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A Dual-path Adaptive Selection Method for Unmanned Aerial Vehicles
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[Abstract]

Path planning methods play a major role (for example, collision avoidance and time/cost reduction) in
unmanned aerial vehicles (UAV) based services. Path planning methods for ground robots cannot be
directly applied to UAVs since they only consider 2D free space. A UAV should be able to fly over
or fly around obstacles to reduce flight distance. The proposed path planning method is able to
compute a ‘fly-over’ path with consideration of location, width and height of obstacles. The proposed
path planning method is more efficient than existing Wavefront method when the obstacle height is less
than half the width of the obstacle.

» Key words: Unmanned aerial vehicles (UAVs), Path planning, Collision avoidance,
Wavefront algorithm, Software-in-the-loop simulation (SITL)
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I. Introduction
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II. Background
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Table 1. Wavefront Path planning algorithm

Inputs:

1) M: Map data

2) St Source,
3) D: Destination,
4) O: Obstacle data

Output:

P: A path from source S to destination D
P=<Cell;(=S),Celly,...,Celly(=D)>

WaveFront(M, S, D, 0):

1. Wavefront Map Creation
(@ Divide M into a grid of cells of size m X n,

where each cell is denoted as (i, j)
@ Determine the grid cells corresponding to S (source)
and D (destination)
@ Mark obstacle cells based on O (obstacle data) by
assigning them a label of -1
@ Assign the destination cell a label of O
® Perform a Breadth-First Search (BFS) starting from
the destination cell to propagate distance labels

i ) Initialize an empty queue Q@
i) Mark all non-obstacle cells as
‘undiscovered’
i) Set label[D] =
Enqueue D into Q

iv) While @ is not empty:
Dequeue the front cell ¢ from Q
For each neighbor n of c:
If nis ‘undiscovered” and
not an obstacle:
Set label[n] = label[c] + 1
Mark n as ‘discovered’
Enqueue n into @

2. Path Computation

@ Initialize path P with the source cell:
P <[]
@ Set current < S
® Repeat until current = D
Among all neighbors (w/o obstacles) of current:
Select the neighbor n with the
smallest positive label
Append n to path P

Set current < n

3. Return the computed path P
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Fig. 1. Path Computation based on Wavefront algorithm
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III. The Proposed Scheme

1. Problem definition

1.1 Definitions and assumptions
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2. Dual-path adaptive method
2.1 Limitation of existing path planning methods
Wavefront ¢12]1&52 2xHd Z7He 71Aste s &4
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2.2 Proposed method

Table 2% Aokel 2 78] QualEe Uepdc)

Table 2. Dual-path adaptive method

Inputs:
1) M: Map data
2) S: Source,
3) D: Destination,
4) O: Obstacle data
5)
)

6

A_maxi Maximum altitude
A_min: Minimum  altitude

Output:
P: A path from source S to destination D
P=<Cell;(=S),Celly,...,Celly(=D)>

Dual-pathAdaptiveMethod(M, S, D, O, A_max A_min):

1. Wavefront Map Creation
(@ Divide M into a grid of cells of size m X n,
where each cell is denoted as (i, j)
@ Determine the grid cells corresponding to S (source)
and D (destination)
@ Make a list of the cells with obstacles (CWO)
@ Assign the destination cell a label of 0
® Perform a Breadth-First Search (BFS) starting from
the destination cell to propagate distance labels

i ) Initialize an empty queue Q
i) Mark every cell in the area as 'undiscovered”
i) Set label[D] =
Enqueue D into Q
iv) While @ is not empty:
Dequeue the front cell ¢ from Q
For each neighbor n of c:
distance = label[c] + 1
If nis ‘undiscovered” and n € CWO,
If Obstacle_height < (A_wax = A_vn):
label[n] = distance
Mark n as ‘discovered’
Enqueue n into Q
Else: label[n] = -1
Mark n as ‘unreachable’

If nis ‘undiscovered” and n & CWO,
label[n] = distance
Mark n as ‘discovered’
Enqueue n into Q

2. 'Fly-over’ path (P_rg) computation
@ Initialize path P with the (source cell, min, alt.):
P_ro < (S, Al
@ Set current < S
® Repeat until current = D
Among all neighbors (not ‘unreachable’) of current:
Select the neighbor n with the
smallest positive label
if n € CWO then
altitude = obstacle_height(next) + A v
else altitude = A mn
Append (n, altitude) to P_ro
Set current < n

3. ‘Fly-around’ path P_g4 computation
Among all neighbors (w/o obstacles) of current:
Select the neighbor n with the
smallest positive label
Append (n, A vn) to path P
Set current < n

4. Path selection
if cost(P_FO) < cost(P_FA) then
P < P_FO
else
P < P_FA
return P
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IV. Simulation-based Performance
Evaluation
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Table 3. Simulation environment variables

Environment variables Value (Range)
Area size 100 * 100 (m?)
Cell size 5 % 5 (m?)
Obstacle height 5~ 50 (m)
Obstacle width 30 / 50/ 70 (m)
Maximum altitude (A_max) 50 (m)
Minimum altitude (A_win) 5 (m)
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Fig. 2. Performance comparison between Wavefront and
the proposed path planning algorithms
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V. Conclusions
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