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BigSF  

Revealing the Galactic Star Formation properties from Big Data and 

Machine Learning techniques  

1. DESCRIPTION OF THE PHD THESIS PROJECT 

(Up to 4 pages) 

1.1 OBJECTIVES OF THE PROJECT BASED ON THE CURRENT STATE OF THE ART  

(State how the project is relevant to the research axis.) 

 

Research in astrophysics benefits from an extraordinary goldmine of existing data. Big data and 

Machine Learning sciences development help to reveal new patterns from the data that are 

unreachable by classical human research. 

 

We propose to develop innovative machine learning techniques applied to the big data volume 

available on our own Galaxy to reveal the fundamental properties of the star formation process.  

The formation of stars is a key parameter to describe the evolution of galaxies and of the 

Universe. In this project we are interested in the properties of star formation, from large to small 

scales in our own Galaxy to propose a new view of the star formation process. In particular, we 

want to characterize the properties of star formation as a function of the environment and see 

how the environment impacts/imprints the properties. For the moment, this impact is not taken 

into account in galaxies’ evolution models. We propose to lead this project in our Galaxy where 

all the elements of star formation are resolved and where a wealth of existing data and numerical 

simulations allow data mining and machine learning techniques to be applied. The results will 

then be extrapolated to external galaxies, where a realistic recipe for star formation is still 

missing in order to study the evolution of the Universe through the star formation history. 

On the data side, current methods in machine learning can deal with homogeneous big data. 

However, in our context the data come from different sources (i.e. space telescope and ground 

based ones) at different resolutions with different instruments and are highly heterogeneous. 

Moreover, we want to integrate both image and spectral information leading to a multi-view 

problem. Thus, in order to learn patterns from observations of star formation, we need to 

develop new tools in Machine Learning. 
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The multi wavelength view of the Galactic Plane of our Galaxy. Note that the information about 

the location of sources on the line of sight (the 3rd dimension view) can only be obtained with 

spectroscopic data.    (Credits NASA)  

1.2 METHODOLOGY  

(Proposed methodology for the thesis project) 

 

The thesis project will capitalize on existing data obtained at different wavelengths and different 

spatial scales. All these data are publicly available.  

The proposed methodology combines both approaches: the exploration of the available big data 

sets on the Galactic Plane with machine learning techniques to reveal new patterns of the star 

formation process, based on real data. 

On the machine learning side, we first propose to assess the efficiency of the most recent 

methods in unsupervised learning for large datasets and test some transfer learning methods for 

managing the heterogeneity of the data. Then, by adopting a multi-view reference, we will 

combine the different kind of data by adapting a new or identified unsupervised learning method. 

Finally, we will propose a full method that combines the different data by taking into account 

their source, nature and resolution. 

On the astrophysical side, we expect the first tested methods to give insights on how the 

environment influences the star formation, using homogeneous datasets. Then with the new 

methods we expect the hypothesis to be more and more precise using bigger datasets. At the 

end, all the results will be compared with different methods in order to avoid ill interpretation 

and reveal the main common clues.  
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1.3 WORK PLAN 

(Including a chronogram of the activities or Gantt chart) 

 

The first step of the project will be to organize the data access. In the meantime, machine 

learning techniques will be explored and developed to be trained on simple datasets. The first 

year of the PhD will be dedicated to this part.  

In parallel to this project’s implementation during the first year, the second step of the PhD will 

be dedicated to the supervised and unsupervised application of machine learning techniques to 

the global dataset. This will allow to reveal the fundamental properties of star formation in the 

Galactic Plane and how these properties are linked to the environment. This part about learning 

will last for 8 months.  

The third step will be dedicated to the analysis of the results. The revealed patterns will be 

characterized. This last part will last for 10 months. We estimate the available data volume on 

the Galactic Plane to be around 5000 To. 

The main results at each step will be published in referee journals with high impact in both 

disciplines. We foresee a minimum of 3 papers in the course of this PhD: one about the project 

presentation, one about the used and developed machine learning techniques and one about the 

results. These papers are the PhD milestones.     

At each step, the PhD student will be guided by the two supervisors and their main collaborators.  

The PhD student will also participate during his/her PhD to a non-academic experience. This 

will be in the EURANOVA start-up company located very near LAM and LIS (less than 3 

minutes) at the Hôtel Technologique Marseille Innovation. The partnership is described in 

Sect. 2.2.    

The proposed project is part of the research program for the two PhD advisors and their teams. 

This ensures a rapid progression of the project where the PhD student will play the central role. 

The Gantt chart summarizes the expected PhD progression.  

 
The PhD advisors and their team members all have experience in managing research projects. 

In addition to the student’s supervision, monthly common progress meetings will be organized 

(at LAM or LIS) to follow the general progression of the project. 

1.4  SUPERVISORS AND RESEARCH GROUPS DESCRIPTION  

(Are there other funds for the research? Is the project part of a larger research programme?) 

 

The project is included in larger research programmes ongoing in each team at LIS and LAM. 

Funds have been allocated already (ANR programmes, European programme) and have been 

http://www.marseille-innov.org/project/eura-nova-recherche-developpement-consultance-it/
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requested. For example, we (A. Zavagno and F.-X. Dupé) recently answered the CNRS PEPS 

Astroinformatics call to buy a dedicated machine for this project.  

The Qarma team of LIS is a research team with strong interest in machine learning and its 

application. They are 10 permanents (with 3 full professors) and 5 PhD students. This thesis 

will be on behalf of two ANR projects: Lives (ANR-15-CE23-0026) and Deep In France (ANR-

16-CE23-0006). The first project is about the theoretical framework and possibility of multi-

view learning, i.e. learning very heterogeneous data (e.g. text, image, sound, …). The second 

project aims to develop new deep learning methods and to better understand how these methods 

perform. 

LAM is part of the VIALACTEA European FP7 SPACE project (PI: S. Molinari, INAF-Rome). 

This project has been allocated 2.5 M€ (2013-2016) to exploit the scientific output of the 

Herschel Hi-GAL survey consisting in the complete imaging survey of the Galactic Plane in 

five infrared bands using the infrared space observatory Herschel. In this large consortium, Drs. 

Brescia, Longo and Pasian (INAF - Osservatorio Astronomico di Capodimonte, Naples) are 

experts in machine learning techniques adapted to astrophysics and are associated with this 

project.    

2. 3I DIMENSIONS AND OTHER ASPECTS OF THE PROJECT 

(up to 1 page) 

2.1  INTERDISCIPLINARY DIMENSION  

(proposed role of each supervisor and the intervention of both laboratories in the project)  

 

The project proposes to use big data and machine learning techniques to unveil fundamental 

properties of the Galactic star formation, not accessible to classical human research. These 

properties will then be used to refine the evolution models of galaxies that currently lack of 

resolution in their used star formation recipes. Proposing a new star formation recipe based on 

real observations obtained in our own Galaxy is key to develop realistic galaxies’ evolution 

models.      

We propose to organise data mining combined to machine learning in the unprecedented 

volume and nature of existing data on the Galactic Plane of our own Galaxy.  

This project combines two fundamental knowledge that need to be mixed to reach its goal: the 

astrophysics’ knowledge to exploit the existing and known star formation properties and the 

machine learning knowledge to dig in this data ocean and organize the current astrophysics’ 

knowledge to unveil fundamental properties of the Galactic Star Formation. 

The Laboratoire d’Astrophysique de Marseille (LAM) has a long experience in both 

observational and theoretical research in astrophysics. The LAM supervisor, A. Zavagno, is a 

senior research with 25 years’ experience in the study of Galactic star formation using a multi 

wavelength and multi scale approach with major implication in imaging and spectroscopic 

surveys of the Galactic Plane. She has led at LAM two ANR projects and one SPACE FP7 

European project dealing with the study of galactic star formation properties. In this project she 

will be in charge of dealing with the presentation of the available data and the preparation of 

the training sample together with the expertise on star formation properties. D. Russeil, Senior 

Lecturer AMU and specialist of star formation in our Galaxy, will participate in this project as 

astrophysical expert.  

LAM also possesses a data center (CeSAM) where experts of astrophysical databases, data 

mining in astrophysics, data analysis and visualization technics will participate in the project in 

order to set the required astrophysical environment needed for the machine learning part of the 

project. Head of CeSAM, Dr. C. Surace and two CeSAM research engineers (D. Vibert, M. 

http://cordis.europa.eu/project/rcn/188856_fr.html
https://www.lam.fr/cesam?lang=en
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Gray) work already on the implementation of well-trained machine learning techniques and will 

also dedicate 10% of their time to work on this project.  

The Qarma team of the Laboratoire d’Informatique et Système (LIS) are experts in research on 

Machine Learning. The team members are implied in many projects around trending machine 

learning methods (deep learning, multi-view learning, sound inpainting…). The team is 

involved in two ANRs that will be implied in this thesis: the ANR Lives (ANR-15-CE23-0026) 

which is about multi-view learning (the central question is how to manage the learning process 

when the data are of very different natures) and the ANR Deep In France (ANR-16-CE23-0006) 

which propose to develop new deep learning methods and a better understanding on how it 

works. 

Each supervisor and their associated team and laboratory will bring specific expertise that needs 

to be combined to reach the goals of this project. One of the many strengths in this partnership 

is that each of the partners knows the “other’s” subject already (astrophysics and big data for 

LIS and ML and big data for LAM and EURA NOVA).  This means that a common language 

exists between the three partners at the time this project starts.   

2.2 INTERSECTORAL DIMENSION:  

• (name and role played by the intersectoral partner in the thesis project) 

• (relevant expertise they will bring to the project) 

• (What will be the relationship between the intersectoral partner and the doctoral candidate?) 

• (Does the project answer one of the SRI-S3 objectives?)  

A start-up, the young private Belgian company EURANOVA which has an antenna in 

Marseille has been identified as the intersectoral partner for this project.  

Created in 2008, this company is dedicated to data science and innovative developments of 

machine learning techniques applied to data mining for industries.  

This company is at the interface between academic and applied research in big data and 

machine learning techniques. The Marseille part of the EURA NOVA Belgian company is 

composed of three Doctors in machine learning.  

This company works for industries and proposes practical solutions for all matters related 

to data for industries. The company is willing to increase its link with the academic research 

world and is especially interested in entering the world handling inhomogeneous Big Data 

and developing and applying cutting-edge machine learning technics to these data sets.  

The partnership between the PhD student and EURA NOVA is based on a win-win trade 

made of bi-lateral training and technological transfer, where the two partners and their teams 

will mutually benefit from the partnership. EURA NOVA is ready to invest time to train 

the student about the experience from the young leaders in the creation of a private company 

and their relations with private industries (contracts, project management, practical 

work, …). In return, EURA NOVA is interested in accessing the new methods and 

techniques of machine learning that will be developed in the framework of the PhD project 

and applied to very big and heterogeneous data sets. EURA NOVA’s leaders are interested 

in the global science project and are willing to be associated in the new developments that 

will be led, as part of their research and development activities. T. Peel (EURA NOVA 

Marseille Head), F.-X. Dupé and A. Zavagno have agreed on a basis of one day every two 

weeks the PhD student will spend at EURA NOVA. The goals of this partnership are closely 

linked to the project’s ones and the progresses will be monitored with regular meetings.    

The project answers one of the SRI-S3 objectives by associating a young regional industrial 

partner and participating in the local economical development. The partnership proposes 

innovative developments in terms of big data and data mining using ground-breaking 

http://www.marseille-innov.org/project/eura-nova-recherche-developpement-consultance-it/
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machine learning techniques that can be further applied to many fields, including academic 

research and industries. The choice of our intersectoral partner, the young start-up EURA 

NOVA, perfectly fits in the Regional Strategy for Innovation, reinforcing the synergy 

between two research laboratories from Aix Marseille Université (LIS and LAM) and 

private companies in two innovating fields of research, the Big Data and the Machine 

Learning.  

 

2.2  INTERNATIONAL DIMENSION:  

(apart from the doctoral candidate, is there an international dimension to your project? 

International events, international partner to the project, etc.) 

 

The project BigSF will benefit from several developments and results that have been obtained 

in the framework of the international project VIALACTEA (European FP7 SPACE, PI: S. 

Molinari, INAF-Rome). This project has been allocated 2.5 M€ (2013-2016) to exploit the 

scientific output of the Herschel Hi-GAL survey consisting in the complete imaging survey of 

the Galactic Plane in five infrared bands using the infrared space observatory Herschel. This 

project has allowed the creation of several scientific outputs that will be crucial for this project:  

- the creation of a database that contains the main currently available surveys of the Galactic Plane (The 

Vialactea Knowledge Base: VLKB)  

- the creation of a catalogue of a million of infrared sources, mainly representing star forming clusters  

- the creation of a catalogue of distance for these sources 

- the creation of a catalogue of filaments that host the star forming regions  

- the creation of a catalogue of ionized regions that are formed by massive stars and that impact their 

surroundings to form a new generation of stars  

LAM is one of the major contributors of this project and A. Zavagno has played a central role 

in its development and realisation.  

 

Within the VIALACTEA team, Dr. Massimo Brescia and his team from the Astrophysics & 

Information Technology Research, INAF in Naples (Italy) have worked on developing 

classification tools for the young stars that were detected with the Herschel satellite. Their 

methods are based on machine learning techniques. They are experts in this field and agree to 

have a close collaboration with us on this project. The PhD student will spend regular stays in 

Rome and Naples to learn more on the VLKB and machine learning techniques applied to 

astrophysics.   

  
We foresee major results coming out from this PhD work and we want to organize an 

international conference in June 2021 in Marseille centred on the topics of machine learning 

techniques adapted to astrophysics. We have experience in organizing international conferences 

and the PhD student will also be trained to this experience by being part of the Scientific 

Organizing Committee.  

The PhD student, as part of his/her training, will be encouraged to publish his/her results and 

to actively participate in international schools and conferences where he/she will present his/her 

work. We will select the best conferences dealing with both subjects developed in this PhD, i.e. 

machine learning and astrophysics.   

3. RECENT PUBLICATIONS 

http://cordis.europa.eu/project/rcn/188856_fr.html
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(Insert your team’s most recent publications connected to the thesis project; the idea is to give 

the candidate reading material for a better understanding of your team’s work) 

 

Palmerim, P., Zavagno, A., Elia, D. et al. 2017 A&A, 605, A35 “Spatial distribution of star 

formation related to ionized regions throughout the inner Galactic plane” 
Liu, H.-L., Figueira, M., Zavagno, A. et al. 2017, A&A, 602, A95 “Herschel observations of 

the Galactic H II region RCW 79” 
Tigé, J., Motte, F., Russeil, D., et al. 2017, A&A, 602, A77 “The earliest phases of high-mass 

star formation, as seen in NGC 6334 by Herschel-HOBYS” 

Molinari, S., Schisano, E., Elia, D. et al. 2016, A&A, 591, A149 “Hi-GAL, the Herschel 

infrared Galactic Plane Survey: photometric maps and compact source catalogues. First data 

release for the inner Milky Way: +68° ≥ l ≥ -70°” 

Brescia, M., Longo, G., Pasian, F., 2010, NIMPA, 623, 845 “Mining knowledge in 

astrophysical massive data sets”,  

Brescia, M., Cavuoti, S., Longo, G. et al. 2014, PASP, 126, 783 “DAMEWARE: A Web 

Cyberinfrastructure for Astrophysical Data Mining” 

Kadri, H., Ayache, S., Capponi, C., Koço, S., Dupé, F. X., & Morvant, E. (2013). The multi-

task learning view of multimodal data. In Asian Conference on Machine Learning. 

Dupé, F. X., & Anthoine, S. (2014). Generalized Subspace Pursuit and an application to sparse 

Poisson denoising. In Image Processing (ICIP), 2014 IEEE International Conference on. IEEE. 

Escalante, H. J., Guyon, I., Escalera, S., Jacques, J., Madadi, M., Baró, X., & van Gerven, M. 

A. (2017, May). Design of an explainable machine learning challenge for video interviews. In 

Neural Networks (IJCNN), 2017 International Joint Conference on (pp. 3688-3695). IEEE. 

4. EXPECTED PROFILE OF THE CANDIDATE 

(Insert expected profile: interests, academic background, skills.  Approximately half a page.) 

 

The selected candidate should possess an academic background and skills related to the central 

knowledge needed for this PhD thesis: statistics, signal and/or image processing, Machine 

Learning, Big Data, programming, Astrophysics. The project requires a significant part of 

computation and software development in Python. Skills and strong interest in these fields are 

required for this PhD. 

Because the proposed project involves many partners including a non-academic one, the 

candidate will have to demonstrate that he/she can work in groups and international 

collaborations and is open-minded.     

Minorities are encouraged to apply.  

5. SUPERVISORS’ PROF ILES 

• (Insert a short professional profile FOR EACH SUPERVISOR)  

• (Relevant thesis supervision history, i.e. duration of theses supervised, peer-reviewed publications of 

formerly supervised doctoral researchers and their current professional status.)  

• (Please mention the number of theses currently being supervised, and their starting date.)   

Professional profiles 

Annie Zavagno 

51 years 

Senior Lecturer AMU 

Senior Member of the Institut Universitaire de France since October 2017 (for 5 years)  
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Habilitation à Diriger des Recherches (HDR) obtained in May 2002  

 

5 already supervised PhD Thesis, 1 started in October 2017   
Name of the 

PhD student 

Supervision Year of PhD 

defense 

PhD duration 

(months) 

Peer-

reviewed 

publications 

Current status 

M. Pomarès Full  2009 38 3 Physics Teacher 

J. Tigé Co-supervision 2014 40 2 Programmer 

H.-L. Liu Co-supervision 2016 36 4 Post-doc 

M. Figueira Full 2017 36 4 Post-doc 

A. Bernard Co-supervision 2017 36 3 Post-doc 

S. Zhang Full 2020    

 

Articles: A-ranked (referee publications): 107, B-ranked: 41  

h-index: 45 

Number of current PhD: 1, starting date October 2017 – Siju Zhang 

A. Zavagno has also trained 7 post-doctoral students (2010-2017) working on the scientific 

results of the Herschel space mission. 

Main research interests: star formation, multi scale and multi wavelength analysis 

 

François-Xavier Dupé 

34 years 

Lecturer AMU 

Main research interests: sparse constrained optimization, multi-view machine learning 

Articles: A-ranked (referee publications): 6, B-ranked: 5 

h-index: 10 

F-X Dupé wants to defend his HDR in the next three years. The supervision of this PhD is key 

to meet this goal.  

AVIS DES DIRECTEURS DES LABORATOIRES CONCERNES PAR LE PROJET DE THESE 

 

Avis du directeur du laboratoire du 

directeur de thèse, M. Beuzit Jean-Luc 

 

X Favorable         □ Défavorable 

 

Commentaires : 
 

Avis très favorable. Projet très original et transverse 

au cœur de la thématique principale du laboratoire. 

Ce projet permettra de développer des synergies et 

une nouvelle approche de la formation stellaire à 

toutes échelles. 
 

Fait à Marseille, le 4 janvier 2018 

 

Signature 

 

Avis du directeur du laboratoire du co-

directeur de thèse, M. Ouladsine 

Mustapha 

 

X  Favorable         □ Défavorable 

 

Commentaires : 
Sujet à caractère pluridisciplinaire et faisant parti des 
thèmes d’actualités (Big Data et les techniques de 
machine learning). Je donne un avis très favorable. 

 

Fait à Marseille, le 4 janvier 2018 

Signature 

 




