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Fig.1 Framework of estimating stellar population parameters for LAMOST galaxies
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Fig.3 Results of CNN. The left panel is the comparison of age between predicted values and true ones, and the right panel is

the comparison of metallicity between predicted values and true ones. Note that points out of 30 are clipped in each panel.
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Fig.4 Dispersion of the differences of the stellar population parameters predicted by CNN as a function of S/N,. c(AAge)

represents the standard deviation of the differences between predicted age (lg (Age)) and true ones, and o(AZ) represents the

standard deviation of the differences between predicted metallicity (Z) and true ones.
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Table 1 Prediction results based on CNN for

different types of galaxies

Types Parameters u(o)?

Age 0.016 (0.127)
Absorption line galaxies
z -0.010 (0.116)
Age 0.018 (0.187
- g (0.187)
Z -0.008 (0.180)
Age 0.017 (0.171)
Composite

Z 0.005 (0.177)
Age 0.020 (0.187
AGN & ( )
Z -0.011 (0.180)

# 1 and o represent the mean and standard deviation of
the differences between the predicted parameters and

true ones. The units of p and o are dex.
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Table 2 Comparison of experiment results based
on CNN, RFR and DNN

Methods Parameters RMSE/dex MAE/dex SD/dex

Age 0.1595 0.1300 0.1584

CNN
A 0.1546 0.1252 0.1537
Age 0.1897 0.1513 0.1897

RFR
7 0.1834 0.1433 0.1834
Age 0.1971 0.1564 0.1969

DNN
A 0.1802 0.1407 0.1802
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Stellar Population Measurement of LAMOST Galaxies Based on
Deep Learning

WANG Li-li't  ZHANG Long-wei' YANG Guang-jun® ZHANG Jun-liang? LIU Cong!

(1 School of Computer and Information, Dezhou University, Dezhou 253023)
(2 School of Energy and Machinery, Dezhou University, Dezhou 253023)

AsstracT A galaxy spectrum contains the information of the age and metallicity distribution of the
stars in the galaxy. Measuring the stellar population parameters from the observed spectral data is very
important for an in-depth understanding of the formation and evolution of the galaxy. LAMOST (Large
Sky Area Multi-Object Fiber Spectroscopic Telescope) has observed a large number of galaxy spectra.
These spectra are high-dimensional data, and there is a highly nonlinear relationship between the spectra
and their physical parameters. Deep learning is suitable for processing multi-dimensional and massive
nonlinear data. Therefore, a convolution neural network with 8 convolution layers +4 pooling layers +1
full connection layer is constructed based on deep learning to automatically estimate the age and metallicity
of LAMOST Data Release 7 (DR7) galaxy. The experimental results show that the prediction of stellar
population parameters (age and metallicity) using convolution neural network model for galaxy spectra is
basically consistent with the parameter values obtained by traditional methods with an accuracy better
than 0.18 dex. As the signal to noise ratio (S/N;) increases, the dispersion of the differences decreases.
We also compare the measurement results of convolutional neural network with random forest regression
model and deep neural network. The results show that the convolutional neural network is better than
the other two regression models.

Key words galaxies: stellar content, galaxies: evolution, methods: data analysis, methods: statistical,
deep learning: convolution neural network
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