4ø��7ÿQøýTüJø"ñ�m�npo#q�q8r ô�s øÿCð3ø��Zñ��û-ùñ-út�ñ�þ1í7ð3ø û �û-ùñ-ú�þ1ø^þ1ø ÷ �7ú û ñ-ÿQøýTüJú
þ1ú�ð3ú��=<ú òI/%÷ üJø?�-ñ��7ú4ð�þ1ø.m�ñ û üJí��-ñ"ñ ÷ qQð3øî4ðJñ ÷ �ku ó ø.u$q � ��ï1ø ÷ øSú�� ÷ øð;�-ñ-ÿ¹ý9ñ'9î4ï1ðJñ ëgònó%v ñ �fò
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F?G H:IKJMLNPOKQARTSVU/WYX I[Z<\[]^I�H _�`I Sba \)IcH OAN Z/I

R1: SE meta ESQ ENTÃO roda ESQ_ROT

R2: SE meta FRENTE ENTÃO roda FRENTE_ROT

µ

45-45

1
FRENTE

µ

θ-45

1
ESQ

0-90

a)

b) µ

-45

1
ESQ

0-90 45-22.5

FRENTE

0.5

µ

900

1FRENTE_ROT

-90

µ

0

1FRENTE_ROT

-90 45-135 -45

µ

45-45

0.5
ESQ_ROT

-135

µ

900

0.5
FRENTE_ROT

-90

µ

900

1
direcção desejada

para a meta

-90-135 -45

θ

θ

θ

θ

θ

θ

θ

d:e�f�gihkjmlon�p�qor)sDt�u�v't�hxwyjzu�{P|?wktc}i{[~�{Pf�gie�u�{P|?wkt%}i{[u�{4wyjor<j?����{Pf�hkjz~�gowke���e���jz}�jz~P�����T���{4wkt/}itc}i{
e�|o�6{PhP�{P|i�Pe�j�gowke���e���jz}it�v�jzhkj�{P|i�Pt�|?wkhkjzh[j�}ie�h�{P�/��z�jzt�v�jzhkj�j�u�{4wyj��6~�t�u�j���vih�t/}igowkt��
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µ¶%·8¸�¹�º�»�¸�¼�½1¾�¿�À�ÁiÂkÃÅÄoÆ�Ç�È�Ã?É�ÉÊÆ�ËÌ¶PÍ�ÎP·�Ï�Ð�Ã¥Ñ�ÁiÍxÒkÓ�¿�Î�Ã�Ô�Í�¶%Í�¶PÀ�ÁiÓ�ÕiÖi·×Ã�Ó�Õ?ÒkÁiÓxØÎzÙÃz·�Öi¶%Ú�Ái¶�·ÅÀ�ÂkÃzÁMÖ�Ã
ÖiÓ�Â�¶PÎ/ØÎzÙÃz·�Ãm¶4Û/Ó�ÒyÃzÂ�Öi¶4Û�¶KÍ�¶PÂTÖi¶4Òk¶PÂ�Ü�Ó�Õ�ÃzÖi·c¶PÍ�Í�¶PÕiÎPÓ�ÃzÏ�Ü�¶PÕ?Òk¶[Ý'¶PÏ�·cÍ�¶PÕiÍ�·�ÂDÚ�Ái¶[Òk¶PÜÞÃc·�ÝiÓ�ÕiÓßÙÃz·¥Ü�ÃzÓ�Í
à ·�ÂxÒk¶mÃzÎP¶PÂ�Î�Ã�Öi¶PÍ�ÍkÃ�ÖiÓ�Â�¶PÎ/ØÎzÙÃz·iÆ

áãâ%ä�åAæzçèiéëê�ì1í�é'î�è�ïAê�é æ
ð ÎP·�Ü�ÃzÕiÖi·�Öi¶cÖiÓ�Â�¶PÎ/ØÎzÙÃz·�¿�Õ�ÃzÏ�·�ñoÒ µ¶PÜ�Ô�Í�¶cÃ
ÒkÂkÃ�Û µ¶PÍ¡Ö�Ã�ÎP·�Ü�ñiÓ�Õ�Ã'ØÎzÙÃz·�Öi·�Í¡Öi·�Ó�Í�ÎP·�Ü�Ý'·�ÂxÒyÃzÜ�¶PÕ?Òk·�ÍPò
Â�¶PÝiÂ�¶PÍ�¶PÕ?ÒyÃzÖi·�ÍmÂ�¶PÍ�Ý'¶PÎ4ÒkÓ�ÛzÃzÜ�¶PÕ?Òk¶�Ý'¶PÏ�Ã�ÖiÓ�Â�¶PÎ/ØÎzÙÃz·×Öi¶PÍ�¶�ÑkÃzÖ�ÃÅ¶�Ý'¶PÏ�Ã�ÖiÓ�Â�¶PÎ/ØÎzÙÃz·®Ã�¶4Û/Ó�ÒyÃzÂPÆmó[Ü�Ã�Û�¶Pô
Ú�Ái¶�ÃMÃzÎ/ØÎzÙÃz·®¿�Õ�ÃzÏ�Öi¶�ÎP·�Õ?ÒkÂ�·�Ï�·®Öi¶4Û�¶PÂ µÃMÍkÃ
ÒkÓ�Í à ÃzôP¶PÂ%ÃzÜ�ñ'·�Ím·�ÍmÎP·�Ü�Ý'·�ÂxÒyÃzÜ�¶PÕ?Òk·�ÍPò�·MÜ µ·�ÖiÁiÏ�·×Öi¶
à ÁiÍPÙÃz·�Öi¶õÎP·�Ü�ÃzÕiÖi·�Í�ÁoÒkÓ�Ï�Ó�ô�Ã7·Y·�Ý'¶PÂkÃzÖi·�Âõ¸�¼�½�òK·�ÁbÍ�¶�ÑkÃoòmÃöÎP·�Õ�Ñ�ÁiÕ:ØÎzÙÃz·÷Ö�ÃzÍ�ÍkÃ µø Ö�ÃzÍ®Öi·�Í�Öi·�Ó�Í
ÎP·�Ü�Ý'·�ÂxÒyÃzÜ�¶PÕ?Òk·�ÍPù

úüû�ýÿþ�������� þ����	������� ¾�
�É�
úüû�ýÿþ�������� û����������xû�����������û�ýÿþ�������� ��� ý��	� þ �
¸�¼�½�� úüû�ýÿþ�������� û����������xû����ú�������û�ýÿþ�������� ��� ý��	� þ �
¸�¼�½�� úüû�ýÿþ�������� û����������xû��� Ç"! úüû�ýÿþ�������� ��� ý��	� þ 

# ÍxÒyÃ�·�Ý'¶PÂkÃ'ØÎzÙÃz·�¶PÍxÒ µÃ�Â�¶PÝiÂ�¶PÍ�¶PÕ?ÒyÃzÖ�Ã8À�ÂkÃ
¿�Î�ÃzÜ�¶PÕ?Òk¶�Õ�Ã®¿�À�ÁiÂkÃ�ÄoÆ�$&%oÆ�ËãÃzÎ/ØÎzÙÃz·�Öi¶�ÎP·�Õ?ÒkÂ�·�Ï�·®¿�Õ�ÃzÏ
ÎP·�ÕiÍ�¶PÀ�Ái¶ÊÔ�Í�¶�Ã�Ý�ÃzÂxÒkÓ�Â¡Öi·ÅÝiÂ�·/ÎP¶PÍ�Í�·®Öi¶�Öi¶PÍ�ÖiÓ à ÁiÍPÙÃz·×Öi·×ÎP·�Õ�Ñ�ÁiÕ?Òk·×Â�¶PÍ�ÁiÏ�ÒyÃzÕ?Òk¶zÆ µ# Õi¶PÍxÒk¶�ÝiÂ�·/ÎP¶PÍ�Í�·
Ú�Ái¶�Í�ÁiÂ�À�¶�Ã®Õi·�Û/Ó�Ö�ÃzÖi¶�Öi¶PÍxÒk¶�ÎP·�Õ?ÒkÂ�·�Ï�ÃzÖi·�ÂPÆ ð ÍcÖi·�Ó�Í¥Ü µ¶4Òk·/Öi·�Í¥Öi¶�Öi¶PÍ�ÖiÓ à ÁiÍPÙÃz·MÜ�ÃzÓ�ÍKÁoÒkÓ�Ï�Ó�ô�ÃzÖi·�Í
ÍPÙÃz·1Õi·�Â�Ü�ÃzÏ�Ü�¶PÕ?Òk¶�·('*),+ ¾6ÎP¶PÕ?ÒkÂ�· Öi¶×À�ÂkÃ�Û/Ó�Ö�ÃzÖi¶�Éc¶Å·(-.),- ¾6Ü µ¶PÖiÓ�ÃMÖi·�Í�Ü µÃ0/oÓ�Ü�·�ÍyÉÊÆ # ÍxÒk¶
µÁiÏ�ÒkÓ�Ü�·õÎ�ÃzÏ�ÎPÁiÏ�Ã�Ã7Ü µ¶PÖiÓ�Ã�Öi·�Í×Ü µÃ0/oÓ�Ü�·�ÍPò^·�Á Í�¶�ÑkÃoò[ÕüÙÃz·ëÁiÍkÃ7Òk·/Ö�Ã7Ã7Ó�Õ à ·�Â�Ü�Ã'ØÎzÙÃz·�ÎP·�Õ?ÒkÓ�Ö�Ã7Õi·
ÎP·�Õ�Ñ�ÁiÕ?Òk·�ÖiÓ à ÁiÍ�·iò�·%Ú�Ái¶¡Ý'·/Öi¶[Ï�¶4ÛzÃzÂDÃcÎP·�Ü�ÃzÕiÖi·�ÍTÜ�¶PÕi·�ÍTÍ�Á�Ã�Û�¶PÍ²¶¡Ý'·/Öi¶[Ö�ÃzÂTÏ�ÁiÀ?ÃzÂTÃcÂ�¶PÍ�ÁiÏ�ÒyÃzÖi·�Í
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R3: SE d_e PERTO ENTÃO evita  DIR_ESQ

R4: SE d_d PERTO ENTÃO evita  DIR_DIR
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R1: SE meta FRENTE  ENTÃO roda
Comportamento de
seguimento de meta

R2: SE d_e PERTO E d_f PERTO ENTÃO  roda
Comportamento de
desvio de obstáculos

Combinação dos dois
comportamentos

R4: SE obstáculo PERTO  ENTÃO activa DESVIA

R3: SE NÃO (obstáculo PERTO) ENTÃO  activa SEGUE_META

Regras de Contexto

Combinação dos dois
comportamentos utilizando
o contexto de activação
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G�H�I�J�KML�NPO Q�R8STH�IULWVX!YL!Z\[�]U^MK([+Z�_`H X K(Z X Z�]U^MK(Z�abL!c�Z�Ked�d	f�[+Z�g	c�H�g(hWZ�g(Hi^MHij�Z�g�ckL X L!c�[�H�KML

lnm K(Z�I�KML!_oLWVX!YL!Z+[�_qprZ�Jtseu%vPwxp#O�yZ']�Z�g(g(Z X L!g(Z�zPJ�^MH�a�H�{T|L!_`Z�g�ZFL!_F}�H�[�]U^M[	u$~�p�prc�[�g([�]P�
j�Z�aijPH�c�Z%hkL!KML$h�K(Z�I�KML!_oL!K�Z+h�K(Z X [�g(gML!c�Z�K8��p���f�Q�Q - O*��u$~�p�� ��v<�����!����Z�H�c�[�g([�]Uj�Z�aijPH�c�Z
hW[�a�Z��'�����������	�����M�!�M�����T�U ��t� S¡L!}���hkL!KML�h�K(Z�I�KML!_oL!K'g(H�gx^M[�_oL!g¢[�_F}W[�}�H�c�Z�g¢c�[£Q - }�Hi^Mg�O
peZ�]�g(H�gx^M[$]<J�_ X Z�]¥¤(J�]U^MZFc�[#��[�K(KML!_`[�]U^�L!gec�[ X Z�_`h�H�abLWVX!YL!Z�zU¦<J�[$H�] X a�J�[�_§Z X Z�_`h�H�abL!c�Z�K�c�[
p#zk¨�©kª<ªPz�[$J�_§h�K(Z�I�KML!_oL'c�[$H�]U^M[�KML X VX!YL!ZFgP|[�K(H�[!zk¨�©kªPz�J�^MH�a�H�{«L!c�Z'hkL!KML X L!K(K([�IUL!KeZ�geh�K(Z�I�KML¥�
_oL!g�hkL!KML\Z�_`H X K(Z X Z�]U^MK(Z�abL!c�Z�Ke[%^�L!_F}e|[�_¬hkL!KMLF�L!{�[�KL\c�[�h�J�KMLWVX!YL!Z`c�[+h�K(Z�I�KML!_oL!g�O

��c�HbL!I�KML!_oL$c�[#}�a�Z X Z�g*ckL+®kI�J�KML¢NPO Q'K([�h�K([�g([�]U^�LFL'a�H�IULWVX!YL!Z%[�]U^MK([#Z�g*j�|L!K(H�Z�g*c�H�g(hWZ�g(Hi^MHij�Z�g*c�Z
g(H�gx^M[�_oL\[+Z�g	_¯|Z�c�J�a�Z�g�c�Z�_`H X K(Z X Z�]U^MK(Z�abL!c�Z�K�O

°�±³²	±µ´ ¶ ·¸8¹+º%»@¸¼¹%½¿¾À¸eÁeÂ�Ãk¸e»@¸q¹%¸8Ä ¶ ¸�Â�¸8Ãk½¡Än½ÆÅ¢ÇeÈ8ÉËÊ�Ì¥ÍTÎ
�Ï_¯|Z�c�J�a�Z�c�[ X Z�]U^MK(Z�a�Z`c�Z�g#_`Z!^MZ�K([�gF� Ð%H�aÑ�³zWc�Z`�L!}�K(H X L!]U^M[�Ò m [�]�]UÓ�Ô§Ð%H�a�[�g(Õ�|[+��Z�K(]�[ X H�c�Z X Z�_
J�_×Ö«��Ø����Ù³��Ú#L!]kL!a�|Z�I�H X Z'hkL!KMLFZF¦<JkL!aÛg([$[�] X Z�]U^MKML�L!ckL!h�^�L!c�Z�O*�Ü_¯|Z�c�J�a�Z¢c�[ X Z�]U^MK(Z�a�ZFH�] X a�J�HWJ�_
_¯|Z�c�J�a�Z)c�[ X H�]�[�_¯|L�^MH X LÝ[tJ�_Þ_¯|Z�c�J�a�Z�c�[thWZ!^«ß[�] X HbLÀàá®kI�J�KML�NPO â<ã�O��¬_¯|Z�c�J�a�Z)c�[ X H�]�[�_¯|L�^MH X L
K([ X [�}W[	c�Z	Ö«��Ø����Ù³��Ú�c�Z�H�g�g(H�]kL!H�g*L!]kL!a�|Z�I�H X Z�g�z!H�]U^M[�]�g(H�ckL!c�[	c�Z�Ö«��Ø����Ù³��Ú�zÛäå zU[FßL!]�I�J�a�Z%c�Z�Ö«��Ø����Ù³��Ú�z�äæ
¦<J�['g([�Kxj�[�_çhkL!KML�c�[�^M[�K(_`H�]kL!K	LFj�[�a�Z X H�ckL!c�[+a�H�]�[«L!K�z�èézk['L\j�[�a�Z X H�ckL!c�[+L!]�I�J�abL!K�z�ê×ckL X L!c�[�H�KML�O
peZ�_¬}kL!g([%]�[�gx^M[�gg(H�]kL!H�g�Z�_¯|Z�c�J�a�ZFc�[ X H�]�[�_¯|L�^MH X L¢c�[�^M[�K(_`H�]kL\L!g�j�[�a�Z X H�ckL!c�[�g�hkL!KML X L!ckL�K(ZPckL
à�ê�ë$[`ê�ì�ã�O�í*[�K([�_`Z�g+_oL!H�g`îL£��K([�]U^M[ X Z�_`ZÝg([`K([�abL X H�Z�]kL!_ïZ�g+g(H�]kL!H�gtäå [ðäæ X Z�_ÞLtj�[�a�Z X H�ckL!c�[
a�H�]�[«L!K�z¥èéz�[�L�j�[�a�Z X H�ckL!c�[eL!]�I�J�abL!KTê¢O��$g6g(H�]kL!H�g¡c�[*j�[�a�Z X H�ckL!c�[8ê�ëT[8ê�ì�g YL!Z#[�]UjPHbL!c�Z�g�L!Z#_¯|Z�c�J�a�Z
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controlo

Motor DC Motor DC

PC portátil
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Sistema Operativo
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Geração do
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sinal de
ângulo

Comandos
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Interruptor
auto/manual

r

ϕ

ϕ′ r′

ϕ′

r′

2	3541687:9<; = 0 >@?BA C8A1DEC8FHG 68I8J�3 A I�9LK F I�M A8> 9�N ? 9LI�6�9LO�P A KRQA1C 68O ASC8F J A I�M:7 A O A 7 F J F�T�F J A KS9LI P
C8A1DSC 357 F JUMV9LK F I�M FBC8ABWYX[Z]\U^�_a`Vb[c%T Nedf6gM A KRQ9[M:35J A P A1D J A KS9LI C8A1DhC8ABWYX[Z]\U^�_a`VbiD�j9 A O53 C8A1D�k�F O A
Kh35J�7 A J A I�M:7 A Ol9 C8A 7nm�6 F�A1D'k 7 A J F�DoD 9 F@F I�p 3l9 k 9L7:9 A KRQA1C 68O AeC8F J A I�M:7 A O A

sinal PWM

Tensão
do induzido

Tensão
do induzido

Sinal digital (0/1)
(sentido negativo/positivo)
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ã ²E²o°�·8²o§1¥o°�²@§1»gª:§[¼½°�±5°�¬Uª:¥�©§1·8«5¬�§1²%º8«5¶1«¾ªVL«5²'¥o°UÐ�°�¬Uª:«¾¯1§1²E²�³L§<¬�§1·8²Ãª:«¾ª:µ�©ä º8§1²f»�§1¥fµ8£S�Âv§1·�ª:°�º8°�±5µ8¹H°
µ8£åÂv§Lª:§[¼½º8°Uª:°�¬Uª:§1¥H¬�§1±5§ ¬YLº8§1²�±lLº8§æ~±lLº8§8¿ ã ²o°�µç»8¥o«5·8¬1©ä »8«5§~º8°<Âvµ8·8¬�«5§1·�L£h°�·�ª:§®¬�§1·8²o«5²Ãª:°¸·�
£h°�º8«ÃÁ¬L³L§èº�è«5·�ª:°�·8²o«5º�Lº8°Bº8°B±5µ8¹B¥o°UÐ�°�¬Uª:«5º�è»�°�±l´²oµ8»�°�¥ÃÂÃ©ä ¬�«5°B¥o°UÐ�°�¬Uª:§1¥:èÆ�µ8°B¯LL¥o«l´º8°~L¬�§1¥oº8§
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ã ²Ä²o°�·8²o§1¥o°�²'º8«5¶1«¾ªVL«5²EëaùgûfÊ���Ì��%¼ÃÏ1Ï1í�L¬�°�«¾ªVL£ µ8£ ]îoµ8²Ãª:°@º8°E±5«5£h«lL¥¤º8°@º8°Uª:°�¬ Á¬L³L§�°�·�ª:¥o°�Î]ú
°�Î]ú1úe¬�£ÑëöÒ�¶1µ8¥:S÷ ¿¾Î]ú�íì¿ ã ²o°�·8²o§1¥%¬�§1±5§ ¬Y~êe²:8©ä º�¸Î�Ï��ü²o°�º8°Uª:°�¬UªVL¥'µ8£�§1¨8²Ãª ©L¬�µ8±5§�°�ú���¬YL²o§
·�³L§SÍ�]î:Sº8°Uª:°�¬ Á¬L³L§8¿ ã ²f²o°�·8²o§1¥o°�²�L·�L±]©§1¶1«5¬�§1²Hëaù Í�L¥o»´ó�ô�ÏLõ�Î�Ï1ínªYÈ°�£ µ8£*¥o°�²o»�§1²ÃªVS·�³L§<±5«5·8°YL¥
ëöÒ�¶1µ8¥:i÷ ¿¾Î1Î�íì¿@Ê%§¸°�·�ªVL·�ª:§8Å�»�§ º8°ì¼½²o°eL»8¥o§YÔg«5£SL¥f<¬�µ8¥Ã¯L<»�§1¥%ª:¥�È°�²@¹�§1·�L²E±5«5·8°YL¥o°�²�Åÿ°�·�ª:¥o°¸Î]ú<°
ÏLú<¬�£BÅ�ÏLú<°���ú<¬�£BÅ�°e°�·�ª:¥o°���ú<° y ú<¬�£éëö¯LL±5§1¥o°�²@L¬�«5£SSº8§1² y ú¸¬�£ ²�³L§¸»�§1µ8¬�§¸Ò%©[¯1°�«5²Víì¿ ã ²
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»�¼&½(¾*¿,À3Á�Â^Ã(Ã(ÄÆÅÆ¾*¿iÇ"À3È*ÉFÊ,À*ËÌ ÈBÀ�È*ÉjÍ,ÉAÎ*ÊAÏÀ"Ð3Ç�ÊAÂqÈ*¼&ÊiÍQÑÀ"Î*ÒA¼GÀ�È*Ð3Ê4ÉAÎ*Ê4Ð(¿bÐ(Ó1Í,ÐQÔ]ÉAÕ&ÉAÒRÍ,¿BËÐ(Î*¼&ÒAÐ�À"ÎBÀ"Õ[ËÐ(½(¼&ÒAÐ
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¿,ÀwÒAÐ(Î*ÊiÍ,¿4¾�ÜÒ"ÏÀ"Ð�È*É Ý?À"ÓBÀ"ÊAÂwÞ�Ê4¾BÀwÇ"À"ÊiÍ_Àw¾1Í,¼&Õ&¼&ßMÀJÜÒ"ÏÀ"Ð<È*ÉRÇ(ÉzÔ]Ê4ÉmÉAÊ4Ê4ÉAÎ*ÒA¼GÀ"Õ&Ý3ÉAÎEÍ,É À<Í,¿AÑÉAÊOàtÀ"ÒRÍ,Ð(¿4ÉAÊAÄ
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ÒAÐ(ÝnÉAÕ&ÉRÇ"À"ÈBÀ ¿4ÉAÊ4Ð(Õ&¾�ÜÒ"ÏÀ"Ð*ã�É�ÊAÏÀ"ÐmÈ*É�çBÀ"¼{è1Ð ÒA¾*ÊiÍ,Ð*Â3é\Ê\Í,¿,À"Î*Ê4È*¾1Í,Ð(¿4ÉAÊFÈ*É�¾*Õ^Í,¿,À"Ê4Ê4Ð(Î*ÊjÀ"Ó*¿4ÉAÊ4ÉAÎEÍ_À"Ý
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À"Î*½(¾*ÕGÀ"¿\êëä�ìB½(¾*¿,ÀmÁ�Â^Ã�Ú"ÀEå4åzÂFÛ\ÉRÇ�¼&È*ÐíâÀæÊ4¾BÀæà@¿,À"ÒMÀæÈ*¼&¿4ÉAÒAÒA¼&Ð(ÎBÀ"Õ&¼&ÈBÀ"È*É"îïÀæÕ&Ð�ÒMÀ"Õ&¼&ßMÀJÜÒ"ÏÀ"Ð?ÉAÊ4ÓBÀ"ÒA¼GÀ"Õ�È*Ð
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Ê4¼&ÝY¾*Õ^Í_À"Î*ÉMÀ"Ý3ÉAÎEÍ,ÉOÒAÐ(Ý3ÐæÍ,¿,À"Î*Ê4Ý3¼&Ê4Ê4Ð(¿_úQ¿4ÉAÒAÉAÓ1Í,Ð(¿\É�ÓJÐ(Ê4Ê4¾*ÉAÝûÈ*Ð(¼&Ê\Ý3Ð�È*Ð(Ê\È*É�Ð(ÓJÉA¿,ÀJÜÒ"ÏÀ"Ð*Ä�Ý3Ð(Î*ÐQÔ
ÉAÒAÐ�ÉæÝY¾*Õ^Í,¼{Ô]ÉAÒAÐ*Âwñ�Ð�Ó*¿4¼&Ý3ÉA¼&¿4Ð<Ý3Ð�È*Ð*î�ÓJÐ(¿YÒMÀ"ÈBÀ<Í,¿,À"Î*Ê4Ý3¼&Ê4ÊAÏÀ"ÐüËÉæÈ*ÉRÍ,ÉAÒRÍ_À"È*ÐëÀ"ÓJÉAÎBÀ"ÊY¾*ÝýÉAÒAÐ*î
ÉAÎ*á�¾BÀ"ÎEÍ,Ð<Î*Ð<Ê4ÉA½(¾*Î*È*Ð<Ý3Ð�È*Ð*î�ÊAÏÀ"ÐmÈ*ÉRÍ,ÉAÒRÍ_À"È*Ð(ÊFÉAÒAÐ(ÊjÝðË¾*Õ^Í,¼&Ó*Õ&Ð(Ê�Ó*¿4Ð[Ç(ÉAÎ*¼&ÉAÎEÍ,ÉAÊOÈ*ÉYÇqËÀ"¿4¼&Ð(ÊjÀ"Õ^Ç(Ð(ÊAÂ
ÞþÍ,¿,À"Î*Ê4Ý3¼&Ê4ÊAÏÀ"ÐjÈ*ÐOÊ4ÉAÎ*Ê4Ð(¿�ÒAÐ(¿4¿4ÉAÊ4ÓJÐ(Î*È*ÉbÀ"ÐFÉAÎEÇ�¼&ÐFÈ*ÉFÃ[ÿrÓ*¾*Õ&Ê4Ð(ÊÆÀr¾*Ý?Àrà@¿4ÉAá�¾�ÑÉAÎ*ÒA¼GÀjÈ*É����1Â ��� × ß"Â
é È*¼GÀ"½(¿,À"Ý?À3È*É�¿,À"È*¼GÀJÜÒ"ÏÀ"Ð È*ÐæÍ,¿,À"Î*Ê4È*¾1Í,Ð(¿jÀ"Ó*¿4ÐMè1¼&Ý?À�Ô]Ê4ÉY½(ÉA¿,À"Õ&Ý3ÉAÎEÍ,ÉYÈ*É�¾*ÝûÒAÐ(Î*É�È*É�À"çJÉA¿iÍ,¾*¿,À
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 �!#"%$'&)(+*�, �.-�/ (�02143�5'687#3+5'69&)(:5'!;(=<>:?(:3@5'3BAC3%DE(:&8F�GH0I!J0LK�M�68N2O'7#3+5'69$'NP(@AC!RQ)$E(=<>:?(:3+68NTS�$'63U3%G'AVQHW( > $'7#3UD ?(:3XW6Y5'6ZQ)6 > Q[(:5'3',\K]AVQ[(UAC!RQ)$E(=<>:?(:3@( > 3%D�Q)6 > 64S�$E(:D'5'3@3UO'7;(:D'3^AC6_68D > 3%D�Q)&)( > 3%N$'NP(`3%&C!#68D�Q[(=<>:?(:3YAC$'O=68&C!#3%&a(_b%c - F�!#!J0�K�M�68N2O'7#3Y5'6L&C6ZdE6eM ?3%68AaNfW$'7RQ)!#O'7;(:A�S�$'6L7#6Zg:(:Nh(YN2685'!#5E(:A!#D > 3%&C&C6 > Q[(:A
(:D'"%$'7;(:&i5'6 -:jlk , WKUO=3%ACAmWn g%687 > 3%D�Q)&C3%7;(:&�3o"�(:D'p'3o5'3oNqW3%5'$'7#3r&C6 > 68O�Q)3%&8s�3oS�$'6�O=68&CN2!RQ)6tN2!#D'!#N2!#um(:&3L&C$vWn 5'3L6w(:A�5'6ZQ)6 > <>:?3%68A�5'3%A�7#3%G=3%A�7;(lQ)68&)(:!#A8,x ( > Q)!Rg:(=<>:?(:345E(_Q)&)(:D'ACN2!#ACA ?(:3yW625E(:5E(_O=687#34AC!#DE(:7�zI{�z}|�~J�E"%$'&)(�*�, ��� 0e,`��(:&)(46Zg�!RQ[(:&aS�$'6`(
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Tempo de vôo
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Transmissão

BINH

Paragem
Interna
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2.38 ms
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 motor

par emissor/
detector

disco com
riscas pretas
ou buracos

par emissor/
detector
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(no caso de ainda não

existirem modelos)
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comunicação  inter-
processo por Socket

Windows 95 Linux
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µ�¶�·�¸�¹�º¼»�½ ¾�¿�À Á"Â�Ãº$¹%¶�Ä�Å�Æ�Ä�Å%Å�ÃÇdÈ Á"¶�Å�Á"ÉËÊ/¸�Á<Ä5Ì"Ä�ÂzÍ�¹%Ä�Îjº$Ï�Ä�¹.Ï�Á È Á0Å%Á"·�¸�¶�¹�Ä
Ì"Ä�ÉÐº$Â�Ï�Ä5Ï�Ä5¸�Í�¶�Î�¶�Ñ�º$Ï�Ä�¹
Å%Á"ÉÒÁaÓÔÁ"ÌaÍ�¸:º$¹�Ï�Á"Å È ¶�Ä9Ï�Á<Ä�Õ�Å2Í¢Ãº$Ì"¸�Î�Ä�Å

Öz× ½�ØÙÄ�¹%¶�Á"ÂzÍ¡º�ÚÌ$Ûº$ÄÜÃÁÝÌ�º$Î�Ì"¸�Îjº$Ï:º9ºÐÆ:º$¹2Í�¶�¹�Ï:º$Å�Ï�¶�Å2ÍhÞº$Â�Ì"¶jº$Å�É9Á"Ï�¶�Ï:º$Å�Æ�Á"Î�Ä�Å�Å%Á"Â�Å%Ä�¹%Á"ÅPÎjºhÍ�Á"¹�º$¶�Å�ßSà�»�á
ßSà ²qâ Æ:º$¹�ºãÄäÎjº$Ï�ÄåÁ"Å%Ê/¸�Á"¹%Ï�ÄæÁçßSà�¾�á.ßSà ²)´ Æ:º$¹�ºãÄäÎjº$Ï�ÄãÏ�¶�¹%Á"¶dÍ�Ä�½èØ�Å È º$¹%¶)Ãº È Á"¶�Å5Ï�Á�Å�º�ÃÇ Ï:ºåÏ�Ä
Ì"Ä�ÂzÍ�¹%Ä�Îjº$Ï�Ä�¹ÐÅ"Ûº$ÄÜº È Á"Î�Ä3Ì"¶�Ï:º$Ï�ÁéÎ�¶�Â�Á�º$¹9Áåº$Â�·�¸�Îjº$¹"½LØëê:·�¸�¹�ºæ»�½ ²)ì ºzí5¶�Î�¸�Å2Í�¹�ºîº$Å È º$¹%¶)Ãº È Á"¶�ÅÐÏ�Á
Á"ÂzÍ�¹�º$Ï:º�½	ØLÏ�¶�Å2ÍhÞº$Â�Ì"¶jº Öz× Ì"Ä�¹%¹%Á"Å%Æ�Ä�Â�Ï�ÁÝº�¿

Öz×	ïðÖzñ2òôóöõañ2÷�øæÖ/ùt×túSõ�ûýü�×tþ"óvÿ � »�½ ´ í

Á"É Ê/¸�Á Özñ2òôóöõañ2÷ ÃÁ ºîÏ�¶�Å2ÍhÞº$Â�Ì"¶jºîºäÊ/¸�Á Å%Á Á"Â�Ì"Ä�ÂzÍ�¹�º ºîÌ�º$Ï�Á"¶�¹�º � Ì"Ä�Â�Å%¶�Ï�Á"¹�º�� Å%Á Özñ2òôóöõañ2÷¼ï Ö�� í9Á
Ö/ùt×túSõ�ûýü�×tþ"óvÿ ÃÁ ºæÏ�¶�Å2ÍhÞº$Â�Ì"¶jºîºæÊ/¸�ÁåÅ%Á Æ�¹%ÁaÍ�Á"Â�Ï�ÁåÅ%Á"·�¸�¶�¹ ºîÅ%¸�Æ�Á"¹2Ó2ÃÇ Ì"¶�Á$½ÙØ È º$¹%¶)Ãº È Á"Î�Ï�ÁåÁ"ÂzÍ�¹�º$Ï:º
Öz× Æ�Ä3Ï�Á"¹:Ãº Í�Ä�ÉÐº$¹ È º$Î�Ä�¹%Á"ÅPÂ�Á"·zºhÍ�¶ È Ä�Å<Ê/¸:º$Â�Ï�Ä�º Ì�º$Ï�Á"¶�¹�º Å%Á5Á"Â�Ì"Ä�ÂzÍ�¹�ºçÏ�Á"ÉÐº$Å%¶jº$Ï�Ä Æ�¹:ÃÄ���¶�ÉÐº Ï:º
Å%¸�Æ�Á"¹2Ó2ÃÇ Ì"¶�Á$½ Ø È º$¹%¶)Ãº È Á"Î�� × ÃÁ<Ï:º$Ï:º
Æ�Ä�¹"¿

� ×�ï º$¹%ÌaÍ¡º$Â Ö��	øæÖ
	� � »�½ ³ í

Á"É Ê/¸�Á Ö�� Á Ö
	 Å"Ûº$Äãº$Å5Ï�¶�Å2ÍhÞº$Â�Ì"¶jº$Å
É9Á"Ï�¶�Ï:º$Å
Æ�Á"Î�Ä�Å
Å%Á"Â�Å%Ä�¹%Á"Å9ßSà�»åÁ ßSà ²qâ á	¹%Á"Å%Æ�Á"ÌaÍ�¶ È º$É9Á"ÂzÍ�Á$á
Á� ÃÁÐº Ï�¶�Å2ÍhÞº$Â�Ì"¶jº Á"ÂzÍ�¹%ÁÐÄ�ÅÝÏ�Ä�¶�Å<Å%Á"Â�Å%Ä�¹%Á"Å"½��CÁaê:Â�Á"É�� Å%Á9Â:º ê:·�¸�¹�º�»�½ ²�² º$ÅÝÂ�Ä È º$Å<ÓÔ¸�Â�ÚÌ$ÛÄ�Á"ÅÝÏ�Á
Æ�Á"¹2Í�Á"Â�ÚÌ�ºÐÁ0¹%Á"Å%Æ�Á"ÌaÍ�¶ È Ä�Å�Í�Á"¹%É9Ä�Å�Î�¶�Â�·�¸ ÃÇ Å2Í�¶�Ì"Ä�Å.Æ:º$¹�º9Á"Å2Í¡º$Å�Ï�¸:º$Å�Â�Ä È º$Å È º$¹%¶)Ãº È Á"¶�Å�Ï�ÁÝÁ"ÂzÍ�¹�º$Ï:º ��� á
���0á����Iá����Iá���� Ï�Áaê:Â�Á"É ¹%Á"Å%Æ�Á"ÌaÍ�¶ È º$É9Á"ÂzÍ�Á Ä�ÅÝÍ�Á"¹%É9Ä�Å ��� à��¼á�� ���! "� �#�$� � �PØ�%�ß'&"�¼á
� ���! "� �#�(����)3ß*%�ß'&"�¼á��<à�Ø#�"� � ����)3ß*%�ß'&"�¼á��<à�Ø#�"� � � � �PØ�%�ß'&"�<í�½�Ø Í¡º$Õ�Á"Îjºé»�½ â
Ï�Áaê:Â�ÁÝº$Å�¹%Á"·�¹�º$Å�Ê/¸�Á0Å%Á"¹ È Á"É Æ:º$¹�º5º
Ì"Ä�Â�Å2Í�¹%¸�ÚÌ$Ûº$Ä9Ï�Á"Å2Í�Á0Ì"Ä�É9Æ�Ä�¹2Í¡º$É9Á"ÂzÍ�Ä�½

Ø�Æ�Á"Å�º$¹	Ï�Á�ÂUÛº$ÄPÅ%Á�Á"Å2Í�¸�Ï:º$¹�º$Ê/¸�¶�Ä<Å%Á"·�¸�¶�É9Á"ÂzÍ�ÄPÏ�Á.Í�¹�º,+%Á"ÌaÍ¢ÃÄ�¹%¶jº$Å"á�ÃÁ�¶�É9Æ�Ä�¹2Í¡º$ÂzÍ�Á Å�º$Î�¶�Á"ÂzÍ¡º$¹�Ê/¸�Á
Ä�ÓÔ¸�Â�Ì"¶�Ä�Â:º$É9Á"ÂzÍ�Ä�Ï�Á"Å%Å%Á Ì"Ä�ÂzÍ�¹%Ä�Îjº$Ï�Ä�¹ Å%Á"¹%¶jº�É¼¸�¶dÍ�Ä�Å%Á"É9Á"Î.-:º$ÂzÍ�Á º$Ä�Ï�Ä�Å%Á"·�¸�¶�É9Á"ÂzÍ�Ä�Ï�Á�Å%¸�Æ�Á"¹2Ó2ÃÇ Ì"¶�Á"Å"½
Ø�Å È º$¹%¶)Ãº È Á"¶�Å<Ï�ÁÐÁ"ÂzÍ�¹�º$Ï:ºçÅ%Á"¹%¶jº$É Í¡º$É¼Õ ÃÁ"É º Ï�¶�Å2ÍhÞº$Â�Ì"¶jº0/º Í�¹�º,+%Á"ÌaÍ¢ÃÄ�¹%¶jº Á9Ä�Á"¹%¹%ÄçÏ�ÁÐÄ�¹%¶�Á"ÂzÍ¡º�ÚÌ$Ûº$Ä
¹%Á"ÎjºhÍ�¶ È Ä�/º
Í�¹�º,+%Á"ÌaÍ¢ÃÄ�¹%¶jº¼Æ�¹3ÃÁ1� Ï�Áaê:Â�¶�Ï:º � È Á"¹�ê:·�¸�¹�º9»�½ ²)ì Õ¢í%í�½
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ÛpÜ�Ý�ÞDß:àUá�â È�ã[ä à�åHæeÝ�Ü�ß:àjçdèé ßHÜlà�êVà�ß:àUåHÞDê é ß8ç:æeë éNì
é�í êDÞ�çKà�ë é ß�æeî�Ü�ÝJàgïì�ðà é ë é å�å é�ñ à�ßHæ
å
ëDæ{ò£ó�ôUõ÷öJø ì
í êVà�ß:à é Ü ñ ç:æ
ßHÜ é ß�ë é î�Ü í ÜLç:æUëVà ì à�ëDæ
Ü�ß:à�ù6æ
å8ç:æ
åNà�êgæ ñ à�åxêgæ
ß í ÜLç:æ í ëDæiç:æ ì çKà�ß
é�ú å8çdèà ì ÞDî é å©àjç�èæYÞ í à�ëDÜ�å8çjûà ñDì ÜlàeëDævò É ø©õýü�ô ì
í êVà�ß:à�à�îièæ í ë é î�Ü í ÜLç:æPëVà ì à�ëDæ
Ü�ß:à�â�þ6å8çKà�ÝJà í à
í�é å8ç:ß:à�ÿuåHæ�ßHæ
ëDÞ��
Ü�ëVà�êVà�ß:à�ßHæ>à�î�Ü��>à�ßkà�î�Ý�Þ ñ å�ç:Ü�ê é å�ëDæ í à ñDé�ú ß:à�å�çKà�î ì
é�í�é æ���æ í êDî�Ü�� ì à�à��VÝ�ÞDß:àá�â ö ú	� â


 í à�� é ß í àeëDæYÞDîLç:ß:à�êVà�åHå:à�ßPà�ÝJà í àeî�Ü í ÜLçKà�ëVà¹ë é å©åHæ ñ å é ßHæ
å�êVà�åHå:à�ßHÜlà�êgæ
î é ê é åHÜ ì Ü é�ñ à í æ ñ ç éë é å�åHæ ñ å é ßHæ
åYåHæ
Ý�ÞDÜ ñ ë éNé å�î�Ü í ÜLç:æ
å©ëVà ì à�ëDæ
Ü�ß:à�ùVà�êDß é� æ
ÜLçKà ñ ë é à�åHåHÜ í àUåHÞVàNÝJà í à í èà���Ü í à�â

����� ����������� �"!$#

Û é ß:à í ßHæ>à�î�Ü��>à�ë é å  èà�ßHÜ é åWêgæ
ß ì ÞDßHå é å®æ í îlà úgé ß:àjçdèé ßHÜ é êVà�ß:à ç:æ
å8çKà�ß®à ì à�êVà ì Ü�ëVà�ëDæÀëDæ�à�Þ�ç é ÿî éRì à�î�Ü��>àgïì�ðà é ëVà ì à�ëDæ
Ü�ß:à�â % é å\æ���æ í êDî é å\ëVà�å"�VÝ�ÞDß:à�å©á�â É æYá�â¾øRùRà ì à�ëDæ
Ü�ß:àeßHæ>à�î�Ü�� é ÞNêgæ
ß ì ÞDßHå é å©ëDæò È øUæ�ó�ø í ùDßHæ
åHêgæ ì ç:Ü  à í æ ñ ç:æ�â'& ú åHæ
ß  à�ÿuåHæ)(¤ÞDæ é�ì èà�î ì ÞDî é ëVàNê é åHÜ8ïì�ðà é ëVà ì à�ëDæ
Ü�ß:à�à�êDßHæ
åHæ ñ çKàÞ í æ
ßHß é<í ÞDÜLç é êgæ$(¤ÞDæ ñDé â^þ í ç:æ
ß í�é åvëDæ�ê é åHÜ8ïì�ðà é à ú å é î�Þ�çKà�ù é æ
ßHß é èæNÜ ñ �mæ
ßHÜ é ßvà<ø ì
í æNæ íç:æ
ß í�é å¹ëDæ é ßHÜ�æ ñ çKàgïì�ðà é ùYèæUÜ ñ �mæ
ßHÜ é ßYà{ó�*�â�þ6å8çKà�åvæ���êgæ
ßHÜ ûæ ñDì Ülà�å+� é ß:à í ßHæ>à�î�Ü��>à�ëVà�å ì
é�í Þ í Þ�ç:Ü�î�Ü ÿ
�>à�ë é ß
ùVëDæ ì æ
ß ì àNëDæ�üJó-,vÝDùDåHæ ñ çKà�ë é�ñ à ì à�ëDæ
Ü�ß:à�â/. é�ñ åHÜ�ëDæ
ß é ÞRÿuåHæ�Þ í ß:à�Ü é æ0�mæ ì ç:Ü �é ëVàNß é ëVàxëDæÈ�1 ô í�í â
þ6å8ç:æ
å<ßHæ
åHÞDîLçKà�ë é å{å:àjç:Ü�å2�càjçdèé ßHÜ é å^î�æ  à í ÿ ñDé å�à ì
é�ñDì î�ÞDÜ�ß3(¤ÞDæ é åHÜ�å8ç:æ í à é ë é�í èæiç:ßHÜ ì
é ê é ëDæåHæ
ß�Þ�ç:Ü�î�Ü��>à�ë éýì
é�í ú à�å8çKà ñ ç:æ ì
é�ñ �dà ñ ïì à�ù4(¤ÞVà ñ ë é ÞDå:à�ë é�ì
é�í í æ ì à ñ Ü�å í�é åUëDæ{ßHæ´ÿuî éRì à�î�Ü��>àgïì�ðà éà ú å é î�Þ�çKàNà�êDî�Ü ì à�ë é åPßHæ
Ý�ÞDîlà�ß í æ ñ ç:æ�â
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sensor IR
 digital

sensor IR
analógico

sonares

a) b)

TVU�WYX�Z\[ R^]9_:`ba U�c2de[-fhgYZji�k$l�gYZjU�mQ[onp[qn�gYcrcjk$l�cjgYZjk$c�n�k�U�l^stZ\[QuYk$Zji�k$v�w�g-k�n�gYcrcjgYlp[oZjk$c
x�yez {}|�~����<��q�� |����L��|-� � � � { � ���L�Q� �
��� WYX�Z\[ R^] � i�gYc2d\Z\[�X�i�k��^k$i�f�v�g3n�k-�$gYi�[ol�n�g�Zjk$i�god\g�np[3�Q[on�k$U�Z\[ ]�� k��^fhk$ZjU��k$l��$U�[�stgYUVZjkQ[��
v�U�mQ[onp[-�$gYi�[��Q[on�k$U�Z\[�k$i�v�U�l�wp[-n�k�u:U�c2de[�n�g�X^d\U�v�U�mQ[on�gYZ ]/� fhk$c\[oZHn�gYc�Zjk$cjX�v�de[on�gYcHc\[�d\U�c2s�[�d	�gYZjU�gYc
np[qg:n�gYi�k0d\ZjU�[^�Sk$c2d\k+d\U�fhg�n�k+U�l^stgYZji�[h �o¡[og�l¢¡[og£�k+cjX � �$U�k$lSd\kLfp[oZ\[��$gYi�[ol�np[oZ4Zjk$i�gode[oi�k$lSd\k-¤tcjk$i
cjk$Z�k$i¥v�U�l�wp[�n�k-u:U�c2de[S¦L[3�Q[on�k$U�Z\[3k$i¥cjk$WYX�Z\[olV �Q[^�§fhgYU�c$�¨fhgYZLX�i¥v�[on�g��¨g�k$ZjZjg©n�k�v�g:�Q[ov�U�mQ[h �o¡[og
�kq�$X�iqX�v�[�d\U�uYg�ko�ªfhgYZ�gYX^d\Zjg�v�[on�g��	fhg:n�k$i�k��^U�c2d\U�ZHgY«7¬jk$�0d\gYcLl¢¡[og3[o�0d\Xp[ov�U�mQ[on�gYcHl�g�i�[ofp[�np[�U�l:�
d\k$Z2s�[o�$k�WYZp�[ � �Q[ ]� gYi�f�v�k$i�k$lSde[ol�n�g®[©U�l^stgYZji�[h �o¡[og�g:n�gYi¯�k0d\ZjU��Q[3�$gYi°[©U�l^stgYZji�[h �o¡[og�u:U�cjXp[ov"n�k
�7�[oi�[oZ\[oc�k-n�gode[ol�n�g�g3cjU�c2d\k$i�[��$gYi��Q[ofp[o�$U�np[on�kqZjkQ[o�0d\U�uo[^�ªcjk$ZjU�[�fhgYcjcQ�± uYk$vbk0stk$�0d\Xp[oZ�de[oZjk0s�[oc+n�k
�$gYlSd\ZjgYv�g�Zjk$i�god\g®²[�n�U�c2d��[ol��$U�[ ]

x�y2³ ´°�Lµ§¶©�$|����¸·�¹�µ§�£º�q� ��»$|�µ�¼½~��b�L»Q�$¾��L~��b�

¿rkQ[ov�U�mQ[oZ\[oi-�Àcjk/u'�[oZjU�[oc k��^fhk$ZjU��k$l��$U�[oc"fp[oZ\[+d\k$c2de[oZ/[L�Q[ofp[o�$U�np[on�krZjkQ[o�0d\U�uo[+n�g)cjU�c2d\k$i�[LU�i�f�v�k$i�k$l:�
de[on�g�fhgYZ�X�i��$gYlSd\ZjgYv�[on�gYZ�n�U�stX�cjg ]�Á g:np[oc�k$c2de[oc+k��^fhk$ZjU��k$l��$U�[oc+ZjkQ[ov�U�mQ[oZ\[oi-�Àcjk�k$i�[oiq«�U�k$lSd\k�n�k
v�[o«hgYZ\[�d	�gYZjU�gJ¤ � WYX�Z\[ R^]9Â ¦ ]JÃ X^d\U�v�U�mQ[on�gYZ)�$gYl�n�X�m$U�X¯[��Q[on�k$U�Z\[�[�d\Z\[Qu"�k$c-n�gYc-�$gYi�[ol�n�gYcqn�k�uYgYm
n�k$cj�$ZjU�d\gYcrlp[-de[o«hk$v�[ R^]�OY]

ÄHgYc�fhk$Zj�$X�ZjcjgYc+np[ � WYX�Z\[ R^] Å �hg�X^d\U�v�U�mQ[on�gYZ>�$gYi�[ol�np[�[��Q[on�k$U�Z\[�[�d\Z\[Qu"�k$c�np[�uYgYmo�ªl¢¡[og�fhgYcN�
cjX�U�l�n�g£gÆcjU�c2d\k$i�[Ç�Q[ofp[o�$U�np[on�k©ZjkQ[o�0d\U�uo[ ]ÈÃ c�fhk$É7X�k$l�gYc��Y�± Zj�$X�v�gYc�É7X�k�[ofp[oZjk$�$k$iÊlp[oc � WYX�Z\[oc
�$gYZjZjk$cjfhgYl�n�k$iË[ogYc�v�g:�Q[oU�c�gYl�n�k©g£X^d\U�v�U�mQ[on�gYZqstgYZjl�k$�$k$XÌ�$gYi�[ol�n�gYc�n�k®�$gYl�n�XV �o¡[og ] Ä�[Æk��^fhk��
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obstáculo

a) b)

áVâ�ãYä�å\æ�ç^è é^ê�æSë�ì+íî åjï$ä�ð�ñ�ò�ó$ôjï$åjâ�õ\ñÆöhó$ð�æ�ïQæoò�ó$â�å\æÇæo÷7äpæoø�ò�ñÆò�ó©ä�ù�æ�åjñoõeæhúïoûæoñ�ü'ý	ë�þ+â�ôjäpæoð�â�ÿQæhúïoûæoñãYåpíæ��pïQæ-òpæ�åjñoõeæhúïoûæoñ�òpæ-ïQæoò�ó$â�å\æ

ì4ñYù�æoø�ò�ñ �+ó$ôjï$åjâ2úïoûæoñ
ápåjó$øSõ\ó����§åpíæoô � ïQæoò�ó$â�å\æ-ù�ñ��:â�ù�ó$øSõeæ	�Àôjó+öpæoå\æ�æ�
tåjó$øSõ\ó���õ\åpíæoô
�Væoå\æoå � ïQæoò�ó$â�å\æ-öríæoå\æ

 ôj÷7ä�ó$åjòpæ � ïQæoò�ó$â�å\æ-ôjó$ãYä�ó�æ-ò�â�åjó$ï:úïoûæoñ�ò�ó)é Ï�� öpæoå\æ�æ-ó$ôj÷7ä�ó$åjòpæ
�+â�åjó$â�õeæ � ïQæoò�ó$â�å\æ-ôjó$ãYä�ó)æ�ò�â�åjó$ï:úïoûæoñ�ò�ó)é Ï�� öpæoå\æ�æ-ò�â�åjó$â�õeæ

�rñ:òpæ� ôj÷7ä�ó$åjòpæ � ïQæoò�ó$â�å\æ-åjñ:òpæqï$ñYøSõ\â�ø7äpæoù�ó$øSõ\ó�öpæoå\æ�æ-ó$ôj÷7ä�ó$åjòpæ
�rñ:òpæ��+â�åjó$â�õeæ � ïQæoò�ó$â�å\æ-åjñ:òpæ-ï$ñYøSõ\â�ø7äpæoù�ó$øSõ\ó�öpæoå\æ�æ�ò�â�åjó$â�õeæ
�+ó$ö�åjó$ôjô\æ ���Yó$ð�ñ:ï$â�òpæoò�ó�íó)æoä�ù�ó$øSõeæoòpæ
�+ó��oæoãSæoå ���Yó$ð�ñ:ï$â�òpæoò�ó�íóLò�â�ù�â�ø7ä¨íî òpæ
�Væoýhó$ð�æ�ç^è Í ê/ì4ñYù�æoø�ò�ñYôrò�ó��YñYÿ��æ-ò�â�ôjöhñYôjâ2úïoûæoñ�ò�ñ�ä^õ\â�ð�â�ÿQæoò�ñYå

åjâ��ó$ø�ï$â�æ�òpæ��pãYä�å\æ�ç^è �YæSë>ñ�ä^õ\â�ð�â�ÿQæoò�ñYå>ï$ñYø�ôjó$ãYä�â�ä�ï���ó$ãSæoåLæoñ�ð�ñ:ïQæoð½ö�åjó0õ\ó$ø�ò�â�ò�ñ�è��+ý�ôjó$å��oæ	�Àôjó! ªø�ñ
ó$øSõeæoøSõ\ñ" ¨÷7ä�ó-õ\ó��Yó�ò�ó�
tñYåjø�ó$ï$ó$å Í�Î ï$ñYù�æoø�ò�ñYôLò�ó��YñYÿ! ¢õ\ó$ø�ò�ñ�ñ:ï$ñYåjåjâ�ò�ñ3ä�ù�æ�ï$ñYð�â�ô$ûæoñ#
tåjñYøSõeæoðbó
ä�ù�æ�ð�æ�õ\ó$å\æoð�è�$�æ�ó&%^öhó$åjâ��ó$ø�ï$â�æ�òpæ'�pãYä�å\æ©ç^è �oý	ë& §ñ©ä^õ\â�ð�â�ÿQæoò�ñYå(
tñYâ â�ø�ïQæoöpæoÿ�ò�ó�öpæoôjô\æoå)ó$øSõ\åjó�ñYô
ò�ñYâ�ô>ñYý�ô2õ	íæoï$ä�ð�ñYôrâ�ø�â�ï$â�æoâ�ô/ò�ñ�öhó$åjï$ä�åjôjñ�è

��ô'ò�äpæoô'ó&%^öhó$åjâ��ó$ø�ï$â�æoô'òpæ)�pãYä�å\æqç^è ç* +
tñYå\æoù ò�ó$ô2õeæ)�Yó$ÿLåjóQæoð�â�ÿQæoòpæoô4ï$ñYù}æqïQæoöpæoï$â�òpæoò�ó�åjóQæoï&�
õ\â,�oæqò�ñ�ôjâ�ô2õ\ó$ù�æ^è- ù æoùqýhñYô>ñYôrïQæoôjñYô. pñ�ä^õ\â�ð�â�ÿQæoò�ñYå/
tñYåjø�ó$ï$ó$ä�æoöhó$øpæoô Î ï$ñYù�æoø�ò�ñYôrò�ó��YñYÿoè

 ô2õeæoô�ó&%^öhó$åjâ��ó$ø�ï$â�æoôHò�ó$ù�ñYø�ô2õ\å\æoù ÷7ä�ó! ªæ�ï$ñYø�ò�äVúïoûæoñ�òpæ�ïQæoò�ó$â�å\æ�ï$ñYù ïQæoöpæoï$â�òpæoò�ó)åjóQæoï0õ\â,�oæ* 
ó&%^â�ãYâ�ä�ùqä�â�õ\ñqù�ó$ø�ñYô>ó$ô�
tñYå�úï$ñ-ó�æ�õ\ó$øVúïoûæoñ�öhñYå'öpæoå2õ\ó+ò�ñ-ä^õ\â�ð�â�ÿQæoò�ñYå. :ò�ó$ôjï$åjó��Yó$ø�ò�ñ�æqïQæoò�ó$â�å\æqä�ù�æ
õ\å\æ�0jó$ï0õ	íñYåjâ�æ-ù�æoâ�ô'ôjäpæ1�Yóoè
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