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[Based on works w/ D. Ullmo, T. Gobron, M. Butano, C. Appert-Rolland, I. Echeverria-Huarte A. Nicolas, A. Seguin]
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Intruder crossing a static crowd

[Nicolas et al. (2019)]
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Intruder crossing a static crowd
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Intruder crossing a static crowd
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Granular matter

Simulation: monolayer of 
vibrated discs

(Averaged) pedestrian density Velocity field

Based on [Seguin et al. (2009)]
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Time To Collision models

Simulation (Averaged) pedestrian density Velocity field

Based on [Echeverria-Huarte, Nicolas(2023)]
and [Karamouzas et al. (2017)]
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To sumup…
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Comparing the different approaches

TTCGranular ExperimentMFG

[Bonnemain et al. (2023)]
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Another example in a non-controlled environment
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Game theory
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Mean Field Games
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[Lasry, Lions (2006)] [Huang, Malhamé, Caines (2006)]

Mean Field Games
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[Lasry, Lions (2006)] [Huang, Malhamé, Caines (2006)]

[Laguzet, Turinici (2015)]

[Achdou et al. (2016)]

[Gomes, Saude (2014)]

[Lachapelle, Wolfram (2011)]

Mean Field Games
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[Bonnemain et al. (2023)][Bremaud, Ullmo (2022)]

[Cardaliaguet , Lehalle (2017)]

[Guéant et al.  (2012)]
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[Guéant, Lasry, Lions (2011)]
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MFG paradigm: population dynamics
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MFG paradigm: population dynamics

= 0



Mean Field Games equations

11



Mean Field Games equations
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Mean Field Games equations

11
Mean Field Game = coupling between a (collective) stochastic motion 
and an (individual) optimization problem through a mean field 



[Cardaliaguet, Lasry, Lions, Poretta (2013)]

Ergodic state
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Ergodic state
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A simple example
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[Bonnemain, Gobron, Ullmo Phys.Lett. A (2020) ; SciPost (2020) ; J. Math. Phys. (2021)]

Non-linear Schrödinger representation
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Non-linear Schrödinger representation
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Rubidium atoms (170 nK) 

[Bonnemain, Gobron, Ullmo Phys.Lett. A (2020) ; SciPost (2020) ; J. Math. Phys. (2021)]



Non-linear Schrödinger representation

14

Rubidium atoms (170 nK) 

[Bonnemain, Gobron, Ullmo Phys.Lett. A (2020) ; SciPost (2020) ; J. Math. Phys. (2021)]



Quantum mechanical formalism

15

[Ullmo, Swiecicki, Gobron (2019)]
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[Ullmo, Swiecicki, Gobron (2019)]



Quantum mechanical formalism
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[Ullmo, Swiecicki, Gobron (2019)]



Action and variational approach
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Solitons and integrability in (1+1)D
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[Bonnemain, Gobron, Ullmo (2021)]



Back to our model of pedestrian dynamics
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Assume initial 𝑚𝑖𝑛 𝒙, 𝑡
(eg = const)

Solve for Φ(𝒙, 𝑡)
backward   [Φ 𝒙, 𝑇 = 1]

Solve for Γ(𝒙, 𝑡) forward

𝑚𝑖𝑛 = 𝑚𝑜𝑢𝑡 ?
Γ₀ =

Φ₀

𝑚₀
𝑚𝑜𝑢𝑡(x,t) = Φ Γ

no

yes

Numerical implementation

Propagation :

Self consistent equation :
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Ergodic vs time dependent
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NB : exact symmetry for 
ergodic case 
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NB : exact symmetry for 
ergodic case 
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Comparison to experiment

Good qualitative 
agreement.

Does better than the other 
models.

Cannot claim quantitative 
agreement.
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Not limited to obstacle avoidance [Bonnemain et al. PRE (2023)]



Discounted Mean-Field Games
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[Butano, Appert-Rolland, Ullmo (2023)]



Discounted Mean-Field Games
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[Butano, Appert-Rolland, Ullmo (2023)]
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But…

And thankfully…
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