
 

PhD Thesis Proposal

Compact Antennas with Radiation Constraints Manufactured using Additive Technologies for
UAV and Nanosatellites Applications

Acronym: ACTA-Ray

Motivations
The interest in small-size autonomous platforms is growing rapidly. UAVs are for instance more and
more used in the domains of media, agriculture and industry. Another example concerns the space
industry where nanosatellites could yield a significant reduction in the launching and operation
costs.  These  two  domains  share  the  common  constraint  of  embedding  complex  systems  on
autonomous small-size platforms. This integration constraint is notably important for one of the
key-elements  of  the  system,  i.e.  the  telecommunication  antennas.  These  antennas  have  to  be
compact  and  of  small  weight  in  order  to  optimize  the  UAV airworthiness  or  the  nanosatellite
performances. Besides, they radiation pattern must be controlled. 
The  solution  envisaged  in  this  PhD thesis  is  based  on  the  use  of  a  new additive  process  for
manufacturing such antennas. From a technological point of view, recent advances in 3D printing
allows today  to have materials which shape and electromagnetic properties can be mastered. The
Anywaves company that has recently been founded in Toulouse owns an additive manufacturing
process applicable to antenna design. This company will be involved in this PhD thesis.
Thus,  additive manufacturing processes combined with original antenna concepts may push the
existing antenna limits both in terms of size and radiation pattern quality. 

Objectives 
The main objective of this PhD thesis is to design antennas integrated on small-size platforms, i.e.
UAVs and nanosatellites, with strong constraints both in terms of size and radiation performances
(radiation  pattern  and  polarization).  To  do  so,  we  will  analyze  the  capabilities  of  3D  printed
structures to obtain dielectric resonator antennas. The 3D printing will be used to locally control the
material index of refraction. The design of such antennas is an innovation which may offer new
degrees of freedom to optimize RF properties. This main objective will be divided in three parts.
The first  objective  will  be to  determine  the  shape  and the  magneto-dielectric  properties  of  the
resonator to achieve expected characteristics. This will rely on the analysis of the radiating modes
of the 3D resonator. The second objective consists in taking into account the antenna support and to
propose solutions to reduce its impact on the radiation performances. Original solutions based on
metamaterials or using a consistent structuring of the support will be proposed. The third objective
will be to improve the radiation pattern using transformation optics applied to dielectric materials
made from 3D printing.

Carrier prospects for the PhD student
The PhD student will be integrated in two University labs. (ENAC, ISAE-Supaéro) where he may
have  teaching  activities.  He will  also  work  in  collaboration  with  Anywaves,  a  private  start-up
company. After his PhD thesis, this various working environment will allow him to continue his
carreer either in academics or in industry (space, aeronautics, ...).

PhD thesis supervisors
Supervisor: Alexandre Chabory, ENAC
Co-supervisor : Romain Pascaud, ISAE-SUPAERO 



Applicant profile
Engineer diploma or Master of Science, specialization in electronics, electromagnetics and antennas

Application
Send a CV and a cover letter before May 31 to alexandre.chabory@recherche.enac.fr 


