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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.l'? for its tidal structure, and
triangles and squares represent the member stars of NGC
752 from the catalogs of Dias et al.l¥] and He et al.l¥]

respectively.
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Fig.2 Visualization of three open star clusters in STAR GO wy ;. Subgraphs (al), (a2), (a3) are the kernel density estimate
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®1 BIMERARERGHNEXSH

Table 1 Parameters related to the two clusters and the extended structure

Parameter 1 9 3 4
(1,0) parallax/mas® Age/Myr Hthr €1 €2
Cluster
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°) 2.26 175 x 10°  —2.05 16.02 16.67

! 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;

* The DBSCAN algorithm identifies the highest threshold for a cluster (only one cluster and the

largest number of stars).

4.1.3 STAR GO RN 2, HAE Nz, = (Gep — Gre)i —
YA B T B A Je 25 A 1R A I AN FE 3R AE Gep — Grp, ¥i = Gi — G. HITOUEAWEES K
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P B wen,, W2 o RE RS 0 — 48 T ALK BB Tr G WS, rofEWER2FTR, r BB BN

v ade X 3B 48 oo B, 7R3N SIS i A b, W 7 FY BB 0.1), X 3R B ASHIE Fi 1) 58 2R 45 SR 2 W] &

ugb e — AE LA Ik b 2 HEAT I, 2 A .

LG PIRIUF, M2 (d1). (d2). (d3)h ik
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4.2 RBAEFRIEAFIET Cluster Trumpler 10 SP1 NGC 752
fERBOMD R, R R e o senie
PR R AT LU R R R A . A SH DBSCAN O.01871 /1 0.05248
L PR A 2 R A 2 TRAE, — MOK A, FOF 000437 /001214
SR A 3 A T e Oy A2 STAR GO 0.00845  /  0.01801
Eﬁjﬁ%?ﬂﬂ%@fﬂj\jﬁ, T B ERED, jﬁ%?’?ﬁ'ﬁ%, ! Since SP1 consists of two open clusters, the 7, value
7, [0 38 SN was not calculated
U1
A PR © 43 2EmmARcmE

Foroy o /& W 75 22 FEBE M AN RFAEAE, Hlfoy | W R EIEN B BUR B R G, B XT3
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Horbo, FoR BORUR BT BUS T fE 2 G 80r J& £ EM RS HE BRI R A& E i — 5
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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.
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Fig.4 Radial velocity map of cluster member stars
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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.[l, 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.ll) respectively.
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Table 3 The number of stars in the cut step for the three open clusters

parameter Cluster Step 1* Step 22 Step 33
Algorithm
DBSCAN 4024 2632 1797
Trumpler10 FOF 1213 1151 952
STAR GO 1408 1178 978
DBSCAN 6632 5080 /
SP1 FOF 1335 1254 /
STAR GO 1873 1668 /
DBSCAN 1582 722 445
NGC 752 FOF 393 368 190
STAR GO 808 600 285

! 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 (u, +20), the pmra and
pmdec screening range of NGC 752 is (i, +10);

4 In SP1, proper motion screening was not done because there were two open clusters.

[ a

o (]

° ® ROCKSTAR | ® ROCKSTAR s L4 ® DBSCAN ° @ DBSCAN

i J A Liuetal (] A Lliuetall A Heetal® A Heetal®
[J

a‘.z*. b,i . ¢

© @ " @ ©
£ £ £ E
G) Q© G] G)
" Gep — Gre/mag ‘ Gep — Gre/mag ‘ ~ Ggp— Gpp/mag - ‘ " Ggp — Gre/mag
NGC 2232 Tian 2 NGC 2232 Tian 2

K6 [FIZESIERAEX I (SPL). K(a)s (b)&A I TFFOFSEMROCKSTARSL 5Lin% Pl 3L FFOF MSHIP 5L R HK 4 B CMD.
Bl(c). (d)RAXMDBSCAN5He Wil (IDBSCAN HILRKLRIMCMD. Fjag— A FRIERERF T Z A& LR G5y, & A My
IR L R A ik, TRk J5 N J7 9 H MK (4 B PP oK.

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.l’l, 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.l¥) 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.
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Table 4 Comparison table with the results of the star list clustering algorithm (G < 18)
Cluster
Trumpler 10 NGC 752 NGC 2232 Tian 2
Algorithm
Liu et al.l’! 271 190 103 395
ROCHSTAR 635 183 220 147
He et al.1¥ 3310 285 276 548
DBSCAN 1143 411 219 358
K5 (c). (d)2He%5ME TDBSCANISUHES 4.5 ANEXRZEMRZXITEL
P A MDBSCANS L1 RS L . 7EHe M SN 3N BRI 0 SR R R S AT X

M2, 2 T Mo KT 18 i 55 I8, il i fe 2
o B R EATHON B MR G S 5, A iz
TEE AL B AR EATE SRR N A L s
(c)s (A6 (c)s (d)Frw, BRIETrumpler 10/75
K He5W R I H & £ T AW 7L DBSCAN%L
B2 A, XTTNGC 752HINGC 22321 S K & 1
24, 7E/&16 (d)th, DBSCANHILFI % £ EF, X
2 B T3 B BG4 fDBSC AN $i i 2 ok 45 07 1k
BRI (TR R, AR R A B AT

ik J5, NIRRT R (in ).

BIVE LT, ZE R T 0T R — 2 3, ARSI
RRGEREYIEM (D F 7 f& 3R %1958 4%,
T At 3R B €00 2 3t N SR 5 S AN R BTV AT R
AMIIRNEE). E I R I EE, ] DA IR 7R3 B v
BRI R 465 P R i E B AR AR e 2 B 1A
()R 072 A2, 3R BARIT 98 Fp R SRt B T () SR S 2 A
I, JREE B3RP BVt & BT 15 BI0E 2 AR KA 2
SRR R, DR3P RN 3 B R H 1 5
ek, SETHMN, VEARER T &SRR E
B R R, AT LR IADBSCAN S =S 2K 1 i 1 R
%, STAR GO BB E IR 2, FOFFTA
AR A B A b
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Table 5 The quantitative clustering table of three clustering algorithms for three open star clusters

Cluster

Trumpler 10 SP1 NGC 752
Algorithm
Join Type T™ X? C* Time 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

! 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;

* The running time here refers to the running time (in unit of minutes) of the entire process after adjusting the

threshold.

17-11



66 & R X % 2 11
3007 — EFS — SFS L — SFS
= 12501 = 12 =
a 1000 - c 100 - e
200 -
c < 750- c 7o
L 50,
100- 500
| | 250 - | 25-
0 N |I .I “l |‘ |I n 0 | | || A da |.. PE— 0 il || II| A |,I il -
2.0 2.5 3 4 5 2.00 2.2 2.50 2.75
Parallax/mas Parallax/mas Parallax/mas
¢ i,
7.5-1 7.5- 10.0#; s
i L
100y 10.0- 12.5- %\R f
& 12.5- & & \“
S : £ L S L -
5 S 125 S 150 ~i
15.0 -
15.0- 17.5-
17.5-
17.5- 20.0- A,
20.0- ° ‘ ‘ .
1 2 3
Ggp — Grp/mag Ggp — Grp/mag Ggp — Grp/mag
Trumpler 10 SP1 NGC 752

KB 7 REEFERSAE B RER R, X350 53525 Trumpler 100 SP1. NGC 75283545 B 3s X L (i 22 & 77 8 & CMD.

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.
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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, 68, < 8), the greater the scatter, the lower the apparent magnitude.
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SHTH dufiti I CPUA12 th Gen Inter (R) Core (TM) i5-12450H, #%.L8: 8, Zife¥i: 12, Hifidfize: 2.00 GHz, 3% % 4f: 12 MB, N47:
16 GB DDR5 4800 MHz, fififif: 477 GB SSD, & F: NVDIA GeForce RTX 3050 Laptop GPU.
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Performance Comparison of Three Clustering Algorithms in
Open Cluster Member Star Identification
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AsstracTt 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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