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❑ Background: Photovoltaic (PV) systems are a

cornerstone of renewable energy integration, but PV

inverters are highly vulnerable to faults such as

sensor offsets, partial shading, and grid-induced

disturbances.

❑ The Challenge: These faults lead to performance

degradation, instability, and potential grid

disconnection. Traditional PID controllers and

standard fixed-parameter Model Predictive Control

(MPC) often struggle to dynamically mitigate the

impact of these anomalies.

❑ Aim: To introduce a novel Finite State Machine

(FSM)-adaptive MPC framework designed to

dynamically detect faults and adjust control

strategies, thereby improving the fault tolerance of

PV inverters.

Fig 1. Proposed architecture for FSM-Guided Adaptive Model Predictive Control for PV Inverters

❑ System Model: The PV inverter uses a discrete-time

state-space model (Ts = 0.01s) that incorporates a

potential fault offset, fk.

❑ Fault Detection: An FSM monitors the residual norm, rk
= |yk – yk,nom|, transitioning to a faulty state if rnorm > 0.05

and recovering if rnorm < 0.02.

❑ MPC Formulation: The controller optimizes a tracking

and control-effort cost function, J, over a prediction

horizon of Np=15 and a control horizon of Nu=5.

❑ Adaptive Tuning: To maintain performance during

anomalies, the MPC dynamically shifts its penalization

weights from normal operations (Q=150.0I, R=0.002I) to

a more aggressive fault-state tracking (Q=300.0I,

R=0.001I).

The proposed FSM-adaptive MPC enhances PV inverter

reliability by using a residual norm to instantly detect faults

when they cross a 0.05 threshold. Upon detection, the

controller dynamically updates its optimization weights

(Q=300, R=0.001) to make sharper, more aggressive

control adjustments. This real-time adaptation effectively

forces the mean tracking error down from 0.08 to 0.05,

maintaining system stability throughout the entire fault and

recovery cycle.

This work presents an FSM-adaptive MPC framework that

significantly enhances PV inverter fault tolerance by using

residual-based detection to dynamically tune control

parameters and minimize tracking errors during disturbances.

Fig 2. FSM-Adaptive MPC performance during a fault-recovery cycle: (a) Adaptive MPC: The

system successfully tracks the reference, dynamically switching to the fault state between t=150

and t=250. (b) Tracking Error: Error minimizes to ~0.05 during the fault due to higher state

weighting (Q=300). (c) Residual Norm: Fault detection triggers when the norm exceeds 0.05, and

recovery triggers when it falls below 0.02. (d) Control Input: The controller makes sharper, more

aggressive adjustments during the fault due to a reduced control penalty (R=0.001).
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