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DESCRIPTION DU STAGE 

Thématique(s) :  Perception et traitement de l’information 

Type de stage :            ☒ Fin d’études bac+5      ☐ Master 2      ☐ Bac+2 à bac+4      ☐ Autres 

Intitulé :  

Sujet : End-to-end design of a camera with large field of view 
 
The images captured by a camera are usually processed using algorithms which are more and more often 
based on neural networks.  The lens parameters must then be optimized in order to increase the performance 
of this processing, sometimes regardless of the image quality at the output of the optics. This raises the 
question of the end-to-end optimization of a camera dedicated to a given neural network. This question has 
recently led to a new field of research on the joint design of lens and neural network [1-5]. The general idea 
is to model the image, as captured by a given sensor, with a differentiable model with respect to the lens 
parameters. Thus, gradient descent optimization tools can be used to jointly optimize the optical and the 
neural network parameters. In this context, several fields of application have been investigated in the 
literature, such as depth of focus extension [1,4], depth estimation [2], pose estimation while preserving 
privacy[3] or object detection[2].  
ONERA has been working on the end-to-end design of lenses and neural networks for several years. Our 
work is based on the use of a differentiable optical model based on ray tracing (Formidable). This model 
takes as input an optical system defined by a set of lenses and simulates its impulse response as well as its 
Jacobian with respect to the lens parameters. Using this tool, we have performed the joint design of the lens 
parameters for a single task such as image restoration [4].  However this work only considered optimization 
of refractive lenses with a reduce field of view. 
The aim of this internship is to go further in the investigation of the end-to-end design of a camera with an 
increased field of view (FOV) and a differentiable optical model based on ray tracing. The first step will be to 
develop image simulation tools of large FOV image from an ideal image database, taking into account optical 
aberrations simulated using Formidable, then to develop co-design methods for camera and neural network 
optimization. To handle this challenging task, curriculum learning could be investigated as proposed in the 
literature [5]. Application of the proposed method will be conducted first on image restoration task then on a 
higher scene analysis task such as image segmentation.  
This internship will be held in collaboration with Upciti, a private company that proposes sensors for smart 
city applications. 
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Est-il possible d'envisager un travail en binôme ? Non 
Méthodes à mettre en oeuvre : 

☐ Recherche théorique ☐ Travail de synthèse 

☒ Recherche appliquée ☐ Travail de documentation 

☐ Recherche expérimentale ☐ Participation à une réalisation 

Possibilité de prolongation en thèse : Oui 

Durée du stage :  Minimum :  4  mois Maximum : 5 mois 

Période souhaitée :  Mars – Juillet 2025 

PROFIL DU STAGIAIRE 
Connaissances et niveau requis : 
Master in machine learning and/or computer 
vision, knowledge in optics will be appreciated 

Ecoles ou établissements souhaités : 
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