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Englneerlng Precise control of Autonomous Underwater Vehicle (AUV) is of great importance due to their wide application in various
Vol.12, No.1 fields for tracking the path. This paper uses generalized predictive control to design and implement a processor in the loop
controller for controlling the depth of an AUV. For this purpose, first, six degrees of freedom equations for the subsurface
Spring and Summer 2025 are presented and by linearizing them, the continuous-time state space equations of the AUV are extracted and by discretizing

these equations, the discrete-time state space equations for the controller design are obtained. The performance of the designed
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controller in two unconstrained and constrained cases in the presence of actuator saturation on the linear model is investigated.
http:// jnsee.sut.ac.ir Also, the performance of the proposed controller in the presence of disturbance is also investigated. For comparison, the
performance of the controller designed with a linear quadratic regulator controller is also shown. Sensitivity analysis to
changes in the predictive horizon and the presence of measurement noise is also shown. Finally, by implementing the
processor in the loop test, the ability to implement the controller in a real-time environment has been investigated, and the
results show the ability to implement the controller on hardware in real time. Keywords Autonomous Underwater Vehicle,
Generalized Model Predictive Control, Processor-in-the-Loop Implementation, Depth-constrained control, Disturbance.

Keywords

Autonomous Underwater Vehicle, Generalized Model Predictive Control, Processor-in-the-Loop Implementation, Depth-
constrained control, Disturbance.

1.  Short Introduction

Autonomous Underwater Vehicles (AUVs) are regarded as key tools for the exploration and exploitation of underwater
environments and therefore require accurate and reliable control systems. The complexity of motion dynamics, environmental
disturbances, and practical constraints makes the design of advanced control strategies essential. In this context, predictive
control has attracted considerable attention as an effective approach in recent studies.However, challenges such as actuator
saturation, model uncertainties, and real-time implementation still remain. Consequently, evaluating the performance and
practical implementability of predictive controllers is of significant importance.

2.  Proposed Work

In this study, a Generalized Predictive Control (GPC) approach is developed for AUV depth control. The vehicle dynamics
are modeled, linearized, and discretized to design the controller. The controller performance is evaluated under constrained
and unconstrained conditions in the presence of actuator saturation, disturbances, and measurement noise, and is compared
with an LQR controller. Finally, the real-time feasibility of the proposed method is assessed using a Processor-in-the-Loop
test.

3.  Conclusion

In this paper, a Generalized Predictive Control approach is designed and implemented for the depth control of an Autonomous
Underwater Vehicle. First, the six-degree-of-freedom dynamic equations of the vehicle are developed and linearized to obtain
a state-space model. The controller performance is evaluated in both constrained and unconstrained cases in the presence of
actuator saturation and disturbances, and is compared with a LQR. A sensitivity analysis with respect to the prediction horizon
and measurement noise is also conducted, demonstrating that increasing the prediction horizon reduces system overshoot.
Finally, a Processor-in-the-Loop implementation confirms the real-time hardware feasibility of the proposed controller.
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1 Autonomous underwater vehicle (AUV)
2 Linear Quadratic Regulator (LQR)

3 Actor-Model-Critic

4Model Proximal Policy Optimization
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2 Dual Closed-loop Control

3 Finite-Time Extended State Observer
4 Generalized predictive control

3 Linear Quadratic Regulator
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