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RRT

Algorithm 1: Basic RRT
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Input:
Initial configuration qstart Ggoat Sobs
Number of sampling point K
Step size §

Output:

Search tree T
Vertices of path V
Initialize all Parameters :

T = qstare;
for i=1toK do

“Steer” is calculated according to the RRT algorithm.

Jrand = Sample();
(near < Nearest(nodes, qrqnd);

Gnew < Steet(Gnears Grands 0);

if CollisionFree(qnear, Qnew ) then
T.add(qne, ); |

"Advanced” means that a new node is searched.

| return Advanced: |
if d(qnew,qgoa) < Error then

| return Reached:™

else
continue

"Reached” means that the new node reaches the error
interval of the goal, and the path planning is completed.

fi]lal e
return TV ;




Algorithm 2: BG-RRT
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Input:
Initial configuration qsart Geoal Sobs
Probability of extension P; P,
Number of sampling point K
Step size §

Output:
Search tree T
Vertices of path V

Initialize all Parameters ;

T= Gstart >

for i=1toK do

Qrand = Sample();

Qnear Fdlzle)arESt(Tv Qrand);

p =Rand(1);

if p < P, then vand

qnew <— Steer(qnear, 9);

if P < p < P, then

L Jnew < PSteer(qnear, Qgoal, 3);
else

L Qnew <= MiXSteer(Qnearv ngal- Grand, ¥, 5);

{ CollisionFree(qnear, Qnew) then
T.add(qnew);
| return Advanced;

o

if d(qnew, Ggoa) < Error then
| return Reached;

else
|_ continue;

final ;
return T&V;

“Steer” is calculated according to the RRT algorithm.

‘PSteer” is calculated according to the potential

function-based(P-RRT) algorithm.

——

"MixSteer” is calculated according to the bias-goal
factor strategy.




BG-RRT

f p < Py then : e

Anew
Onew < Steer(qneq
Y qgoal
Qnew
Anear Qrand

qTLBW

else bias-goal factor strategy
Qnew «— MiXSteer(qnea QD, 5), ® Qgoal

Qne ar 6



Calculation of g,

In basic RRT algorithm, the new node gnen Is configured as

Onew = Gnear * 5 drand Anear | (1)
|qrand QHEQF‘

In BG-RRT algorithm, the new node g,., combined with the bias-goal
factor is configured as

- Qrand — Ynea Qgoal — Qnear
Qnew = Qnear + 0 4 . + : (2)
‘ Qrand — Qnear ‘ ‘ Qgoal — Qnear |

The bias-goal factor is configured as

N
p = Za;eb"x. (3)

where X 1S |Grand — Gnear|, @i and b; are the indeterminate coefficient of the
bias-goal factor and n is proportional to the complexity of a environment.



Table of Contents

Il. Proposed approach

. Pretreatment
Il. Relay Node



Pretreatment
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Goal
(a) (b) (c) (d)
Current Agent Position
An agent moves along | When the previous path Invalid nodes are cut The old nodes are
with the planned path s Interrupted by a down.

without changed.

dynamic obstacle, which
is the black circle.

discarded and the path
Is divided into V,,;4

d nd Vbackward-




Relay Node
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Relay Node

Ireiay = BinarySearch(k) + 1 where k represents the buffer margin of the relay node which is configuring as

e = d(Qobstacle' qcurrent) " Umax
Vmax — (Vobstacte + AV) cos(0 + AB)

« 0:the angle of the obstacle

* Vggent: the speed of the agent

* Vpmax. Maximum velocity of the agent

* qcurrent. the current position of the agent

* Qopstacle. the position where the obstacle boundary intersects the path
« A6: the bias of motion angle

* V. pstacie. 1he velocity of dynamic obstacle.

« The velocity and motion angle are unchanged in each time step. For i = 0, the anticipation of
velocity and motion angle are defined as v(i + 1) = v(i) + Av and 8 (i + 1) = 6(i) + A8, where
Av~N (u,, 02) and AG~N (ug, 65).



Relay Node
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Reconnect

(a)

(b)

|

|

St

(d)

The agent is moving
along with the path in
an initial environment.

When an interrupted
path is detected, the
relay node iIs generated.

The invalid
deleted.

node

IS

A  new path s
connected to repair in
a single step.
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The number of Regrow strategy is significantly more than the Reconnect strategy.
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The relay node is used.

The black point with blue is set
as a new point and V44 IS set
a new goal.

If only the error is satisfied, a new
tree will extend to any point in

Vvalid'
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Waypoint Cache

« Waypoint Cache method is introduced to improve the path
repairing efficiency.

« Waypoint Cache method makes use of potential cache
information.



Waypoint Cache
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It 0<p<PByg, a new
node will extend along
to the direction of

Vvalid(i)-

|f Pway < p < Pway + Pgoalr
a new node will extend
along to the direction of

QQoab

|f p > Pway + Pgoalr the
node will extend in a
random direction.




Waypoint Cache

Algorithm 3: Waypoint Cache

Input:
The probability towards the waypoint P,,qy
The probability towards the random Pygg
The probability towards the goal Pgq
Output: Pyoai - the growth probability towards the goal.

RandomState()

Cache number i
Initialize all Parameters ;
while ChooseGoal() do p (p € (0,1)) is random number.
p = RandomFloat in [0, 1.0] ;
i = RandomlIntin [1,n];

Pyay : the growth probability towards the V4.
1
2
3
4
5 if 0 <p < P,qy then
6
7
8

i (i=1,--,n)is random number.

n : the number of node in V, ;4.

return P,,qy;
if Pway < p < Pway + Pgoa[ then
| return Pyq;

9 else
10 return P,q,4;

11 return RandomState()&i;




Waypoint Cache Problem

It is mainly caused that the path from the new qqiqrt t0 Vygiiq is blocked.
Pyay: Pgoqr have significant diversity between different algorithms and unstructured environments.

« The point selected from V,,4;;4 randomly is not optimal for dynamic obstacle avoidance.
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Efficient and Optimal Waypoint Cache(EOWC)

(a) (b) (c)

Detect dynamic  obstacle The end nodes of T are selected The minimum cost node s
avoidance and wait for the as N = [N;,N,,,N,]" with a selected.
production of the relay node. black and blue point after g4, .




Efficient and Optimal Waypoint Cache(EOWC)

Algorithm 4: EOWC

Input:
Vertices of path V
Search tree T
Output:
New goal Vi o
New start Ny b
1 Initialize all Parameters ;
2 while Regrow do
3 V0aitd&Vpackwarda < Pretreatment(7)=
4 NT@\<— SEIECt( Vyaild, vbackward) ) I
5
6

Find a start node N, among Ny, N,, - N,.

Vir i~ [CostLeast(Vyaita, Nur)fs | Find a goal node V;, among V,,V,, - V. ‘
return Nys & Wy ; N
- o \

X >




Select()

Nr?( — SE}E’CF( Vvalid s Vbackward) (1)
A

In order to search the least cost of N = [Ny, Ny, - - Nm]T to
Vvalia = [V1, Vo, --- . V,,]T, the Select() function is defined as

[l d(m),| if /i NV Sops = 1
>(m) = { d(m) + &, otherwise
[_d(N V1)lmx1, n=1
d(N, Vi)
— 2
d(N. Vz)mel' =2 (2)
d(N, Vy) |
d(N, V,) , h> 2
d(N, lv,v,).

4

d(m) = «

Imx1

k L.

where /\,y, is lined by Vi and V,, and ¢ is defined as obstacle safety factor
according to the collision detection.



Select()




Efficient and Optimal Waypoint Cache

Algorithm 4: EOWC

Input:
Vertices of path V
Search tree T
Output:
New goal Vi o
New start Ny b
1 Initialize all Parameters ;
2 while Regrow do
3 V0aitd&Vpackwarda < Pretreatment(7)=
4 NT@\<— SEIECt( Vyaild, vbackward) ) I
5
6

Find a start node N, among Ny, N,, - N,.

Vir \s— (CostLeast(Vyqia, Ny | Find a goal node V;, among V,,V,, - V. ‘
| return Ny &V, O\




CostLeast()

The CostLeast() is defined as

) (N, Vi : :
vy = L "
Y ii P (N, Vi)

where p = [p1, p2, - -+ ./),,]T Is the curvature of discrete point, and
p(Nm, Vi) is the curvature of N,,,, Vi (i =1,2,--- ,n—1), and V,.
Specially, p (N, V,) is defined as 1.



Efficient and Optimal Waypoint Cache
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Detect dynamic  obstacle The end nodes of T are selected The minimum cost node s
avoidance and wait for the as N = [Ny, N, -,N,]T with a selected.
production of the relay node. black and blue point after g4, .




EBG-RRT

Algorithm 5: EBG-RRT

Input:
Update configuration S
Execution trajectory t |

T is determined by BG-RRT.

Search tree T

1 Initialize all Parameters ;

2 Init movement ;

3 while S,;s changes do

4 if 7 () Sops = ¥ then

5 return ContinueMovement;

6 else

7 Qinit < Ycurrent »

8 qrelay A= RelayNode(Sobs, QCurrent) '

9 Vaitd&Vpackwara < Pretreatment(T) ;
10 if SingleStep < ture then

1 T < RECOHHECt(Vvailda Vbackward);
12 return 7 ;

13 else

14 N, &V, < EOWC(T);

15 T < Regrow(N;,, V,,);

16 return 7 ;




Thank you for listening.
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