
  

 

K Ø B E N H A V N S  U N I V E R S I T E T  

MSc Thesis
Thomas Ravinet

AutoMUSE : Autonomous MUSE Source Extractor
Automatic detection and extraction of MUSE spectra

Directed by Lise Christensen and Adriano Agnello

NBI/DARK/May 31, 2021



2



Abstract

The quantity and quality of data within astronomical archives are growing. With large-
scale surveys of the night sky, new tools must be developed in order to process an unprece-
dented amount of information, in a standardized way. Additionally, recent tools, called
Integral Field Spectrographs, gather spectra from an entire �eld of the sky. Searching for
astronomical sources in the 3-dimensional (Right Ascension, Declination, and wavelength)
images they produce can be di�cult. Using IFS, 3D pictures of speci�c objects can be
taken, without analyzing other sources in the image, such as in the background or on the
edges.

In this Master of Sciences thesis report, we propose to create a tool, AutoMUSE,
standing for Autonomous MUSE Source Extractor. AutoMUSE is dedicated to the anal-
ysis of MUSE instrument products, but should in principle work on other IFS datacubes.
The tool is compliant with (most of) the FITS guidelines, and produces spectra, catalogs
and images in a standardized way.

After a description of the source images we are interested in, we will describe the
functioning of our software, and of the mechanisms behind it. We apply it to three
di�erent �elds, and show results form that analysis. Additionally, we worked on attempts
of automatic classi�cation of spectra, and describe our reasoning.

Some de�nitions

In the report, we will use the following terms:

Datacube 3D astronomical image, with two spatial | generally right ascension
and declination | and one spectral | generally wavelength | axes,
containing voxels. Each voxel contains a value, generally being a 
ux
at a certain wavelength.

Voxel Pixel, generalized to a 3D space.

Image 2D astronomical object with two spatial axes. An image of 5 pixels |
or voxels | along the spectral axis from the datacube is the projection
(through sum, average...) along to spatial axes of a 5 spectral pixels
selected region of the datacube.

Stat (extension) Extension containing data uncertainty on the source datacube/image.
Stat is composed of 2D pixels or 3D voxels. Can be represented as a
standard deviation �, a variance �2 or a weight 1

�2 .

Broad-band image An image from a large spectral portion of the datacube, projected to
spatial axes. White light is the image of the whole cube, blue the �rst
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third of the wavelength found in the datacube, green of the second
and red of the last.

Narrow-band image An image of a few wavelengths of the datacube, projected to spatial
axes.

Segmentation map : an image representing position and extent of various objects present
in an image or a datacube. To each object is assigned a unique integer.
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Chapter 1

Introduction

Along this thesis, we are going to derive a way to detect and extract objects in pecu-
liar three-dimensional images, and attempt to classify them. Before describing existing
processes and explaining how the process we implemented works, in chapters 3 and 4,
and presenting results and possible improvements, in latter chapters, we will start by an
introduction about astronomical concepts, in chapter 1. In chapter 2, we will discuss
instruments and data structure of the tools and �les we use in AutoMUSE.

1.1 Night sky and collection of light

While looking at the night sky with naked eye, one can see bright point-sources, stars,
and more nebulous and extended objects, such as the Milky Way, nebulae, and nearby
galaxies. Some faint ones can be observed without any instrument if there is a great, dry
sky, with no light pollution around | the last point being a growing problem as stated
in [16] [22]. However, even with excellent observing conditions, an astronomer will not be
able to distinguish the billion stars compounding the Milky Way with its sole eyes, nor to
identify colors of distant objects. Thus, humanity and scienti�c community had to come
with ways to collect more light.

In order to achieve this problem, telescopes were invented. A telescope is a device
composed of lenses and mirrors (for their simplest forms), and of an eyepiece allowing
an observer to look at the celestial archway. The use of a telescope greatly increases
the surface collecting light: while a pupil is� 6 � 7mm diameter wide, a telescope can
have much larger surfaces: commercial telescopes for amateurs easily reach an aperture
of 250 to 300mm, while professional optical telescopes diameters can be several meters.
The emblematic Hubble Space Telescope has a 2:4m mirror, and ground telescopes light-
gathering pieces can reach 10:4m | the aperture size of the Gran Telescopio Canarias.

With telescopes, not only astronomers observe fainter, nearly invisible objects, but
also increase the resolution of observations, their ability to distinguish close objects in the
sky.

We use the term \resolution" to mark how two objects close in the sky appear as
merged while looking at them with a telescope. It is de�ned as the ratio between observed
wavelength and telescope diameter; in the case of visible light, the resolution power is often
taken at 550nm.

Using the resolution, one can de�ne \criterions", such as the Rayleigh criterion, that
permits qualifying if two objects, angularly close in the sky, can be deblended:
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