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Introduction

Goal: simulation of a 2D pedestrian movement flow in
specific situations (emergency,...)

Model: extension of microscopic car following model
in 2D.

Simulations in 2 situations:
 Free flow of a crowd in a given direction

e Movement of a crowd toward an exit
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Microscopic Model

People adjust their speed based on the speed of the
people in front of them.

T(xp—1(t) — x,(t) )Xp(t) = X1 (t) — x,(2)
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Macroscopic Model

Conservation of mass:

pr + (pv)+(pu)y=10
v and u are the components of the velocity along x and y

Extending the microscopic with the conservation law:

Vip) —v
Ve + VU + uvy, + pV'(p) (v, + uy) = (,O)T

Ulp) —u
ur + vu, +uu,y, + pU'(p)(vy + uy) = (,O)T

V and U are the desired velocities to simulate pedestrian behavior.
pV(p) is the traffic sound speed at which small traffic disturbances
are propagated.
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Pedestrian velocity model

We use the Greenshild model for the pedestrian velocity:

V(p) = v (1 - é)
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PDE system

We obtain an hyperbolic PDE system.
Q. +EQ) +6(Q) — 0

Q. +AQQ, +B@Q, =0

p p pv pu
0 (w) = (p(v — V)) F(Q) = (pv(v = V)) G(Q) = (pu(v — V))
z plu—U) prin—U) pu(u —U)
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Irst computation
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Second computation
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Lax Wendroff’s model
Wy = [F(W)]x'l'[G(W)]y

Wn+1/2 o Wn _I_% =N _Bn + ~n ) ]
j+1/2,m+1/2 i j+1/2,m+1/2 2[ j+1,m+1/2 j,m+1/2 j+1/2,m+1 j+1/2,m

with

o o
1j2mi1/2 = [Wjﬁ1,m+1 W W VVjTlm]/4

~

9 Teimt1/2 = EWE e VS )2

Gy b A s n+1/2 n+1/2
\ P}“/Z'm =f ((m+1/2,m+1/2 J I/16'+1/2,m—1/2)/2)

7 i n ~n+1/2 =n+1/2 ~n+1/2 ~n+1/2
VVJ',m i VVJ',m 5 A[P}'+1/2,m i F}'—l/z,m * Gj,m+1/2 e Gj,m—l/z]
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Stability
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Ghost cells

loop n+1

Q(tn+1)

Creation of 2
layers of ghost
cells, with the
same value as
on the border

S
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Computation of Q(t,,,) with
the Lax-Wendroff method
(we lose 2 layers of points)

S
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Results - in a closed room
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Results - toward an exit

( L=10
dx = 0.2
dt = 0.05
v =1.36dt/dx

P =1
o=1

x—5 2 2y .
v 0) 0 )

Xe=3, Ye=10

p X — X,
V(p) o ivf (1 —p ) :
z J(x—xe)z +(y-v,)
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Discussion

The results follow the expectations in such situations.

The model predicts jam density near the exit which
seems realistic in an emergency situation.

Some numerical imperfections.
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Conclusion

An attempt to simulate the crowd dynamic flow in
different situations

Macroscopic model developed on microscopic
behavior assumptions

Model =» hyperbolic system of PDEs

Realistic results, follow expectations
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