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This paper focuses on the cooperation between Unmanned Aerial Vehicle (UAV) and Unmanned Surface Vessel (USV), It aims to
develop efficient guidance and control algorithms for USV based on obstacle identification and path planning from aerial images

captured by UAV. Various obstacle scenarios were implemented using the Robot Operating System (ROS) and the Gazebo

simulation environment, The aerial images transmitted in real

—time from UAV to USV are processed using the computer

vision—based deep learning model, You Only Look Once (YOLO), to classify and recognize elements such as the water surface,
obstacles, and ships, The recognized data is used to create a two—dimensional grid map, Algorithms such as A* and

Rapidly—exploring Random Tree star (RRT*) were used for path planning, This process enhances the guidance and control

strategies within the UAV-USV collaborative system, especially improving the navigational capabilities of the USV in complex and

dynamic environments, This research offers significant insights into obstacle avoidance and path planning in maritime

environments and proposes new directions for the integrated operation of UAV and USV,

Keywords : UAV(Unmanned Aerial Vehicle, £215E27), USV(Unmanned Surface Vessel, 22 I5~A8M) ROS(Robot Operating System, 22
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Table 1 Parameters for calculating the size of the projected

area
Parameter Value
Altitude 100 [m]
Horizontal viewing angle 1.2 [rad]
Vertical viewing angle 0.693 [rad]

N

(@)
Fig. 5 Dynamics models used in simulation, WAM-V(a),
IRIS+(b)

Table 2 Parameter of dynamics model(WAM-V)

USV parameter Value
Hull length 4.9 [m]
Hull radius 0.213 [m]

Breadth 2.5 [m]
Draft 0.3 [m]
weight 151 [kg]
Moment of inertia 257 [kg:m]

Fig. 3 Projection area of an image taken from a UAV
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Fig. 4 Maritime simulation environment implemented with Gazebo

Table 3 Parameter of dynamics mode(IRIS+)

UAV parameter Value
Motor to motor dimension 0.55 [m]
Height 0.1 [m]
Weight 1282 (9]
Average flight time 16~22 [min]
Propellers 9.5 x 4.5 [cm]
Motors 920 [Kv]
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Fig. 7 Detect obstacles by receiving video from a UAV
hovering over a Gazebo
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4

Fig. 8 Two—dimensional map based on detected obstacle
coordinates
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Fstart Fig. 11 Visualization of the process of detecting neighbors
Fig. 10 Visualizing the path planning process with the RRT in the radius of the RRT* algorithm(a), reselecting
algorithm the parent node(b), and reconstructing the tree(c).
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Fig. 12 Flowchart of the RRT" algorithm used (red square
processes are processes that only exist in the RRT”
algorithm and not in the RRT algorithm).
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Fig. 13 RRT" algorithm shown after (a)1,500, (b) 5,000,
(c) 15,000 iterations

Table 4 Path planning algorithm parameter

Algorithm Parameter Value
A Cell size 0.25
Goal sample 0.1

RRT" Step len 0.25

Max iter 29900
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Fig. 14 In the given environment cluttered with obstacles,
the result of applying the RRT" algorithm is presented,
showing the average cost over 50 trials in (a),
with the optimal cost indicated by a black dotted
line. The variance is illustrated in (b).
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Table 5 Control gain of PD controller
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