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This paper presents an experiment—driven system identification and an integrated MILS-HILS-experiment verification procedure
for a small unmanned surface vehicle equipped with multiple azimuth thrusters, A 3-DOF horizontal-plane dynamic model is
formulated based on Fossen' s Otter model, and six hydrodynamic parameters are estimated from experimental data using the
Output Error Method, To handle the over—actuated propulsion system, a quadratic programming (QP)—based control allocation is
employed to distribute the commanded force/moment vector to individual thruster force components under azimuth—angle
congtraints, The allocated forces are converted into executable actuator commands by computing the thruster rotational speed n
and azimuth angle «, and the feasibility of the allocation is examined through the closed—loop response and constraint
satisfaction, Mission scenarios consisting of unberthing, waypoint following, dynamic positioning, docking approach, and berthing
are implemented, and the overall performance is evaluated via MILS, HILS, and field experiments, Experimental results show
satisfactory mission execution with consistent transition behavior across phases, while maintaining the imposed actuation
constraints, indicating the practicality of the proposed identification—and—verification workflow for real USV operations,;
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Table 2 Nonlinear model parameter identification results

Parameter Es\t/i;Tj;ed Std. Dev. Rel(_%S)td_
Xz; 1.84160e-01 | 1.0110e-02 5.49
K-, -8.23353 | 4.9331e-02 0.60
N, =7.22701 4.2246e-02 0.58
X, —2.27275e+01| 2.9147e-02 0.13
Y, ~7.94922e+01 | 3.4655e-01 0.44
N, -1.06484e+01| 4.2070e-02 0.40
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