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Engineering With the rapid development of power generation technology and the increasing demand from power users, interconnected
multi-area power systems have become a development trend. In this paper, an adaptive model predictive control scheme is
Vol.12, No.1 proposed for the load frequency problem of an interconnected multi-area power system in the presence of parameter
variations. The controller includes an autoregressive with exogenous inputs (ARX) model, a linear time-varying Kalman filter
Spring and Summer 2025 (LTVKEF), and a recurrent polynomial model estimator (RPME) algorithm. A reduced-order ARX model of the original power
system is identified using the recurrent polynomial model estimator and is used as the system prediction model in the adaptive
ISSN: 2322 — 3146 model predictive control. The system state variables are observed using a linear time-varying Kalman filter, and the
X . constrained receding horizon optimization problem is solved by quadratic programming. In addition to estimating a reduced-
http:/ / Jnsee.sut.ac.1r order model, the future control sequence is estimated using Laguerre basis functions to reduce the computational burden.

Numerical simulations show that the proposed adaptive model predictive control is more efficient in rejecting load
disturbances in power systems with time-varying parameters compared to other control schemes.
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1. Short Introduction

Load—frequency control (LFC) is critical in multi-area power systems, but high renewable penetration reduces inertia and
challenges conventional PI/PID controllers. Model predictive control (MPC) improves performance and handles constraints,
yet standard MPC faces high computational load and limited robustness. This paper proposes an adaptive MPC (AMPC)
using a reduced-order data-driven model and time-varying Kalman filter to enhance robustness and reduce computation. The
approach is validated on a three-area thermal system under load disturbances and generation constraints, outperforming
standard MPC and PID control.

2. Proposed Work

In this paper, an adaptive model predictive control (AMPC) strategy is proposed for load-frequency control in a multi-area
interconnected power system, effectively addressing both parametric variations and load disturbances. Initially, a reduced-
order ARX model of the primary power system is identified offline using a recursive polynomial model estimator, which
captures the essential dynamic characteristics of each control area while substantially reducing computational complexity.
This simplified model enables efficient prediction of future system behavior, maintaining sufficient fidelity for accurate
control design. In each sampling instant, the predictive controller updates the model online, allowing continuous adaptation
to real-time variations in system parameters, generation conditions, and external disturbances. A time-varying Kalman filter
(LTVKEF) is integrated to provide precise estimation of both measurable and unmeasurable system states, mitigating the
effects of sensor noise and unmodeled dynamics. The AMPC controller explicitly enforces input constraints and rate-of-
change limits while regulating frequency deviations and tie-line power flows across multiple areas, ensuring safe and stable
operation under varying load conditions. To achieve this, the control law leverages Laguerre functions to efficiently compute
future control sequences, significantly reducing online computational burden compared to standard MPC. The proposed
approach is particularly suitable for modern power grids with high penetration of renewable energy sources, where system
uncertainties and load fluctuations are frequent. Numerical simulations are performed on a three-area interconnected power
system under two scenarios: nominal parameters and parametric variations of up to 20% in generator and turbine time
constants, inertia, and damping coefficients. The AMPC performance is compared against standard MPC and conventional
PID controllers. Results demonstrate that the proposed AMPC substantially reduces overshoot, settling time, and control
errors for all monitored variables, while providing smoother and faster dynamic responses even under continuous disturbances
and parametric uncertainties. Moreover, the controller exhibits strong robustness to variations in system parameters,
maintaining superior frequency regulation and tie-line power control. Computationally, AMPC achieves near-PID efficiency
while delivering advanced predictive capabilities. These findings highlight that the proposed adaptive MPC not only improves
dynamic performance and stability in multi-area power systems but also offers a practical and reliable alternative to traditional
PID controllers, especially for modern power networks facing uncertain and time-varying operating conditions. The proposed
methodology can also be extended to larger-scale multi-area networks, providing a scalable and adaptable framework for
future smart grid applications, including automated load management and integration of distributed energy resources.
Additionally, the adaptability of the controller ensures long-term reliability and resilience, crucial for maintaining power
quality in the presence of unexpected disturbances or component failures. Furthermore, the AMPC framework facilitates
coordination between control areas, enhancing system-wide stability and minimizing inter-area oscillations. The approach
also supports future integration with real-time monitoring and predictive analytics, enabling proactive control actions in
response to forecasted load or generation variations. Overall, this study establishes a comprehensive strategy for adaptive,
high-performance, and resilient load-frequency control in modern interconnected power systems.

3. Conclusion

An adaptive MPC was proposed for LFC in multi-area interconnected power systems under parameter variations. A reduced-
order ARX model was identified offline using a recursive polynomial estimator and updated online at each step, while a linear
time-varying Kalman filter estimates system states. Compared to standard MPC and PID control, the proposed AMPC reduces
computational burden and enhances dynamic performance, including faster settling time, lower overshoot, and improved
disturbance rejection. Results demonstrate that AMPC is a robust, efficient, and practical alternative to conventional PID
control for modern complex power systems.
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2 Adaptive model predictive control

3 Recursive polynomial model estimator

4 Auto-regressive model with exogenous input
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