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Pedestrian dynamics: Implementation and analysis of
ODE solvers
Parts of this talk

= Part 1: Introduction to pedestrian dynamics

= Part 2: Preserving data locality with Space-Filling Curves
(Excursus)

= Part 3: Implementation and analysis of ODE solvers
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Pedestrian dynamics
Introduction
= Why pedestrian dynamics?

= Classification of Models
= Generalized Centrifugal Force Model (GCFM)
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Why pedestrian dynamics?

= Enhancement of safety in complex buildings and mass events
= Simulation and optimization of evacuations

= Improvement of comfort in public buildings (airports, railway
stations, shopping malls, etc.)

= Minimal travel times and maximum capacities
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Classification of Models

Macroscopic Models

= System is described by mean values of characteristics:
Conservation laws for density, flow, etc.

Microscopic Models

= Each pedestrian is treated seperately.

= Can be space-continuous (system of ODEs) or
space-discrete (cellular automaton).

= Can be rule-based or force-based.
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Generalized Centrifugal Force Model (GCFM)

Forces

= Driving force (carries pedestrians to desired direction with
desired speed)

= Repulsive forces from other predestrians and walls (to avoid
collisions)

= All Forces add up to the complete force acting on the
pedestrian:
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Forces

Figure: Example of forces acting on a pedestrian
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Forces

= The repulsive force:

Fi? = —miK; Y, &, Rj=R-A, &=
’ dist; 1A

((V/ V)-8 +I(Vi-V))-&l) . Kj=

= The driving force:
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Pedestrian dynamics

Part II: Preserving data locality with
Space-Filling Curves (Excursus)
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Pedestrian dynamics
Data locality
= Idea: Reduce cache misses using data locality
= Space-Filling Curves
= Test cases
= Results
= Conclusion
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Idea: Reduce cache misses using data locality

=  We want to optimize the runtime. The aim is to simulate faster
than realtime.

= In the implementation of the GCFM Linked-Cells are used to
determine pedestrians’ neighbourhood.

= Only the repulsive forces from pedestrians situated in the
immediate neighbourhood are considered in the calculations.

= Data of nearby pedestrians should also be nearby in memory.

= Space-Filling Curves order 2-dimensional data s.t. locality is
preserved.
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Space-Filling Curves

Hilbert curve

= Construction is a recursive
process

= Continuous and surjective

= Good locality-preserving

behavior
Figure:

http://upload.wikimedia.org/
wikipedia/commons/3/3a/Hilbert_curve.png
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Test cases

= A corridor was used for testing and 1152 pedestrians were
ordered
.+ columnwise
- rowwise
- along a hilbert curve
- random

September 30, 2010 Timo Hilsmann 14140
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Results
1,45 172
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171,5
1,35
171
13
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1,2
170
1,15 I
169,5
11
1,05 169
row column hilbert random col hilbert  random
Figure: First time-step Figure: Complete simulation
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Conclusion

= In the first time-step columnwise and rowwise ordering are
faster than ordering along a hilbert curve.

= Random ordering has the longest simulation time.

= Ordering along a hilbert curve has the shortest simulation
time, but differences are not significant.

= Further investigations showed that the main time in the
simulation is spent on calculating ellipses for the computation
of dist;; in the repulsive forces.

= In an optimized program the effects of ordering along a hilbert
curve may become more visible.

September 30, 2010 Timo Hilsmann 1640
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Part Ill: Implementation and analysis of
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September 30, 2010 | Timo Hilsmann



#) JOLICH

FORSCHUNGSZENTRUM

Pedestrian dynamics
ODE solvers

Idea: Increasing step-sizes with more sophisticated solvers
ODEs for GCFM

Adaptive Runge-Kutta-Fehlberg Methods

Velocity Verlet Method

Test cases

Results

Conclusion

Problems
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Idea: Increasing step-sizes with more sophisticated
solvers

= Atimestep in the GCFM has high computational effort.

= Bigger time-steps could directly decrease the runtime of the
simulation.

= Only the explicit Euler-Method was used in the
implementation of the GCFM which is of order 1.

= Methods of order > 1 may allow bigger time-steps.
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ODEs for GCFM

= System to solve:
B=V, mlV—F i=1,...N
dt I — I Idtl_ I — by

= In the simulation m; = 1 is used, so this can be rewritten as:

v T
X = (R1 X5 /:1’1’},7 V1 X5 V1 KRR FI’N’X, RN,y» VN,X, VN,y)

(%) = (Vi Viys Froo Frys - Voo Vivg, P Fvy) T
d. -,
—X=f

X = %)

= We can apply standard numerical integration techniques.
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Adaptive Runge-Kutta-Fehlberg 2(3) Method

= We want to integrate the system %)? = 7()?) with step-size h.
= The Runge-Kutta-Fehlberg 2(3) Method reads as follows:
3 4
X1 = Xo + hz biki, X4 = Xo + th,‘k,’
i=1 i=1
Formula for the increments:
i—1

ki=f(Xo+hd ak), i=1,..4
j=1
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Adaptive Runge-Kutta-Fehlberg 2(3) Method

= The coefficients of the method read as follows:

ar1=1/4

as1=-189/800 | as»=729/800

as1=214/891 as=1/33 343=650/891

b1=214/891 bo=1/33 b3=650/891
b1=533/2106 | bo=0 b3=800/1053 | by=-1/78

= The local error is estimated by:

1
]

€=Xx; — 0(3)
= Formula for step size prediction:

1
hopt = hused Y ﬁ

September 30, 2010 Timo Hilsmann 22|40
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Adaptive Runge-Kutta-Fehlberg 2(3) Method

= Error norm:

1 €

n 2
ERR= |-
n ; (atol + max{|xol, [x1,|} - rtol)

= The new step-size is scaled with a safety factor p. It must
hold:
0 - hysed < Bnew < 0 - hyseq

= Values of the parameters:
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Adaptive Runge-Kutta-Fehlberg 4(5) Method

= The Runge-Kutta-Fehlberg 4(5) Method uses two methods of
order 4 and 5 to get an estimated error of order 5:

5 6
X1 = ?o—i—thﬂ?}, X1 =)_(‘o +hZBi/_('/
i=1 i=1
with increments:
i—1
ki=f(X%+h> ajk), i=1,...,6
j=1
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Velocity Verlet Method

= The Velocity Verlet Method is used in Molecular Dynamics
and allows bigger time-steps for dissipative systems.

= The method reads as follows:

o o _ 1.
Ri(t + h) = Ri(t) + Vi(t)h + EF;(t)hz

Vi(t + h) = V(1) + % [F‘,-(t) + Fi(t+ h)] h

September 30, 2010 Timo Hilsmann 25]40
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Test cases

= Bottleneck with 90cm width:

o &
: ®B ey eq

'

e
9‘

= Bottleneck with 160cm width:
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Results - 90cm bottleneck, N=20

201
Euler h=0.01
Verlet h=0.01
18 Verlet h=0.02

RKF23 atol=1e-4 rtol=1e-4
RKF23 atol=1e-4 rtol=1e-§
RKF23 atol=1e-5 rtol=1e—4
RKF23 atol=1e-5 rtol=1e-§
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14

12
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t

Figure: Pedestrians entered the bottleneck (Euler,Verlet,RKF 2(3))
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Results - 90cm bottleneck, N=20
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Euler h=0.01
Verlet h=0.01
Verlet h=0.02
RKF23 atol=1e-4 rtol=1e—4
RKF23 atol=1e-4 rtol=1e-§
RKF23 atol=1e-5 rtol=1e—4
RKF23 atol=1e-5 rtol=1e-§
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Figure: Step-sizes (Euler,Verlet,RKF 2(3))
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Results - 90cm bottleneck, N=20

451

RKF23 atol=1e-4 rtol=1e-4
RKF23 atol=1e-4 rtol=1e-4§
4 RKF23 atol=1e-5 rtol=1e-4
RKF23 atol=1e-5 rtol=1e-§
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25F
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Figure: Step-sizes (RKF 2(3))
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Results - 90cm bottleneck, N=20
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Figure: Pedestrians entered the bottleneck (Euler,Verlet,RKF 4(5))

September 30, 2010

Timo Hilsmann

30]40



#) JOLICH

FORSCHUNGSZENTRUM

Results - 90cm bottleneck, N=20

0.141-
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Figure: Step-sizes (Euler,Verlet,RKF 4(5))
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Results - 160cm bottleneck, N=50
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—] Euler h=0.01
Verlet h=0.01
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Figure: Pedestrians entered the bottleneck

Timo Hilsmann

100

32140



JULICH

J)

FORSCHUNGSZENTRUM
Results - 160cm bottleneck, N=50
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Figure: Step-sizes (Euler,Verlet,RKF 2(3))
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Results - 160cm bottleneck, N=50
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Results - 160cm bottleneck, N=50
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Figure: Pedestrians entered the bottleneck (Euler,Verlet,RKF 4(5))
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Results - 160cm bottleneck, N=50

0.16
Euler h=0.01
Verlet h=0.01
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Figure: Step-sizes (Euler,Verlet,RKF 4(5))
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Conclusion

= Velocity Verlet allows doubling the step-size and has similar
N/t-diagram as Euler-Method.

= Smallest amount of time-steps needed with ato/ = 1074,
rtol = 1075 for RKF 2(3) Method and with ato/ = 1072,
rtol = 102 for RKF 4(5) Method.

= RKF 2(3) method allows bigger step-sizes but N/t-diagram
differs much more from the “reference” N/t-diagram of the
Euler-Method than the RKF 4(5) Method.
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Problems

= New methods are not stable enough to allow comparison with
experimental data (for this simulations with about 180
Pedestrians are needed).

= Some pedestrians are missing in the N/t diagram. This is due
to unrealistic increase of forces.

38|40
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Thank you for your attention!
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