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Integrated modeling and filtering of fiber optic
gyroscope's random errors

Liu Wentao®, Liu Jieyu, Shen Qiang
Department of Control Engineering, Rocket Force University of Engineering, Xi'an, Shaanxi 710025, China

Abstract: In order to analyze and process the random error of the fiber optic gyroscope (FOG) and improve its use
precision, an error modeling method that combined empirical mode decomposition (EMD) and time series model
was proposed. On the basis of the intrinsic mode functions (Imf) which was obtained by empirical mode decomposi-
tion, auto-regressive and moving average model (ARMA) modeling is performed hierarchically for each Imf. Then,
Kalman filtering is performed layer by layer on the basis of the model to remove the random drift signals from the real
angular velocity information. At the end of the algorithm, the signal which had been filtered need to be reorganized,
and through the above steps, the conception of analyzing and modeling in connection with the random error of FOG
from full frequency’s point of view was realized. Compared with other modeling methods, this method has a higher
degree of simulation matching to the original data, at the same time, the experimental results have further shown that
this method can effectively remove the signal of random drift from the fiber optic gyroscope’s output signal and im-
prove its use precision significantly.
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Denoising effect of the method used in this paper

Overview: At the beginning, we studied the zero bias signal of fiber optic gyroscope in depth and discovered that it is so
complicated that we cannot gain any valid angular velocity information from it directly. As a result, we must have a sig-
nal processing before making any judgments on the specific information. According to the fact that its random error
signal is mixed with the real signal and the signal of FOG’s output is nonlinear and non-stationary, we proposed a mod-
eling method that integrated time-frequency analysis and auto-regressive and moving average model. Besides, we re-
move the random noise on the basis of the Kalman filtering, and the final denoising effect further proves that the means
used in this paper is significant. The specific implementation steps are as follows: firstly, EMD, an adaptive
non-stationary data-driven processing method, was used to perform model decomposition on the preprocessed original
signal. Then, undifferentiated modeling of each intrinsic modal function component is performed from the perspective
of full frequency. In order to obtain the complete information of the original signal of zero bias, and on the basis of the
above model, the Kalman filter of the optimal estimation algorithm is used to remove the random noise that aliased in
the real signal. At the end, the addictiveness that based on the empirical mode decomposition was put into effect linked
with the filtered signals. Compared with the method of directly modeling with regard to the original data, the modeling
accuracy of this method is more accurate, and the denoising effect combined with the original signal is more significant.
After verification and comparison, it is further confirmed that the algorithm of this method had owned faster speed,
better real-time performance, and higher precision, which had a positive guiding significance for the engineering appli-
cations.

In a word, compared with the existing methods, the proposed method was applied to the original signal’s adaptive
analysis and modeling, which is completely based on the signal's own time scale characteristics instead of other
man-made settings, such as the choice of wavelet basis function in the wavelet transform. It reduced the modeling error
of the system while reducing the order of the model and the complexity of the algorithm. We can predict that the me-
thod provides a new perspective for the analysis and processing of the FOG’s signal. In the next step, we can apply the
ideas of this method to the gyro’s temperature drift modeling, scale factor modeling, and other similar signal processing
fields. Definitely, we have faith in that the method applied in this paper will have a effective reference value.

Citation: Liu W T, Liu J Y, Shen Q. Integrated modeling and filtering of fiber optic gyroscope's random errors[J]. Op-
to-Electronic Engineering, 2018, 45(10): 180082
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