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Fig. 1. CODES: (a) Schematic diagram; (b) experimental setup.
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Table 1.  Phase shift with different optical path difference at v; = 0 m/s and v, = 1000 m/s.
t/mm AP /rad AP0,/ T Ayporn/ (m-s ) AP, ision/Tad AUppigsion/ (m-s )
2.28 0.01957 1.9878n 10200.42 0.0195w 999.69
3.37 0.0288~ 0.02927 1012.25 0.0288x 999.68
3.38 0.02897 0.0287% 991.86 0.0289w 999.68
3.39 0.0290w 0.02827 972.48 0.0290w 999.69
4.66 0.0398~ 0.0183~ 458.45 0.0398w 999.69
6.76 0.0578x 0.0579~ 1001.50 0.0578w 999.70
7.80 0.0667~ 0.0880w 1319.80 0.06667 999.71
11.15 0.0953~ 0.09167 960.96 0.0953w 999.75
19.50 0.1667w 0.16667 999.82 0.16667 999.87
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Fig. 3. Background white light prediction network (BWP-Net) architecture.
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Fig. 4. Comparison result of loss between models with dif-

ferent layers.
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Fig. 5. Interference spectrum of absorption line.
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Fig. 6. Interference spectrum of background white light.
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2 DA B A e
Table 2. Analysis results of partial data in the test set.
A, /nm A),/nm A t/mm v/(ms ) w/(ms ) Av/(ms ) Error/(ms ')
710 0.02 0.9 11.98 1800 1900 99.9991 0.0009
730 0.03 0.9 12.00 1300 1500 199.9988 0.0012
740 0.02 0.9 12.01 1500 1700 200.0006 0.0006
820 0.03 0.9 12.02 1600 1900 300.0036 0.0036
750 0.02 0.8 12.02 1000 1400 400.0034 0.0034
780 0.03 0.7 12.02 1200 1700 499.9901 0.0099
860 0.02 0.9 12.00 1000 1600 599.9952 0.0048
760 0.02 0.9 11.98 1300 2000 699.9988 0.0012
770 0.02 0.7 11.99 0 800 799.7536 0.2464
870 0.02 0.9 11.99 1100 2000 899.9507 0.0493
830 0.03 0.7 12.01 100 1100 999.8383 0.1617
690 0.02 0.8 12.01 0 1100 1099.8283 0.1717
800 0.03 0.8 12.00 0 1700 1699.7822 0.2178
850 0.03 0.9 11.98 0 1200 1200.0631 0.0631
790 0.03 0.7 12.02 100 1400 1299.8981 0.1019
720 0.02 0.8 12.01 100 1500 1400.0173 0.0173
660 0.02 0.8 11.98 0 1500 1499.9827 0.0173
670 0.03 0.8 12.02 100 1700 1600.3113 0.3113
840 0.03 0.9 11.98 100 1800 1700.1090 0.1090
700 0.02 0.9 12.01 100 1900 1800.1403 0.1403
810 0.03 0.9 12.02 0 1900 1900.0923 0.0923
680 0.02 0.7 12.01 0 2000 2000.4200 0.4200
7N TR AT AR B A BT a5 2R SR 2 AT LUE 12
TERIRINE LR | A [ R 2 L RIR R 10 T Owent == Label
Y UE S T ) R 25, A ) R R 22N T 08
Lmfs, X0 BWP-Net BUBAER 28T § 0
BTN T 35 506 TG, S s et o
WA BN A ROERE | AR fEHT T '0 oy ety
7 SRR OB A, 770 nm ., TR ook S;‘;p“jz nuffbef“” 04550
o A4 0 0.8, MURECIACH R BE A, %9 0.02 nm, Kl 7 BWP-Net B i} SRR L
Elféjlﬁ*%% tj:] 12.02 mm, yruﬁ]ﬁg U ﬂ*j 0 HI/S Fig. 7. Comparison of BWP-Net output and label.
it BWP-Net #5245 4 EIE 5 % 0 b 2 BRI 26
64 17 BIEFIBUT SR XT b g5 R E, nTAEH —F L 1o
PR, MRS OE AR 5%, H—YGiE A =~ . T
S B T 1 B DT el AR
9 T BollE BWP-Net KB P - He F{ Q Q ' Q E H Q
ARG T R R WL K A, FRR : Q Q == Q i
[E%%$%§ t—F{muiﬁ%ﬁ*E@_ﬁ‘mﬁgﬁ%ﬁ%ﬁ*H 66.30 65.30 7(.)0 750 74.10 7(.30 75.30 8(.)0 850 84.10 8(;0
P ) 2 B 2 O AR R 25, 45 R 8—&l 11 k. Aa/nm
M8, B9 FTLLVE i, FEAR R bl KT s IR A, T R 2 A
%}Q[ﬁlﬁ%ﬁ%ﬁj\ %ﬁlﬂ%ﬁ %E‘, ;H\:DP 700, 720 nm T Fig. 8. Distribution of radial velocity error with different A,.
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HEKER AR, KK TRE DM /NT
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WZEB/NT 0.51 m/s. IE 10, & 11 ] DA, 78
ANTR [ SRR 2T A ) R TR 22 A AR AR AL, 5
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AL UL, AR S0 A0 ) 3 R 25 0 A H A3
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Fig. 11. RMSE of radial velocity error with different t¢.
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Abstract

Coherent-dispersion spectrometer (CODES) is an exoplanet detection instrument based on the radial
velocity (RV) method. It detects changes in RV by measuring the Doppler phase shift of the interference
spectrum of stellar absorption line. However, the background white light in the stellar absorption spectrum
disturbs the phase analysis of CODES, which leads to phase error and seriously affects the accuracy of RV
inversion. The larger the cosine amplitude of the background white light, the greater the error is. In order to
effectively remove background white light and correct Doppler phase shift, a background white light prediction
network (BWP-Net) is proposed based on the U-Net architecture by utilizing the principle and data
characteristics of CODES in this study. To accelerate the convergence of the BWP-Net model, the interference
spectrum of absorption line from CODES and the ideal interference spectrum of background white light are
used as inputs and labels for the model after image normalization, while the model output becomes the
predicted interference spectrum of background white light after inverse normalization. The BWP-Net consists of
symmetric 6-layer encoding path and decoding path. First, in the encoding path, different levels of features are
extracted step by step from the interference spectrum of stellar absorption line through combination of multi-
channel convolution and depthwise separable convolution, extracting features effectively while reducing
computational costs reasonably. In each convolution layer, spatial downsampling is performed through
convolution with a stride of 2 and the number of feature channels is increased until the fourth layer, thus
various features, from simple to abstract, local to global, are extracted for the preparation of image
reconstruction in the decoding path. Second, in the decoding path, the image details are gradually reconstructed

from the features extracted through several layers of attention transposed-convolution. In each layer of

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12103039, 12303090) and the Key
Scientific Research Program of Education Department of Shaanxi Province, China (Grant No. 21JY016).
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attention transposed-convolution, spatial upsampling is performed based on the fusion of shallow features and
deep features through matrix addition and the number of feature channels are reduced, at the same time
attention of different levels is paid to the features through a learnable weight matrix, so as to suppress the
absorption line information gradually during image reconstruction. At the last layer of the decoding path, the

sigmoid activation function is used to control the model output in the 0-1 interval, making it easier to

RV inversion error
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denormalize. Finally, a region weighted loss function that combines mean-square error and multi-scale structural
similarity is used for training so as to consider pixel level differences and structural similarity between the
model output and the labels, while enhancing the suppression of absorption lines in the central region of the
interference spectrum through region weighting. And the output of BWP-Net is the prediction of the
interference spectrum of background white light, which is subtracted from the interference spectrum of stellar
absorption lines for phase analysis. The experimental results show that under different absorption lines,
different fixed optical path differences, and different RVs, after removing background white light from the
output of BWP-Net, the RV inversion error is less than 1 m/s, mainly concentrated in the region of 0-0.4 m/s,
with an average error of 0.2353 m/s and a root mean square error of 0.3769 m/s. And the distribution of RV
inversion error is relatively uniform under different parameter conditions, the median error is less than 0.25 m/s
at different absorption line wavelengths, and less than 0.2 m/s at different fixed optical path differences. Thes
indicate that BWP-Net not only predicts background white light accurately, but also has good stability and
robustness, providing strong support for high-precision and stable RV inversion for CODES.

Keywords: radial velocity, Doppler phase shift, background white light prediction, convolutional neural
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