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Deep learning models have been widely applied for fault diagnosis, but they lack explainability and are difficult to

generalize. Model-based approaches like the multi-observer-approach can capture domain knowledge for fault diagnosis

but they remain computationally expensive and time-consuming. In this study, we propose a digital twin-based system-

level fault diagnosis algorithm that incorporates a surrogate Long Short-Term Memory (LSTM) model to reduce

computational complexity. The developed algorithm relies on a Multi-Extended Kalman Filter (MEKF) for multi-class fault

diagnosis, in which the state transition function is driven by a surrogate LSTM-based model of the digital twin models of

the physical entity. The proposed hybrid approach leverages system-level observations to determine the failure states of

components. We apply this method to a robotic arm with an end-effector, whose position is determined by 4 rotating

motors. Using only the motor control commands and end-effector position measurements, the introduced approach

reliably identifies the operational status of the robot, specifying whether it functions properly or if one of its motors is

stuck.  The framework was trained and validated using data generated by the digital twin. The experimental results

demonstrate an accuracy of 94%, compared to 61% obtained with an LSTM, only and a strong computation time

reduction, with no observed discrepancies when tested on real robot datasets. The current framework is being extended

to include particle filtering, so as to improve steady-state error diagnosis, as well as increase tolerance for diverse

operating conditions. 
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