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Helicopter vibration data polar coordinate fusion

based on statistical methods

ZHU Tongbin, ZHANG Liuye
(East China Sea First Rescue Flight Team , Ministry of Transport of the People’s Republic of China ,
Shanghai 200137, China)

Abstract: In order to improve the accuracy and engineering practicality of helicopter vibration data
analysis, the application and effectiveness of different statistical methods in polar coordinate point fusion
of vibration data was explored. Taking helicopter main rotor vibration data (including vibration amplitude
and phase angle) as the research object, four methods including Gaussian mixture model (GMM),
principal component analysis (PCA), Bayesian inference, and Kalman filtering were used for data point
fusion analysis. The results indicate that the four approaches are suitable for analyzing helicopter
vibration data in the order of GMM™>PCA™> Bayesian inference™>Kalman filtering. The GMM exhibits
superior fitting ability when dealing with complex distributed data and is suitable for analyzing vibration
data with multimodal distribution characteristics; PCA is highly efficient in dimensionality reduction and
feature extraction, and is fit for scenarios with large data volumes and clear structures; Bayesian
Inference is prone to model uncertainty and thus suitable for scenarios that require probabilistic prediction.
However, the Kalman filter performed poorly in the experiment owing to the lack of temporal continuity
in the data.

Keywords: helicopter vibration; polar coordinate point fusion; Gaussian mixture model; principal

component analysis; Bayesian inference; Kalman filtering
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