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RRT

“Steer” is calculated according to the RRT algorithm.

“Advanced” means that a new node is searched.

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



BG-RRT

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

“PSteer” is calculated according to the potential
function-based(P-RRT) algorithm.

“Steer” is calculated according to the RRT algorithm.



BG-RRT

if 𝑝 < 𝑃1 then,

𝑞𝑛𝑒𝑤 ← 𝑆𝑡𝑒𝑒𝑟 𝑞𝑛𝑒𝑎𝑟 , 𝑞𝑟𝑎𝑛𝑑 , 𝛿 ;

else if 𝑃1 < 𝑝 < 𝑃2 then,
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else

𝑞𝑛𝑒𝑤 ← 𝑀𝑖𝑥𝑆𝑡𝑒𝑒𝑟 𝑞𝑛𝑒𝑎𝑟 , 𝑞𝑔𝑜𝑎𝑙 , 𝑞𝑟𝑎𝑛𝑑 , 𝜑, 𝛿 ;
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Calculation of 𝑞𝑛𝑒𝑤
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Pretreatment

Current Agent Position

Goal

An agent moves along
with the planned path
without changed.

When the previous path
is interrupted by a
dynamic obstacle, which
is the black circle.

Invalid nodes are cut
down.

The old nodes are
discarded and the path
is divided into 𝑉𝑣𝑎𝑙𝑖𝑑 
and 𝑉𝑏𝑎𝑐𝑘𝑤𝑎𝑟𝑑. 



Relay Node



Relay Node

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

𝑘 =
𝑑(𝑞𝑜𝑏𝑠𝑡𝑎𝑐𝑙𝑒, 𝑞𝑐𝑢𝑟𝑟𝑒𝑛𝑡) ∙ 𝑣𝑚𝑎𝑥

𝑣𝑚𝑎𝑥 − 𝑣𝑜𝑏𝑠𝑡𝑎𝑐𝑙𝑒 + ∆𝑣 cos(𝜃 + ∆𝜃)

• 𝜃: the angle of the obstacle
• 𝑣𝑎𝑔𝑒𝑛𝑡: the speed of the agent

• 𝑣𝑚𝑎𝑥: maximum velocity of the agent
• 𝑞𝑐𝑢𝑟𝑟𝑒𝑛𝑡: the current position of the agent
• 𝑞𝑜𝑏𝑠𝑡𝑎𝑐𝑙𝑒: the position where the obstacle boundary intersects the path
• ∆𝜃: the bias of motion angle
• 𝑣𝑜𝑏𝑠𝑡𝑎𝑐𝑙𝑒

′ : The 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 + ∆𝑣 and 𝜃 𝑖 + 1 = 𝜃 𝑖 + ∆𝜃, where 
∆𝑣~𝑁(𝜇𝑣, 𝜎𝑣

2) and ∆𝜃~𝑁(𝜇𝜃 , 𝜎𝜃
2). 



Relay Node
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Reconnect

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

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

The invalid node is
deleted.

A new path is
connected to repair in
a single step.



The number of Regrow strategy is significantly more than the Reconnect strategy.



Regrow

The relay node is used. The black point with blue is set
as a new point and 𝑉𝑣𝑎𝑙𝑖𝑑 is set
a new goal.

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

New point

𝑽𝒗𝒂𝒍𝒊𝒅



Table of Contents

I. Background: RRT and BG-RRT
I. RRT

II. BG-RRT

II. Proposed approach
I. Pretreatment

II. Relay Node

III. Connection Stategy
I. Reconnect

II. Regrow

IV. EOWC Method
I. Waypoint Cache

II. Waypoint Cache Problem

III. Modified Waypoint Cache

V. EBG-RRT Algorithm



Waypoint Cache 

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

• Waypoint Cache method makes use of potential cache 
information.



Waypoint Cache 

𝒒𝒈𝒐𝒂𝒍 𝒒𝒈𝒐𝒂𝒍 𝒒𝒈𝒐𝒂𝒍 𝒒𝒈𝒐𝒂𝒍

𝑽𝒗𝒂𝒍𝒊𝒅 𝑽𝒗𝒂𝒍𝒊𝒅 𝑽𝒗𝒂𝒍𝒊𝒅
𝑽𝒗𝒂𝒍𝒊𝒅

If 0 < 𝑝 < 𝑃𝑤𝑎𝑦 , a new

node will extend along
to the direction of
𝑉𝑣𝑎𝑙𝑖𝑑(𝑖).

If 𝑃𝑤𝑎𝑦 < 𝑝 < 𝑃𝑤𝑎𝑦 + 𝑃𝑔𝑜𝑎𝑙 ,

a new node will extend
along to the direction of
𝑞𝑔𝑜𝑎𝑙.

If 𝑝 > 𝑃𝑤𝑎𝑦 + 𝑃𝑔𝑜𝑎𝑙 , the

node will extend in a
random direction.

New Node New Node New Node New Node



Waypoint Cache 

• 𝑃𝑔𝑜𝑎𝑙 : the growth probability towards the goal.

• 𝑃𝑤𝑎𝑦 : the growth probability towards the 𝑉𝑣𝑎𝑙𝑖𝑑.

• 𝑝 (𝑝 ∈ (0, 1)) is random number.

• 𝑖 𝑖 = 1,⋯ , 𝑛 is random number.

• 𝑛 : the number of node in 𝑉𝑣𝑎𝑙𝑖𝑑.



Waypoint Cache Problem 

• It is mainly caused that the path from the new 𝑞𝑠𝑡𝑎𝑟𝑡 to 𝑉𝑣𝑎𝑙𝑖𝑑 is blocked.

• 𝑃𝑤𝑎𝑦, 𝑃𝑔𝑜𝑎𝑙 have significant diversity between different algorithms and unstructured environments.

• The point selected from 𝑉𝑣𝑎𝑙𝑖𝑑 randomly is not optimal for dynamic obstacle avoidance.  



Efficient and Optimal Waypoint Cache(EOWC)

Detect  dynamic obstacle
avoidance and wait for the
production of the relay node.

The end nodes of 𝑇 are selected
as 𝑁 = [𝑁1, 𝑁2, ⋯ , 𝑁𝑚]

𝑇  with a
black and blue point after 𝑞𝑟𝑒𝑙𝑎𝑦.

The minimum cost node is
selected.



Efficient and Optimal Waypoint Cache(EOWC)

Find a start node 𝑵𝒂 among 𝑁1, 𝑁2, ⋯𝑁𝑚.

Find a goal node 𝑽𝒃 among 𝑉1, 𝑉2, ⋯𝑉𝑚.



𝑆𝑒𝑙𝑒𝑐𝑡()



𝑆𝑒𝑙𝑒𝑐𝑡()



Efficient and Optimal Waypoint Cache

Find a start node 𝑵𝒂 among 𝑁1, 𝑁2, ⋯𝑁𝑚.

Find a goal node 𝑽𝒃 among 𝑉1, 𝑉2, ⋯𝑉𝑚.



𝐶𝑜𝑠𝑡𝐿𝑒𝑎𝑠𝑡()



Efficient and Optimal Waypoint Cache

Detect  dynamic obstacle
avoidance and wait for the
production of the relay node.

The end nodes of 𝑇 are selected
as 𝑁 = [𝑁1, 𝑁2, ⋯ , 𝑁𝑚]

𝑇  with a
black and blue point after 𝑞𝑟𝑒𝑙𝑎𝑦.

The minimum cost node is
selected.

𝑵𝒂

𝑽𝒃



EBG-RRT

T is determined by BG-RRT.



Thank you for listening.
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