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Sampling-based motion planning

• Motion planning = search in high-dimensional space (30+ 
dimensions). 

• Special type of methods which has been shown to be 
practical in many real problems as sampling-based 
methods.
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Configuration space

where

SE(3) = {g =
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}

<latexit sha1_base64="e0pX2v5Ra+RZsguQyTDbwnj3dr4="></latexit>

SO(3)={R 2 R
3⇥3

| R>R = I, det(R) = +1}
<latexit sha1_base64="h0BaD9TakfIMUP00Wx26pDxC9Y8="></latexit>

• Space of all possible configurations of the robot.

• Configuration space of a rigid body

• Configuration space of multiple independent rigid bodies

C 2 {(x, y, z,↵,�, �) | (x, y, z) 2 R3, (↵,�, �) 2 S3 } ⇠= SE(3)
<latexit sha1_base64="gDYKcivFeqbp4ZMs9lgVNEGkcmg="></latexit>

C = C1 ⇥ C2 ⇥ . . . Cn
<latexit sha1_base64="7nCsxuCDBsQ+9qZP0bncdHPUn00="></latexit>

• Configuration space of a kinematic chain
C = S1 ⇥ S2 ⇥ . . .Sn

<latexit sha1_base64="KLijf09W2Gph8NLB3SH+0h7ap64="></latexit>

Sk = {x 2 Rk+1 | kxk = 1}
<latexit sha1_base64="Fnu/oTiTicJTZySRZ8Fpzw5Mj5M="></latexit>
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Grid-like methods => random sampling methods

• Consider creating a uniform grid of 2D,  
• Vertices corresponds to unoccupied places on the grid 
• Edges corresponds to collision-free path between 

neighbouring vertices. 
• The path can be found by Dijkstra or A* 
• Rough discretization => no feasible path 
• Dense discretization => too many nodes (10-dim 

configuration space, 50 points/per dim =>                   ) 
• Iteratively increase discretization in grid 
• Iteratively increase discretization by random points 
• => random sampling methods

5010 ⇡ 1016
<latexit sha1_base64="rQn9Ao2wSEtOPQvNaEwlXzR77qg="></latexit>
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1.         = random(       ) 
2.             = nearest(         , G(V,E)) 
3.         = control(            ,         ) 
4. if  (                       )       
5.          
6.        

xini
<latexit sha1_base64="fK0MRwNxm1KOieHLIK5rhUY+DHc="></latexit>

xnearest
<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xrand 2 C
<latexit sha1_base64="ACrSNeL5JBlYDzNIVMgzRCCqWBo="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit> xnearest

<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest 6= xnew
<latexit sha1_base64="WW2B8vl0Zi02siTuToXGlJOfrFA="></latexit>

V = V [ {xnew}
<latexit sha1_base64="t2rbTWBvrqJvI6MuCZVUvnbcOEY="></latexit>

E = E [ {(xnearest,xnew)}
<latexit sha1_base64="B+2ahzWjMoGggIV8KP5JewL9a08="></latexit>

Input: G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

C
<latexit sha1_base64="Ii2lpEyn+euTtiaTCe8beXhsc7w="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>

Rapidly Exploring Random Tree (RRT)
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1.         = random(       ) 
2.             = nearest(         , G(V,E)) 
3.         = control(            ,         ) 
4. if  (                       )       
5.          
6.        

xini
<latexit sha1_base64="fK0MRwNxm1KOieHLIK5rhUY+DHc="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest
<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xrand 2 C
<latexit sha1_base64="ACrSNeL5JBlYDzNIVMgzRCCqWBo="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit> xnearest

<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest 6= xnew
<latexit sha1_base64="WW2B8vl0Zi02siTuToXGlJOfrFA="></latexit>

V = V [ {xnew}
<latexit sha1_base64="t2rbTWBvrqJvI6MuCZVUvnbcOEY="></latexit>

E = E [ {(xnearest,xnew)}
<latexit sha1_base64="B+2ahzWjMoGggIV8KP5JewL9a08="></latexit>

Input: G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

C
<latexit sha1_base64="Ii2lpEyn+euTtiaTCe8beXhsc7w="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>

Rapidly Exploring Random Tree (RRT)
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1.         = random(       ) 
2.             = nearest(         ,             ) 
3.         = control(            ,         ) 
4. if  (                       )       
5.          
6.        

xini
<latexit sha1_base64="fK0MRwNxm1KOieHLIK5rhUY+DHc="></latexit>

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>

xnearest
<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xrand 2 C
<latexit sha1_base64="ACrSNeL5JBlYDzNIVMgzRCCqWBo="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit> xnearest

<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest 6= xnew
<latexit sha1_base64="WW2B8vl0Zi02siTuToXGlJOfrFA="></latexit>

V = V [ {xnew}
<latexit sha1_base64="t2rbTWBvrqJvI6MuCZVUvnbcOEY="></latexit>

E = E [ {(xnearest,xnew)}
<latexit sha1_base64="B+2ahzWjMoGggIV8KP5JewL9a08="></latexit>

Input: G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

C
<latexit sha1_base64="Ii2lpEyn+euTtiaTCe8beXhsc7w="></latexit>

G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

Rapidly Exploring Random Tree (RRT)
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xini
<latexit sha1_base64="fK0MRwNxm1KOieHLIK5rhUY+DHc="></latexit>

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

u1
<latexit sha1_base64="rfAvdPGkhnyF5GDxwMO8X7k774k="></latexit>

u2
<latexit sha1_base64="DNhIkeAW9gdlgJkZMDYIsB+2yEA="></latexit>

u3
<latexit sha1_base64="dh2s0ejmLPUYTkwS1MlpzyE8wbE="></latexit>

u4
<latexit sha1_base64="TjXrbE2YlLAsoSQ1JBO29M12taU="></latexit>u5

<latexit sha1_base64="G0NGPSzA/kMpnUen0A1HCNvbl28="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>

1.         = random(       ) 
2.             = nearest(         ,             ) 
3.         = control(            ,         ) 
4. if  (                       )       
5.          
6.        

xnearest
<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xrand 2 C
<latexit sha1_base64="ACrSNeL5JBlYDzNIVMgzRCCqWBo="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit> xnearest

<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest 6= xnew
<latexit sha1_base64="WW2B8vl0Zi02siTuToXGlJOfrFA="></latexit>

V = V [ {xnew}
<latexit sha1_base64="t2rbTWBvrqJvI6MuCZVUvnbcOEY="></latexit>

E = E [ {(xnearest,xnew)}
<latexit sha1_base64="B+2ahzWjMoGggIV8KP5JewL9a08="></latexit>

Input: G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

C
<latexit sha1_base64="Ii2lpEyn+euTtiaTCe8beXhsc7w="></latexit>

G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

Rapidly Exploring Random Tree (RRT)
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xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

u3
<latexit sha1_base64="dh2s0ejmLPUYTkwS1MlpzyE8wbE="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>

xini
<latexit sha1_base64="fK0MRwNxm1KOieHLIK5rhUY+DHc="></latexit>

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit>

1.         = random(       ) 
2.             = nearest(         ,             ) 
3.         = control(            ,         ) 
4. if  (                       )       
5.          
6.        

xnearest
<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xrand 2 C
<latexit sha1_base64="ACrSNeL5JBlYDzNIVMgzRCCqWBo="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit> xnearest

<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest 6= xnew
<latexit sha1_base64="WW2B8vl0Zi02siTuToXGlJOfrFA="></latexit>

V = V [ {xnew}
<latexit sha1_base64="t2rbTWBvrqJvI6MuCZVUvnbcOEY="></latexit>

E = E [ {(xnearest,xnew)}
<latexit sha1_base64="B+2ahzWjMoGggIV8KP5JewL9a08="></latexit>

Input: G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

C
<latexit sha1_base64="Ii2lpEyn+euTtiaTCe8beXhsc7w="></latexit>

G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

Rapidly Exploring Random Tree (RRT)
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xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

u3
<latexit sha1_base64="dh2s0ejmLPUYTkwS1MlpzyE8wbE="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>

Rapidly Exploring Random Tree (RRT)

xini
<latexit sha1_base64="fK0MRwNxm1KOieHLIK5rhUY+DHc="></latexit>

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit>

1.         = random(       ) 
2.             = nearest(         ,             ) 
3.         = control(            ,         ) 
4. if  (                       )       
5.          
6.        

xnearest
<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xrand 2 C
<latexit sha1_base64="ACrSNeL5JBlYDzNIVMgzRCCqWBo="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit> xnearest

<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest 6= xnew
<latexit sha1_base64="WW2B8vl0Zi02siTuToXGlJOfrFA="></latexit>

V = V [ {xnew}
<latexit sha1_base64="t2rbTWBvrqJvI6MuCZVUvnbcOEY="></latexit>

E = E [ {(xnearest,xnew)}
<latexit sha1_base64="B+2ahzWjMoGggIV8KP5JewL9a08="></latexit>

Input: G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

C
<latexit sha1_base64="Ii2lpEyn+euTtiaTCe8beXhsc7w="></latexit>

G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>
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Rapidly Exploring Random Tree (RRT)

1.         = random(       ) 
2.             = nearest(         ,             ) 
3.         = control(            ,         ) 
4. if  (                       )       
5.          
6.        
7. repeat from 1 until

xnearest
<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xrand 2 C
<latexit sha1_base64="ACrSNeL5JBlYDzNIVMgzRCCqWBo="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit> xnearest

<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest 6= xnew
<latexit sha1_base64="WW2B8vl0Zi02siTuToXGlJOfrFA="></latexit>

V = V [ {xnew}
<latexit sha1_base64="t2rbTWBvrqJvI6MuCZVUvnbcOEY="></latexit>

E = E [ {(xnearest,xnew)}
<latexit sha1_base64="B+2ahzWjMoGggIV8KP5JewL9a08="></latexit>

Input: G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

C
<latexit sha1_base64="Ii2lpEyn+euTtiaTCe8beXhsc7w="></latexit>

G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

Output: G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

You can use Dijkstra or A* to find the path in G(V,E), V = {xini}, E = ;
<latexit sha1_base64="34IIjyEn2EVbaFZLD2+HJaLbZog="></latexit>

kxnew � xgoalk < ✏
<latexit sha1_base64="WEc5XUrRa1PjLygqRGCR+fmlUJ4="></latexit>
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Rapidly Exploring Random Tree (RRT)
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Rapidly Exploring Random Tree (RRT) - variants
• Bias to goal (greediness): 

• with probability 0.99 sample                   at random 
• with probability 0.01  

xrand 2 C
<latexit sha1_base64="ACrSNeL5JBlYDzNIVMgzRCCqWBo="></latexit>

xrand = xnew
<latexit sha1_base64="WYXhWAABXG0qjpMGq07ATcKsoCo="></latexit>

• Bi-directional search 
• Search two trees one from and second from goal
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Bi-directional search RRT-connect

1.         = random(       ) 
2.             = nearest(         ,                  ) 
3.         = control(            ,         ) 
4. if  (                       )       
5.          
6.        
7.                   = nearest(         ,                  ) 
8.                = control(            ,         ) 
9.       if  (                        )       
10.     
11.    
12. if (                   )  
13.   swap(                ) 
14.repeat from 1 until connected

xnearest
<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xrand 2 C
<latexit sha1_base64="ACrSNeL5JBlYDzNIVMgzRCCqWBo="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit> xnearest

<latexit sha1_base64="8w3oq9STBQ1bJub+VA0pE6ThJzg="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest 6= xnew
<latexit sha1_base64="WW2B8vl0Zi02siTuToXGlJOfrFA="></latexit>

Input:

C
<latexit sha1_base64="Ii2lpEyn+euTtiaTCe8beXhsc7w="></latexit>

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

Ga(Va, Ea)
<latexit sha1_base64="0/df0A0fJpb3KOiv4kPoxODvNfo="></latexit>

Va = Va [ {xnew}
<latexit sha1_base64="mUsxHTNN5QtVo4cFzd1GRwLT9So="></latexit>

Ea = Ea [ {(xnearest,xnew)}
<latexit sha1_base64="NRFACqoo/8lnsrbHRislokFRsa8="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit>

Gb(Vb, Eb)
<latexit sha1_base64="XnFjIihvPlQClKhic5iXQnllygc="></latexit>

x0
new

<latexit sha1_base64="QVTHWXilJrrmD5EzK5qVG2g0Lok="></latexit>

x0
nearest

<latexit sha1_base64="HzRCvqzKhHWxhObysH0nBwLssWU="></latexit>

x0
nearest

<latexit sha1_base64="HzRCvqzKhHWxhObysH0nBwLssWU="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit>

x0
nearest 6= x0

new
<latexit sha1_base64="2RpI6BeOvBz6IHhP0HLMg2a60X8="></latexit>

Vb = Vb [ {x0
new}

<latexit sha1_base64="E3QhvpijLPl33QuFA3T+z8jKvdo="></latexit>

Eb = Eb [ {(x0
nearest,x

0
new)}

<latexit sha1_base64="Bcm4e/P3VEnDnw7ghkaR1pkfaw0="></latexit>

|Gb(Vb, Eb)| > |Ga(Va, Ea)|
<latexit sha1_base64="tMEzp3VeW8vc75Kv96+TrrGW9j8="></latexit>

Gb(Vb, Eb),Ga(Va, Ea)
<latexit sha1_base64="w3UBOH3VIM/pusJvvtfVm6X5JTw="></latexit>
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Bi-directional search RRT-connect
Input:

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0=">AAAHBXicjVVbb9MwFM6AljFuGzzuxWKa1IowJSs3aVSamCp4HJRdpLmNbNftrCZOiB1oSfPCC3+FFx5AiFf+A2/8G+w03ZpuaXGUxj7nO985Pv6a4MBlQlrW36UrV6+VyteXb6zcvHX7zt3VtXuHwo9CQg+I7/rhMUaCuozTA8mkS4+DkCIPu/QI9/e0/+gDDQXz+Ts5DGjLQz3OuowgqUzOWml9E3pInhLkxs2k3a8DGKcG3I </latexit>

xgoal
<latexit sha1_base64="oAfudm+iLcBau2nBGPHRYvVngmo="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>
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Bi-directional search RRT-connect
Input:

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0=">AAAHBXicjVVbb9MwFM6AljFuGzzuxWKa1IowJSs3aVSamCp4HJRdpLmNbNftrCZOiB1oSfPCC3+FFx5AiFf+A2/8G+w03ZpuaXGUxj7nO985Pv6a4MBlQlrW36UrV6+VyteXb6zcvHX7zt3VtXuHwo9CQg+I7/rhMUaCuozTA8mkS4+DkCIPu/QI9/e0/+gDDQXz+Ts5DGjLQz3OuowgqUzOWml9E3pInhLkxs2k3a8DGKcG3I </latexit>

xgoal
<latexit sha1_base64="oAfudm+iLcBau2nBGPHRYvVngmo="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>
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Bi-directional search RRT-connect
Input:

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit>

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0=">AAAHBXicjVVbb9MwFM6AljFuGzzuxWKa1IowJSs3aVSamCp4HJRdpLmNbNftrCZOiB1oSfPCC3+FFx5AiFf+A2/8G+w03ZpuaXGUxj7nO985Pv6a4MBlQlrW36UrV6+VyteXb6zcvHX7zt3VtXuHwo9CQg+I7/rhMUaCuozTA8mkS4+DkCIPu/QI9/e0/+gDDQXz+Ts5DGjLQz3OuowgqUzOWml9E3pInhLkxs2k3a8DGKcG3I </latexit>

xgoal
<latexit sha1_base64="oAfudm+iLcBau2nBGPHRYvVngmo="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>
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Bi-directional search RRT-connect
Input:

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit>

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0=">AAAHBXicjVVbb9MwFM6AljFuGzzuxWKa1IowJSs3aVSamCp4HJRdpLmNbNftrCZOiB1oSfPCC3+FFx5AiFf+A2/8G+w03ZpuaXGUxj7nO985Pv6a4MBlQlrW36UrV6+VyteXb6zcvHX7zt3VtXuHwo9CQg+I7/rhMUaCuozTA8mkS4+DkCIPu/QI9/e0/+gDDQXz+Ts5DGjLQz3OuowgqUzOWml9E3pInhLkxs2k3a8DGKcG3I </latexit>

xgoal
<latexit sha1_base64="oAfudm+iLcBau2nBGPHRYvVngmo="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

x0
nearest

<latexit sha1_base64="/nTCTsWUK8ky60d+k6cMCwKPLtM="></latexit>
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Bi-directional search RRT-connect
Input:

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>

Cobs
<latexit sha1_base64="ZsDhqk6IBKqVRpxpXVV/U0KQ57k="></latexit>

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xnew
<latexit sha1_base64="PmEJkJVrW3Vk82SrcO7dRXcBZVw="></latexit>

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0=">AAAHBXicjVVbb9MwFM6AljFuGzzuxWKa1IowJSs3aVSamCp4HJRdpLmNbNftrCZOiB1oSfPCC3+FFx5AiFf+A2/8G+w03ZpuaXGUxj7nO985Pv6a4MBlQlrW36UrV6+VyteXb6zcvHX7zt3VtXuHwo9CQg+I7/rhMUaCuozTA8mkS4+DkCIPu/QI9/e0/+gDDQXz+Ts5DGjLQz3OuowgqUzOWml9E3pInhLkxs2k3a8DGKcG3I </latexit>

xgoal
<latexit sha1_base64="oAfudm+iLcBau2nBGPHRYvVngmo="></latexit>

Ga(Va, Ea), Va = {xini}, Ea = ;
<latexit sha1_base64="Q27wY0tLj6Ncyb0KGspEOZZbuuo="></latexit>

Gb(Vb, Eb), Vb = {xgoal}, Eb = ;
<latexit sha1_base64="iQDMMSyP3jPZ448l/nPmMhUX8h0="></latexit>

x0
nearest

<latexit sha1_base64="/nTCTsWUK8ky60d+k6cMCwKPLtM="></latexit>

x0
new

<latexit sha1_base64="dZNg6QyrJyPcDx0ZvtFncfkFzVA="></latexit>
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Rapidly Exploring Random Tree (RRT) - variants
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Rapidly Exploring Random Tree (RRT) - properties

• Voronoi bias: the search tree has bias to grow in large 
open regions => rapidly explores the C-space  

• Probabilistic completeness: Return a feasible solution 
(if exists) to a planning problem with probability 1. 

• Non-optimality:  Cost of the best path converges almost 
surely (with probability 1) to a non-optimal value [2].

[1] LaValle, Steven M. (October 1998). "Rapidly-exploring random trees: A new tool for path 
planning”. 1998

[2] Karaman, Sertac; Frazzoli, Emilio, "Incremental Sampling-based Algorithms for Optimal 
Motion Planning", 2010
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Rapidly Exploring Random Tree (RRT) - properties

• Non-optimality:  Cost of the best path converges almost 
surely (with probability 1) to a non-optimal value [2].

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0="></latexit>
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Rapidly Exploring Random Tree (RRT) - properties

• Non-optimality:  Cost of the best path converges almost 
surely (with probability 1) to a non-optimal value [2].

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>
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Rapidly Exploring Random Tree (RRT) - properties

• Non-optimality:  Cost of the best path converges almost 
surely (with probability 1) to a non-optimal value [2].

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>
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RRT*

• RRT* is RRT with reconnection

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>
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RRT*

• RRT* is RRT with reconnection

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

RRT*

• RRT* is RRT with reconnection

xnearest
<latexit sha1_base64="AiaR+/joaYOR2GDlSnifVr02y08="></latexit>

xini
<latexit sha1_base64="zjN/C711e4KZG1Q9/y7pSUR92V0="></latexit>

xrand
<latexit sha1_base64="rELBWfp5tgPgf0PK1Juo44riIJI="></latexit>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

RRT*
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RRT* - properties

• Cost of the best path of RRT converges almost surely (with 
probability 1) to a non-optimal value.

• Cost of the best path of RRT* converges almost surely (with 
probability 1) to the optimal value.

Asymptotical completness
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informed RRT*

[3] Gammell et al, Informed RRT*, ICRA 2014



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

Asymptoticaly Optimal RRT (AO-RRT)

[4] Hauser, Zhou, Asymptotically Optimal Planning by 
Feasible Kinodynamic Planning in State-Cost Space, 
Transactions on Robotics,2016

• RRT Searches for a feasible path in cost-lifted space
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Asymptoticaly Optimal RRT (AO-RRT)

[4] Hauser, Zhou, Asymptotically Optimal Planning by 
Feasible Kinodynamic Planning in State-Cost Space, 
Transactions on Robotics,2016

• Feasible path determines upper bound on cost-constraint
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Asymptoticaly Optimal RRT (AO-RRT)

[4] Hauser, Zhou, Asymptotically Optimal Planning by 
Feasible Kinodynamic Planning in State-Cost Space, 
Transactions on Robotics,2016

• And the search is iterated until the optimal path is found.
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Asymptoticaly Optimal RRT (AO-RRT)

[4] Hauser, Zhou, Asymptotically Optimal Planning by 
Feasible Kinodynamic Planning in State-Cost Space, 
Transactions on Robotics,2016

• If feasible planner is:  
(1) probabilistically complete and  
(2) has non-zero chance to producing the worst possible 
trajectory  
then: 
(1) the resulting planner is asymptotically complete and  
(2) the upper bound converges exponentially to the optimal 
cost.

• While reconnections in RRT* are typically time-consuming, 
AO-RRT (or any other lifted feasible planner) is a suitable 
alternative.


