
Micro-to-macro energy-based interaction models for dense crowds 
behavioral simulations 

 

Context 
 
The MimeTIC and Rainbow research teams in Rennes are hiring a PhD student within the frame of the 
FET-OPEN project CrowdDNA, to work on developing new multi-scale (biomechanical to particular) 
energy-based interaction models for dense crowds behavioral simulations. 
 

CrowdDNA aims to enable a new generation of "crowd technologies", i.e., a system that can 
prevent deaths, minimize discomfort and maximize efficiency in the management of crowds. It performs 
an analysis of crowd behaviour to estimate the characteristics essential to understand its current state 
and predict its evolution. CrowdDNA is particularly concerned with the dangers and discomforts 
associated with very high-density crowds such as those that occur at cultural or sporting events or public 
transport systems. The main idea behind CrowdDNA is that analysis of new kind of macroscopic 
features of a crowd - such as the apparent motion field that can be efficiently measured in real mass 
events - can reveal valuable information about its internal structure, provide a precise estimate of a 
crowd state at the microscopic level, and more importantly, predict its potential to generate 
dangerous crowd movements. This way of understanding low-level states from high-level 
observations is similar to that humans can tell a lot about the physical properties of a given object just 
by looking at it, without touching. CrowdDNA challenges the existing paradigms which rely on simulation 
technologies to analyse and predict crowds, and also require complex estimations of many features 
such as density, counting or individual features to calibrate simulations. This vision raises one main 
scientific challenge, which can be summarized as the need for a deep understanding of the numerical 
relations between the local - microscopic - scale of crowd behaviours (e.g., contact and pushes at the 
limb scale) and the global - macroscopic - scale, i.e. the entire crowd. 

The human crowd is a place of contradictions. Humans are social animals that like to come together 
to experience certain common experiences, such as a concert, festival or match. Being part of a large 
and dense audience in movement and synergy is certainly a pleasure, but can turn into a traumatic 
experience when proximity turns into uncomfortable physical contacts first, and then pushes, and 
finally causes uncontrolled crowd movements. Murderous crowd movements punctuate history. 
There is a transition point from which too close proximity between individuals deprives them of their 
ability to move freely. They can be transported several meters without contact with the ground, fall, be 
trampled on, or suffocated under pressure. These phenomena are not intentional nor controllable; they 
are emerging and result from individual reaction to a collective situation without malicious intent, or they 
are emerging when authorities underestimate the number of people attending certain events with limited 
capacity. Many factors combined can lead to those disasters. Past stampedes have shown that the 
tipping point can neither be predicted by even experienced managers nor by current 
technologies, which leaves the crowd management practice purely empirical, which essentially offers 
no guarantee of safety. 
 

Objective 

 
Within the frame of the project, the PhD student will focus on micro-to-macro energy-based interaction 
models for dense crowds behavioral simulations. In other words the PhD student will develop multiscale 
(biomechanical to particular) models based on experimental data to simulate the energy changes 
(generation, dissipation, distribution, propagation) inside a dense crowd such as the ones described 
above. The PhD student will have to run experimentations, as well as exploit biological motion and force 
data acquired by other partners, involving various numbers of subjects inside more or less dense crowds 
in simulated behaviors. 
 

Main activities 

 
At the bottom line of the micro models, the PhD student will focus on primary interactions between two 
individuals, characterizing kinetic energy transfers during pushes and physical contacts. A 
comprehensive review of the model transfers available in the litterature will allow the candidate to build 
the theoretical foundations of the model design. Based on quantitative measures of motion and forces 
(through pressure maps and force sensors) the candidate will characterize typical physical interactions 



that occur between 2 persons. This part of the work will ask for accurate biomechanical models able to 
provide a fair estimation of the kinetic energy developed by an individual in several typical crowds 
behaviors (e.g. concerts, sport events). Several factors should be considered such as the intensity of 
the contact as well as the orientation of the interaction forces. This model will be a basis to develop 
higher levels of representations of an individual inside a small group. It will also require to evaluate how 
the model should adapt when these interactions combine inside a larger group of persons, which will 
lead to consider experimental several conditions, such as the interaction of two persons in a virtual 
crowd or in a real group of persons. Furthermore, the data collected by the european partners of the 
project will be used by the PhD student to tune and optimize the interaction models derived from these 
initial approaches. The collected data will be of different nature, involving medium to large group size 
(10 to 100) and different levels of details (optoelectronic motion capture, IMU, vision...).  
 
Following the development of these models, several evaluation methods will then be explored to validate 
their accuracy and performance, e;g., in terms of crowd interaction energies, visual realism,or 
capabilities of generating natural phenomena emerging from crowd interactions.  
 

About 
The PhD will start in November 2020 and its duration will be 3 years. The PhD will be supervised by 
Anne-Hélène Olivier, Associate professor (Université Rennes 2), Ludovic Hoyet, Research scientist 
(inria), Julien Pettré, Research scientist (inria) and Charles Pontonnier, Associate professor (ENS 
Rennes). 
 

Environment 
 
The research center Inria Rennes - Bretagne Atlantique, established in 1980, is fully integrated into a 
rich and powerful regional ecosystem, boosting strong partnerships with the best actors of research and 
innovation in Brittany and Pays de Loire. It comprises 3 sites (Rennes, Nantes, Lannion), 730 people, 
34 research teams, 6 ERC grant winners, 31 European projects, 9 startups. 
 
This research topic will be carried out in Rennes, the capital of Brittany and the tenth largest city in 
France, with a metropolitan area of about 720,000 inhabitants. Moreover, with more than 66,000 
students, Rennes is also the eighth-largest university campus of France and it has the 2nd highest 
concentration of digital and ICT firms in France after Paris. Rennes is also known to be one of the most 
festive and lively cities of France, home of several music and culture festivals. In 2018, the newspaper 
“L'Express” named Rennes as "the most liveable city in France". 
 
The PhD candidate will join the Inria MimeTIC team (https://team.inria.fr/mimetic/), internationally 
recognized for its multidisciplinary approach to analyse, model and synthesize motion and the Rainbow 
team (https://team.inria.fr/rainbow/fr/) internationally recognized for its expertise in crowd simulation. 
The candidate will be integrated into a group working on the issues of person-to-person interaction and 
crowd simulation. The candidate will also have access to unique experimental platforms Immersia and 
Immermove which offer a high-tech set-up to perform user experiments in real and virtual environments 
and measure motion (motion capture, EMG, force plate, eye trackers). 
 

Skills 

 
• Master in computer sciences/machine learning 

• Solid programming skills 

• Experience with user studies is a plus 

• Experience with biomechanics is a plus 

• Good english level 

 

Advantages 

• Subsidized meals 

• Partial reimbursement of public transport costs 

https://sites.google.com/site/anneheleneolivier/
https://people.rennes.inria.fr/Ludovic.Hoyet/
http://people.rennes.inria.fr/Julien.Pettre/
https://sites.google.com/site/charlespontonnier/
https://team.inria.fr/mimetic/
https://team.inria.fr/rainbow/fr/
http://www.irisa.fr/immersia/
http://m2slab.com/index.php/facilities-4/


• Leave: 7 weeks of annual leave + 10 extra days off due to RTT (statutory reduction in working 
hours) + possibility of exceptional leave (sick children, moving home, etc.) 

• Possibility of teleworking (after 6 months of employment) and flexible organization of working 
hours 

• Professional equipment available (videoconferencing, loan of computer equipment, etc.) 

• Social, cultural and sports events and activities 

• Access to vocational training 

• Social security coverage 

 

Salary 

Duration: 36 months 

Gross Salary per month: 1982€brut per month (year 1 & 2) and 2085€ brut/month (year 3) 

More information 

For more information on this position, contact Anne-Hélène Olivier (anne-helene.olivier@univ-rennes2.fr 
) or Charles Pontonnier ( charles.pontonnier@ens-rennes.fr ). 
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