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Estimation of thrust in a cold gas thruster using a multilayer perceptron with optimized
weights by a genetic algorithm
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Abstract

This paper presents a data-driven model for accurate estimation of thrust produced by a cold gas propulsion. The utilized
experimental data are extracted from the Zenodo repository and used for training and evaluation of the model. The proposed model
maps the relationship between electric power (Pe), engine mass flow (i) and thrust-to-power efficiency (1) to output thrust (F) using
a multilayer perceptron (MLP) and optimizes the network weights and biases using a genetic algorithm (GA). The optimization
criterion in the genetic algorithm was the mean square error (MSE) of the validation data. The implementation and experiments were
performed in Python. Using a dataset consisting of 2000 samples, the proposed GA-MLP model achieved validation MSE = 0.05 and
test MSE = 0.1, and a correlation coefficient of R = 0.872. Furthermore, comparisons with basic machine learning models including
Random Forest and XGBoost show the significant superiority of the proposed model in terms of estimation accuracy and correlation
with real data. A sensitivity analysis and comparison with a network trained with standard gradient descent method are also
presented.

Keywords: Cold gas thruster; Thrust prediction; Multilayer Perceptron (MLP); Genetic Algorithm; Optimization; Specific

impulse (Isp).
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