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Derivation of PID Controller Coefficients for an AUV System
Using Overshoot and Peak Time Optimization
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Abstract

In the zigzag maneuver of underwater vehicles — which is considered one of the most critical maneuvering
motions — the coupling between sway and yaw motions is utilized. Designing a pursuit control system
where the sway frequency can track the yaw frequency may present a suitable candidate to optimally
address the problem. In the present research, an intelligent underwater vehicle in its initial design and
construction phases — which was initially radio-controlled and relied solely on rudders for XY-plane
motions — has been studied. The system upgrade phase involves designing a control system whose
actuators consist of forward and aft thrusters (to implement sway motion) and upper and lower rudders (to
implement yaw motion). The developed approach for the control system design includes: Deriving motion
equations, Extracting open-loop and closed-loop transfer functions, Evaluating and determining stability
criteria and boundaries, after preliminary determination of stability boundaries, implementing these values
in the control loop revealed that: In some ranges, low overshoot was achieved but with long settling time
in other ranges, the opposite behavior occurred. Through trial and error and applying an appropriate ratio
between two consecutive overshoots, an optimal compromise between overshoot and settling time was
established, leading to the determination of optimized stability boundaries.

Keywords

Autonomous Underwater Vehicle, PID Controller, Zigzag Maneuvering, Track and regulation, Overshoot
and peak time.
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