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[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
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�m[,��`�^acEhg[
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`'���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,�[,`
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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
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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
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ACENTUADA


Comportamento de

Desvio de Obstáculos


Comportamento de

Procura de Meta
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[3_�}ZXZ�y_p{j�|_�l�i^s�mR_�n3_���i^s�Y\]�s"}Z�3_cbM����[3_�u�_���qr_
_�n^}ZXZjy_p{j�|_�l�s"m�]�l\�$�l�q
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XZj"l�s�£cn^]�s"����lot3_�w0l\]�mR_�i^s�]�s"Y\]
_��$¨�©Fª«©H¬7­p®¯c° s�u�_��
]�X��_�u\s"XZ�M}ZXZt^Y\[��§ ��q
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¥J³ ]
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t^l\�$i3_�i^l\�$��s"t^��l\]�X�_�XZ�"b

¥ ²:£cXZY\s"m�t^l\]�mR_�}Zmos"t7q
s�npl\[^j"l�nps"��loj"l\mon^[cqr_�j"XZl\t3_�})b
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è�õ�ö�÷.øUö�ùBú ûcü.ú�à�ø
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ÖSö£Ü�Õ�Ý;ÖSæsÖ^ÞsÖIÕsåÖIî�Ü�ó�Ö�Ø
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ï�âZÝ/ÒU)-ÖIÔ�äcåÜ�ã�Ü�Ý/Ü�ò�Ö à Õ�âZï à ÒMæsÖIï�æsÖ à ÖIÞsÖ à ÒMæsÖIæ�âEâZÝ âRQ�â à Ô�äoÖIÕ�ÖIÔ�äQÜ�ã�Ü�Ý;ÖIÝ/âZã�äQâ�äoÖIÕ�â�ö�ÖIï/æ�âxÖIó	äQÜ
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Rede Ethernet Local
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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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J?KML(K�N OQP�RTSVUXWZY\[^]=_[-`]bacP�RedgfXaVh�ijRTkl]bm
nXo�prq!s�tvu"w.xQyrt,zX{1q!u"o�|}q!~v���"x"|��"p�o��"~vw.s#q!|.���+�"wV�9o;u"w.s�{.o�x"u"�"�.tvpTq(q!~v���"s#q!|^|�t,yr�Xq9�{!�o�w.|Tu"wV{.o�~vtv|.�q!o"�
x"o�s�w1q!uXq!s�w.xQyrw!�
H��(� q!s#q�~vtvs�t,y�q!uXq=u"o�|D|�w.x"|�o�p�w.|Du"w=tvx*�Mprq1��w.p�s�w.~v�"o��/�Qq!s#q�tvx"|��*zX{.tvw.xQyrw=�Xq!prq�q!~v���"x"|Fyrtv�9o�|
u"w\s#q!x"o��"prq!| �-� |�yrw\�"p�o��"~vw.s#q��Mo�t�p�w��Mw.p�tvu"o�xXq�|�w.{;�{!�q!o�� �,H����;�

�;�D�g��"s�w.p�o�tvx"|��*zX{.tvw.xQyrw?u"w?|�w.x"|�o�p�w.|V~�q�yrw.prq!tv|}wFyrprq!|�w.tvp�o�|}�T�"s�w&�*w.s��"~vo\{.o�p�p�w.xQyrwDu"w?{.o�~vtv|.�q!o
q!{.o�xQyrw.{.w��+�Xq!x"u"o�q��Xq!p�yrw#u"t�q!xQyrw.tvprq'uXq�{1q!u"w.tvprq�� �q yrprq!x"|��T¡o�|)�"s¢o��"|�y �q!{.�"~vo"�Tyrw.x"u"o£u"w
|�w.���"tvuXq¤u"w¥w��Mw.{�yr�Xq!p��"s#q¤p�o!y�q9�{!�q!o§¦¨zX���"prq©� �,H�ªQ«&��¬ �­q!~,y�qgu"w�|�w.x"|�o�p�w.|'~�q�yrw.prq!tv|�~vw��!q
x"o�p�s#q!~vs�w.xQyrw�®q�x��q!o�u"w�yrw.{;�{!�q!o#u"o�o��"|�y �q!{.�"~vo��+�"w=q!{1q!�9o��'u"w=�"~,yrprq!�Xq!|�|rq!p �

¯'°&± ²�³�´µ´}³)¶�·�¸ ¹�·º²�»�¼µ½µ³

¬ �Xq!|�|rq!��w.s¾u"w£�9o�p�y�q¿�Mw.�&�Z|�w£u"w��Mo�p�s#q¿p�w1q!{�yrt,�!q*�Vo��À|�wZ�rq*�Á|�w.s¾�+�Xq!~v�+�"w.p#�"~�q!x"w1q!s�w.xQyrogu"w
yrprq���w.{�y �o�p�t�q �ÃÂ {.o�xQyrp�o�~�q!u"o�p�x��q!o¤q!{�yr�Xqgu"w'�Mo�p�s#q¥w.|��9w.{.t�q!~?x"og{1q!|�o¤u"w£�Xq!|�|rq!p��"s#q¿�9o�p�y�q �
� |�y�q �w?|�tvs��"~vw.|�s�w.xQyrwÁ�;tv|�y�q\{.o�s�o\o=w.|��Xq9�{.o)w.xQyrp�wDu"o�tv|bo��"|�y �q!{.�"~vo�| �-Ä o�sÅ�Xq!|�wDx"o={.o�s#q!x"u"o\u"o
�*yrtv~vtv�1q!u"o�p.�Æq#{1q!u"w.tvprq�yrw.p �q#u"w)�Xq!|�|rq!p�w.xQyrp�w�w.|�|�w.|�o��"|�y �q!{.�"~vo�| �D¬ zX���"prq�� �,H�H tv~v�"|�yrprq#q!~v���"s#q!|
yrw.xQy�q�yrt,�!q!|}�Xq!prqD�Xq!|�|rq!pµ�"s#qD�9o�p�y�qD{.o�sÈÇ I {.seu"wÁ~�q!p����"prq �T� q!|TzX���"prq!|µ� �,H�H q « � « ��o��*yrtv~vtv�1q!u"o�p
yrw.xQy�q��Xq!|�|rq!p\q��9o�p�y�q#|�w.sÉ|�w.p\q!|�|�tv|�yrtvu"o��9w.~vo s �o�u"�"~vo#p�w1q!{�yrt,��o �=� q��"p�tvs�w.tvprq�w&�*�9w.p�t�¡w.x"{.t�q*��o
�*yrtv~vtv�1q!u"o�p#x��q!oÊ{.o�x"|�w.���"wgp�w1q!~vtv�1q!p qËs#q!x"o��"prqËu"w¿�Xq!|�|rq!��w.s �l� qÊ|�w.���"x"uXqÊw&�*�9w.p�t�¡w.x"{.t�q*�(o
�*yrtv~vtv�1q!u"o�p=q�yrprq1��w.|�|rq¿q��9o�p�y�q*�}yrw.x"u"o��Mo�p�x"w.{.tvu"o I {.o�s#q!x"u"o�| �¥� o!yrw&�Z|�w �+�"w�o¥|��"{.w.|�|�o¿u"w.|�y�q
w&�*�9w.p�t�¡w.x"{.t�q�u"w���w&�Z|�w)�"p�tvx"{.tv�Xq!~vs�w.xQyrw�®q�q!�"p�o1�*tvs#q9�{!�q!o��Mp�o�xQy�q!~^uXq�{1q!u"w.tvprq �

� q!|Vw&�*�9w.p�t�¡w.x"{.t�q!|VuXq!|/zX���"prq!|Á� �,H�H { « u « o)�*yrtv~vtv�1q!u"o�pb{.o�x"|�w.���"w��Xq!|�|rq!pÁq=�9o�p�y�q\�Mo�p�x"w.{.w.x"u"o
q!�9w.xXq!|V�"sÌ{.o�s#q!x"u"o)u"wD��o�� �/Í s#q\��w.��s#q!tv|.�+|�w�s�o�|�yrprq)q)tvs��9o�p�y�¡q!x"{.t�q�u"o�s �o�u"�"~vo=p�w1q!{�yrt,��o �
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pqH z | F� pO|

r I < ET�\��� 5 sutututms��-��z b|}n/�Tn8o7�v�qo � n z pq�
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r h < z b|}n/n z �Tn8o7�v�qo � n z pqH z | F� pO|�HT� �
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£¤� � � ��¥u|}oqpqn�| z HT�8�q��o � H;¦O| z HJpqHJ�vHT�8��| zT>
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