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3ÍZ{�Õ(Ǒ
�â�X�Á¤-�'ýùÔ∗� î1  O1,2† h�Æ1 �Øn1,2 � ê1 Ns�30wÊ3‡

(1 	á'f�fb�� 443002)

(2 	á'f)�Æz�Ñf�v-��� 443002)

(3 mÞ5PÑ�'f�fbmÞ 310018)X� ��åe, Ǒ
�â�X��Á¤î���/)�f�ß��*��, 1�Ǒ
�âb�Ê���
B', ¡	ß��¹ÕýÆn0n�Ǒ
�â-��X�. î�/å3Í
�z���{��Ǒ
�â:7,,	ÖR��Mn��¨���Âp, �ÇDBSCAN (Density-Based Spatial Clustering of Applications with

Noise)�FOF (Friend of Friend)�STAR GO (Star’s Galactic Origin) 3ÍZ{¹Õ, ùǑ
�âÛLZ{ÀK, Ï�
��Õ�éH. �vÓ�hÆ, FOFÆSTAR GO�Õù	y�Ó���â�:�(, ýÆ+ú�â�nP�öUÓ�, �DBSCANù�â8�:ß�X��Æ+�:�t.è(�âÓ�Æ�Æ�Ø�X�Æ+��t'K�~0�Ga��ÕVe.s.Í Ǒ
�â��â: *+: Trumpler 10, NGC 752, NGC 2232, Tian 2, ¹Õ: pn��, )�pn�: Ö�k�pn-þ�{÷: P154; �.�Æ�: A
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66w ) � f ¥ 2��C�R��Mn�®�Iáo. Ǒ�Ñ°ãÑ��HÛ)�ÂK�/�ÑU, �û��h��î�, �eí��R��^Øb±. ��, ��7k�1(4 yr�Ñ°��260��R��MnÊøsáo. d�, Ø	W
�NGC (New General Cata-

logue)�h2�IC (Index Catalogue)�h3I.ddK�, Ø	����vºX)(
��pn�¹Õù
�):�R�ÛL��, 
­0Ì�hpn, �DiasI[3]�HeI[4]�LiuI[5]. LiuI[5]Ç(ú� ß�ïØþ¥��(�8_ð:Friend

of Friend, FOF)�¹Õ, )(Gaia Data Release 2

(Gaia DR2)-��R�Âp(öÏl�ö¬b�Æî
̟�Ï�êLpmra�¬�êLpmdec)ùö³ûZ�nå, Æ+ú2443*�	�â, vÑ°76*°��	�â, :ö³ûǑ
�â�nå�û�°���. æ�, Ø	���v��(
��¹Õe�")�pn-°��°	�Ǒ
�â. �Cantat-

GaudinI[6]�ÇR��I�áoÛLK-meansZ{Æ+, YuI[7]�Ç�¨f�¹Õ�(B!Z{�ÕùǑ
�âÛLZ{Æ+I. ÄÊ:b, '�p°�âý/�ÇDBSCAN (Density-Based Spatial

Clustering of Applications with Noise)Z{�ÕÀK0�(�Castro-GinardI[8–9]�HeI[10–11]), ÙÍ¹Õ«ÁÆ/�Í	H�'pnò�¹Õ. ïÁ,(�ùö³ûǑ
�â��åå\¹b, nåý:�ì��'Ï��	�âpn, :�ãö³û��â����y��pÏ���ǑÂÆÒ.��hå, �h-��â��/yÏÑ°�,�v-�X��pÏ�8øù��, Ù/�h-�â��*>Wy�. :��ñe0�ã����â, ví:R�b�����Ä�, nå�·���âáo��/
�æÆ�, Ø��ù�âÛLU��Z{. ��, ù�R�øs��v, ����s��â�X��D�. �ÇDiasI[3]�HeI[4]åÊ
BoffinI[12]ùǑ
�âNGC 752��v, ïåÑ°��s��X��	(áo, þ1/NGC 752��r�Iþ(Color-Magnitude Diagram, CMD), þ-

�*P�h:r�p(ãhÝIâµÆ¢IâµÆ�IKî, (GBP −GRPh:), µP�h:R�(Gâµ�Æ�IG, (åþ-, >:�eê�3*�h-s�NGC 752��X�, ïåÑ°Ù��h-°U��X�pÏ	�î�. y+/(ÆÑÌ��Æ+¹b, BoffinI[12]����:�t�pn,�ö_S°�hnåpnÆ�âU�Z{pn�:+åÊù��v�â	é�s9M�Õ�Å�'.

þ 1 Ǒ
�âNGC 752�CMD, �bh:BoffinI[12]�vNGC

752nPÓ���X�,	ÒbÆ
¹b�+h:DiasI[3]�HeI[4]�h-�NGC 752�X�.

Fig. 1 The CMD of the open cluster NGC 752, where

circular symbols represent the member stars of NGC 752

studied by Boffin et al.[12] for its tidal structure, and

triangles and squares represent the member stars of NGC

752 from the catalogs of Dias et al.[3] and He et al.[4],

respectively.Ñte, d ß�FOF�Õ(GellerI[13]�Hel-

miI[14])�, Ø�°�¸�ú�FOF�9Û�Õ,v�0��Û��v, Ô�RaseraI[15]�°�ú�FOF�Õ�vL¡�¹Õ. Ù�9Û�Õ>W�G��ËFOF�Õ�¡�H�, (,�-, �ì�	(8(�DBSCAN�Õ, vÆ(ROCKSTAR

(Robust Overdensity Calculation using K-Space

Topologically Adaptive Refinement)[16]-�°�9ÛFOF�ÕÛLùÔ��; ddK�, Ø	é��
1https://www.cosmos.esa.int/web/hipparcos
2https://in-the-sky.org/data/catalogue.php?cat=NGC
3https://in-the-sky.org/data/catalogue.php?cat=IC
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66w � îI: 3ÍZ{�Õ(Ǒ
�â�X�Á¤-�'ýùÔ 2�Íú�êÄÇ �(Self-Organizing Map, SOM)�
STAR GO (Star’s Galactic Origin)¹Õ[17],�Ç¾nÄ03ÍZ{�Õ(��
�{��âpnÆö�Hý, ïå:~ú�(�
�{��â��s9M�Õ��Â�, Î�ÛL�ñe��â�v.,��(,2è�ËÍZ{�(�pn, ,3è�ËÍ�3ÍZ{�Õ, ,4è�ËÍ�Z{�Õ�Z{øsÇ�, �Æ�è�/3ÍZ{�Õ�Ô��Óº�øs¨º.

2 pn(pn¹b, Ǒ
�â�àÑ
�"Ó��'��
Ö³�ÂKpn�(Ï�pÏ. Ǒ�ÂKpn���, ÂK¾��e�Ø, �ìïå·��hb�áo, Û��¹�Æ+ú����â, �óïýÑ°��°G�UÁ��â{�. àd, ÂK¾��'ý�ÂKaöù�àÑ
�"Ó��Æn'�ï`'w�ósÍ��\(.

Gaia (Global Astrometric Interferometer for

Astrophysics)k�:�ì���ö³û-pÏzM�R�Ø¾�)SKÏ�KIpn. Gaia DR3

(Gaia Data Release 3)-�+�®�21�I(Gâµ)��18¿*¹�, v-14¿*¹�	�t���(dÏRA�d¬DEC�Æî̟�Æ���Rv�êLpm))SKÏpn. Gaia EDR3 (Gaia Early Da-

ta Release 3)
Ñh�)SKÏ�½&KI�ûßïîöí0Gaia DR3
. Ï*¹�üúÂp�
n�':È0�V�¹��®�. (,�v-, :�Z{��t', =ïý�0ÝY�Gais DR3-�ÂK�(��), 1����ÂKïî�', '�p��ù�â�Ó�I�v�!.��.:�:å\-�(����Õ���', ,�	é�(Ñàt�Ñ°�w	Æ>öUÓ��nPÓ��y��â. �+/�*�öUÓ�
Trumpler 10[18–19]�1Ǒ
�â���'öUÓ�
SP1 (“R�Ç(Snake)”[18–19]�O-�part 1, v-�+Tian 2�NGC 2232$*Ǒ
�â)åÊw	nPÓ��NGC 752 (æÁ,4�)�pn\:�ÕKÕ7,. Trumpler 10	é“R�Ç”�():l ∈

(254◦, 280◦)� b ∈ (−4◦, 4◦)����3���; ù�NGC 752[17], 	évåå�öSP�(l, b) =

(136◦,−23◦):-�, J�r(5◦����3���.�ù�SP1, �	é“R�Ç”�():l ∈ (170◦,

230◦)�b ∈ (−30◦, 10◦)���Æ�I(Gâµ)��
18�22 ���(:Ï��(Ï:�ùöUÓ��Æ+rp, �(Z{Æ+�KÕ-_hÆ�(Ï:��rp�'), �â�øsÂp�h1�:.,�v-, Ç(��pn(R�(å�öS�ÒP�û�Mn(X�Y�Z)ÊR��êL(pmra�
pmdec))\:Z{��e�Ï, �ÇZ{�Õ�úÆ, ùÓ�ÛL�â��*$­, n�Z{��0��â/���â, �^:��ZÆ, ��ÇIt�¿4�êLùÓ�ÛL[	, �Èn��X�
(Á4.3�).

3 Z{�Õëà�î, R��ï`Âp����¾n, Z{H�1��}, �Q�âpn�
B', (�â�Z{�v-, ��(��Õý/ú�ú��Õ�9Û�Õ, ê	ØH��ÕMý�(�'Ä!�àÑ
�Ǒ
�âÆ+û¡. æ�, (Gaia DR3pnÆ-, Ǒ
�â��X�Å`��Ô�, àd�	(�Z{�Õ
Å��ý�ØH��'Ïpn, ØÅ{w�³��O�', åÆ+Ù�øù���ùa. (,y�v�Æíè�, Ä0�3Í�	Z{�Õ�'ý. ,�:�v-�(�Z{�Õ¾��àyúÆ�B. ,�, �ÕÅ{ØH, ý�(���ö��(M�	�:¡�ý��:h
��t*GaiapnÆ. ,�, �Õ��	H0�¨ÌoR�, ö³ûÌojð*�, �åÅ{ý��Ù�Ìo�Td. �Æ, �	é��Õ�å	�*(�.-�ÛÏðv�ïå���°�H,(�YuanI[16]�STAR GO��ã�), ¿��Á�
(.

3.1 FOF�Õ�Ë(�Ë�FOF�Õ-, ��$*�¹(�H���þ¥���, ���ìD 0��Ä-. �8,
4http://stev.oapd.inaf.it/cgi-bin/cmd
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66w ) � f ¥ 2�ÙÍþ¥��/9nsG�¹�Ý»��pBe	é�, v8(<:B ∈ [0.15, 0.2], (YuanI[16]��à-1ùú,�FOF�Õ�B<Z�Ô�, 
��B<��FOFù�â�Æ+ý�
�; (�õ-, �:Ï*þ¥�����¹n�“�Ë”Ù�s�¡�Ï�'. ,��(��Õ�/ú�FOF�
ROCKSTAR[16]��Õ, ROCKSTARï�pn�Ä, vL��, ê��0��þ¥��, �'0)��¡�Ï, vwSe¤::

(1):vL��L, 9n�epnáo, ��¹�:ày
��Ä;

(2)ù�Ï�Ä���¹ÛLR����, Ùú�*ê6�øz��Ï;

(3)ê��	é�*øz�þ¥��, �70%�¤�¹åP¤�b�þ¥(�w(S	é90%ö,�Õ��L���ö�, v�ØïýÑ°*�â,S	é50%ö���¡	Z{Ó�, E�,	é
70%)[16];

(4)ùÏ*PÄÍ

ðÇ��Ít�, §�°�þ¥���P§+Ä;

(5)�æ~0�	á³�B�Ä(¾nÄ����¹p�<, ÙÌ¾n:20), ÍPÄ1�«>n(�N§+�Ä
, �P1�«�B0�M0øz�-�Ñ�ÍPÄ
;

(6)�æ�¹«�M0Ä-, *Ñ���¹1�«ûd, �È�b��*1
�§+�ÄÄ���¶Ó�.�Æ�î�Äv
��/+ï�PÄ, �/9nÏ���úpn	é���y!�PÄ.

3.2 STAR GO�Õ�Ë
STAR GO[16]/�Íú�SOM[20]Æê��¤Æ+øÓ��àÑ
f`�Õ, v8�/SOM�M�.

3.2.1 SOM

SOM/�Íú�Þ�f`�àÑ
:hf`^ÏQÜ, (�pnïÆ���Ø�z��pn �0N�(�8/��)z�, �öÝ��epn�ÓQÓ�. ��Ç��epn �0�*1^ÏCÄ��Q<-, �°ùpn�Z{�ïÆ�. Ï*

^ÏCý	�*CÍ�Ï, h:å^ÏC(y�z�-�Mn.	é�e��Âp(X�Y�Z�pmra�pmdec),�v �0��^ÏC0þ
; w¹/�úm ×mÏ ���^ÏCþ, mh:��^ÏC0þ�¹�, Ï*^ÏC(þ
�P�:(I , J), Ǒ:K�Ï�*^ÏCCÍ�Ïω , v'�Æ�e�Ï	ø���p���, Ù��*�e�Ïv , ù�pn-�,i����e�Ïv
i, �Çû~|vi − ω|���^ÏC, n�Æω�¥Ñ�^ÏC, Ù7�^ÏC«�:�s9MUC. f`Ç��ì9n�	^ÏC0M�2D^Ïþ,i�^ÏC(Ii , Ji)��s9MUC�Ý»diI,Je9Û,i*^ÏCv

i�CÍ�Ïω,v-diI,J�I::

diI,J =
È
(I − Ii)2 + (J − Ji)2 . (1),i*^ÏC�CÍ�Ï�Ø�Ïdwi

I,J , 1��Ùú:

dwi
I,J = αq(v

i −w
i
I,J) exp

 
−
diI,J

2

σ2
q

!
, (2)v-αqh�f`�, σq§6,q!íã-�s9MUCh�^ÏC�ø»qÍ. 1(1)�ïå�ú, ^ÏCC<�Ø�ùvÆ�s9MUC�Ý»�O�. f`Ç��(v

iùpnÆ-�Ï�R�gL,6ÆÍ
f`Ç�åÛL;!pN�íã. ù�,
q!íã, ù��αq�σq�+::

αq = α0

�
1−

q

N

�
, (3)

σq = σ0

�
1−

q

N

�
, (4)v-α0 = 0.3�σ0 = 1

2
max(m,n) (nh:�epn���)�x�úÆ<, {<�Geach[21]. ïåÑ°Ó�Æα0�σ0às, (åúÆ<DÑØ�. Ǒ�íã!pq�� , 1�αq�σq�Ï�, C<�Ï�Ø�Ï|dwi

I,J |Ï�, ��f`Ç�� ¾Æ�.S|dwi
I,J | −→ 0ö, ¤:f`Ç���, dö�CÍ�Ïsï�\/�e�Ï(��z�-�h:.
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66w � îI: 3ÍZ{�Õ(Ǒ
�â�X�Á¤-�'ýùÔ 2�
3.2.2 ê����Æ+(�pn�(�SOMKÆ, ïå)(ø»^ÏC�CÍ�Ï(ωI,J)K��î�eïÆ�Z{Ó�, ùM�(I, J)�^ÏC�é5C �I::

uI,J = lg(|ωI±1,J − ωI,J |+ |ωI,J±1 − ωI,J |) , (5)v-uh:Æ^ÏCþù�w	m ×m*C �é
5, Ï�*ué5�C ù��*^ÏC, þ2�+/3*�âù�uI,J�ïÆ�Êù��m ×m (m =

100)��^ÏCþ, ué5��	C <��ra�:. Ï�R�ý �0��^Ïþ��s^ÏC, �öÏ*^ÏCýïåÆ
b��R�	s,����R�_¡	.
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���� ���� ����
uI, J

���� ���� ����
uI, Jþ 2 3*Ǒ
�â(STAR GO-uI,J�ïÆ�. Pþ(a1)�(a2)�(a3)/uI,J�8Æ�0¡�¹þ, v-prZ¿h:�	é5�-Mpum, ÑrZ¿h:�Ö��<uthr (ué5-�	C -MpÆv3σ�î<);Pþ(b1)�(b2)�(b3)/uI,J���ïÆ�þ; Pþ(c1)�(c2)�(c3)/SM�<���	^ÏCþ;Pþ(d1)�(d2)�(d3)/SM�<�u < uthr�^ÏCþ.

Fig. 2 Visualization of three open star clusters in STAR GO uI,J . Subgraphs (a1), (a2), (a3) are the kernel density estimate

histogram of uI,J , where the gray dashed line represents the median of all matrices um, and the black dashed line represents the

threshold taken uthr, which is the median of all elements in the u matrix with its 3σ; Subgraphs (b1), (b2), (b3) are

two-dimensional visualizations of uI,J ; Subgraphs (c1), (c2), (c3) are all the neuron graphs under the current threshold, and

subgraphs (d1), (d2), (d3) are the neuron graphs under the current threshold of u < uthr.
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66w ) � f ¥ 2�ù��e�Ï*�Ï��Ï, ,�v¡�ué52σ (σ:�	é5��Æî)�ná:�, 6ÆÛLR��, �ùR���ez�-�pn�(�
SOM, vÎÓ� �-¡�ué5�<, �Ï*�Æv(0þ-��s^ÏCsTwe. ¥�e�e¤��:

(1)¾��<uthr,�e¾nuthr = um−3σv-
um:ué5-�	C �-<(�þ2 (a1)�(a2)�
(a3)prZ¿�:);

(2)	ÖÍPÄ, 	é��pn¹��\:ÍPÄ;

(3)�vY���°:�	ÍPÄ;

(4)� �<, �Ç�e� uthr�<, �'�Ï*Ä�'�;

(5)n��<, Ǒ�uthr�� , 
ï�M0�ü��*���v, SÍPÄÆæ�*Ä¾04L�v<ö, ÍPÄs:�'��î�Ä, <:�È�uthr (�þ2 (a1)�(a2)�(a3)ÑrZ¿�:).
b��Æ+�Õïå©�(�ê��0~0Ù�pnÆ�PÓ�. (e¤(4)-� uthr�</:��'P�0�Ø�ÄR���t', 
Ç_�7� �Z{�¾�, (�ù
�{���âö, ï�Ç��ïÆ�^ÏCp�þ�®�e�S���<�'�.

3.3 DBSCAN�Õ�Ë
DBSCAN/�Í8(�ú�Æ��Z{�Õ,v8��B/î�pn(�Ë7,-w	Æ>�Æ�:ß. å�Õ�8«�(�)S��{�Æ¤��, �Çú�Æ���õ, ý�Æ+úw	ø<Æ��)SÆ¤, v��ì�»úeb�Z{�.ve¤::

(1)	é��Âp\:�e, n�wË¹;

(2)¾�»ßJ�å�"»ß�����	¹;

(3)��»ß�¹�pÏ'��¾��<, å¹«Æ:8�¹, ��»ß�¹�pÏ���<,��v�°:^8�¹, vRe�*°��-;

(4)ù�8�¹, M�v»ß���	¹, v�v e0���-, ù�^8�¹, �ìïý«R{:vÖ��¹L¹, ��«Æ:jð;

(5)Í
ù�	pn¹ÛL8�¹�n�, �È�0�	�{���jðy.(DBSCANZ{-, 8�(�n�»ßJ����R�pÏ�<. (,å\-, �Hn���R�pÏ�<, 6Æ¾n»ßJ�. :nÝZ{H�� ¾n, Øù��pÏÛL¾n. å��(ù�ÛLZ{�Ç�-êú°�*î��, F��
vÖ�ïýùî�� �rp. �89nÏ�¾���R�pÏ�<ε, e�e$­��pÏ, ��	�*î��, 1�ÛLÆí�$­.

4 �Õ���ÇGaia�pn, ,��(�å
3Í�ÕeùàÍ
�Ó�((öÏ�ö¬z�-, Trum-

pler 10[15–16]H'Æ�â¶, F&	öU�“�>�”, SP1[18]/1$*Ǒ
�âÄ��öUÓ�,v-NGC 2232&	öU�“�>�”, (å�öS�ÒP�û-, NGC 752[13]w	�pnP>�Ó�)�Ǒ
�âÛLZ{, å·Ö3Í�Õù�
�Ó��Z{H�, �Çù�X��n�, eùÏÍZ{Ó�ÛL��ÊùÔ, vÓ��(�Æ�h-U:.

4.1 �Õ�°
4.1.1 DBSCAN(ù�â�Z{Ç�-, Ï�'�¾n�â��NR�pî, DBSCAN��ú
�á³aö��, �åù�<ε�¾n-�Ý�S�ê	�*,��-R�pÏ�'ö, �<Æ��h1�:, v-ε1/�N�<, s	�ê	�*��Åµ, ε2/�Ø�<, sê	�*��Åµ��-R��pÏ¾0�'�Åµ.

4.1.2 FOF

ROCKSTAR[15]�ê¨�t�XK��þ¥��, v9nþ¥���v��
�B!, �89nÏ�	éM�-�y!�Ä+. Ǒ�PÄ�� , ÏB�XK��sTsû���Ï1. ù�
Trumpler 10�SP1�NGC 752, �+	é,8� 6�
4*Ä�pn\:Z{�ú.
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Table 1 Parameters related to the two clusters and the extended structure

Cluster

Parameter
(l, b)1 parallax/mas2 Age/Myr µthr ε1

3 ε2
4

Trumpler 10 (262.86◦, 0.58◦) 2.33 45 −2.26 17.51 24.12

SP1 (212.47◦, −5.02◦) 3.16 35 −1.99 40.82 42.26

NGC 752 (136.95◦, −23.28◦) 2.26 1.75× 103 −2.05 16.02 16.67

1 The center coordinates of the cluster in the heliocentric galactic coordinate system;
2 Mean parallax;
3 The DBSCAN algorithm identifies the lowest threshold for a cluster;
4 The DBSCAN algorithm identifies the highest threshold for a cluster (only one cluster and the

largest number of stars).

4.1.3 STAR GO$*�âÊöUÓ���<R³(h1-. (n��<�Ç�-, �H	é$
σ�ná:�	é�<uthr, dö��úué5���ïÆ�þÏÊ�	:ß�^ÏCþ, (� �<�Ç�-, Âßué5��ïÆ�	-è�ÛL��, �þ2ÎæóóÏ���zǑ, Sþ2 (d1)�(d2)�(d3)-�bï�', �
ÆvÖ:ßøÞö, ��R�pÏ¾0�'.

4.2 Z{�â��*$­(�â�CMD-, �Ç;�Ǒ�½�(����
ïån�Z{�â/&ï`. ,�(Âp<rn
[5]eÏð�â;�Ǒ�½���, �,e�,�*���â�;�Ǒ&>��í�, �*�â�;�Ǒ�h°:½, rn�<��, ;�Ǒ&��,

rn��I::

rn =

����v1v2 ���� , (6)v-v1Æv2/O¹îé5M�$*y�<, �|v1|

< |v2|, O¹îé5M��I::

M =

�
xixi xiyi

xiyi yiyi

�
, (7)v-xih:,i���r�pÆ�	R�r�psG<Kî, yih:,i���Æ�IÆ�âsGÆ

�I�sG<Kî, v<:xi = (GBP −GRP)i −

GBP −GRP, yi = Gi −G. 1�I�
n��i'��ï(1,:�daÓ,ÙÌ	éG��18��ÛLrn<�¡�, rn<�h2�:, rn<G��(�,
rn��<:0.1), ÙhÆ,�v�Z{Ó�/ï`�. h 2 ��âÊZ{�Õù��rn<(G < 18)

Table 2 The rn value of each cluster and

clustering algorithm (G < 18)

Algorithm

Cluster
Trumpler 10 SP1 NGC 752

DBSCAN 0.01871 /1 0.03248

FOF 0.00437 / 0.01214

STAR GO 0.00845 / 0.01801

1 Since SP1 consists of two open clusters, the rn value

was not calculated

4.3 �â�X��n��ÇZ{�ÕùǑ
�âZ{KÆ, �ù3*�â, �(3Í
��[	aö. (ùTrumpler 10�[	-, 	ét�(5∼120 Myr[18] (þ3/3Í�Õ(ù3*�âZ{Ç�-�ÇIt�¿[	MÆ�CMD, þ3�,1� 2L-It�¿�Ñ^0�IøsÂpÆ�â��sß�t���)�pn, ��pmra�pmdecP6(2σ�, �0�Õ
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NGC 752��sß�t�:1.75 Gyræó, à:
NGC 752^�t��Ǒ
�â, 
��(It�¿ÛL[	, 1�(;�Ǒ
¹0.75 magMn/
ï�¨Ì�, E�ÙÌ¾n(�sß�It�¿�
1 mag��(�þ3 (a3)�(b3)�(c3)�:)ÛL[	,¥�¾n[	pmra�pmdec(1σ�����. �ù�öUÓ�SP1, Å(5∼120 Myr[18]�It�¿

(Æ�â��st�ß�¿�Ñ^0�Z�:0.02)ÛL[	, �þ3 (a2)� (b2)� (c2)�:. h3�/3*Ǒ
�â��eZ{Ó��[	Ç�Ê�âR��pÏ, þ4�>:��âZ{�ÈÓ��Æ���þ, 1d_ïå$­úþ-�^R��'��:�X�, 
Ç1�+	Ñ^0�R����ïî�', E�*ÛLÑ^0��¤�.

þ 3 �â��e[	þ. Trumpler 10�SP1G	é5∼120 Myr�����, NGC 752�	é�sß�It�¿1 mag�����. v-pr¹h:�Õ�ú�Z{Ó�,Ñ¹h:�ÇIt�¿[	KÆ�è�.,3L-�1.75 Gyr+Æ1.75 Gyr−, �+h:(1.75 Gyrt�¿
Ýù�IØ�1 magKÆ�ò¿.

Fig. 3 Preliminary screening of star clusters. Both Trumpler 10 and SP1 select stars in the range of 5∼120 Myr, while NGC 752

selects stars in the range of 1 mag that best fit the isoage line. The gray dots represent the clustering results output by the

algorithm, and the black dots represent the parts filtered by the equal age line. The 1.75 Gyr+ and 1.75 Gyr− in the third row

represent the curve after a 1 mag change in absolute magnitude on the 1.75 Gyr age line, respectively.

4.4 �{�ÕùÔ
LiuI[5]�(�æ�Íú�FOF�Star cluster

Hunting Pipeline (SHIP)Z{¹Õ, vÆ+ú2443

*�â, þ5/,�ùTrumpler 10�NGC 752ú�
FOF�Õ�DBSCAN�Õ�Z{Ó�Æ�{�Õ�Z{Ó�ùÔþ, þ6/,�ùNGC 2232�Tian
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2ú�FOF�Õ�DBSCAN�Õ�Z{Ó�Æ�{�Õ�Z{Ó�ùÔþ. þ5 (a)�(b)U:�,��Ç(ú�FOF�ROCKSTAR�ÕÆLiuI[5]ú�
FOF�SHIP�ÕÛL��âZ{ùÔþ. ïåÆ>Âß0, ,�vú�FOF�ROCKSTAR�Õ(�â�X���'¹b��LiuIº��Õ, �âR�pÏ�h4�:, :¿�Ô�, G	éMG��18�R�. �Çh4�pn�þ5 (a)�(b), ïå

�úROCKSTAR(ùTrumpler 10�Z{¹b��LiuI[5]; �ùNGC 752Ù�nPÓ��Z{��	�£, y+/;�Ǒ
¹�ÆÑÌ�è�,$��	:1. �SP1^�öUÓ�, SP1�NGC

2232�Tian 2ý/UìX(��h-, :¹¿Ô�,ù�NGC 2232�Tian 2,��+	é(�âJ�:1.205◦�2.397◦���, vùÔÓ�ÆTrumpler

10�NGC 752�ùÔÓ�{<, CMD�þ6�:.

þ 4 �â�X��Æ���þ
Fig. 4 Radial velocity map of cluster member stars

þ 5 �{�ÕZ{ùÔþ(Trumpler 10 & NGC 752). þ(a)�(b)/,�ú�FOF�Õ�ROCKSTAR�ÕÆLiuI[5]ú�FOF�SHIP�ÕZ{Ó��CMD. þ(c)�(d)/,��DBSCAN�ÕÆHeI[4]9Û�DBSCAN�ÕZ{Ó��CMD.

Fig. 5 Cluster comparison graph of similar algorithms (Trumpler 10 & NGC 752). Panels (a) and (b) present the CMDs of

clustering results obtained by the ROCKSTAR algorithm based on the FOF method in this study and the SHIP algorithm based

on the FOF method by Liu et al.[5], respectively. Panels (c) and (d) present the CMDs of clustering results from the DBSCAN

algorithm in this study and the improved DBSCAN algorithm of He et al.[4], respectively.
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Table 3 The number of stars in the cut step for the three open clusters

Algorithm

parameter
Cluster Step 11 Step 22 Step 33

Trumpler10

DBSCAN 4024 2632 1797

FOF 1213 1151 952

STAR GO 1408 1178 978

SP1

DBSCAN 6632 5080 /4

FOF 1335 1254 /

STAR GO 1873 1668 /

NGC 752

DBSCAN 1582 722 445

FOF 393 368 190

STAR GO 808 600 285

1 Preliminary clustering results;
2 Equal age wire cutting; The filter for Trumpler 10 is 5 ∼ 120 Myr and the filter for NGC 752 is the best

fitting age for the cluster ± 1 mag;
3 Proper Motion cutting the pmra and pmdec screening range of Trumpler 10 is (µ, ±2σ), the pmra and

pmdec screening range of NGC 752 is (µ, ±1σ);
4 In SP1, proper motion screening was not done because there were two open clusters.

þ 6 �{�ÕZ{ùÔþ(SP1). þ(a)�(b)/,�ú�FOF�Õ�ROCKSTAR�ÕÆLiuI[5]ú�FOF�SHIP�ÕZ{Ó��CMD.þ(c)�(d)/,��DBSCANÆHeI[4]9Û�DBSCAN �ÕZ{Ó��CMD. �Æ�*Pþ;�Ǒ�¹K�å�ú°prè�,/à:dö�Z{Ó�¡ÏÇ[	, ([	KÆ�¹�ú�pr;�Ǒ�1.

Fig. 6 Clustering comparison plot for similar algorithms (SP1). Panels (a) and (b) present the CMDs of clustering results

obtained by the ROCKSTAR algorithm based on the FOF method in this study and the SHIP algorithm based on the FOF

method by Liu et al.[5], respectively. Panels (c) and (d) present the CMDs of clustering results from the DBSCAN algorithm in

this study and the improved DBSCAN algorithm of He et al.[4], respectively. The gray portion below the main sequence in the

last subplot appears because the clustering results have not been filtered. After filtering, the prominent gray main sequence at

the bottom disappears.

17-10



66w � îI: 3ÍZ{�Õ(Ǒ
�â�X�Á¤-�'ýùÔ 2�h 4 Æ�hZ{�ÕÓ�Ô�h(G < 18)
Table 4 Comparison table with the results of the star list clustering algorithm (G < 18)

Algorithm

Cluster
Trumpler 10 NGC 752 NGC 2232 Tian 2

Liu et al.[5] 271 190 103 395

ROCHSTAR 635 183 220 147

He et al.[4] 3310 285 276 548

DBSCAN 1143 411 219 358þ5 (c)�(d)/HeI[4]ú�DBSCAN�9Û�ÕÆ,��DBSCAN�Õ�Z{ùÔþ. (HeI[4]�Z{-, »��MG'�18�®1�, �ÇR��Mn�êLZ:Z{��ËÂp, ,�_�(�R��Mn�êL\:Z{��e�Ï. �þ5

(c)�(d)�þ6 (c)�(d)�:, d(Trumpler 10�Z{-HeI[4]�Z{pÏ��,�v�DBSCANpÏK�, ù�NGC 752�NGC 2232�Z{pÏGøS, (þ6 (d)-, DBSCANú°$a;�Ǒ, Ù/1�ÙÌùÔ�(�DBSCANpn/*Ï[	�¥Z{�ú�Z{Ó�pn, (�Çt��êL�[	KÆ, �bprè��1(::�).

4.5 ,��ÕK��¤ÉùÔ
3Í�Õù3*Ǒ
�â�Z{�ÈÓ�¤ÉþæÁþ7, åþU:�ù����â, 
��Õ�Z{Ó�¤ÉÅµ(“D F S”/3Í�Õ�¤Éè�,�vÖ3Í�r/ù��ÕÆæ�$Í�Õ¤ÆK��eÆ). �ÇÆîþÂß, ïå¨­(3Í�Õ-, Z{��ÈÓ��U:�R��'��/�â��X�, hÆ,�v-��Õù�â�Z{/���, �hÆ3Í�Õ�È��0R��'��/�â��X�. h5/3Í�Õù3*Ǒ
�â�Z{Ï�h, Æþ7ù�, æÆU:���Õ�Æ+��X�pÏ, ïåÑ°DBSCAN�ÕZ{��X�pÏ��, STAR GO��X�pÏ!K, FOF�Æ+��X���.h 5 3Í�Õù3*Ǒ
�â�Z{Ï�h

Table 5 The quantitative clustering table of three clustering algorithms for three open star clusters

Algorithm

Cluster
Trumpler 10 SP1 NGC 752

Join Type T1 X2 C3 Time4 T X C Time T X C Time

DBSCAN 1797 692 1105 0–5 5080 1050 4030 0–5 554 134 420 0–5

FOF 952 692 260 5–10 1254 1050 204 5–10 162 134 28 5–10

STAR GO 978 692 286 316 1668 1050 618 749 281 134 147 126

1 The algorithm corresponds to the total number of stars in the cluster;
2 The number of stars at the intersection of the three algorithms;
3 The algorithm corresponds to the number of complementary stars in the cross section of the cluster;
4 The running time here refers to the running time (in unit of minutes) of the entire process after adjusting the

threshold.
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þ 7 
��Õ�3*�âZ{¤ÉÓ�.Ù3��+/3Í�ÕùTrumpler 10�SP1�NGC 752Z{Ó�\¤ÉÔù�Æî�¹þÊCMD.

Fig. 7 The cross-results of the clustering algorithms in the three star clusters. The three columns present the parallax

histograms and CMD for the intersection of clustering results from Trumpler 10, SP1, and NGC 752 obtained using the three

algorithms, respectively.þ8/3Í�ÕÆ3*Ó��Z{Ó�z���þ, v-þ(a)/3Í�ÕùTrumpler 10�Z{Ó�(dÏd¬-�U:, þ(b)� (c)�+/3Í�ÕùNGC 752�Z{Ó�(dÏd¬��ÒP�z�-�U:, þ(d)� (e)� (f)�+/3Í�ÕùSP1�Z{Ó�(öÏö¬-�U:. (þ8

(a)� (b)� (c)� (d)-, GH°úDBSCAN�z�â¶Æ�Z{y�, Îþ8 (d)ïå�úù�SP1-�NGC 2232�“�>�”è�	�:!Ê�>�è�, �ù��7	öU�Trumpler 10 “�>�”è��¡	(þ8 (a)-S°úe, �7ù�NGC

752�nP>è�, DBSCAN�¡Æ+úe; �Çþ8 (a)�(b)�(c)�(e)�(f)GïÑ°FOFÆSTAR

GOÆ+ú��â�y�Ó�.

5 ÓºÆ¨ºú�Gaia DR3pn�R�Âp, ,�v)(DBSCAN� FOF� STAR GOÙ3Í�Õ���ù3Íy�Ó��Z{, (�v-, Trumpler

10ÆSP1ý/t{�â, +	¸��(ÏR�, ü�vÖi��à, ü��+H°�ØZÆ��öUÓ��y�; �NGC 752�t��', �(ÏR�ïý�Ç(Ï�»�«�ú�â�Ï�, ü�nP>^8Æ>, (þ8 (d)�(e)�(f)Ù3Eþ-, ÙÍh°$:Æ>.1�DBSCAN/ú�Æ��Z{�Õ, �vÓ�H°úz�â¶��y�, (� �X�Æ+��ö, _1�ùy�Ó�Æ+�'ý.
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þ 8 3Í�ÕÆ3*Ó��Z{Ó�z���þ.þ(a)>:�3Í�ÕùTrumpler 10�Z{Ó�, v-, FOF�STAR GO�ÕZ{Ó��öUè���ú. þ(b)�þ(c)/3Í�ÕùNGC 752�Z{Ó�, Ǒ
�âNGC 752�nPÓ�(þ(c)Ô(þ(b)-�Æ>.þ(d)�(e)�
(f)/SP1ù�3Í�Õ�Z{Ó�,þ-��/öUÓ���âè�,�â�öUè�(þ(e)�þ(f)-�:Æ>.ÙÌ�R��Ýù�I�:4*I§(< 3, 3∼6, 6∼8, 6 8), 
¹�'Æ�I�N.

Fig. 8 Spatial distribution of clustering results of three algorithms and three structures. Panel (a) shows the clustering results of

Trumpler 10 by three algorithms, among which the extended part of the clustering results of FOF and STAR GO algorithms is

more prominent. Panels (b) and (c) are the clustering results of the three algorithms for NGC 752. The tidal structure of open

cluster NGC 752 is more obvious in panel (c) than in panel (b). Panels (d), (e), and (f) are the clustering results of SP1

corresponding to the three algorithms. The circle in the figure is the cluster part of the extended structure, and the extended

part of the cluster is more obvious in panel (e) and panel (f). Here the absolute magnitude of the star is divided into four grades

(< 3, 3∼6, 6∼8, 6 8), the greater the scatter, the lower the apparent magnitude.(ú�FOF�ROCKSTAR�Õ�Z{-�Ñ°	�B�ú��*pÆ«�°pî
�, Ù1hÆFOFòê¨[	��è�, �d�Þ¥z�K���, v�ÏÄpnê¨	
�Þ¥��ÛLÆ+, ��ú�:�U, Ù/FOF��'�¹. �ö,}6FOFù�â�X��pÏÆ+Ó���, FøÔ�æ�$Í�Õ, FOFù�â�y�Ó�Æ+të

r.

øÔ�DBSCAN�FOF, STAR GO-�Ê0���Ï�SOM, ã��L����ö���5 ,��Lö�Ǒ���� �� (�h5); FOF�
STAR GO�Õ(nPÓ��öUÓ�Æ+¹b�	�£. FOF�Z{Ó�ùnPÓ��öUÓ��Z{��p, $v/ùTrumpler 10ÊSP1-NGC

2232DÑ�“>�è�”, �STAR GOZ{��X�pÏøù��.
5�(5��CPU:12 th Gen Inter (R) Core (TM) i5-12450H, 8�p: 8, ¿�p: 12, úÆ��: 2.00 GHz, 3§�X: 12 MB, �X:

16 GB DDR5 4800 MHz, lØ: 477 GB SSD, >a: NVDIA GeForce RTX 3050 Laptop GPU.
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�ð, þ8U:�Ǒ
�âz�Ó�-,

FOF>:úù�âb�Z{�¾��Ø, þ8 (e)�
(f)>:STAR GO�âb�Z{�uO�
1�
FOF, �DBSCANÅ�(�z����Æ-�Ǒ
�âZ{. ��Q3Í�Õ�ö�H�, FOFö�H��Ø, �STAR GOö�H��î. ;K, (ù�âÛL*åÆ+ö, ú�FOF�ROCKSTAR�Õ(�â��X���â�y�{�Z{¹bý�:3�, :�'P�0� �X��ï�(
DBSCAN�Õ, �STAR GO¹Õ�Ë�$�K�.�" ,�v)(�'2*)�Ö�k�(https://

www.cosmos.esa.int/gaia)�pn.Â��.
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Performance Comparison of Three Clustering Algorithms in

Open Cluster Member Star Identification

XIONG Zhuang1 ZHANG Peng1,2 YANG Xiang-ming1 LIU Gao-chao1,2 LIU Di1

LI Jia-peng3 TIAN Hai-jun3

(1 College of Science, China Three Gorges University, Yichang 443002)
(2 Center for Astronomy and Space Sciences, China Three Gorges University, Yichang 443002)

(3 College of Science, Hangzhou Dianzi University, Hangzhou 310018)

ABSTRACT For a long time, the identification of open cluster member stars has been a challenge in the
field of astronomy. Due to the complexity of the formation and evolution of open cluster, there is no unified
method to accurately identify the member stars in open cluster. The objective is to select five dimensional
parameters of the position and motion of stars from three different spatial distribution types of open star
clusters. This study evaluates the performance of Density Based Spatial Clustering of Applications with
Noise (DBSCAN), Friend-of-Friend (FOF) and Star’s Galactic Origin (STAR GO) clustering methods in
detecting open star clusters. The results show that the FOF and STAR GO algorithms are more suitable
for clusters with special structure, and can identify the tidal or extended structure of the cluster, while
DBSCAN can identify the member stars in the core region of the cluster more completely. The aim is to
find a more balanced algorithm strategy between the details of the cluster structure and the integrity of
the member star recognition.

Key words globular clusters: individual: Trumpler 10, NGC 752, NGC 2232, Tian 2, methods: data
analysis, astronomical databases: Gaia satellite data
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