
Clustering with 
HDBSCAN Model
Case study using “Gaia DR3” data 
for M45 (Pleiades) Star Cluster

Include:

● Data Preprocessing
● Building the model
● Hyperparameter tuning
● Clustering result interpretation



Data Source Overview
Source: https://www.cosmos.esa.int/web/gaia/dr3 

https://www.cosmos.esa.int/web/gaia/dr3


Data Preparation: Loading the Dataset



Data Preparation: Data Validation



Data Preparation: Data Validation (2)



Data Cleaning



Data Cleaning (2)



Feature Addition



Building the Model



Model Evaluation

Noise!



Model Evaluation (2)

Bad clustering!



Model Evaluation (3)
Position and proper motions are distributed in 
“normal” fashion, indicating that the presence 
of a star cluster.



Model Evaluation (4)

Even though the clustering 
performance metrics indicate a 
bad result (not well-separated 
and not compact), it provides a 
good insight about the cluster.

We can see the clustered results 
“formed” an isochrone of a “star 
cluster” with a certain age.



Model Evaluation

The parallax (distance) also 
shows a well-defined peak in the 
distribution, suggesting a 
presence of a star cluster in a 
certain distance.



Hyperparameter Tuning

Min cluster = 5 (Default) → 500 (New)

Better clustering!



Model Evaluation After Hyperparameter Tuning

Position and proper motions are “not so normally” distributed



Model Evaluation After Hyperparameter Tuning (2)

Even though the clustering 
performance metrics indicate a 
good result (well-separated and 
compact), it can’t provides a 
good insight about the cluster.

We can’t see an isochrone of a 
“star cluster” with a certain age.



Model Evaluation After Hyperparameter Tuning (2)

The parallax of the stars varies 
greatly, indicating that the star 
cluster has not been detected.

I use the default hyperparameter 
for the end result.



Conclusion
Despite the clustering performance indicating poor results 
(silhouette score of -0.76 and Davies-Bouldin score of 184), 
the outcome provides valuable insights of physical 
properties of the star cluster. Additionally, the results are 
not significantly different from known cluster attributes.

- ra_c = 56.672 degree
- dec_c = 24.140 degree
- pmra_c = 19.892 mas/year
- pmdec_c = -45.390 mas/year
- parallax_c = 7.360 mas
- dist_c = 0.136 kpc

Suggestion: try different clustering methods, refine preprocessing 
steps, or explore more advanced techniques to improve the 
clustering performance while still capturing some meaningful 
astronomical information.


