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Introduction

Introduction to Pedestrian Dynamics

Pedestrian dynamics
@ two-dimensional nature

@ should take into account interactions with other individuals
that might cross walking path

@ interactions may depend on the relative direction of the
velocities
Models mostly work with the operational level of behavior, which
deals with the actual walking behavior of pedestrians, including
interactions with others and collision avoidance.
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Introduction

Observable quantities

Flow through a facility of width b is related to average density p
and with average speed v of the pedestrian stream:

J=pvb=Jsb,

where the specific flow Js = pv is the flow per unit width (and is
measured in (m x s)71.)
The density is obtained from

N

p:Z7

where N is the number of pedestrians within a selected area A.
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Introduction

Fundamental diagram

@ Still controversial whether have to distinguish between
unidirectional and bidirectional fundamental diagrams.
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Figure 11.2 Fundamental diagrams for pedestrian movement in planar facilities. The lines refer ta
specifications according to planing guidelines (SFPE Handbook [1038), Predtechenskii and Milinskii
(PM) [1138], Weidmann (WM) [1453]). Data points give the range of experimental measurements (Older
(1080] and Helbing et al. [531]).
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Types of models

Types of models

Individual-based models
o Cellular automata
@ Social force models
@ Geometrical models
@ Optimal Velocity models
o Lattice gas models
Macroscopic models

@ Fluid dynamics analogy — LWR type models
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Cellular automata models

@ Define a cell size for a pedestrian to be an area of 40X40cm?.

Types of neighborhoods

@ Von Neumann neighborhood of a cell: all cells that share an
edge with it.

@ Moore neighborhood of a cell: all cells that share a corner
with it.
Factors that influence pedestrian motion:
@ Desired direction of motion toward the destination

@ Interactions with other pedestrians: repulsive (short-distance),
attractive (long-distance)

@ Interactions with infrastructure
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Floor field CA

@ The standard cellular automata approach to pedestrian
dynamics, able to reproduce collective effects.

@ Inspiration from the process of chemotaxis.

@ The purpose of this 'trace’ is to transform effects of
long-ranged interactions into a local interaction.

@ Implemented in a two-dimensional stochastic cellular
automaton: a floor field model.

@ The static floor field: constant in time, shows constant
properties of the infrastructure.

@ The dynamic floor field: models dynamic interactions
between pedestrians, but also has its own dynamics: diffusion
and decay — corresponds to the trace.
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Floor field CA

@ Transition probabilities for moving to the neighboring cells are
based on the floor fields.

e May also have a matrix of preference, which can encode the
desired speed and direction of motion.
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Update rules

Transition probabilities p;; for movement to neighboring cell in
direction (7, /) where i,j € {—1,0,1} :

pij = NekDDUekss’f/\/lij(l — ni)Sij s

where

D = dynamic floor field matrix,

S = static floor field matrix,

M = matrix of preference for motion

N = normalization factor,

njj = occupation number of the neighbor cell in the direction (i, /),
&jj = geometry/obstacle number, 0 for forbidden cells (walls), 1 else,

kp, ks = coupling strengths.
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Observations - Dynamic Floor Field

@ Dynamic floor field is updated by the motion of the
pedestrians, and also subject to diffusion and decay.

@ When a particle moves from (x,y) to (x + i,y + j), update
D,, — Dy, + 1.

e D,, has nonnegative integer values, which decay and diffuse
to the neighboring cells with certain parameter probabilities.

@ The rules have to be applied to all pedestrians at the same
time - parallel dynamics.
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Observations - Static Floor Field

Construction of static floor field
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Figure 11.14 (a) Example for the calculation of the static floor field for a room with ane obstacle. The
doaris at 3, and the obstacle is represented by lines A-H. (b} The corresponding visibility graph for this
room. Each node is connected by a bond if there are no abstacles between them. The real numberon
each bond represents the distance between nodes, (¢] Contour plot of the static floor field for a room
with four obstacles and two doors, The darkness of shading is inversely proportional to the distance
from the nearest door.
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Conflicts and friction

Conflict - occurs when more than one particle chooses the same
cell destination.

Introduce a friction parameter u: if 2 or more pedestrians want to
move to the same target cell, all are denied with probability .
1 acts like a local pressure between the pedestrians.

o @
t &1
Figure 11,15 Refused movement due to the friction parameter j (for me = 4).
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Evacuation simulation

e For small ks (coupling to static field), particles perform a
random walk.

e For large ks, particles will find the shortest possible path.

@ At high densities, a large jam forms quickly at the exit.
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Figure 11.21 Dependence of evacuation times on the friction parameter (« and & for density o = 1.3
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Interactions with walls and other pedestrians

Interactions with walls - introduce an additional wall potential:

pl!J{V _ ekW min(Dmax,djj) :
with

kw = sensitivity constant,
Dmax = range of wall potential ,

d;; = minimum distance of pedestrian from all walls.
Interactions with pedestrians - introduce a politeness factor:
P —kpNp (i j
pU = e P P(”J)’
where

Np(i,j) = number of pedestrians in the Moore neighborhood of (i,;).
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Real-encoded CA

{a) b}
Figure 11.16 Example of an evacuation toward the exit, with two paths of A and B. (a) Movement in

real situation without grid points. (b) Movement on a discrete CA lattice. Paths A and B have now the
same length.

Options:
@ Rescale probabilities to use Moore neighborhoods.
@ Use real-coded cellular automata, where position and velocity
of pedestrians are real numbers (need rounding procedure).
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Vimax > 1 - movement beyond nearest neighbors

@ To reproduce asymmetry in the fundamental diagram, need
Vmax > 1.

@ Neighborhood extended to all cells that can be reached in one
time step.
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Lane formation

Lane formation out of a randomly distributed group of pedestrians.
Even and odd number of lanes may form.
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Figure 11.18 Snapshotof asimulation of counterflow along a corridor. The left part shows the parame

ter cuntroF.The central window is the corridor, and the light and dark squares are right-and left-moving
pedestrians, respectively. The right part shows the dynamic floor fields for the two species.
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Social force models

@ Continuum model for pedestrian dynamics
@ Interactions between pedestrians and influence from the
environment encoded in a social force/field.

The basic equation of motion is

m; % — FlPe) g F00) 4 plohs)
where
m; = mass of pedestrian j,
v; = velocity of pedestrian j,
Fj(pers) = personal force,
Fj(soc) = total force due to other pedestrians,
Fj(phys) = physical force such as friction and compression .
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Personal force

@ Personal force - driving term

Fo) (0,

/ Tj

where

7j = reaction or acceleration time,

v: ' = preferred personal velocity .
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Social force

@ Social force - repulsive force between pedestrians
@ Pedestrians: disks of radius R; and with position r;

Rii—rji

(soc) _ 4. z )
Fi =Aje 5 nj,

A; = strength ,
§;j = range of the interactions,
Rji = R; + R; sum of the disk radii,

rj = |rj — r/| distance between centers of mass,

ri—1r . i .
nj = e normalized vector pointing from | to j.
il
e May add anisotropy factor \; + (1 — )‘j)w .
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Figure 11.22 Definition of the mostimportant quantitiesin the social-force madel.
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Physical force

e When rj < Ry (contact between pedestrians), physical force
becomes relevant.

@ It has two contributions:

h
FP = kO (Ry — r)ny

fric
FI" = kO(Ry — )ty

where
I—'J.(I”“Sh) = force that tries to prevent compression,
Fj(lﬁ'c) = sliding friction force in tangential direction tj;

k = can be chosen as a function of the tangential velocity,

© = Heaviside step function.
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Table 11.2 Typical parameter values
for the social-force model,

Parameter Value

"..E'I} LG~ 1.5m/s

I LI=1.2. 108 k;;.-'r-\':?
A; 2-10° N

& L0

T 0.5s

i 24107 kgd s
Ry £ [0.25m,0.35m)

@ Limitations: equations of motion describe particles with
inertia.

@ Can lead to violations of volume exclusion, or oscillations that
lead to velocities in the opposite direction.
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A class of nonlocal models for pedestrian traffic (Colombo
et al)

Starting point: Cauchy problem for the conservation law

9ep + div(pv(p)(v(x) + 1(p))) =0,
p(0,x) = po(x) ,

where
p(x, t) = density of the moving crowd ,
v(p(x, t)) = speed of the pedestrian at time t and position x,

v\ X

(
I(p(t))(

preferred direction of the pedestrian at x,

) =
)
)
x) = how the pedestrian at x deviates from preferred direction,

given crowd distribution is p.
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First choice of /

@ Assume each pedestrian avoids high crowd densities.
e Fix mollifier 7.

@ p =1 is an average of crowd density around x.

Then take

V(p*n)
/ = —¢
O == AT NG P

@ This leads to pattern formation (self-organization into lanes).

@ Can also test Braess-like paradox: careful positioning of
suitable obstacles near an exit might improve the outflow
through the exit.
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Second choice of /

@ Assume there are restrictions on the angle of vision of each
pedestrian.

e Fix mollifier 7.
@ Smooth function ¢ weights the deviation from the geodesic
g(x).
Then take

V [gz p()1n(x = y)o((y — x) - g(x))dy

I(p) = —€
\/1 + IV [ge o )n(x = y)o((y — x) - g(x))dy]|?
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Second choice of /

Re-write the deviation
V [gz p(y)n(x = y)p(x, y)dy

I(p) =
\/1 ||V fRz p(y)n(x = y)e(x, y)dyl[?

with possible choices

o(x,y) = ¢((y — x) - g(x)), or

ey — o b =x-8(x)
o(x,y) @( /714_”)/_)(”2)

with ¢ € C3(R, [0, 1]) and

29 =1, &>y
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Cone of visibility
¥ > 0: related to the width of the cone of visibility for each

individual

(b)

The dark shaded region is the area where @z, y) = 1 inside the circle that describes the

Fig. 1.
support of 7, in the case g(r) is the unit horizontal vector and = is at the origin. (a) refers to
3.7), here 1 iz related to the position of the vertical line and (b) is related

and here ¥ is related to the position of the vertex of the shaded area.

the choice on the left of
to the right choice in (2
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Numerical simulations

@ Choose v = v(x) the geodesic one (shortest path)

@ Use Lax-Friedrichs methods with dimensional splitting.

Consider first choice of [ with:

) = (3) o060 = (1= (2)) (1 (2)) s

1
vip) = 5(1 = p), po(x) = X[3/5,4]><[—3/5,3/5](X)a
4 2
r = —,e=—.
5 5
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Lane formation

Tima=_2.530

[mm| (==

Figure 1: Solution to (1.1)—(1.2)—(3.4)—(4.1) at times ¢ = 00, 2.529, 5.043, 7.557, 10.071, 15.014.
First 3 lanes are formed, then the middle lane bifurcates forming the fourth lane.
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Lane formation - parameter r

Parameter r: determines size of sppt of 1, and leads to patterns

- (- e
o (o] To—

Figure 2: Solution to (1.1)—(1.2)—(3.4)—(4.1) computed at time ¢ = 9.014 and with spt 5 with
radius r = 0.5, 0.6, 0.8, 0.9, 1.0, 1.4. Note that as r increases, the number of lanes diminishes.
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Models

Lane formation - stable phenomenon

Different initial data leads to similar lane formation.

125014 1= 10,018

| o—

Figure 3: Seolution to (1.1)—(1.2)—(3.4)—(4.1) with different initial data at time ¢
0, 5.014, 10.014 and above with r = 0.6, below with r = 0.9. Note that above 4 lanes

Ll

Lok o B ¢
Eo ko B .

form and below 5, similarly to what obtained in Figure 1.
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Numerical simulations - Room evacuation

@ Standard application: minimization of exit times.

e Consider a room with an exit, and v = v(x) is the unit vector
tangent at x to the geodesic connecting x to the exit.

Time =_0.000 Inside = 100.00%

— 1 | R op) = 6(1=p) ,{
— @) = [1- @) [1- =) .0

EEzg -

H T T L] o " T = l}'[i
mlx) = 0.75 "‘[z.rjxj—z.z]{J"j
g = (4

Veronica Ciocanel Pedestrian traffic models



Cellular automata models
Social force models
Models Macroscopic model example

Room evacuation

Tre= 2521 Inside= 76.41% Tirme = 5043 hside= 4341% . Timw= 7.563 hside = 24.24%
——— R
II ] I .

T e W w T T T |
Time= 2521 Inside = . Tima= 5043 hside= 45 85% . Tiwe 7563 Inside= 21.41%
N |

] B o B | o
I . I .
O R R R —T C S R S
Times 2521 Insides 7582% Time = G043 Inside = 47.36% Time = 7663 Irside = £1.85%
— —
: N .
) I X I )
Flg 6. Sehitlon to{1.1), (1.2], (3.4) and {4.2) with different geometres, computed st tme ¢
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Room evacuation

Careful introduction of suitable obstacles in suitable locations may
reduce the exit time.

Tima = 4438 Irside = SA61% Tima = B.263 Ingida= 41 08% Tirma= 11,306 Ireidas 000%
n

7 4 1 % = = N

Tirma= 4438 Irside = 6865%

3 4 1 a8 = 2w w om ] ]

Tima = 6253 Ingsids= 42 BE% Timas 11,086 Iredas 000%

: 5o !
| - oo .
: o . X
f .
5 3 4 1 1 = = u I R R R R TR R v s 4 7 1 1w uw wm
Fg 7. Schation te(1.1), (1.2], (34) and (4.2) with £ = 0.2 at tir 440, 6203, 11,56, On the Arat Line, oo ohetacle ls present. Onthe scond

line, foar eclumes drect the crowd Acw. Note that the mdt tme o the latter cas 18 shorter than o the former oo,
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Thank you for your attention!
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