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&'()*+,+)'-%./0'*1-%2-'-%34056%789,*6%:-6,-1-%,;%
<)=>?,6%1,%@-9,A->B4%C4;%D=+,'->B4%.);-=-%

E'4FG%H'G%I-J1*'%K'-66*%L)=*4'%

H,2+4G%1,%M=A,=N-'*-%MJO+'*C-%

MMPQ"RPE%

M6+')+)'-%1-%&2',6,=+->B4%

•  D=+'41)>B4%
– 74S9->B4%

– &'()*+,+)'-6%2-'-%'4056%;89,*6%

– EJ-=,T-;,=+4%1,%749*;,=+4%

– <)=>?,6%1,%=-9,A->B4%

–  D=+,'->B4%N4;,;U'405%

•  &'()*+,+)'-%1,6,=94J9*1-%

•  D;2J,;,=+->B4%,%3,6)J+-146%

•  Q4=CJ)6B4%

V%

D=+'41)>B4%

74S9->B4%

•  34056%;89,*6%-)+5=4;46%

•  D=+,'->B4%14%N4;,;%C4;%4%'405%

•  &2J*C->?,6W%

– Q-''4%-)+5=4;4%

– Q-1,*'-%1,%'41-6%

X%
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&'()*+,+)'-%2-'-%'4056%;89,*6%

•  H,6C',9,%);-%;-=,*'-%1,%6,%C4=6+')*'%4%64YZ-',%1,%
C4=+'4J,%14%'405%-%2-'S'%1,%C4;24=,=+,6%0[6*C46%
–  Q4;24=,=+,6%2',6,=+,6%=4%6*6+,;-%

–  D=+,'->B4%146%C4;24=,=+,6%,=+',%6*%

•  \];%);%2-2,J%1,%A)*-%=-%*;2J,;,=+->B4%14%6*6+,;-%
–  3,6+'*>?,6%=-%F4';-%C4;4%4%6*6+,;-%1,9,%6,'%
*;2J,;,=+-14%

•  Q4;24=,=+,6%0[6*C46W%
–  E,'C,2>B4^%2J-=,T-;,=+4%,%-+)->B4%

_%

QJ-66*`C->B4%1-6%-'()*+,+)'-6%

•  H,J*0,'->B4W%
–  \4;-1-%1,%1,C*6B4%4)%2J-=,T-;,=+4%0-6,-14%,;%);%
;41,J4%*=+,'=4%14%;)=14a%

•  3,->B4W%
–  Mb,C)>B4%1,%->?,6%2'OU1,`=*1-6%,;%',6246+-%-%
*=F4';->?,6%6,=64'*-*6%40S1-6%J4C-J;,=+,a%

•  QJ-66*`C->B4W%
– &'()*+,+)'-6%1,J*0,'-S9-6%

– &'()*+,+)'-6%',-S9-6%

– &'()*+,+)'-6%N/0'*1-6%c1,J*0,'-S9-6"',-S9-6d%

e%
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Q-'-C+,'/6SC-6%1-6%-'()*+,+)'-6%

•  &'()*+,+)'-6%1,J*0,'-S9-6%

–  741,J46%*=+,'=46%14%;)=14%
c-;0*,=+,d%

–  D=F4';->?,6%AJ40-*6%

–  3,2',6,=+->B4%6*;08J*C-%,%
-JA4'*+;46%C4;2J,b46%1,%
2J-=,T-;,=+4%

–  3,6246+-%;-*6%J,=+-%-%;)1-=>-6%
=4%-;0*,=+,%

•  &'()*+,+)'-6%',-S9-6%

–  @,=N);%;41,J4%*=+,'=4%14%
;)=14%

–  D=F4';->?,6%J4C-*6%

–  &>?,6%2'OU1,`=*1-6%-%
1,+,';*=-146%,6f;)J46%
c6*;2J*C*1-1,%C4;2)+-C*4=-Jd%

–  3,6246+-%;-*6%'[2*1-%-%
;)1-=>-6%=4%-;0*,=+,%

g%

D=+,'->B4%N4;,;U'405%

•  P*6+,;-6%-)+5=4;46^%6,;*U-)+5=4;46^%+,J,U
42,'-146a%

•  E-2,J%14%N4;,;%=-%*=+,'->B4W%

– P)2,'9*64'a%

– h2,'-14'a%

– E-'C,*'4%1,%+-',F-a%

– 7,Ci=*C4%4)%E'4A'-;-14'a%

– M62,C+-14'a%

j%

h2,'-14'%

•  .4;,;%1,`=,%40T,S946%1,%=-9,A->B4^%+-',F-6%,%
;*66?,6%2-'-%(),%4%'405%,b,C)+,%

•  P)2,'9*6*4=-%,b,C)>B4%1-6%+-',F-6%

k%

•  Interação de forma mais intensa,  

•  Interfere de forma mais específica e contínua nas 
ações do robô 

P)2,'9*64'% E-'C,*'4%1,%+-',F-%

•  h%N4;,;%-T)1-%4%'405%-%1,6,;2,=N-'%6)-%
+-',F-%C4;4%);%C4J,A-%1,%+'-0-JN4%
– 3,-J*l-=14%2-'+,%1-%+-',F-%(),%4%'405%O%*=C-2-l%1,%
F-l,'%

$#%

•  O homem interage fazendo modificações no 
hardware ou software do sistema 
–  Exemplo: robôs enviados à Marte 

7,Ci=*C4%4)%E'4A'-;-14'%

M62,C+-14'%

•  .4;,;%2',C*6-%+,'%C,'+4%,=+,=1*;,=+4%1-6%
-S9*1-1,6%14%'405%2-'-%C4;2-'SJN-'%4%-;0*,=+,%
C4;%,J,%

– Mb,;2J4W%-62*'-14'%1,%28%-)+5=4;4%

$$%

EJ-=,T-;,=+4%1,%;49*;,=+4%

•  H,+,';*=-'%46%;49*;,=+46%(),%4%'405%1,9,%
',-J*l-'%2-'-%-JC-=>-'%);-%246*>B4%4)%
C4=`A)'->B4%1,6,T-1-%6,;%(),%4C4''-;%C4J*6?,6%%

•  7O+4146%1,%2J-=,T-;,=+4%1,%;49*;,=+4W%
– 34-1;-26%

– H,C4;246*>B4%,;%COJ)J-6%

– Q-;246%24+,=C*-*6%

– EJ-=,T-;,=+4%0-6,-14%,;%-;46+'-A,;%

$V%
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M62->4%1,%Q4=`A)'->B4%

•  I-'*[9,J%1,%C4=`A)'->B4%1,%);%'405%2,';*+,%-%
1,6C'*>B4%C4;2J,+-%14%'405%',J-S94%-%);%6*6+,;-%1,%
C44'1,=-1-6%`b4%=4%-;0*,=+,%

•  @m;,'4%1,%2-'i;,+'46%(),%1,6C',9,;%-%
C4=`A)'->B4%1,%);%'405%O%*A)-J%-4%=m;,'4%1,%A'-)6%
1,%J*0,'1-1,%

•  M62->4%1,%C4=`A)'->B4%O%4%C4=T)=+4%1,%+41-6%-6%
C4=`A)'->?,6%2466/9,*6%14%'405%

•  M62->4%1,%C4=`A)'->B4%n%M62->4%1,%+'-0-JN4%c4)%1,%
+-',F-^%4)%42,'-C*4=-Jd%

M62->4%1,%Q4=`A)'->B4%

•  3405%O%C4=6*1,'-14%C4;4%);%24=+4%=4%,62->4%
1,%C4=`A)'->?,6%

3405%Q*'C)J-'%

M62->4%1,%Q4=`A)'->B4%

3405%3,+-=A)J-'%

M62->4%1,%Q4=`A)'->B4%

34-1;-26%

K'-F4%1,%I*6*0*J*1-1,%
H*-A'-;-%A,=,'-J*l-14%1,%I4'4=4*%

H,C4;246*>B4%,;%QOJ)J-6%
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EJ-=,T-;,=+4%:-6,-14%,;%&;46+'-A,;% Mb,;2J4%1,%2J-=,T-;,=+4%2-'-%9,/C)J46%

h6%2J-=,T-14',6%1,%;49*;,=+4%2'40-0*J/6SC46^%2,';*+,;^%1,%;-=,*'-%F[C*J^%-%
*=CJ)6B4%1-6%',6+'*>?,6%C*=,;[SC-6U1*=i;*C-6G%

Q-;24%E4+,=C*-J%

•  D=+'41)l*14%24'%oN-S0%c$kjed%

– &04'1-A,;%J4C-JW%6,;%C4;2J,+4%C4=N,C*;,=+4%640',%4%
-;0*,=+,%%

– 7mJS2J46%;/=*;46%J4C-*6%

objetivo 

obstáculo 

Potencial de atração     +     Potencial de repulsão 

<)=>?,6%1,%@-9,A->B4%

•  3*;4=%,%o41*+6CN,p%c$kkVd%

•  <)=>B4%24+,=C*-J%6,;%;/=*;46%J4C-*6%

•  Q4=N,C*;,=+4%AJ40-J%14%-;0*,=+,%=,C,66['*4%

– H,`=*1-%=4%,62->4%1,%C4=`A)'->?,6%J*9',6%14%'405%

•  <)=>B4%C-JC)J-1-%2-'-%);-%246*>B4%1,%1,6S=4%
1,6,T-1-%c40T,S94d%

•  &%2-'S'%1,%()-J(),'%246*>B4%=4%-;0*,=+,^%4%'405%
241,%6,'%C4=1)l*14%-4%40T,S94%1-%F)=>B4%

VX%

<)=>?,6%1,%@-9,A->B4%

•  E'42'*,1-1,6W%
– P)-9,%=4%,62->4%J*9',%1,%C4=`A)'->B4%c!"#$$d%

– q=*C4%;/=*;4%AJ40-J%=4%40T,S94%

– R=*F4';,;,=+,%;[b*;-%=-%F'4=+,*'-%1,%!"#$$%
– <)=>B4%14%S24%74'6,%

•  .,66*-=4%1-%F)=>B4%=46%24=+46%C'/SC46%c,bW%24=+46%1,%6,J-d%O%
=B4U6*=A)J-'̂ %4)%6,T-^%46%24=+46%C'/SC46%6B4%24=+46%1,%
,()*J/0'*4%*=6+[9,JG%

•  Q4=9,'A]=C*-%2-'-%2'-SC-;,=+,%+414%%
(*=*+%,;%!"#$$%

V_%
Ve%

<)=>?,6%1,%@-9,A->B4%

Função de navegação: 

Ambiente circular: 

Obstáculos: 

k = 2.9 

β ≡ βi
i=0

M

∏ (q)

β0(q) = − ||q − q0 ||
2
+ρ0

2

β j (q) =||q − q j ||
2 −ρ j

2

k = 2.9 k

φκ (q) ≡
||q − qgoal ||

2

||q − qgoal ||
2 +β(q)[ ]

1
κ
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<)=>?,6%1,%@-9,A->B4%

•  H*`C)J1-1,6W%
– H,`=*>B4%1,%);-%F)=>B4%-=-J/SC-%2-'-%-;0*,=+,6%1,%
A,4;,+'*-%C4;2J,b-%

– H,+,';*=-'%);%9-J4'%2-'-%4%2-'i;,+'4%p%

•  &J+,'=-S9-6W%
– 7-2,-;,=+4%1*F,4;8'`C4%,=+',%);%-;0*,=+,%1,%,6F,'-6%,%
);%-;0*,=+,%1,%A,4;,+'*C-%C4;2J,b-%

– H,C4;246*>B4%14%-;0*,=+,%,;%',A*?,6%1,%A,4;,+'*-%;-*6%
6*;2J,6%,%6,(),=C*-;,=+4%1,%C4=+'4J-14',6%

–  Q[JC)J4%=);O'*C4%1,%F)=>?,6%1,%=-9,A->B4%

Vj%

H*F,4;4'`6;4%

•  7-2,-;,=+4%,=+',%14*6%,62->46%%

– 6)-9,^%0*T,+4'̂ %,%C4;%*=9,'6-%6)-9,%

•  E'42'*,1-1,6%1-%F)=>B4%1,%=-9,A->B4%6B4%
;-=S1-6%

Fronteira do mundo 
de esferas 

Fronteira do mundo 
após difeomorfismo 

obstáculo no 
mundo de esferas 

obstáculo após 
difeomorfismo 

P,(),=C*-;,=+4%1,%F)=>?,6%1,%
=-9,A->B4%

•  P,(),=C*-;,=+4%1,%C4=+'4J-14',6%
–  :)''*1A,a%3*ll*a%o41*+6CN,p%c$kkkd%

–  Q-1-%F)=>B4%24+,=C*-J%1,`=*1-%
=4%6,)%14;/=*4%1,%C4=9,'A]=C*-%

•  &$'()*+,-%.$%"(*/0%

•  H,C4;246*>B4%14%-;0*,=+,%,;%%
COJ)J-6%
–  Q4==,'̂ %3*ll*%,%QN46,+%cV##!d%

!#%

&'()*+,+)'-%H,6,=94J9*1-%

&'()*+,+)'-%N/0'*1-%2-'-%'405%;89,J%
1,6,=94J9*1-%

!V%

&'()*+,+)'-%N/0'*1-%2-'-%'405%;89,J%
1,6,=94J9*1-%

!!%


