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Fault Detection and Diagnosis of HVAC Systems

Based on an Observable Space Constructed via Koopman operator
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Abstract

This study proposes a Koopman operator-based fault detection and diagnosis (FDD) framework for HVAC systems. To address limitations of

conventional data-driven methods—such as data imbalance and limited interpretability—the proposed model projects nonlinear dynamics into a

linear observable space using a Variational Autoencoder. Faults are detected via residual analysis and diagnosed through inverse estimation

using the Koopman operator structure. In a fault scenario where the outdoor air damper was stuck at 75% open, the model estimated an

average 77% opening, effectively revealing actuator fault. These results indicate that the framework can provide interpretable and consistent

FDD in nonlinear systems.
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