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Motivation and Goals

• Realistic Simulations and Optimal Control of multi-agent systems require the reiterative solution
of a large system of ODEs, which drives usually to unaffordable computational costs.
• We approximate the problem with a kinetic PDE and simulate its constrained evolution by means

of Binary Interaction algorithms, which are able to reduce drastically the computational cost.
• Applications find place in several areas: engineer, biology, robotics, computer graphics . . .
• In [1] we are concerned with the multi-scale modeling, control and simulation of a crowd leaving

an unknown area.

Problem setting
• We model human crowd leaving an unknown environment, Ω, under limited

visibility. Due to their lack of information about the positions of exits, agents
need to explore the environment first.
• Our aim is to control the emergent dynamic through the action of few informed

agents, not recognized by the rest of the crowd.
• We consider N followers and M leaders whose interactions are described by

ẋi = vi,

v̇i = S(xi, vi) +
∑N

j=1 F (xi, vi, xj, vj) +
∑M

l=1 F (xi, vi, yl,wl),

ẏk = wk =
∑N

j=1 K (yk, xj) +
∑M

l=1 K (yk, yl),+uk

(1)

where S represents a self-propulsion term and F ,K the interaction kernels ac-
counting the social forces of the dynamic: alignment, repulsion and attraction,
low visibility.
• uk is the control chosen as a solution in the set of admissible controls Uadm

of

min
u(·)∈Uadm

{t > 0 | xi(t) /∈ Ω, ∀i = 1, . . . ,N}, subject to (1).

Simulation of the microscopic model

10 15 20 25 30 35 40
0

2

4

6

8

10

12

14

16

18

20

10 15 20 25 30 35 40
0

2

4

6

8

10

12

14

16

18

20

10 15 20 25 30 35 40
0

2

4

6

8

10

12

14

16

18

20

Figure : The exit is a point located at E = (30, 10) which can be reached from any direction and
it is visible inside the green circle. N = 100 Followers are initially randomly distributed in the
domain [17, 29]× [6.5, 13.5] with velocity (0, 0). Without leaders the total mass is not
evacuated, farthest people split in several but cohesive groups with random direction and never
reach the exit.
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Figure : The optimal strategy uk is obtained through a modified compass search method.
With M = 3 leaders the optimal strategy uk, prescribes that leaders divert some pedestrians from
the right direction, so as not to steer the whole crowd to the exit at the same time. In this way
congestion is avoided and pedestrian flow through the exit is increased.

Mesoscopic model
• When the number of follower, N , is large, a microscopic description of both

populations is no more a viable option. Thus we consider the evolution of the
distribution of followers, denoted by f (x , v ), together with the leaders, with
empirical distribution g(y ,w ).
• We assume that these densities satisfy the following coupled ODE-PDE system

∂tf + v · ∇xf = QF(f , f ) + QL(f , g)
ẏk = wk =

∫
K (yk, x)f (x , v )dxdv +

∑M
�=1 K (yk, y�) + uk,

(2)

where QF ,QL(f , g) represents two Boltzmann-like operators accounting the in-
stantaneous rate of change of the particles‘ density.

Binary Interaction algorithms
• In order to simulate the dynamic of (2), we relay on Binary interaction algorithms.
• This approach is based on Monte-Carlo procedure, which allows to solve effi-

ciently the interaction kernels, see [2, 3] for a detailed description.
• The main advantages with respect to standard methods are: the linear cost for

the evaluation of the interaction kernels QF ,QL, and a full meshless algorithm.
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Figure : Simulations for the kinetic description of multi-agent systems through BI algorithms.

Simulations of the mesoscopic model
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Figure : First row: no leaders. Second row: three leaders, optimal strategy uk (computed via
compass search methods).
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Figure : The blue line represents the mass concentration around the exit and green line the
percentage of total evacuated mass, as functions of time. Case without leaders (left), total
evacuated mass: 41.2%. Case M = 3 leaders (right) percentage of evacuated mass 85.2%.
Optimal strategies avoid congestions at exits.
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