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Table 2 Time comparison between traditional calibration method and machine learning calibration method

Traditional method Machine learning method
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time wavelength
14-19 min About 60 s 15-20 min 5s 2s 7s
25
SMAT 76 WL I 4 07 8 5 B it iy T 6L 13 725 b il ] LB;}‘% CHOEE, BURAE, % KRS IR 5 AT, 205
NN e L S . = SO TR, 2020, 49(11): 20200278.
*}Lbﬁim%%‘ﬂ%%} i %&%Eﬁ{g{%{m% ’ lﬁﬁﬁﬁ{ﬁ{ﬁ%{n Deng Y Y, Gan W Q, Yan Y H, et al. Current situation and
RN ‘{'ﬁz o ZIK jC}J\iX - g B 1] & 4 s 'fﬁ H 'fggﬁ«% prospect of solar magnetic field exploration[J]. Infrared and Laser
PR BRI MARU AR B TR AU R B RIS S T RO R
N N . Ve SpL Sk SIS . 24, T B ( PIs . 3 s
%2 WA BRI R o A T KO 1 MRl 1, 986, 27(2): 173.180. N
@(*E‘ﬁﬁ? T EEI :,F/EZ'F({TLEZ: lﬁl}ﬂ?fi}iﬁ EI,‘J E]{%j()\'f}fé% Ai G X, Hu Y F. On principle of solar magnetic field telescope[J].
A A:‘/%\ H ! ﬁ l‘} , s PCA PR Aler 7 2l Acta Astronomica Sinica, 1986, 27(2): 173-180.

PR BRI BUAL IR R PCA e T oA b WM ok 19 RS2 D). 5 564 B
e, PE T T BP AR 4% 1 MLP [ 5 ) 2% #1245 2% FKLE, 2009: 15-16.
BNEIDIUIE S .l KL e A W el W I A Lir?”J B. Stgdy on high-rc§o]utif)n solar o.bscrvatiAon method[D].
i /z% g}ﬁ%'ﬂ:igﬁ ) j_JF 'ﬁﬂ"?%ﬁ%i&ﬁ T ﬁﬁﬂ‘ it 1 ';Q OBfeglcr;i:le:n;g;;AAl‘;t-rloﬁnomlcal Observatories, Chinese Academy
P45 R W oR A T L PR AT R AR [4]  Zhang H Q’, Wang D G, Deng Y Y, et al. Solar magnetism and

7‘?‘ B F ';,; g é,:':f 5B |:':| , Il g/zﬁ % F1 ) % é}. %]J ﬁ the activity telescope at HSOS[J]. Chinese Journal of Astronomy

* N d Astrophysics, 2007, 7(2): 281-288.
9973% E/:Jﬁﬁl%%d\:": 0.0009 nm A1 0.0015 nm. £ [5] ?ang \Xr(,)pz};l:rclgg H Q, Gao Y, et al. A statistical study on
i [ XU 00 ':F‘ s ﬁ—fjﬁb%%lj\ F 0.002 nm N 7] i /@ﬁiﬁﬁiﬁﬁ% photospheric magnetic nonpotentiality of active regions and its
Sk ij‘a% T iZ??YzJE E"]ﬁ%{‘@ relationship with flares during solar cycles 22-23[J]. Solar Physics,
’ AN o . 2012, 280(1): 165-181.

T S o 0 4 S 56 v g SO 0 e ) ] - )1 2 4 AN [6] Sanchez S F. Techniques for reducing fiber-fed and integral-field
KA. ALK R SE R FE L T E R N R (E spectroscopy data: an implementation on R3D[J]. Astronomische
SR e 1 5 00 0 45 SRR 2 K OF HLI ey, 2100, Sz s

. o . s - [7] Balona . A. Wavelength calibration of arc spectra using intensity
2= BE I (R4S 1 Ak Sk B WG K . XA R AR &R modelling[J]. Monthly Notices of the Royal Astronomical Society,
4 th R A B A B B L, 9 ELJ A T A T ol b0 0001008 R

. . N e e ST S 4= ] 1 . [8] MR, m S B T BELA 1 LAMOST 3 K 52 fr
DA 132 0 266 % A8 2 0 3 47 R 00 1547 40 W, B % ] — VLT, HSCE44R . 2013, 54(5): 478-488.
2E’§f(?Ei£Fﬁ%ﬁ s 55'J Hfﬁf')ﬁ M {E il 1%%@ E/:J ﬁ)%% jt/J\ il Ye GH, YeZF, ZhuJ. A new wavelength calibration method for
%’f’ﬂﬁﬁ%ﬂéﬁ*ﬁ %1%13(%%%%%@2? 3 LAMOST based on piecewise fitting[J]. Acta Astronomica Sinica,
9 .~ . 2013, 54(5): 478-488.

MEE ERA AR M B RETHLAR T HRERR o] b, T4, XICT ., 5 U SHIO B0 3802 40 BF 55 6t
5 VA% 5 0 5 B 7 VR e 100 20 B M 4 5 T 52 R FELIL 2R T8, 2010, 18(01): 52-59.

*ZR%Z% Xuan W J, Wang D G, Deng Y Y, et al. Error analysis and

performance optimization of birefringent filter[J]. Optics and

AR S ST 5 7 7 U 2 R AR ASOURI % 4 551 1 Precision Engineering, 2010, 18(1): 52-59.

E R 0] ITTWEIE , LAML A 27 2 1) 7 s R i e i 22 4 [10]  ZCHRE, 2R, SKUEE . Fe In 5324.19 A 7E K HIBE 1 0 1 A
R BF R b B 0 ) B S A (T]. RS0l 1982, 23(1): 39-48.

= Y Ehra] R T — 7 B N
TR ok AR SOUL N 7 s T BB 36 1 — b T A7 9 AiG X, Li W, Zhang H Q. Fe I & 5324.19 A line forms in the
% o E*%E"J@FH [:P 5 ﬂ%fﬁiﬁﬁﬁﬁ%f{ﬂﬁﬁ'ﬁ%ﬁ?ﬁi solar magnetic field and the theoretical calibration of the solar
HEHAS TP ] A — RSt A BR  GEHL L 0 40 s 3 £ magnetic field telescope[J]. Acta Astronomica Sinica, 1982, 23(1):
. ’ 39-48.
N e RN NV AV [171 NS A N =
SRR 2 ui PR ’ LASCHEUE G AR 2 B Y A 3 [11]  Gurtovenko E A, Fedorchenko G L, Kondrashova N N. The
'ﬂﬁi iy ﬂﬁlﬁ ’ {%EE% E‘i‘ﬁm‘{ﬂﬂ ﬁ*ﬁ Y ;F%li ﬁﬁ o ZIKjC empirical determination of damping constants in the solar
S B T S 1 T A4 21 ST 5 S 1 %] £ 3| 22 photosphere[J]. Solar Physics, 1982, 77(1): 291-297.
ﬁﬁf@ﬁgfqﬁﬂﬁ’ﬂ WA SRt A BIMERAE ) L Soem, T, . 6K B AR H KB
TR EW B — BTN o WA i vl A S0 7 B AR A L), B2 4 2018, 63(3): 301-310.
TG s BE A HI A B e e BE , wE 4s B Ol Bai X Y, Deng Y Y, Wang Y R, et al. The measurement of flat
S Y L - — . fields and polarization offset from the routine observation data of a
F1 SIS 2. =M=} =z £y H Er
H UL P K A7 8, e ﬁ@iﬁ/ﬂiﬁT%ﬁ (RS , AT 45 5 solar rotation[J]. Chinese Science Bulletin, 2018, 63(3): 301-310.
4 H ﬁﬁj‘i%iﬁ?ﬁ%m{ﬂﬂﬁﬁ E@Yﬁﬁﬁ‘fﬁ%ﬂﬁfﬁiﬁ@ [13]  Mitchell T M. Machine learning[M]. New York: McGraw-Hill,

1304005-8



£50% F 13 H9/2023 £ 7 B/HEH:

1997. Conference on Machine Learning, June 21-24, 2010, Haifa,
[14] Haykin S. Neural networks and learning machines[M]. New York: Israel. New York: ACM Press, 2010: 807-814.

Prentice Hall,2009. [17]  ZCREFE, WA R . 2 0030 0T S B8 6 T . TR IR 35 (X
[15]  Wilhelm C. Theorie der linearen wechselstrom schaltungen[M]. [7). FEBL: AfE, 1986, 16(8): 889-896.

Jagerberg: Akademie, 1954. A1 G X, Hu Y F. Multichannel birefringent filters | : principle and
[16] Nair V, Hinton G E. Rectified linear units improve restricted video spectrometer[J]. Science in China, Ser A, 1986, 16(8): 889-

Boltzmann machines[C]//Proceedings of the 27th International 896.

Calibration of Observing Wavelength Points of Birefringent Narrow Band
Filter-Type Magnetograph Based on Neural Network

Hu Xing""*, Yang Shangbin'"", Ji Kaifan®', Lin Jiaben""", Deng Yuanyong ™",

4

Bai Xianyong'”*, Zhu Xiaoming'’, Bai Yang'’, Wang Quan"""
'National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China;
*Yunnan Observatories, Chinese Academy of Sciences, Kunming 650217, Yunnan, China;
‘Key Laboratory of Solar Activity, Chinese Academy of Sciences, Beijing 100101, China;
‘University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Objective The filter-type magnetograph is one of the main devices for measuring the solar vector magnetic field. SMAT in
Huairou, a solar magnetograph, is initially used for conventional observation in China. It obtains polarization information at a fixed
temperature and wavelength point, and then acquires the solar vector magnetic field through the calibration process. Due to the
changeable factors such as temperature variation and mechanical errors (e.g., tooth gap), the wavelength points observed by the filter
would be altered, which weakens or removes the polarization signal. It would finally affect the accuracy of solar vector magnetic field
measurement. The current method of wavelength point calibration takes more time, less data and lower temporal resolution by
scanning the spectral line profile and locating wavelength points. In addition, the frequent mechanical rotation lowers the lifetime of
filter, which further impedes the acquisition of stable and high-quality data. Last but not least, the current method could not form a
real-time and closed-loop system to distinguish and control the wavelength points. In view of this, based on the analysis of the data
characteristic of SMAT, we summarize a new data pre-processing way, employ the supervised learning of machine learning and then
propose a neural-network-based observation scheme of wavelength point calibration. This scheme has established the relationship
between a single frame image and the corresponding wavelength point, which shortens the time of locating the position of wavelength

point by a single frame image.

Methods The present study uses the spectral line scan data from SMAT, which are 31 monochromatic images obtained by moving
the filter from the blue to the red side of the spectral line, subject to the observation conditions. We first analyze the data
characteristics. It is found that the Doppler velocity generated by the rotation of the Sun from west to east causes the image to exhibit a
large scale uneven distribution of grayscale (brighter on one side and darker on the other). Therefore, when the filter gradually takes
images from the blue side to the red side of the spectrum at different wavelength points, the image gradually changes from bright left
and dark right to dark left and bright right with the shooting position (Fig. 2). Then, the data are pre-processed: selecting the data that
can be fitted with a smooth spectral profile, and performing P-angle correction, edge dimming removal, and normalization on these
data. Next, the information outside the solar circle is removed by polar coordinate transformation, and the image size is also
decreased. Then, principal component analysis (PCA) is used to reduce the dimensionality of the data, so as to eliminate the
interference of small signals and avoid problems caused by high-dimensional features. Based on this, a regression multilayer
perceptron (MLP) network based on back propagation (BP) algorithm is proposed. As for the neural network, we took 70% of the data
as the training set and 30% as the test set, and carried out the method validation experiment, grouping test experiment, and
experiment to overcome system change, respectively. Finally, we propose the general flow of the observing wavelength point
calibration algorithm and select data of different time periods to compare the traditional method and the present method in time
consumption, and the results show that the method can greatly save the calibration time.

Results and Discussions The results of the method validation experiment show that the mean square errors (MSEs) of the
training set and the test set are 0.0003 and 0.0005 (Fig. 10), indicating that 99.73% of the data have the error of less than 0.0009 nm
and 0.0015 nm, respectively. In the grouping test experiment, to ensure that the data of the experimental set were observed under a
relatively stable system, all data were divided into five experimental sets according to the maintenance records. The MSEs of the
training set and the test set are 0.0002 and 0.0027 [Figs. 11(a) and 11(b)], and the test set that is close to the training set in time has a
small error in the prediction results [Fig. 11(c)], which illustrates the effectiveness of the method. The gradual increase in error in the
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test set far from the training set in time is consistent with the actual change of the system from stable to unstable. The experimental
results of the other groups are also consistent with this situation (Fig. 12). To overcome the systematic variation in reality, we
narrowed the band range and the standard deviation of the errors in the training and test sets were 0.0001 and 0.0006, respectively,
indicating that 99.73% of the data had the error of less than 0.0003 nm and 0.0018 nm (Fig. 13). This result indicates that using data
with a smaller band range for training the network can effectively overcome the effect of system instability. In terms of time
consumption, the time required for calibration by the traditional method is 15-20 min, while that of the proposed method is less than 7
s, showing a 100 times improvement of the proposed method in calibration speed (Table 2).

Conclusions In this paper, we investigate the calibration of the observing wavelength points of a birefringent narrow band filter-
type magnetograph. Firstly, an effective pre-processing scheme of data is proposed based on the reasonable analysis of image data.
And then, the BP-based MLP regression network calibration scheme is put forward. Afterwards, this scheme is tested by feasibility
verification, grouping test experiment and the experiment to overcome system change. In addition, the scheme is compared with
traditional methods in efficiency. At last, the experimental results show that this scheme is more than 100 times faster with reliable
and effective data than the traditional method, so it can be regarded as a more efficient method for the calibration of observing
wavelength points. Meanwhile, the regression network can be used to judge the operating condition of the instrument, namely,
calibrating the same set of data with the network can give the information whether the magnetometer is stably operated or not by the
residuals and variation trend of the predicted value and tag value. This method can effectively reduce the shortening of working life of
the filter due to the frequent motor rotation during calibration. It can also increase the efficiency and stability of the observation on
terrestrial and space solar magnetic field measurements. In the future application, this scheme could support the automatic real-time
regulation of the filter position by introducing a real-time closed-loop feedback mechanism in the filter band adjustment, which could
ensure the stable and high-quality output of observation data.

Key words measurement; filter-type magnetograph; wavelength point calibration; pre-processing; machine learning
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