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Abstract

This paper proposes a hybrid model using long short-term memory (LSTM) and recurrent neural net-
work (RNN) layers. The selection of hyperparameters of the hybrid model is automated and optimized
via a genetic algorithm. The efficacy of this model is tested on generic datasets, derived from the high-
fidelity model of spacecraft attitude dynamics with reaction wheels, as well as Kepler spacecraft reaction
wheels datasets, for remaining useful life (RUL) predictions. The proposed model provides RUL predic-
tions with root mean square error values that are competitive, and often times better when compared to
other models in the literature. A time window approach is adopted and various values are tested to show
the effectiveness of different hybrid models with convolutional layers. Given the temporal nature of the
data, the hybrid and CNN models are compared by varying the time window size of the data input. It is
found that for datasets with a single operating condition and a variable number of faults, the deep CNN
provided the best results. Besides, the datasets with single operating conditions are less sensitive to the
time window size when compared to datasets with a greater number of operating conditions. The hybrid
model provides the best results when compared to the deep CNN, whilst varying the time size window.
For datasets with a greater number of operating conditions, the sensitivity to the change in time window
size was much greater. The effectiveness of the ability of CNN layers to extract features from raw sensor
data is also tested. It is found that the CNN layers can extract higher-level features from raw noisy sensor
data. This shows that an end-to-end prognostics model is possible using CNN layers to extract features
from noisy data and no separate data pre-processing is required. Finally, the results of the numerical
simulations show that the proposed method is highly successful in remaining useful life predictions of
spacecraft reaction wheels.



