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Bidirectionality : why ?
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● Sta ying  a g ile  without ha ving  a  c irc ula r footp rint . In  

othe r word s , d e a ling  with d e a d  e nd s .

● Advantages of re c ta ngula r ove r c irc ula r rob ots :

○ Ea s ie r to  ma nufa c ture

○ Be tte r long itud ina l s ta b ility (c a s tor whe e ls  

c a n b e  p la c e d  furthe r a wa y from d riving  

whe e ls )

○ Be tte r thre s hold  c ros s ing  c a pa b ility

○ For the  s a me  wid th, c a n c a rry a  muc h b igge r 

pa yloa d

● Drawbacks : ne e d s  to  b e  fully b id ire c tiona l, he nc e

○ Needs navigation sensor symmetry

○ Na viga tion s oftwa re  is  more  c omple x…



How ? 

Method A:  Inversion trick
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● Inve rs ion tric k on the  p la nne r 

a nd  the  c ontrolle r

● Advantages :

○ Tra ns pa re nt from the  

point  of vie w of the  

na viga tion s oftwa re

○ Works  with old  

a rc hite c ture s

○ Simple  p la nne r: no 

orie nta tion c omputa tion

● Drawbacks : 

○ Ha c ky

○ Assumes symmetricity of 

the payload (same 

capabilities on both 

sides)



How ? 

Method A:  Inversion trick
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Exa mple : Wyc a  Rob otic s  

Ele na /As trid :

● Firs t  imp le me nte d  in  

ROS 1 + 

move _b a s e _fle x +  

BT, the n ROS 2

● Logis tic s  wa re hous e  

inve ntorying  

a pp lic a tion

● Symme tric  pa yloa d  : 

c a me ra s  le ft  a nd  

right



How ? 

Method B:  Full nav2 way
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Dire c t ion agnos tic  e ve rywhe re :

○ Planne r: SmacHybrid

○ Controlle r: MPPI

○ Twis t  p ipe line  (Smoothe r, 

Muxe r, Collis ion Monitor)



How ? 

Method B:  Full nav2 way
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Planne r: SmacHybrid

o Support  non- c ircula r rob ots : c an pe rform polygona l collis ion 

che cks , i.e . not  only c ircums c rib e d  rad ius

o Plan with orie nta t ion

o Opportunis t ic  inve rs ion with a  p riori knowle d ge

o Loop  inve rs ion



How ? 

Method B:  Full nav2 way
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Pla nne r: SmacHybrid  

Exa mple :

o Sta rt : Forwa rd

o Goa l: Forwa rd

=> Cla s s ic  pa th



How ? 

Method B:  Full nav2 way
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Pla nne r: SmacHybrid  

Exa mple :

o Sta rt : Ba ckwa rd

o Goa l: Ba ckwa rd

=> Simila r pa th, but  inve rte d  a s  

Sta rt : Forwa rd  /  Goa l: Forwa rd



How ? 

Method B:  Full nav2 way

10

Pla nne r: SmacHybrid  

Exa mple :

o Sta rt : Forwa rd

o Goa l: Ba ckwa rd

=> Opportunis t ic  inve rs ion, while  it  

is  pos s ib le  a nd  in a nt ic ipa t ion of 

the  fina l pos e



How ? 

Method B:  Full nav2 way
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Pla nne r: SmacHybrid  

Exa mple :

o Sta rt : Ba ckwa rd

o Goa l: Forwa rd

=> Opportunis t ic  inve rs ion, while  it  

is  pos s ib le  a nd  in a nt ic ipa t ion of 

the  fina l pos e . Sta rt : Ba ckwa rd  /  

Goa l: Forwa rd



How ? 

Method B:  Full nav2 way
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Pla nne r: 

SmacHybrid  

Exa mple : Loop  

pa th s upporte d !



How ? 

Method B:  Full nav2 way
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Controlle r: MPPI

Ab ility to  re s pe c t  the  pa th 

orie nta tion, p rovid e d  a n a ppropria te  

p la nne r is  us e d , a nd  with the

pa ra me te r PathAngleCritic.mode: 2



How ? 

Method B:  Full nav2 way
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Controlle r: MPPI

o Ab ility to  re s pe c t  pa th inve rs ions  (i.e . 

d on’t  s hortc ut  a n inve rs ion c ompute d  

b y the  p la nne r) with the  pa ra me te r 

enforce_path_inversion

o Inve rs ion pos e  is  te mpora ry 

c ons id e re d  a s  the  goa l of the  

c ontrolle r



How ? 

Method B:  Full nav2 way
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Bidirectional ready twist 

pipeline, including the velocity

smoother



How ? 
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Bidirectional ready twist 

pipeline, including the velocity

smoother



How ? 

Method B:  Full nav2 way
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Rob ots  us ing



Thanks !
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