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Abstract: The accelerometer can be used for vibration correction of atomic gravimeters, mitigating
vibration noise interference, and enhancing the dynamic measurement accuracy of atomic gravime-
ters. It constitutes an essential component of the measurement system. To achieve higher device
accuracy, it is necessary to calibrate the accelerometer error prior to utilization. In this paper,
combined with the dynamic measurement system of the atomic gravimeter, based on the principle
of the modulus invariance of the accelerometer gravity vector, the accelerometer is placed on a sta-

ble platform for measurement in various orientations, and a cost function is established by compa-
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ring the high-precision gravity output of the atomic gravimeter. To address issues related to time-

consuming iterative methods and significant reliance on initial values, the cost function is simpli-

fied, a linear model is deduced., and the least squares method is employed to compute calibration

parameters such as zero bias, scale factor, and non-orthogonal coefficient. Simulation experiments

are conducted to investigate the impact of accelerometer noise level, the number of accelerometer

orientations, and the initial parameter values on each calibration method. The proposed method’s effec-

tiveness and accuracy advantages are preliminarily demonstrated. Subsequent practical assessments are

conducted under dock mooring conditions. The results showed that after calibration, the average value of

the accelerometer output vector modulus decreased from 1. 003 5 g to 1. 000 1 g , which is closer to the

gravity acceleration reference value, and the standard deviation decreased by 70. 5%
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Tab.3 Comparison of calibration parameters obtained

by various methods (n=230)
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Tab. 1 Comparison of calibration parameters obtained by

various methods (n=10)
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S 1. 200 1.198 1.198 1.198
b,/ (mes72) 0. 300 0. 285 0. 287 0. 285
by/ (m=s 2  —0.600 —0.618 —0.617 —0.618
b./ (m+s %) 0. 300 0.323 0.323 0.324
m 0.0100 2.2605 2.0799 0.874 9
mo 0.0200 0.1232 0.1140 0.018 9
ms 0.0300 0.0312 0.0313 0.031 2
MSE — 0.8896 0.7346  0.083 26
FEHT /s 1.95 156. 96 0. 90
AR B 4 158

BRERE BEM  GN%k LMk AR
S 1. 100 1.118 1.117 1.096
55 0. 950 0. 949 0. 949 0.948
5e 1. 200 1.197 1.197 1.196
b,/ (me+s2) 0. 300 0.295 0. 295 0.295
by/ (m+s2) —0.600 —0.600 —0.600  —0.599
b./ (m+s?) 0. 300 0.334 0.334 0.342
m 0.0100 0.1908  0.185 4 0.174 6
mo 0.0200 0.0268  0.026 6 0.020 4
msy 0.0300 0.0299  0.0299 0.029 8
MSE — 0.003 81 0.003 59  0.003 21
FERT /s — 3.00 322. 58 0.70
AR AL — 4 158 —

R2 EMAEBINRESHIIE (n=20)

Tab. 2 Comparison of calibration parameters obtained by

various methods (rn=20)
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Tab. 4 Comparison of calibration parameters obtained
by various methods (accelerometer noise

level 6, =06,=06.=10">m* s ?)

x5 BMAEBRIANRESHLL
(MEEFIREKE 6,=6,=6.=10"* m - s7?)
Tab. 5 Comparison of calibration parameters obtained
by various methods (accelerometer

noise level 6, =6, =6.=10"" m + s7?)
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Tab. 6 Comparison of calibration parameters obtained by

various methods (initial value of the parameter is e} )

2% R R 15l G-N & LMk ARGk
5. 1.100 1.239 1.098
Sy 0. 950 0. 945 0. 944
5 1. 200 1.186 1.184
b./(mes?) 0. 300 0. 286 0. 289
by/(m e s2) —0. 600 —0.581 —0.584
s
b./(me+s?) 0. 300 0. 442 0.461
m 0.010 0 —0.4913 —0.4127
mo 0.020 0 0.008 5 0.020 2
ms 0.030 0 0.027 8 0.028 0
MSE — 0.032 4 0.022 8
FEIF /s — 4. 04 924. 94 0. 20
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Tab.7 Comparison of calibration parameters obtained by

various methods (initial value of the parameter is e} )
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Fig. 1 Dynamic measuring device of atom gravimeter
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Tab. 8 Noise indicators of Titan type force balance accelerometer
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Fig. 2 Flowchart of accelerometer field calibration
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Fig. 3 Scenario of accelerometer field

calibration experiment
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Fig. 4 Three-axis output of accelerometer

during calibration
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Tab.9 Comparison of calibration parameters

obtained by various methods

R2ERE G-N ¥ L-M % ARSI
5 1.068 1 1.068 1 1.004 3
5 0.994 9 0.994 9 0.998 6
5 1.040 1 1.040 1 0.989 8
b,/ (me*s %) 0. 007 60 0. 007 60 0. 000 12
/7y/ (me+s ?) 0.012 03 0.012 03 0. 000 15
be/ (m+s?) 9.722 12 9.722 12 9.792 94
i —0.007 84  —0.007 84 0.001 62
ma —0.014 12 —0.014 12 —0.009 25
- —0.00223  —0.002 23 0. 008 57
RMSE 1.236X1072  1.236X107% 7.355X10°°
FEI /s 2.38 175.18 0.63
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Fig. 5 Comparison of vector norms before and after

accelerometer calibration
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