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Fig. 1. (a) The schematic diagram of the experimental device and also the model diagram used in our finite element simulation;

(b) low Earth orbit environmental magnetic field used to test the model.
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Fig. 2. (a) A schematic view of the section of the data; (b) the shielding efficiency distribution on a section inside the shield calcu-

lated by FEM software; (c) the magnetization intensity ratio coefficient on a section of the shield calculated by FEM software.
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Fig. 6. (a) A typical continuation process graph, the standard deviation of the predicted parameter values is gradually reduced with

the experimental round; (b) comparison of hysteresis loop and measured loop calculated by corresponding parameters.

PR, o MIRIESRIRECR, k5 o MIRGHT T2
KIRER, AP 1A S SR 2 )5, 73 2R i

T35N, BIERREHLS A AN ] ] fE- S EOA [ B9 Tl
IR, (H 8 AR RE S SR IR R 2RO, BT

APRIEZEB A 7.09, 7 LG EE S0 R R0 4 e ¥ [l 2k
R ARATI IR v FEE A, ARMERE— 2L 94Y, SR T T
PSR M RIS R 2222 T HiE—A%, &

* 1 FIhHSMASESAEINSAE

BRI B AT RS 8], ARl PR 22 4% F 3l
WS, 8 T AR, W T ORER ], [
THIER SR 75, RIS EAS RN SE
CHIBUE S A ROCEIR I 225, #/8 T Al REfFAAE T
ABRTCHy B e b iR 2E, N n] R AR TR
BRI (AN S B (E A0 i 22 . BB RIS BR 5 Ak F i
ZERF. R 1R T FBI A ST RS EIRT L.

Table 1. Parameter values obtained by manual
tuning and automatic tuning.
SRR FHhSH BEsIE 214
M 540000 540074
a 19555 19817
k 8.0 9.50
« 0 0
c 0.2 0.58
SE 31 36.37
C -1.8 -2.37
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Abstract

Magnetic shielding plays an important role in magnetically susceptible devices such as cold atom clocks,
atomic interferometers and other precision equipment. The residual magnetic field in a magnetic shield under a
varying external magnetic field can be calculated by the Jiles-Atherton (J-A) hysteresis model and magnetic
shielding coefficient. According to the calculation results, the variation of internal magnetic field can be
compensated for the active compensation coils. However, it is difficult to practically obtain the exact values of
the five magnetic-shielding-related parameters in the J-A hysteresis model and the other two magnetic-field-
attenuation-related parameters. It usually takes a lot of time to match the parameters manually according to
the measured hysteresis loop and it is difficult to ensure that the final parameters are the global optimal values.
The machine learning method based on artificial neural network has been used as an efficient method to
optimize the parameters of complex systems. Owing to the powerful computing capability of modern computers,
using the artificial neural network to optimize parameters is usually much faster than manual optimization
method, and has a greater probability of finding the global optimal parameters. In this paper, the five J-A
parameters and the other two parameters relating to magnetic field attenuation are optimized by the method of
online learning based on artificial neural network, and the residual magnetic field in the magnetic shield is
predicted under the simulated satellite magnetic field environment. By comparing the measured residual
magnetic field with the predicted value, it is found that the machine learning method can optimize the magnetic
shielding characteristic parameters more quickly and accurately than the manual optimization method. This
result can not only help us to compensate for the magnetic field better and optimize the parameters of our cold
atom system, but also validate the application of neural network in a multi-parameter physical system. This
proves that the in-depth learning neural network can be conveniently applied to other physical experiments
with multi-parameter interaction, and can quickly determine the optimal parameters needed in the experiment.
This application is especially effective for remote experiments with slow response to parameter adjustment, such
as scientific experiments carried out on satellites or deep space.
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PACS: 07.05.Mh, 07.55.Nk, 87.10.Kn,95.55.Sh DOI: 10.7498 /aps.68.20190234

* Project supported by the National Natural Science Foundation of China (Grant No. 11704391).
1 Corresponding author. E-mail: liang.liu@siom.ac.cn

1 Corresponding author. E-mail: dslv@siom.ac.cn

130701-10


http://dx.doi.org/10.7498/aps.68.20190234
mailto:liang.liu@siom.ac.cn
mailto:dslv@siom.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

