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With the advancement of autonomous navigation technology in maritime domain, there is an active research on swarming

Unmanned Surface Vehicles (USVs) that can fulfill missions with low cost and high efficiency. In this study, we propose a formation

control algorithm that maintains a certain shape when multiple unmanned surface vehicles operate in a swarm, In the case of

swarming, individual USVs need to be able to accurately follow the target state and avoid collisions with obstacles or other vessels

in the swarm, In order to generate guidance commands for swarm formation control,

the potential field method has been a major

focus of swarm control research, but the method using the potential field only uses the position information of obstacles or other

ships, so it cannot effectively respond to moving targets and obstacles, In situations such as the formation change of a swarm

of ships, the formation control is performed in a dense environment, so the position and velocity information of the target and nearby

obstacles must be considered to effectively change the formation, In order to overcome these limitations, this paper applies a

method that considers relative velocity to the potential field—based guidance law to improve target following and collision

avoidance performance, Considering the relative velocity of the moving target,

the potential field for nearby obstacles is newly

defined by utilizing the concept of Velocity Obstacle (VO), and the effectiveness and efficiency of the proposed method is verified

through swarm control simulation, and swarm control experiments using a small scaled unmanned surface vehicle platform,
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Fig. 1 Example of swarm formation in nature
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Fig. 4 Schematic representation of the follower USV position
with respect to the leader USV position
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Fig. 5 Example of an attractive potential field, given a starting
point and goal point
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Fig. 9 Schematic for VOs with the assumption of circular
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Fig. 16 Schematic depiction of a USV and definitions of
sideslip and course angles.
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Table. 1 Main specifications of the USV used in simulation
environment (Sonnenburg and Woolsey, 2013)

Parameter [Unit] Value
Length [m] 4.8
USV spec Breadth [m] 1.9
Type Azimuth
Max angle [ ° ] +30
Thruster Max horsepower 50
[HP]
Max Speed [knot] 20
Hull Type Mono Hull
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Table 2 Main specifications of the USV for the test

Parameter [Unit] | Leader USV |Follower USV
Length [m] 1.2 1.45
Breadth [m] 0.59 1.2
SUpSch Height [m] 0.4 1
Weight [kg] 21 55
Thruster [EA] 5 2
Hull Type Catamaran Monohull
Speed |Max spped [knot] 4 4
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Fig. 33 Schematic diagram of the Scenario for changing
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