Wa6 % oM 2/ M Fx % W Vol. 46 No. 9
2025 49 H Chinese Journal of Scientific Instrument Sep. 2025

DOLI: 10. 19650/j. cnki. ¢jsi. J2513776

ET ARMA HEBIWEFTiFFEBREIRIKR T

4—_%3}%1,2 ,iljjti&ll ,i?)gﬁl‘z ,g\_}%iglj
(1R RS TSR A RS2 AT A S RIETE T 7% 7100765 2. 148 5 5E 7 SIS
BARM ARSI E Y% 710076)

& EJRTTWRIRMUE N T — U SR AR RS Ty R 2 — , [ B AN SE Rl B 400 ek B AT 31 22 0 FH M (E A R TR o, (]
HAG ZR P R P B 20 T PR BE AT X — SR () £ T — P s ] 8 43 BT ) ARMA AR5 R IR 2 i
AHES A MR 0 ik | B FESead 52 24 A M s R B AR BT | LR X B 0B 10 5 5 A T AR A S g e b B, 10 AT —
By 22 7 TAL 3 A 7 X481 FE R 1 B3O 0 2 ARMA 5 B8 (1 S A2tk 5K, SR A ALC D J% BIC #E W) 48355 5 %6 Lo s o 2 e e
ARMA (2, 1) fSRIS50, AELIEah 1 T 5t T R 7 1 R /R 2 e Sk 38 3 SR Ay 3 00 W 75 Ty 2 00 3 A R gt
T A, A SR T 402 SR I RSB IRE, XGOS 13 h 897 T3 B 08 B AT A B 5 A, SE 6 4%
SRR, PR Y [ 35 R R R 2R AR T T PR AR A . AR E MM 0.076 6°/h & T 0.055 0°/h ($& T AT ik
28.2%) N RELFEAL 26. 7% , KINFR EPERGE 20. 1% , SRR B340 T2 S e 0 (AR T 8% ), IbAb, S ARBIAI gk
T 3 (A3 0 I R/ I 28 ) AT LG, 3 N R 2R B B I AR AR AR DE 2% (4 R AR B A A M s A i AR, T 4 HH i —
J5 R RO - 5 B R AT 2 s AR PR | 4 T S B R B R AL T — I SE AT A SGR R R AR TR

KERE . FF TR, LR ARMA ; R/R S U8

fE 4SS TH824 XEFRIRE, A BERREZRSERE: 590.30

Filtering methods of AIG random noise based on the ARMA model
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Abstract : The atomic interferometer gyroscope (AIG), as one of the next-generation ultra-high-precision inertial sensor solutions, holds
significant application value and potential development in defense and fundamental scientific research. However, its complex noise
characteristics severely limit its actual performance. To address this critical issue, this article proposes a noise suppression method
combining an ARMA model based on time series analysis with the Kalman filtering, aiming to bypass the complex physical modeling of
noise sources and directly perform holistic modeling and filtering on the gyroscope’s output signal. First, the gyroscope output data are
preprocessed via first-order differencing to meet the stationarity requirement of the ARMA model. The optimal ARMA (2,1) model
parameters are determined through calculation and comparison using the AIC and BIC criteria. On this basis, an adaptive Kalman
filtering algorithm for measurement noise is designed, which dynamically adjusts the noise covariance matrix by estimating the
measurement noise variance in real time, effectively overcoming the parameter rigidity issue of traditional fixed-parameter filters.
Experimental results from processing and analyzing 13 hours of atomic interferometer gyroscope output data demonstrate that the proposed
adaptive Kalman filtering significantly enhances gyroscope performance. The bias stability improves from 0. 076 6°/h to 0. 055 0°/h (a
28.2% enhancement) , the short-term sensitivity is optimized by 26.7% , and the long-term stability is improved by 20. 1%. These
improvements are notably superior to those of fixed-parameter filtering (only an 8% improvement). Furthermore, compared with non-

model-based filtering methods (such as low-pass filtering and wavelet denoising ), the adaptive Kalman filter exhibits superior noise
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suppression under model-matching conditions. The proposed method provides a practical and effective technical solution to overcome the

challenges of complex noise modeling in atomic interferometer gyroscopes and enhance their real-world application performance.

Keywords : atom interference gyroscope; quantum sensing; ARMA ; Kalman filter
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Fig. 1 Schematic diagram of the atom interference

gyroscope’s workflow
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Fig.9 The time domain signal before and after Kalman filtering
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Fig. 11  The power spectrum before and after Kalman filtering
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Fig. 12 Allan variance obtained by different filtering methods
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