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Some animations are downloadable at www.math.u-psud.fr/~venel



We consider N persons (rigid disks)

Q:{q: (q17q27"' 7qN) ~ |R2N}

in a room, and a spontaneous velocity field

U= (Uy,...,Uy)

Basic model : uniform, individualistic behaviour

U(q) = (Ug(q1),---, Uglan))

Uy (q) points toward the optimal direction for a single person.
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Safe zone w




Set of feasible configurations

Qo={a€Q,Dij(q) =q; —q[ —2r =0 Vi#j}
(N.B. obstacle and walls are also included as constraints)

Set of feasible velocities ( with G;; = VD,;)

Cq=1{v, Gjj-v>0 assoonas D,;i(q)=0},

Model : the actual velocity field is the feasible field which is the
closest to U.

dq
— =P U
pm Cq (Q)



Reformulation of the problem

Ng = outward normal cone to Q)
Cq (polar cone to feasible directions)
= {w, (w,v) <0 VveCq4}
= {=) XN;jGij, Ai; >0, Dy =0= \;; =0}

Iq = Pe_ + Py, (Moreau)
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d
— = Pe,U=U-PyU

As a consequence,

dq dq
E+Nq9U (@(E—U,w)zo we€q>

Particular situation : individuals in a corridor
(S (H LX)

Qo={a=1(q1,-.-,9N), qix1 — q; > 2r} is convex, so that

q — Ng = 0I¢, is maximal monotone

— standard theory (see e.g. Brezis 1973) ensures well-posedness



GENERAL SITUATION
(o 1s not convex, q — Nq 1s not maximal monotone, but
Qo is prox-regular (Moreau, Monteiro-Marquez, Thibault) as the

intersection of complementary sets of smooth convex sets.
— the problem is well-posed (J. Venel, B.M., from Thibault 2006)




NUMERICAL SIMULATION

n

q" : configuration at time t".

q"t! = q" + hu"*!, where u” ! minimizes
1 2 h .
—|v —U|” over Cgn, with
2 a’

Cq =1{v. Dij(a) + hGy; - v > 0}

~D;;(q+hv)

)
u+ B*A =
By dualization — <

Bu

IA

\



f or bi dden

f or bi dden

f or bi dden
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INTERPRETATION OF THE \;;

Analogy with a “unilateral” Darcy problem

(

\

Aij :pressure between ¢ and j.

High values : risk of casualties

u-+ B*)\

Bu

<

U

0.

2

\

u—+ Vp

-V

-u

IA

u = U + correction = U + Z Aij Grij



DIFFERENTIATION AMONG INDIVIDUALS, STRATEGIES

10



MACROSCOPIC VERSION
Domain €2, delimited by I',,, (exit) and I'yy (walls)

p density of people, p(x) € [0, 1], U spontaneous velocity field

C,=Cl{ve H;,(2), V-v>0ae on|p=1], u-n<0on Ty},

Op+V-(pu) = 0
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Saddle point formulation of the instantaneous problem

A={qe H'(Q), dr,., =0, g=0ae. on [p<1]}

AT : non-negative fields in A.

There exists a unique p € A™ such that

(

u-+ Vp = U

\
/u-Vq < 0 VqeAt
N Ja

N.B. : Computations based on a bidual formulation

2

—Ap—X = =-V.-U

=D < 0

\
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