
Machine learning identification of asteroid families

Valerio Carruba (1), Safwan Aljbaae (2), André Lucchini (1), and Edmilson R. De Oliveira (1)
(1) São Paulo State University (UNESP), School of Natural Sciences and Engineering, Guaratinguetá, SP, 12516-410, Brazil
(valerio.carruba@unesp.br)
(2) National Space Research Institute (INPE), Division of Space Mechanics and Control, C.P. 515, 12227-310, São José dos
Campos, SP, Brazil.

Abstract

Asteroid families are groups of asteroids that share a
common origin. They can be the outcome of a colli-
sion or be the result of the fission of a parent body or
its satellites. Collisional asteroid families have been
identified for several decades using Hierarchical Clus-
tering Methods in proper elements domains. In this
method, the distance of an asteroid from a reference
body is computed, and, if it is less than a critical value,
the asteroid is added to the family list. The process
is then repeated with the new object as a reference,
until no new family members are found. Recently,
new machine-learning clustering algorithms have been
introduced for the purpose of cluster classification.
Here, we apply supervised-learning hierarchical clus-
tering algorithms for the purpose of asteroid families
identification. Values of the areas under the curve
(AUC) coefficients below Receiver Operating Charac-
teristic (ROC) curves for the identified families are op-
timal, consistently above 85%. Overall, we identify
7 new families and 15 new clumps in regions where
the method can be applied, that appear to be consis-
tent and homogeneous in terms of physical and taxo-
nomic properties. Machine-learning clustering algo-
rithms can, therefore, be a very efficient and fast tools
for the problem of asteroid family identification.

1. Introduction
Asteroid families are groups of asteroids that share a
common origin. They can either be the product of a
collision, or they may result from the rotational fission
of a parent body or their satellites. Collisional asteroid
families are usually identified in domains of proper el-
ements that are constants of motion over timescales
of Myr [7]. Among the methods used for identifying
asteroid families, the hierarchical clustering method
(HCM) is one of the most commonly used (see [2] and
the method section for a discussion of this approach).

Recently, machine-learning clustering algorithms,
available in the PYTHON programming language,
have been used with great success for problems like
clusters identification [8] Methods such as K-means,
mean-shift, hierarchical clustering algorithms, are now
very commonly used among data scientists, and ap-
plied to various different fields, such as biology, pale-
ontology, and, as in this work, astronomy. These al-
gorithms have proven to be efficient, fast, and reliable
in problems of supervised learning. Here, we will at-
tempt to use machine-learning hierarchical clustering
methods for the purpose of asteroid families identifica-
tion, in domain of asteroid proper elements (a,e,sin i).

2. Methods
In the HCM,First, the distance between pairs of ob-
jects involving a putative parent body and a family
candidate is computed in the domain of proper ele-
ments according to a predefined metric. The most
commonly used distance metric d is defined as [2]:

d = na

√
5
2
× (

∆a
a

)2 + 2× (∆e)2 + 2× (∆sin i)2, (1)

where (a,e, i) are the proper semi-major axis, eccen-
tricity and inclination, the symbol ∆ is associated with
the difference between pairs of proper elements, and a
is the mean value of the proper semi-major of a given
pair of asteroids. If the distance between two objects is
less than a value defined as the local cut-off, the fam-
ily candidate is assigned to the parent body asteroid
group. The process is then repeated with the new fam-
ily member now considered as a parent body until no
new members are found. [1] define a nominal distance
cut-off d0 as the average minimum distance between
all neighboring asteroids in the same region of the as-
teroid.

In this work, we implemented scikit-learn [8] hier-
archical clustering algorithms for the problem of as-
teroid family identification. Dendrogram clusters of
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ROC Curve for the (87) Sylvia family

Figure 1: Area under Receiver Operating Characteris-
tic (ROC) curves for the case of the identification of
the (87) Sylvia family.

asteroid distances computed using Eq. (1) can be ob-
tained almost instantaneously using Python algorithms
such as linkage, and asteroid families obtained for dif-
ferent cut-off values can be easily identified.

To study the accuracy of this method, we use the
Receiver Operating Characteristic (ROC) curve ap-
proach. ROC curves are a well-established tool to
quantitatively define the efficiency and accuracy of
machine-learning clustering algorithms. A detailed
description of how ROC curves are computed and of
the rationality behind them can be found in [6]. In
this work, we first computed asteroid distances with
respect to the alleged parent body using the distance
metric given by eq. (1). The sample of family mem-
bers obtained by the machine-learning hierarchical
clustering method is then randomly split into a train
sample (60% of the total) and a test sample (40%).
A logistic regression algorithm is then applied to the
train sample, and the probability of the test sample to
belong to the family is then assessed based on the re-
sults of the train sample.

Figure (1) show ROC curves for the family of (87)
Sylvia, that has an AUC score of 0.991. For the studied
families, AUC values were consistently above 0.855,
which suggest a very high performance of the method.

3. Summary and Conclusions
Following the approach of [3], families are consid-
ered robust when they are recognizable not only at
the nominal cutoff, but for a range of at least 10 m/s
above and below this value. We considered a group
to be a family if there are at least 25 members, and

a clump if there are at least 10 members. Overall,
we identify 7 new families and 15 new clumps in re-
gions where the method can be applied, i.e., the re-
gions of the Hungaria asteroids, the inner, central and
outer main belt at high inclinations, and the region of
the Cybele asteroids, for which classical HCM can be
applied without incurring in the problem of chaining.
The new groups low appear to be consistent and homo-
geneous in terms of physical and taxonomic proper-
ties. Machine-learning clustering algorithm can, there-
fore, be a very efficient and fast tool for the problem
of asteroid family identification.
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