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Short Abstract

This paper proposes a controller capable of satisfying the output constraints while providing a near-optimal performance. The method is designed for
square nonlinear systems with stable internal dynamics. To this end, using a primary performance index and Taylor approximation, the problem is
approximated by a constrained programming, whose constraints are written with the aid of Control Barrier Function (CBF) to ensure the output
restrictions. As a result, a constrained near-optimal performance without encountering difficulties in Hamilton-Jacobi-Bellman (HJB) equations is
obtained. In order to overcome the model uncertainties, which appear in the optimization problem, an adaptive structure is formulated. The online
solution of the constrained optimization is obtained using a Projection Recurrent Neural Network (PRNN). As a result, a closed-form solution is provided
that can be simply implemented without requiring additional solvers or toolboxes. Stability of the proposed method and constraints satisfaction are
addressed thoroughly. Finally, effectiveness of the proposed method in realizing the aforementioned aims are illustrated through simulations on
trajectory control of a surface vessel system and a comparative study on the constrained stabilization of a pendulum. The first simulation example shows
the effectiveness of the method in constrained tracking, while the second example confirms the proper performance of the controller in stabilization and
regulation applications.
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Short Introduction

The classical way of achieving optimal control law passes through the well-known Hamilton Jacobi Bellman (HJB) equation. However, since a general
solution of HIB for uncertain and nonlinear systems is unattainable, many researches have focused on approximately-optimal methods among which
Adaptive Dynamic Programming (ADP), Model Predictive Control (MPC) and Taylor expansion-based near-optimal approach have been addressed
considerably. Despite promising developments, aforementioned methods are still involved with one or some of the challenges such as constraint
satisfaction, complex structure, computational inefficiency, discrete-time modeling issues and being restricted to the stabilization problem. Moreover,
many researches have been proposed regardless of model uncertainties and are not robust consequently.

Proposed Work and Methodology (including comparison, simulation/experimental results and discussion)

In order to tackle the aforementioned issues, this paper proposes a constrained near-optimal methodology. Taylor's expansion and Control Barrier
Function are employed to approximate the main problem in the form a constrained finite-dimensional optimization with the control signal as decision
variable. Furthermore, an adaptive structure is embedded to update the model and compensate for uncertainties. Desirable robustness and dealing with
state-dependent constraints make the proposed method advantageous over the most relevant papers. Design complexity is drastically less than majority
of the literature specially ADP methods due to the lack of actor-critic network difficulties. Online solution of the optimization is obtained using a PRNN
that provides an explicit control law as a result of which, a straightforward continuous-time analysis along with ease of implementation are provided.

Conclusion

In this paper, the primal infinite-dimensional problem was first rewritten as a constrained convex programming using approximations and CBF.
Satisfaction of the constraints using the control signal obtained from this problem was ensured analytically. Following a theoretical procedure, the
PRNN's mathematical equations were established to provide the online solution of the problem of interest. The closed-loop structure was enhanced with
an adaptive model to estimate uncertainties. Regarding the convergence of the PRNN and its provided closed-form control law, the closed-loop stability
was proved analytically. Simplicity of the algorithm and its implementation were concluded in consequence. Simulating the object-avoided trajectory
control of a surface vessel illustrated the effectiveness of the proposed method in achieving desirable performance while predetermined object regions
were avoided successfully. In the end, superiority of the proposed control methodology over an advanced Constrained Adaptive Dynamic Programming
(CADP) approach in constrained stabilization of a pendulum was shown through further simulations.
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