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_�uGc�azY�� r^Wmc�Y\psk cbUX_g}Xr^k¬�zUGY\pXngW�[¢azc!qsY\abU¬aj_�Yxwg_�[dk2`|fj_�]
abUsWv]M�� ¯UX[or^W�abUXW¬fj_�u=_\aM]~_<k<[¢�G�>[^pXn®[oajcMqsY\abU{�,cb[ops�vW
�vY�]~WvfzY2_gpXro�.UXWmYgkXc�ab_teVY\fzkXc�abUXWMfj_�u=_\am÷ c�`|fb_gp>a¡kX[ofjWm� �
ab[^_�p&�gazY\fjn�Wva�]¡Yx�~uGWZk<[dcbY�qXqGW0Y\f�`|fb_g]ÂabUXWZ�vY�]iWmfjY�wy[oWme,�
TVUy}scm��±~}scbWmk®Y�� ab[^w�W�cbWvpscb[opsn4�mY\qsY�uX[^ro[oa�� _\`ZajUXW�qsY\p>ab�
ab[^roa���Õv_y_�] �vY�]~WvfzYX�Xaj_�]~_�pX[oab_gf�ajUXW!ajfjYg� W!_�`QabUXW�ajY\fjn�Wva
[^p³Y\r^r��v_�pskX[¢aj[o_gpscv��±­p _gfjk<Wmf!aj_2Wmc�ajY�uXr^[^cbU¬abUsW:fjW0/>}X[^fbWv�
]~Wvp>am�g[op¡W0Y��zU~c�ajWvq{�gabUsW�� Wvp>ajWvfE_�`GajUXWVajY�fbngW a@� _gro_gfQuXr^_�u
[dc�WvÄyabfzY��(ajWmk `|fb_g] �vY\]~WmfjY�c�Wmpsc�_gfm� ©��v�v_�fzk<[opsn�ab_�abUsW
k<[dc�azY\ps�vW!u=W a�eSWvWvp�abUXWi� Wvp>ajWvf�_�`E�vY\]~WmfjY¡Y�psk�� Wmp>abWvf�_\`
abUsWiusro_gu{�{�vY�]iWmfjY�[^claj[oroabW0k���±�`SuXr^_�u�[^cZYtalabUsWir^W `¨a�cb[dk<W
_\`VajUXW��vY�]iWmfjY�cj� fjWvWmp{���mY\]~WvfzY�[^c,ab[^r¢ajWmk4aj_�roWv`¨aiY\pGk�[o`
uXr^_�u$[^c�Yta¡fb[^n�U>a0�S�mY\]~WvfzY2[dciab[^roabWmk$aj_4fb[^n�U>am�¯¤s_�f~abUsW
cjY\h�Wi_\`�cb[o]~qXr^[^�v[¢a��g�&[oa![^c�c�}<Ê��v[oWmpgaZaj_�fb_�ajYtajW¡�vY\]~WmfjY�Y
� _gpsc�ajY\p>aVk<WvngfbWmW�qGWmfScbWm�v_�psk{����_te�Wmw�Wmfm�>c�[^]�}XrdYtaj_�fS� _�pX�
c�abfzY\[^psc�ajUXW�]¡Y\Äy[^]�}s]¥Y\r^ro_teVY\uXr^WZab[^roa,Y�pXn�r^W,aj_#�+� ÁD���
k<Wmn�fjWvWmcm�tfj_�u=_\aQ]¡Yx�!]~[^cjc�[¢azcQr^[opXh�ab_lajY�fbngW a0�tajY�fbngW a�]~Yx�
k<[dcbY�qXq=WmY\fi`|fj_�]�ajUXW�cb�vfbWmWvp{�³±­p$cb}s�zU³cb[oab}sY\ab[^_�pscm�@rdY�c�a
fj_\ajY\ab[^_�p®Y\pXngroWM_�`�ajUXW�fj_�u=_\aZ��}sc�a�uGWv`|_�fjWM]i[dcjc�[^pXn4abUsW
ajY�fbngW aE[dcEc�ab_�fjWmkiY\pGk~}sc�W0k~Y�c�ajUXW�ajY�fbngW aEk<[^fbW0�(aj[o_gp{��TVUsW
k<[^fbW0�(aj[o_gp�[^p<`|_�fj]¡Ytaj[o_gp�[dc�}scbWmkie�UXWvp¡�v_�]~qX}<aj[opXnlajUXW�Ytab�
abfzY�� ab[^_�p�w�W0�(ab_gf�_\`�abUXWZazY\fjn�WvaV[^p�§yWm� ab[^_�p�´X�í�<�E¤�[^n�}XfjWow
cbUX_te�c�abUXW!¤Q§<©É`|_gfVabUX[dc�u=WvUsYxwy[^_�f0�

yAzR� ��~@�(����~��H���J�t�(~@�(���I�

��_\ajWvp>ab[dY\r7�GWvrdkXc�]~W ajUX_<kM[^c�Wv]~qXr^_t��W0k�aj_�� _gpgajfb_gr�fb_guG_�a
]~_tw�Wm]iWmp>ajcm� ¤�[^n�}sfbWv�Àc�Us_te�cMabUXW³a�eS_°� _gpsc�aj[¢aj}XWvp>azc
_\`iabUsW.ö�©�Ç�±|�Z©QT�Ô u=WvUGYxw>[^_�f0�KTVUXW._�}<ajqX}<a2wgWm�(aj_�fzc
_\` K�n e pT� e V.i g K#�&� b Y�psk s eogIe�g K c s bog Y\fjW
cb}X]~]iW0k:ab_¡c�q=Wm�v[¢`|��abUXW!kX[ofjWm� ab[^_�p�_\`�]~_twgWv]~Wvp>am�:��_teV�

AVOID OBSTACLES

GOTO TARGET

Summed
     Vector

SPEED

TURN
DIRECTION

ACTUATORS

Range (IR)
Sensor

Camera
(Blob finder)

SENSORS

NAVIGATE TO TARGET BEHAVIOR

CAMERA BEHAVIOR

last direction
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GOTO TARGET BEHAVIOR

FOLLOW
CAMERA

FOLLOW
LAST
DIR

target invisible

target visible

LAST DIR
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Wvw�Wmfm�7ajUXW¡k<Wmcb[^fbW0k�c�q=WvW0k2_�`EabUsWifj_�u=_\a,k<_yWmclpX_�a!c�Wvaluy�
k<[ofjWm� abr^�®]~Y�n�pX[oab}Gk<W2_�`!abUXW�w�W0�(ab_gfm�ú±­psc�abWmYgk¯w�Wmro_<�v[¢a��
[^c!kXW abWmfb]~[^pXWmk�uy��ajUXW�k<Wmpsc�[oa��2_�`S_gusc�ajY��vroW0cZY\UXW0Y�k2abUXW
fb_guG_�am�� ¯UXWvp$abUsWvfjWMY�fbW�pX_4_�uGc�azY�� r^Wmc~Y�fb_g}Xpsk��Efj_�u=_\a
]i_twgWmc�e�[¢ajU°[oajc�]¡YtÄ<[o]�}X] c�q=WvW0k���Y�psk¯e�UXWmp°Y\p°_�u<�
c�azY�� r^W�[dc!wgWvfj�2� r^_gcbW~ab_�ajUXW�fj_�u=_\a0��[oa�]~_tw�W0c,c�r^_te�r^��ab_
WvpsY�uXroW~fj_�u=_\a,]¡Y\hgWik<W0c�[^fjWmk�fb_�ajYtaj[o_gpscm�# &Ygc�a,k<[^fbW0�(aj[o_gp
[op<`|_gfb]¡Y\ab[^_�p4� _�]~W0c�`|fj_�]¡'S©<E�Ô�Æ�© uGWmUsYxwy[o_gfm�{Y�psk�[^c
}sc�W0k�e�UXWmp�azY\fjn�W aVk<[^fbW0�(ab[^_�p:�vY\pspX_\aVuGWlW ÄyajfjYg�(abW0k~`|fj_�]
uXro_gu��spsk<Wmf�qXfb_xÄ<�g�

¢ ÐsÓ0Ð�£��<Ï�¤=Ò>Ó>!�Ò4B���Í{ÎÝÐsÏ
TVUXWlkX[ofjWm� ab[^_�p�_�`{abUsW�azY\fjn�W a0�gWm[¢ajUXWvfS`|_y_<k�_gf�UX_g]~W��<e�[^ror
uGW�kXW abWmfb]~[^pXWmkiuy���mY\]~WvfzYZk<[^fbW0�(ab[^_�p~e�UXWmpXWvwgWvf�ajUXW�ajY�f��
n�W a!�mY\p�uGW¡cbWvWvp�uy�2�vY�]~WvfzY Ö ¤�[^n�}XfjW¥�X�¥'�_�r^_�fZ[^cZ}Gc�W0k
Y�c�abUXW,Y\Å=_gfjkXY�ps� W#	¢Á��7]~W0Y�cb}XfbW�`|_�fSabUsWZY\a�ajfjYg�(ab[^_�p:c�[^ps� W
[¢a¡[dc¡k<[ofjWm� abr^�¬qGWmfj�vWv[^wtY\uXr^W�Y�psk³fbWmqXfbW0c�Wmp>ajciY2q=_\ajWvp>ab[dY\r
`|_�fSfb_guG_�a@]~_tw�Wv]~Wmpgazcv��TVUXW�cb[^ÕvW�_�`7abUXWluXr^_�u¡fjWvqXfjWmcbWvp>ajc
� r^_gcbWvpXW0cbc�ab_.abUXW�ajY�fbngW am��§y[^ps�vW2�sWmr^k°_\`,ajUXW�wy[^Wve¥_�`
abUXWZ�vY�]iWmfjY![^c�ro[^]~[¢ababW0k��>ajY\fjn�Wva�]¡Yx�iuGWl[opywy[dc�[^uXr^W�ab_�abUXW
�vY\]~WmfjY Ö Y\pGk�fj_�u=_\a(×�`|_gf�cb_�]~WVc�[oab}<azYtaj[o_gp Ö [oWg��e�UXWmp�[oaQ[^c
uGWmUX[opsn!abUsW�fj_�u=_\az× �Q¤X_�fSc�}G�zU�c�[oab}sY\ab[^_�pscm�yY�cQ[oa�[dc�c�ajY\abW0k
[op
'SY�]~WvfzY¡T&fzY��vW�T�Y�fbngW a��SWvUGYxw>[^_�f Ö §yW0�(ab[^_�p�´X�^Á0×(�Gr^Ygc�a
fb_�ajYtaj[o_gpiY�pXn�r^W Ö k<[^fjWm�(aj[o_gpG×�[dcQc�aj_�fjWmk���Y�pskiY\p¡YtababfzY��(aj[o_gp
w�Wm� ab_gf,[^c!�v_�]~q=_gcbWmk�}sc�[^pXn�abUsW¡_�qXq=_gcb[¢ajW¡_\`�abUXW�c�ab_gfbW0k

�



k<[^fbW0�(aj[o_gp{�QTVU>}Gcv�y[^p�Y�ror�cb[¢aj}<ajY\ab[^_�pscm�<Y\p:Y\a�ajfjYg�(ab[^_�p��sWvrdk
w�W0�(aj_�fV�vY\p�uGW,� _g]~qX}<abW0k��I'�_�psc�ajY�p>aS]¡Y\ngpX[oab}sk<Wl[dc�Wm]i�
qXr^_t��W0k~`|_�fSabUsWZY\a�ajfjYg�(ab[^_�p��sWvrdk�wgWm� ab_�f0��±�aS[dcSpX_\a�Y�abfj}XW
�sWmr^k³w�W0�(ab_gficb[^ps� WMe�UXWmp³fj_�u=_\a~]~[^cjc�abUXW�abfzY��zh4_�`�abUsW
ajY�fbngW a0�gY\p�Y\a�ajfjYg�(ab[^_�p~wgWm�(aj_�fE[dcS� _�]~qX}XabWmk¡kX�>pGY\]~[^�mY\r^ro�
Y\pGk2Y\qsqXfb_xÄ<[^]¡YtabWmro�g��Y�cjc�}X]~[^pXn�azY\fjn�Wvalr^_<�vYtajWmc�[op4cb_�]~W
k<[^fbW0�(aj[o_gp{�¯TVUXWvfjW:]¡Yx� u=W�Y\p®Y\roabWmfbpGYtab[^w�W�]~W ajUX_<k.aj_
ajYg�zhyroW¡e�[oabU¬r^_gcb[opsn:azY\fjn�WvalajfjYg�zh2qXfj_�usroWm]��¦ ¯UXWvp4azY\fb�
n�Wva�[dc@[^p�ajUXW��sWvrdk�_�`{w>[^Wve,�<Y�w�Wm� ab_gfEab_�abUXW�ajY�fbngW a@r^_<�vY\�
ab[^_�p�� _g}Xr^k�uGW¡� _g]~qX}<abW0k�fjWvrdYtaj[owgW,ab_�fb_guG_�am�,TVUX[dc�wgWm� �
ab_gfm�7� _g}XqXr^WmkMe�[oabU�_<k<_g]~W abWmf�`|}XpG�(ab[^_�pGY\r^[¢aj[oW0cv�=abUsWvp2�mY\p
u=W�}scbWmkiaj_�Y\qXqsfb_xÄ<[^]~Y\abWmro�ik<W ajWvfj]i[^pXW�azY\fjn�Wva�k<[^fbW0�(ab[^_�p&�
TVUX[dc�]~W ajUX_<kM[^c�pX_\a�`|_gror^_teSWmk�`|fb_g]�a�eS_~fbW0Y�cb_�pscm��¤�[^fjc�a
[^p¡fbW0Y\rXfj_�u=_\azcEe�UXWmp¡Wvfjfb_gfjcQY�fbW�Yg�v� }s]�}XrdYtajWmk�`|_�fSYZro_gpXn
Y\]~_gpXn�_\`�aj[o]~W��=ajUXW�W0c�aj[o]¡Ytaj[o_gp�_\`QajUXW�r^_<�vYtaj[o_gpM_\`QabUsW
ajY�fbngW ai]~Yx��u=W:]~[dc�r^WmYgk<[opsns�4TVUXW:_�abUXWmf�fjWmYgc�_gp¬[^c�abUsW
� _g]~qXroWvÄ<[¢a���_�`@ajUXW��vY�r^�v}Xr^Y\ab[^_�p�_\`V_�fj[oWmp>ajYtaj[o_gp��zUsY�pXn�W0c
[^p�fj_�u=_\a0�
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Æ�_guG_�a�UsY�c�ps_¯qXfb[^_�fMhypX_te�r^Wmk<ngW¬Y\u=_�}<a�ajUXW Wvpywy[^fb_gp<�
]~Wvp>am�yY�c@e�Wmror7Y�cEabUXW�`|_y_yk¡Y�psk¡UX_g]~W�ro_<�mYtab[^_�pGcv��'�_�r^_�fzc
_\`�ajUXW�`|_>_<k:Y\psk¡Us_�]~W�[dc�abUXWl_�pXr^�¡� }XW�`|_�f�abUXWlfj_�u=_\a@aj_
Y��m� _g]iqsro[dc�UM[oajc�ajYgc�h7��Æ�_�u=_\a�_�pXr^�:hypX_te�c�abUsY\a�[oa�UsY�c�Y
c�ajY\fbab[^pXn�qG_g[op>a�e�UX[^�zU�[^c��vro_>c�Wmf&aj_�[oajc�UX_g]iWg��§y[^ps�vWSUs_�]~W
Y\pGk�ajY�fbngW a,Y\fjW�[^p�abUXW¡cjY\]~Wicb[^ÕvW~Y\psk�[op�k<[oÅ=WmfbWmpga!�v_�ro�
_�fzcm�=fj_\azYtaj[o_gp2_\`@abUXW~fj_�u=_\a,c�UX_g}Xrdk�WvpGY\uXr^W�[oaZab_Mk<Wm�v[^kXW
abUsW�� _gro_gfjc�_�`{eSY�rordcm��Æ�_�ajY\ab[^_�p~uGWmUsYxwy[o_gfE[dc��v_�]~qG_>c�W0ki_\`
a�eS_ZcbW0/>}XWmps� [dY\rsuGWmUsYxwy[o_gfjcm�&±­piabUsWV�sfjc�aEu=WvUsYxwy[^_�f0�\fb_guG_�a
]¡Y\hgWmc�Y�´gÿ���k<WvngfbWmW�fj_\azYtab[^_�p&�{±­p�W0Y��zUic�ajWvqi_\`sfj_\azYtab[^_�p&�
� _gro_gfjcSY\pGk:Y�fbW0Y�cE_�`&ajUXW,� _�fjfjWmcbqG_gpsk<[^pXn��v_�r^_�fSuXro_guscVY\fjW
W ÄyajfjYg�(abW0k���¤X_�f@WmY��zU��v_�r^_�f0�tabUsW�]¡YtÄ<[^]�}X] Y\fjWmYl[dc@� _g]i�
qX}<ajWmk�u>�¡�v_�]~qsY\fj[^pXn!ajUXW�cbW0/>}XWmps� [dY\r=]~WmY�cb}XfjWmcm��©SaSabUsW
WvpGk�_\`@abUXW~´�ÿ���k<Wmn�fjWvW!aj}Xfjp{�7abUXW~� _gro_gf�e�[oabU4Y�ngfbW0YtabWmf
cb}Xf�`£Yg� W:[^c�fbWv`|WvfjfbW0k¬Y�c�UX_�]~W�� _�r^_�fiY\psk._\ajUXWvf~� _gro_gf�[dc
Y�cjcb[ongpXWmki`|_gfE`|_y_<k��@ûlk<_�]~W ajWvf�[^c�}scbWmk¡[^p¡abUsW�[^pXUX[^uX[¢aj[o_gp
_\`�ajUX[dc@�Gfjc�aVcb}Xu<��u=WvUsYxwy[^_�f@Y�psk�[^p�ajUXW�fjWvr^WmYgc�W�_\`&cbWm� _gpsk
_�psW��!©�`¨ajWvflabUsW~´gÿ���kXWvn�fjWvW�ab}Xfjp{��fj_�u=_\aZh�WmWvq�_gp2fj_\ajY\�
ab[^_�p~[^p~_�fzk<Wvf�aj_lUsWmY�k�aj_ZabUXWVazY\fjn�W a0�� ¯UXWmp~abUXW��mY\]~WvfzY
cbWvpscbWlabUXWZazY\fjn�W a��v_�r^_�f0�>fj_�u=_\a�c�ab_gqscSab}XfjpX[^pXns�

© Í=ÐGÎR�«ª
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­ }sYgk<fjY\ab[d��k<fj_�q<��_\Å$[^c�}scbWmk4`|_gf�ajUXW�qG_�abWvp>aj[^Y�r@�sWmr^k _\`
abUsWi_gusc�ajY��vroWg�,TVUXW�wgWm� ab_�fl[dclkXW abWmfb]~[^pXWmk�e�[oabU�ajUXW~}sc��

Top Right IR Sensor

Top−Left IR Sensor

Top IR Sensor

Left IR Sensor

Right IR Sensor

AVOID OBSTACLES

AVOID OBSTACLES

AVOID OBSTACLES (2)

AVOID OBSTACLES (3)

AVOID OBSTACLES (4)

(0)

(1)
Summed
     Vector

     Vector
Normalized

maxIntesity (speed)

AVOID OBSTACLE BEHAVIOR
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Y\n�Wi_\`SqXfj_xÄy[^]~[¢a���cbWvpGc�_gfjc Ö ±�ÆÂc�Wmpscb_�fzcj×�Y�clq=Wvfz� WvqXab[^_�p{�
��_teSWvw�Wmfm��c�[^ps� W¡]~_gfbWiabUGY\p4_�pXW�cbWvpGc�_gf!Y\fjWiWm]~qXro_t�gWmk��
abUXW~azY\pXngWvp>ab[dY\r��sWmr^kXcZcbUX_�}sr^k�uGW¡�v_�]�us[opXW0k�`|_gflabUXW~W Äy�
abfzY��(aj[o_gp!_\`sab_\azY\rgajY�pXn�Wmpgaj[^Y�r��GWvrdk���TVUsWvfjW�Y\fjW���k<[oÅ=WmfbWmpga
Y\qXqXfj_gYg�zUXWmcSaj_�� _g]�uX[^pXW,]�}Xr¢aj[oqsroWic�Wmpsc�_gf��vYgc�W Ö 	¢Á��¨× ��±­p
abUXW�]~_�fjW�� _�]~]~_�p³Y\qXqXfj_gYg�zU{��Y2uGWmUsYxwy[o_gf![dc�[^psc�abWvp>aj[¢�
YtabW0k¡]�}sr¢aj[oqXr^W�ab[^]iW0cv�>`|_gf@WmYg�zU�cbWvpscb_�f0��û�ajUXWvfVY\qXqsfb_>Y��zU
[^c�ab_�� _g]�uX[^pXW!cbWvpscb_�f�ksYtajY~[^pM_�pXW,u=WvUGYxw>[^_�f0�@¤�[^fjc�a�_�pXW
[^cMk<W0c�[^fjY�uXr^W���cb[ops�vW2ajUXW�`|}sps�(aj[o_gp°[dc:[^psk<WmqGWmpsk<Wmpga�Y\pGk
e�[or^rQpX_\a,[^p>abfj_ykX}s� W¡cb[^k<WiW Å7Wm� ajclaj_:ajUXW~]¡Y\[^p�qXfj_�ngfjY�]M�
±�`��sfzc�a�Y\qsqXfb_>Y��zU¯[dc�}sc�W0k��ZY�kXk<[oab[^_�pÀ_\`�]~_gfbW�c�Wmpsc�_gfjc
e�_g}Xr^k�uGWiw�Wmfb��cb[o]~qXr^W��7pX_�aZ�zUsY�pXn�[^pXn�c�abfj}s� ab}XfjW�_�`QabUXW
qXfb_gn�fzY\]¼_�f�_\ajUXWvf�]~_ykX}XroW0c Ö _�u<��W0�(a�_�fj[oWmp>abWmk�Y\qXqXfj_gYg�zUG×(�
��_teSWvw�Wmfm�0[o`=Yxw�_g[^kZ_gusc�ajY��vroW@uGWmUsYxwy[o_gf�[dc&[^psc�ajY�pgaj[^Y\abW0kZ`|_�f
WmY��zU�c�Wmpsc�_gfm�mabUsW�cb}X]~]~Y\ab[^_�p!_�`<abUXWSw�W0�(aj_�f&[^p!]¡Y\[^p!qXfj_\�
n�fzY\]	e�[or^rVUsYxw�W�}spsk<Wmcb[^fjY�uXroW�fbW0c�}Xroajc!`|_�fiuX[^n2_�uGc�azY�� r^Wmc
c�[^ps� W�e�Us_�r^W�_�usc�ajYg� r^W�Yxw�_�[dkXY�ps� W�uGWmUsYxwy[o_gf¡e�[or^r�k<_g]~[¢�
psYtajW�ngWvpXWmfjY�r�u=WvUsYxwy[^_�f0�!TVUXWvfjW `|_gfbWg�=abUXWmfbW~c�Us_�}Xrdk�u=WiY
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