Dynamics of an n-body
Crowd Model

What can simple physical
us about densities in ¢



ntroduction

Motivation

Past Crowd Models

Helbing’s work

Open Questions Remain
How does pedestrian density build over time?




otivation

Predictable patterns in high density?

Can we control it?




y

eneral description

One-dimensional model.
Finite interval [O,L]
*Two walls: Wall 1 at 0 and Walll 2 at L




y
edestrians
people with position Xie (0,L),i € {1,...,n}.
Space occupied by pedestrian: (xi-r,xi+r),

Xi< Xi+1 for all time t.
How to measure density?




Verlaps (assumed greater than zero)
verlap between person | and person i+1:

Ai=(xi+r)=(rip=1r)=xi=Tipa+ 271
*Overlaps with the walls:

Au'L =TT AH'R =Tp+r=1L

Y
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Forces




\ otivation: Normal Force

ecall: |xi< x.for all time t

No crossing between people

Obvious force: Normal Force

When two pedestrians are in contact. the

normal force is: FY(A;) := ktan( ;?)

VAVA




hen a pedestrian is in contact with the
I, the normal force is:

Fy =k tan(%=&)




Force [N]

Normal Force: F(A) =k*tan(w A) ysing k = 8




otivation: Pushing force

| ecessary to depict human behavior in
tightly packed conditions and need for
personal space.

We expect to observe density peaks and
hope to find patterns.




4 shing force |

cenario: Reactive Pushing Force

It seems natural to consider that the
intensity of the force depends on the
level of overlap.

This results in a force of the form:

m\; if 0 > A;

FAALA) = . -
-\[(A, — (l[)) if 0 < A
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mia = FY(Aw,) = F¥(A) = FP (AL A))

m = FY(Dy,) = F¥(A) + FP (A, i) = FP(A, )
M,y = =F N(Awg) + FY(A,0) + FP (A1, A;.-l)




Observable Data




ergy

an we verify Consistency?

. . n ) n 1 i
Kinetic energy: Y KE =) SM;v;
i=1 i=1

Potential energy: |
/ FN(ALdAL + / N(AR)dAR + Z / )dA,

= l)z m;;2 + /Fi‘\'(A,_)(IAL + /Fj:’(AR)d-AR + Z /F,-'\'(Aj)(lA,-
. ' ’ i=1"

i=1




ben interval




option is to study the whole interval [O,L]

O0=Xo<Xi<Xo<...<Xa=L
onsidering the density pj,

— Z n;[(‘\"j — (5. ‘\’j . ()) M (.’Ti - T,I; + I)]
1=1

pi(t) == p((X; = 6, X; + 6):1)




Spacial Organization




_ Length & slack

we consider the length L > 2rn, with
itial overlaps and velocities equal to 0, it
provides a stationary state of the system.

Reducing the length of the interval by
> 0 we can induce movement.

s this affect the results?
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hitial configurations

nitial velocities are 0 m/s

We simulated with differing initial profiles



Example Simulations




' ample |

nitial configuration: Il
Number of people: n =2
Forces: Normal Force Only

ength: 2rn
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Energy Growth of Dynamic Crowd System
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Density Plot of Dynamical Crowd System
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Overlaps for n = 2 Case
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2 people of radius 2.500000e-001
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ample Il

nitial configuration: Il
Number of people: n =2
Forces: Normal Force & Pushing Force |

ength: 2rn
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Energy Growth of Dynamic Crowd System
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Energy Growth of Dynamic Crowd System
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Density Plot of Dynamical Crowd System
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Location [m]

Density Plot of Dynamical Crowd System

1 ORI l|l| n r||||l|l VIR VAR RN ll ‘|| l|l’|l|1|l;l g Jy IRV R T L EAWDN AN
A e A
il l?b%ﬂu:*?]gr:!’u i lﬂb“ﬂhh‘r’*' fhi wu"'ﬂ{ R A i lm'%ﬂlr'*ﬁlpf{:i’Wﬁ i Jlf“liww oy

'ﬁii'r;Wiiii!ﬁU|tm:ﬁr i wn:'}{ lulﬂﬁﬁffﬁdiw il

Dk JWWWWHMHW mw%wmmn

N
AR ‘H’LJi'ii”ulu'ﬂlNLJ (RS l A D w AN h)[x{ull‘l’ll i wuwl

VUEYURO U

(R ) Lu IHJ e DB R
07k VI T I,l..l1|||I|,| I,l|.I;||H-|| |IlI,|u||||| ARG O AT O R R (A A R LR A O AR BN R ,||.||||\I (RS AN A A

06

o
n

o
.

D3 l'n'|'”|”'F|"||"I’l”|”|||" 'b||||r||[|.1| (1 |m”||||.n 4 n$|[||.1|.(||,|v,[|||(|”|.1||"|»||||r||||.4|| I Il|l”|||"] UL ) s Rt b ) by b
U

v
AR b AT O
02 M AR LRI YR | LA AN R b S y ) N "1)‘\,:‘“ i “ ‘\ M M ;\ A ‘

AR lmm(‘

o AL F”mnﬁ I “I“ﬁHWM RS on NN AS AR AS AR USRNSSR

'ﬂfllﬂii (N ﬂ|fifuh i "mﬂ I |1|||1In Ll .Ilrnﬂmlll' J Al .ﬂn N l’tlflfu" A 'JJl“'I]'ﬂlFm1Ir) ﬂl'llll' S 11|Im1ln ’u“ll' AR 'Jl' I ﬂlﬂhwﬂ 'Jll' A .rm Un“ll’
M R A R AR
0 20 40 60 a0 100 120 140 160 180 200

Time [s]



rlap
o

Overlaps for n = 2 Case

‘,ml.m.mumMll

MG ’\ |

”t ‘nl ‘l‘
100 120
Time [s]

Del1 Del2 Del3

|

|

0



Overlaps for n = 2 Case
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xample Il
nitial configuration: Bell Curve

Number of people: n =50
Forces: Pushing Force | & Normal Force

lack: Reduced
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Energy Growth of Dynamic Crowd System
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Density at t = 1.157310e+01 [s]
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xample IV
nitial configuration: Wavy

Number of people: n =50
Forces: Pushing Force | & Normal Force

lack: Reduced
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Energy Growth of Dynamic Crowd System
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elation between energy and overlaps.
Patterns in density.

Dependence on configuration.




dE = - i P(A;, A))dA;

=]

E(t) = L ‘ dE = - /o ‘ f: P(A:, Ai)dA;

1=1



Density Waves and Dependance on
nfigurations

pulses form due to configurations

extrema occur along pulses
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Future work

Understand phenomena we have already
observed.

New simulations with different number of
people and different initial conditions.

Introduce new forces.

Introduce concept of pressure.

evelop a continuous model.

model.
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Questions or Suggestions?




