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(1 ·Þfb¡�:Æáofb·Þ 253023)

(2 ·Þfbý�Æ:°fb·Þ 253023)X� �û�I1�+v�èR��t��Ñ^0�Iáo, ÎÂKI1pn-KÏÙ�áoù�ñe�ã�û�b����ósÍ�. LAMOST (Large Sky Area Multi-Object Fiber Spectroscopic Telescope)á)Ñ��'Ï��ûI1, Ù�Ø�I1Æ�ì�i�ÂpK�X(�Ø��^¿'sû. �ñ�f`��������wÏ�^¿'pn, àdú�ñ�f`�/�ú��*8*wïB+4*`�B+1*hÞ¥B�wï^ÏQÜ, ùLAMOST Data Release 7 (DR7)�û�t��Ñ^0�ÛLê¨0¡. ��Ó�hÆ, �(wï^ÏQÜ�Ç�ûI1�K��ÏÂpÆ ß¹Õú,��, ïî(0.18 dexå�, v�Ǒ�I1ájÔ��',�Kïî�e��. ��ØùÔ�wï^ÏQÜÆǑ:î�ÞR!��ñ�^ÏQÜ�ÂpKÏÓ�, Ó�hÆwï^ÏQÜ�Ó���vÖ$ÍÞR!�.s.Í �û: R��¹, �û: ��, ¹Õ: pn��, ¹Õ: ß¡, ñ�f`: wï^ÏQÜ-þ�{÷: P157; �.�Æ�: A

1 ���û/�*1R���S���Ii(q����è'ûß. �a�û�I1/1C¿�R��/ïI�b��, °U��û�X��t��Ñ^0�Iøsáo, ù�û��Íi�ÂpÛL��, ïå¨ü�û�R�b��ò�i��f���ò. ¨ü�û-��Ï��;�	3'{¹Õ: ú�¿�p�¹Õ��Ï��¹Õ�:hf`�ñ�f`¹Õ.ú�¿�p��Ï����¹Õ�(�y�1¿�:��I<½�, ��Lick�p[1].9n¿�pùt��Ñ^0��O�'[2], �ìïå�(¿�p:*�C �0�, _ïå�ÏsGt��Ñ^0�. ÙÍ¹Õ��¿/ù�I�AÏ��
O

�, ��ïåS4�Ï����v. 6�, ¿�pê�(�t*ÂKI1��K��à*y�1¿, ��1��ûI1�¨f�½�I1�¨�
�Ø,��1¿�÷B(�w
��¨, ÙKÏ� �¾�. �(I1pnKÏ�Ït��Ñ^0��8(�¹Õ/�Ï��¹Õ, vú,�ó/�I1!�Æ�KI1ÛLß�e¨ü�û��Ï��, ÙÍ¹Õ�(�I1
=ïý��áo. �(h1ÛL!�9M��ÕBú
w, ��STARLIGHT[3]�
PPXF[4] (penalized pixel-fitting)�FIREFLY[5]

(Fitting IteRativEly For Likelihood analYsis)I.Ù��Õ��vùa/I1�ï�y�, �å�V��KI1�!�I1�Þí1b¶. ��I1�AÏ��
Æn, �(!�9M¹Õ�0��ÏÂp<ïýX(�'�
n�'.
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63w ) � f ¥ 5�Ǒ�'Ä!á)å���U, )�pnH°�Í�¸'���. bù�dwÏ�Ø��)�pn, ú�:hf`�pn��I¹Õ:pn���������	H�ï���. :hf`�ñ�f`�/�Û�(��û�R�Âp�KÏ[6–9]. ú�:hf`�ñ�f`�ÂpKÏ¹Õ�ú,��/�(w	òåi�Âp�­�7,, ��ß¡!�e�KÙ�Âp(î�pnÆ-���. ���.[6]�(�û�¢û�I���rpn)(Ǒ:î��Õ0¡�û�R�(Ï�R�b��, �.[7–8]�ú��*��ê��ñ�^ÏQÜ, KÏ
Sloan Digital Sky Survey (SDSS)�R�'�i�Âp, vÆ^ÏQÜ�/��Ï:I�ÕÔ�, Ó�hÆñ�^ÏQÜ�K¾��Ø, �.[9]�(ñ�^ÏQÜ�:�f`KÏ�û��i(U�i�Âp. F/ú�ñ�f`�/�(I1pnKÏ�ût��Ñ^0���.Ô��.

LAMOST (Large Sky Area Multi-Object

Fiber Spectroscopic Telescope)[10–11]/�ý�6��Í'�If�Ü\. *ó2020t6�, �+Hüá)Ê
�á)7 yr�LAMOST Data Release 7

(DR7)pnÆ�ý��vºXÊýE�\�Ñ�, qÑ�I110640255a, v-�ìR�I1
9881260a��ûI1198393a�{�S66406a�*å)SI1494196a. �(LAMOST�ûpn,�vºXÛL��ûù[12]�ÌðÑ�¿�û[13]I¹b��v. æ�, 	�.KÏ�LAMOST�û���Ñ�¿[14]���%
[15], vÑ�ø���<�h. LAMOST�û��Ï��KÏ¹b�øs�v��, ;�ð¾(�LAMOSTI1�AÏ¡	�0�}�!Æ. LAMOSTá)-I1pn��Ç(øùAÏ��¹Õ, à	(�Æ��¢�w	���
n�', Û�(AÏ��öqÍ�I1Þí1b¶[14].  ß��Ï��¹ÕKÏ�ÏÂpö�V��KI1�!�I1�Þí1b¶. �å���(�Ï��¹Õ¨üLAMOST�ûI1��Ï��, �0�Ó�ïý�X(�'�ïî. (�ìM�å\-[16], �ú��Íú��:�y��

!�9M¹ÕùLAMOST�û0¡sGt��Ñ^0�, ïî(0.2 dexæó. å¹Õ�LAMOSTI1�Þí1Îh1-
dÆ, �(�:�y�(;�/86¿y�)Æ!�1ÛL^¿'ß�e¨ü�ÏÂp. ÙÍ¹Õ�LAMOST�û�ÏÂpKÏ
×Þí1�qÍ, F!�9MÇ�-Ç(^¿'ß�¹Õ, ¡�Ï�', ö�
B�Ô�Ø.,�Ó�LAMOST�ûI1y¹�ñ�f`¹Õ��¿, �ú�Âp0¡¹Õ�(wï^ÏQÜ�úÞR!�, ¨üLAMOST�û�t��Ñ^0�, �°Âp�ê¨0¡. å¹Õ�¥�(
LAMOST�ûI1�h1áoÛL	Ñ
�ñ�f`, 
��ùI1Þí1ÛL��e�MAÏ��ü��Þí1
Ænî�, w	�}��(÷<.

2 ¹Õ�ì�ú�LAMOST�û�ÏÂpê¨0¡�å\A��þ1�:.

(1) LAMOSTpn[	Æpn���. �H,�ìÎLAMOST DR7-	é�ûI1\:�vùa, �	á³��ájÔ�¢ûaö�I1. �[	�0�LAMOST�ûI1ÆSDSS Data Release

16 (DR16)Ñ��I1pn('¶l¤vÞí1Ô�Æn)ÛL¤É, (SDSS��I1�t��Ñ^0�e�°ñ�f`-LAMOSTI1��Âp<.ù�LAMOST�û7,I1ÛL�¢û�ÍÇ7,\:�e�ewï^ÏQÜ-, ù��(SDSS��I1�0�t��Ñ^0�\:�~�eQÜ-;

(2)wï^ÏQÜÞR!���úÆ­�. �úwï^ÏQÜùe¤(1)-�0�LAMOST�û7,Êv�~ÛL­�;

(3)wï^ÏQÜÞR!��Ä0ÆùÔ. �(G¹9ïî�sGÝùïî��ÆîIÄ÷��eaÏwï^ÏQÜ��KH�. æ�, �åQÜ!�ÆǑ:î�ÞR!��ñ�^ÏQÜÛLùÔÄ÷.
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63w �==I: ú�ñ�f`�LAMOST�û�ÏÂpKÏ 5�

þ 1 LAMOST�û�ÏÂp0¡�å\A�
Fig. 1 Framework of estimating stellar population parameters for LAMOST galaxies

2.1 pn[	Æ���
LAMOST DR7-�ì�ûI1�19�a, �H	gaö: râµájÔS/Nr > 5v�¢ûz <

0.3[	I1pn, Ù7ïå�Ø��7,�(Ï,v�ÝÁ;�1¿y�([OIII]λ5007�Hβ�Hα�
[NII]λ6585)(LAMOST�ÂKâ����. :�

�°LAMOST�ûI1�t��Ñ^0�, �ì�LAMOST�ûI1ÆSDSS DR16Ñ��I1pnÛL¤É. :�Ï���)S�LAMOSTÂKI1�SDSSÂKI1�ájÔî+, 	g$�ájÔKî��I�3�aö[	¤É�0��I1.�È�0�2�aLAMOSTI1Êv��SDSSI
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63w ) � f ¥ 5�1. ù�Ù�LAMOSTI1ÛL�¢û, 6ÆùI1ÛLÍÇ7, â���3800–7000 Å, Ç7��:
1.5 Å. Ù���Æ�LAMOSTI1\:��7,úËñ�f`ÞR�K!�.

2.2 t��Ñ^0���°,��î�/ù[	�0��2�aLAMO-

STI1úËÞR�K!�, 0¡�û�t��Ñ^0�, £H�H���°Ù�7,�$*i�Âp���<. �ì�(Ïx�h19M¹ÕPPXF[4]ùÙ�LAMOSTI1���SDSSI1¡�vt��Ñ^0�, \:LAMOST�ûi�Âp���<. PPXF���/)(!�1ß�ÂK1, Ù*!�1/1�*
�t��
�Ñ^0���U�Ï(Simple Stellar Population, SSP)Ä���.(,�å\-, SSPÖêVazdekisIº(2010t[17]�ú�ú�Ï�R�I1�MILES (Medium reso-

lution INT Library of Empirical Spectra)�!�1, �ì	(36aSSP, v-�+�9*t�(Age

= 0.06� 0.12� 0.25� 0.5� 1.0� 2.0� 4.0� 8.0�
15 Gyr), 4*Ñ^0�(Z = −1.71�−0.71� 0�
0.22 dex, �Æ�0*3Ñ^0�:�: lg (Z/Z⊙),v-Z⊙h:*3Ñ^0�, Z⊙ = 0.019 dex). �(Ù�!�1ùSDSS�ûI1ÛLß�, �È�0��sß��ù�� CsG�t��Ñ^0�,�Ù�t��Ñ^0�\:LAMOSTI1t��Ñ^0����<.

2.3 wï^ÏQÜ¾¡ñ�f`/�Íw	�:y�f`ý���/, $v/(¡�:ÆÉ�íóÆ+I�(�ß-ýh°�^8�ú. �Ç(�C<q«�¹�, Ï��C<�pÏ��QÜ¹���, ê¨Îpn-f`y�, vïå�Ó���{�pnÛLÛ�.ñ�f`«�Û0�(�)��ß, ���'pnöãã³î��°�ï[18–19]. ,��wï^ÏQ

Ü�(��û�ÏÂp�ÞR�K�v.ÞR�K!�^�	Ñ
f`, �Ç­�'Ï�	�~�ûI1, Î�·�Æ+à�~I1i�Âp(t��Ñ^0�)�ý�, àd�ïåÔ�Æn0Ùú�ûI1�i�Âp. å!�18*wïB�4*`�B�1*hÞ¥BÄ�, vQÜÓ�þ�þ2�:.(þ2-wïB(Convolution)�`�B(Max-

Pool)
¹>:�b�a@b*c�pW, v-ah:wï8�*p, b*ch:pn:b×c�, hÞ¥B
(Dense)��úB(Output)
¹>:�b�b*c, h:pn:b×c�.QÜ��e/LAMOST�ûI1,ÏaI1/2134×1�Ï,�ú/I1�t��Ñ^0��K<. wïB-�wï8�pÏ� ÆÈÏ�, M2*wïB-	16*��:3�wï8, ÏÇ`�BÆ�e02*wïB(w	64*��:3�wï8), �ÏÇ`�B�e02*wïB(w	128*��:3�wï8), �Æ�ÏÇ�B`�B�e02*wïB(w	64*��:3�wï8). ÏÇMbår!wï�`�Æ, pnÛehÞ¥B��úB, �È�0t��Ñ^0���K<.wïB�À;ýp/¿'tAýp(Rectified

Linear Unit, ReLU),vh¾�:f(x) = max(x, 0),v-max/Ö�'<�ýp, x:
�BQÜ��ú. ReLUÙ^ÏC�e�^¿'à , Ù7ïå<ÑûU^¿'ýp, �^ÏQÜ�}0�(�^¿'�I1ÂpKÏ-. å!�Ç(Adam��h, Adam/�Íê��v�3���Õ, ü��¨Ï¯��Mf`�3�Êvf`�Ǒ�­�!p����Ø��Ø��y¹. _1ýpÇ(G¹ïî_1ýp(Mean Squared Error, MSE), _1ýpMSE(eaÏ�/��<Æ�K<�î�. ­�!�öÄ÷ýpÇ(³�ûpR2 (coefficient of

determination),�Ï­�Ç��ÞRH�, SR2¥Ñ1h:�K<���<^8¥Ñ.
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63w �==I: ú�ñ�f`�LAMOST�û�ÏÂpKÏ 5�

þ 2 wï^ÏQÜÓ�þ
Fig. 2 Architecture of CNN

3 ��ÆÓ�����(�ð��hIntelr CoreTM i7-10700F

CPU@2.90 GHz × 16, �X32 GB�5�
ÛL.��7,�ì�2�aLAMOSTI1, 	g2:8��KÕÆ�­�Æ, Strain = {(x
(i)
, yi), i=1, · · · ,

N}h:­�Æ, (x(i), yi)/�*­�7,, v-x(i)

= (x
(i)
1 , x

(i)
2 , · · · , x

(i)
n )/n��Ï, h:,iaI1�AÏ, yih:Æx(i)ù��i�Âp(t��Ñ^0�)���<, Nh:­�Æ-��+�I1pÏ.

Stest = {(x
(i)
, yi), i = 1, · · · ,M}h:KÕÆ, Mh:KÕÆ-��+�I1pÏ.

3.1 !��Ä÷�Æ�ì�(KÕÆÄ÷ñ�f`!���KH�, ,�Ç(G¹9ïî(RMSE)�sGÝùïî
(MAE)��Æî(SD)Ù3ÍÄ÷��, �I��:

RMSE =

√

√

√

√

1

M

M
∑

i=1

(yi − y′i)
2 , (1)

MAE =
1

M

M
∑

i=1

|yi − y′i| , (2)

SD =

√

√

√

√

1

M

M
∑

i=1

(yi − y′i −ME)2 , (3)v-, MEh:sGïî, ME = 1
M

∑M
i=1 (yi − y′i),

y′ih:!���K<.

3.2 Ó���
3.2.1 wï^ÏQÜÞR�KÓ���Ç(
ð¾¡�wï^ÏQÜÓ�ù��7,ÛL­�, ­�Æ�!�ùKÕpnÆ��KÓ��þ3�:. þ3æ¹Pþ/��t���Kt��ùÔþ, ó¹Pþ/��Ñ^0���KÑ^0
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63w ) � f ¥ 5���ùÔþ. $þ-ÑrZ¿Gh:��<��K<øI. ��<��K<�3ÍÄ÷��RMSE�
MAE�SDM�þ�æ
Ò. Îþ3-ïå�ú, �KÓ�Ô�}, ú,
¡	ûßOî, G¹9ïî�sGÝùïî��Æîý(0.16 dexå�. 1 dïÁ, �(�ì¾¡�wï^ÏQÜÞR!�ù

LAMOSTI1KÏ�Ït��Ñ^0�Æ ß��Ï��¹Õ�0�<ú,��. ÙhÆù�AÏ��
Æn��ûI1pn, 	Ñ
�ñ�f`¹ÕïåÔ�Æn0KÏúvi�Âp.

þ 3 wï^ÏQÜ!��KÓ�.æ¹Pþ/t���K<Æ��<�ùÔ,ó¹Pþ/Ñ^0���K<Æ��<�ùÔ.è�, þ-»��3σå��¹.

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 3σ are clipped in each panel.,�¹Õ��K¾�(0.16 dex)���.[16]�ú�ú��:�y��!�9M¹Õ(0.2 dex),v�ájÔNó5ö,�¹Õùt��Ñ^0��ïî(0.18 dex (dÓ�eê�����), ��.
[16](ájÔNó5ö�t�ïî:0.25 dex, Ñ^0�ïî:0.3 dex, 1dïÁ,�¹Õ(NájÔöÆ>���.[16]. æ�, �ì(ø���¾�Mn�KÏ$Í¹Õ�(ö, Ó�hÆ,�¹Õ�ö�
B�Æ>N��.[16]: ,�¹Õù
ð2�aLAMOSTI1­�!�v��KÂpq�ö�3 h, ��(�.[16]¹Õ�01aI1��ÏÂp1���1 min. ,�¹Õ�(ö'è�(!�­�
, �æ!�­�}�, Æí�Âp0¡(ö^8�. 1dïÁ, ,�¹Õ(¡�
w	�'�¿.

3.2.2 wï^ÏQÜÞR!���('���ìù
ðwï^ÏQÜÞR!���('�+ÎájÔ��û{�$*¹bU�. �H, ��!�ù
�ájÔI1��KH�. 	grâµájÔ:�[5, 10)� [10, 15)� [15, 20)� [20, 25)�
[25, 30)�[30, -)�KÕÆ�:6è�, ùå!�ÛLKÕ. �K<Æ��<�î+Ǒ�ájÔ�Ø��þ4-�¿�:. ïå�ú, Ǒ�ájÔ��', ïîH�M�¿, t��Ñ^0�ïî(ájÔ:5ö�', (0.18 dexå�. Ù�KÕÓ�hÆå!�(
�ájÔ�G	Ô�}��KH�.þ4-Z¿h:KÕÆ7,�t��Ñ^0����%
ǑájÔ�Ø�. �M�ð, t��Ñ^0���~</1PPXFß�LAMOST���SDSSI1�0�, :�B$*Âp���%
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63w �==I: ú�ñ�f`�LAMOST�û�ÏÂpKÏ 5�
, �ìùÏ�aSDSSI1	gvïî��Í°Ç7100!, 6Æ(PPXFÍ
KÏ, Ö�Æî\:t��Ñ^0����%
<. Îþ4ïå�ú, Ǒ�ájÔ��', t��Ñ^0����%
H�M�¿, d�ájÔ:5ö$*Âp���%

e'(N�0.07 dex), vÖÅµ���%
GN�
0.05 dex. ��Ǒ�ájÔ��', CNN��Kïî(�¿)�e�¥Ñ��%
(Z¿), �Æù�ØájÔI1, CNN��K<�e�¥ÑÙ���~<.

þ 4 wï^ÏQÜ!��KïîǑ�ájÔ�Ø�. σ(∆Age)h:t�(lg (Age))��K<���<î+��Æî, σ(∆Z)h:Ñ^0�(Z)��K<���<î+��Æî.

Fig. 4 Dispersion of the differences of the stellar population parameters predicted by CNN as a function of S/Nr. σ(∆Age)

represents the standard deviation of the differences between predicted age (lg (Age)) and true ones, and σ(∆Z) represents the

standard deviation of the differences between predicted metallicity (Z) and true ones.¥�e�ì��å!�ù�
�{��û��KH�. �H	g�.[14]�ú��{Ve, 9nHα/&/Ñ�¿��ûpn��86¿�û
(absorption-line galaxies)� Ñ � ¿ � û(emis-

sion-line galaxies), 6Æú�BPTþÇ(Kauff-

mannI[20]�KewleyI[21]�ú�Ï��r¿, �Ñ�¿�û�:star-forming (SF)� composite�
AGN 3{. h1Ùú�!�ùÙ4{�ûI1ÛL�K�0�t��Ñ^0�<���<�î+. ïå�ú, !�ù�
�{��û�Âp�K<Æ��<ú,��, ïî(0.18 dexæó, v-ù86¿�û��Kïî��, ùAGN�Kïîe'. AGN

�Kïîøù�'ïý/à:AGN­�7,pÏ��(`;7,p�3%), à��úCNN!�ö
AGN�y�f`
hbü��.

3.2.3 wï^ÏQÜÆvÖ:hf`�Õ�Ô�:��Áwï^ÏQÜ(�ÏÂpf`-��¿, �ì�(æ�$Í:hf`�Õ: Ǒ:î�ÞR!��ñ�^ÏQÜ, ùÔ3Í�Õù�ÏÂp��KH�.

DNN_ïåð:�B�å:(Multi-Layer

Perceptron, MLP), /�ÍhÞ¥�^ÏCÓ�,,j (j = 1, · · · ,K − 1, Kh:QÜ;Bp)B�
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63w ) � f ¥ 5�û��*^ÏC��Æ,j+1B�û��*^ÏCøÞ. ÙÌ�(�DNN�QÜÓ�	�eB��úB�3*�ÏB, v-Ï*�ÏB�^ÏCG:1024*, �eB��úBÆwï^ÏQÜ¾¡��: �eLAMOSTI1s2134×1�Ï, �ú:t��Ñ^0�.h 1 wï^ÏQÜÞR!�ù
�{��û�Âp�KÓ�
Table 1 Prediction results based on CNN for

different types of galaxies

Types Parameters µ(σ)a

Absorption line galaxies
Age 0.016 (0.127)

Z -0.010 (0.116)

SF
Age 0.018 (0.187)

Z -0.008 (0.180)

Composite
Age 0.017 (0.171)

Z 0.005 (0.177)

AGN
Age 0.020 (0.187)

Z -0.011 (0.180)

a µ and σ represent the mean and standard deviation of

the differences between the predicted parameters and

true ones. The units of µ and σ are dex.Ǒ:î�ÞR!�(RFR)^�Bagging{�Õ, Æ���*³V�. (­�6µ, �Õ�(
bootstrapÇ7Î�epn-	é�*
��PpnÆù�*
�³V�ÛL�!­�; (�K6µ, �Õ��è�*³V���KÓ�ÖsG<\:�ÈǑ:î�ÞR!���KÓ�. ,�Ǒ:î�ÞR�Õ-¾nntree=100, s³V�*p:100.�Ǒ:î�ÞR!��ñ�^ÏQÜ(�,��7,-, pnÆ��Æwï^ÏQÜ��, 3Í�Õ�Ä÷��<�h2�:. ïå�0t��Ñ^0�$*Âp�3*Ä÷��-wï^ÏQÜ�Õ��, �Æwï^ÏQÜ�KÓ��»
��ÔvÖ$*�Õ�, �(�û�ÏÂp�Ä0¾�
	��'��¿.

h 2 wï^ÏQÜ�Ǒ:î�ÞR!��ñ�^ÏQÜ�Ó�ùÔ
Table 2 Comparison of experiment results based

on CNN, RFR and DNN

Methods Parameters RMSE/dex MAE/dex SD/dex

CNN
Age 0.1595 0.1300 0.1584

Z 0.1546 0.1252 0.1537

RFR
Age 0.1897 0.1513 0.1897

Z 0.1834 0.1433 0.1834

DNN
Age 0.1971 0.1564 0.1969

Z 0.1802 0.1407 0.1802

4 ;ÓÆU�,��(�wï^ÏQÜù2�aLAMOST�ûI1ÛLÞR��, ��>:wï^ÏQÜùt��K�RMSE�MAE�SD�+:0.1595�
0.1300�0.1584, ùÑ^0��K�RMSE�MAE�SD�+:0.1546�0.1252�0.1537, v�Ǒ�I1ájÔ��', �Kïî�e��. æ�, �,�úË�wï^ÏQÜÞR!�ÆǑ:î�ÞR!��ñ�^ÏQÜ��KÓ�ÛLÔ�, Î;Se���vÖ$Í!�, �Æwï^ÏQÜ!�ù�û��Ïi�Âp(t��Ñ^0�)��KH��}. �ì�dñ�f`!�(�LAMOST°�á)�ûI1
, �°�ût��Ñ^0��ê¨KÏ. (��e�å\-, �ì�çí��ñ�f`!�. ��(ñ�f`�!��úö�ì�(
PPXF h19M¹Õ¡�SDSSI1�t��Ñ^0�\:LAMOST��I1���<, �ÙÍ¹Õ�0���</X(��ïî�, ïå�Õ�(�Ï!��¥��!ßI1Êv��Âp<\:­�pne�ú�ûÂpÞR!�. æ�, �(ñ�f`¹Õd�0¡�û�t��Ñ^0��, �ìØ¡�ù�ûvÖÂp���%
�R�b��IÛLÞR�K. Â��.
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Stellar Population Measurement of LAMOST Galaxies Based on

Deep Learning

WANG Li-li1 ZHANG Long-wei1 YANG Guang-jun2 ZHANG Jun-liang2 LIU Cong1

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

ABSTRACT 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/Nr) 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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