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Abstract

This study proposes a predictive integrated control system that combines sensor fusion based on
Invariant Extended Kalman Filter(InEKF) and Model Predictive Control(MPC). To verify the performance
of the proposed system, a MATLAB/Simulink-based six-degree-of-freedom simulator was constructed and
evaluated over six scenarios(current 0.3 to 0.8 m/s, depth 50 to 100 m, uniform/time change/turbulent
current). The proposed framework integrates sensor fusion, predictive control, and disturbance compensation,
resulting in a 77.6% improvement in positioning accuracy and a 44.1% reduction in energy consumption
compared to PID control. It has high commercialization potential using commercial sensors and
general-purpose hardware, and can be applied to various marine applications such as submarine cable
inspection, marine observatory maintenance, and underwater archaeological investigation.

Key words : Underwater drones, Model predictive control, Extended kalman filter, Ocean current compensation,
Disturbance observation
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<Table 1> Comparison of Performance Indicators by Scenario

Characteristic S1 S2 S3 S4 S5 S6
MPE (m) - Proposal 0.32 0.45 0.68 0.41 0.52 0.61
MPE (m) - PID 1.42 2.01 3.15 1.85 2.34 2.78
T s (s) - Proposal 28 35 52 38 44 56
T s (s) - PID 98 135 >300 142 168 >300
E (kJ) - Proposal 186 238 351 245 287 318
E (kJ) - PID 342 458 612 425 503 571
SR (%) - Proposal 100 100 98 100 100 97
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