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ABSTRACT

We present the method of star/galaxy separation based on the support vector machines (SVM)
in the data from the AKARI North Ecliptic Pole (NEP) Deep survey collected through nine AKARI
/ IRC bands from 2 to 24 µm, with a classification accuracy of 93 %.
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1. INTRODUCTION

AKARI satellite, in addition to the All Sky Survey,
carried out the observations of the NEP Deep field,
which covers an area of 0.6 sq. deg (see Takagi et al.,
2012). The data were obtained by the Infra-red Camera
(IRC) through nine near- and mid-infrared (NIR and
MIR) filters, and reached the limiting magnitudes of
26.86 [mag] in NIR-bands.

AKARI data have to be categorized based on
the photometric data because detailed spectroscopic
follow-up observations are expensive and much more
time consuming. The methods designed up to now (i.e.
color-color diagrams: Pollo et al., 2010) cannot be ap-
plied directly to NEP data, since they concern different
wavebands and shallower catalogs.

In general, classification methods are based on a pat-
tern recognition within the data sets. For every ob-
ject we have a vector describing its characteristic fea-
tures. We can use a mapping function, called a classi-
fier, to transfer feature vectors into discriminant ones,
which contain likelihoods of the given object to belong
to one of the considered classes. In this work we use
the Supporting Vector Machine (SVM) classifiers (Vap-
nik, 1995) based on kernel functions, which are used to
map input vectors non-linearly into a high dimensional

parameter space and construct an optimal separating
hyperplane. With AKARI IRC flux measurements we
build a 6D parameter space by using color indexes. We
create two training samples containing stars and galax-
ies chosen by their stellarity parameter (sgc) value mea-
sured in NIR to train SVM and obtain its classifier.

2. STAR-GALAXY SEPARATION

After training the algorithms to get the most optimal
results we obtained the total classification accuracy of
93%, with specific accuracies of 98% for selecting stars
and 90% for selecting galaxies. To test the reliability of
our classification we project the constructed 6D multi-
color space into a standard 2-color space and confront
it with the fact that stars radiate strongly in narrow
passbands of short wavelengths, while galaxies, due to
the variety of components comprising the spectra and
their distance to the observer will possess much redder
colors with a larger color discrepancy (see Fig. 1).

As a confirmation of the accuracy of the presented
method we created the Euclidean normalized number
counts, where we compare stellar counts with Faint
Source Model (Arendt et al., 1998; hereafter FSM),
to assess the reliability of our results with the theoreti-
cal predictions. The raw counts show high consistency
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Fig. 1. Projection of the SVM classification from multi-

color space onto N2−N3, S7−S11 parameter space. Solid

contours represent the occupancy zone for stars, dashed

contours for galaxies.

with the FSM (see Fig. 2), which proves that stars in-
deed dominate at the bright end of the counts. The stel-
lar counts precisely follow the theoretical predictions,
and the extragalactic counts display distinctive fea-
tures: a bump in counts is visible at Sν∼3mJy together
with an upturn at the brightest end. At Sν∼1mJy the
counts slightly increase, signaling positive source evo-
lution. To summarize, we developed a method for
distinguishing objects of different natures in the deep
infrared surveys carried out without any previous tar-
get object selection, based on the photometric mea-
surements alone (Solarz et al., 2012). We have used all
color information simultaneously to create a very effi-
cient classifier based on SVM method that reached high
accuracies in selecting both stars and galaxies, which
we have confirmed by comparing the source counts with
theoretical predictions.
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