Contents

PartI Pedestrian Behavior: Phenomenology and Simulations

1 An Introduction to the Modeling of Crowd Dynamics...................
1.1  Modeling-Oriented Phenomenological Issues ........................
1.1.1 Behavioral Rules ...

1.1.2 Self-Organization ..............ccooiiiiiiiiiiiiiiiieennnnn.

1.2 Preliminary Reasonings on Mathematical Modeling .................
1.2.1 Crowds as a Living Complex System ........................

1.2.2  Scaling and Representation ..................coooeiiiiiin..

1.2.3  Critical AnalySiS.........cooiiiiiiiiiiiii s

1.3 The Interplay Between Modeling and Experimenting................
1.3.1 Fundamental Diagrams..................ccoiiiiiiiiiiin.

1.3.2  Data on Emerging Collective Behaviors .....................

1.3.3 Data on Individual Behaviors and on Interactions ...........

1.4 Book Contribution.............oouueiiiiiiiiii i
1.4.1 A Multiscale Approach............coooiiiiiiiiiiiiiiiiinnn,

1.4.2  Generalizations and Applications to Other Fields ...........

1.4.3  Purpose and Structure of the Book ...........................

1.5 Bibliographical Notes .............ccoiiiiiiiiiiiiiii i
2 Problems and Simulations ...
2.1  An Informal Introduction to the Multiscale Model ...................
2.2 Effectsof Repulsion.............ooooiiiiiiiiiiiiiii
2.3 Metric vs. Topological Attraction ...............ccoooeiiiiiiiinnne....
2.4 Flow Through a Bottleneck ...,
2.5 Crossing FIOWS .. ..ot
2.5.1 Lane Formation..............ooiiiiiiiiiiiiiineniniiinnn...

2.5.2 Intermittent Flow .............. i

2.6 Social Groups and One-Many Interactions............................
2.7 Bibliographical NOtes ..........ooiiiiiiiiiiiii i

Xiii



Xiv Contents

3 Psychological Insights .............................. 53

3.1 Wide LIteratures .......ooeiuiiiiie i 53

3.2 Specific Characteristics of Pedestrians ................cccovviiie... 54

32,1 Cognitive Maps ...o.uueeiiieiiiii 55

3.2.2  Geographical and Social Features ............................ 56

3.2.3  Self-Organization and Re-organization....................... 57

3.3 Models for the Single Pedestrian ..., 60

3.3.1 The 2/3 Power Law and Other Empirical Laws............... 60

3.3.2 Models of Path Choice .............ccooiiiiiiiiiiiii. 61

3.4 Experimental Settings and Measurements ....................o.eee... 62

3.4.1 Experimental SEtting ...........oooveeiiiiiiiiiiiiiiiiiie... 63

342 Measurements .........c.eeeuuueeeniieiiieiiie e 65

3.4.3 Comparison of Different Experimental Settings ............. 66

3.5 Bibliographical NOtes ...........ooiiiiiiiiiii e 68
PartII Modeling and Mathematical Problems

4 An Overview of the Modeling of Crowd Dynamics ...................... 73

4.1  Microscopic Models..........oooiiiiiiiiiii 73

4.1.1 Force Models .......oooviiiiiiiiii 73

4.1.2 Maury and Venel’sModel......................ooiee s, 77

4.1.3 Cellular Automata Models ..................oviiiiiieeen... 78

4.1.4 Discrete Choice Models..............coeviiiiiee., 80

4.2 Macroscopic Models ... 80

4.2.1 Fundamental Diagram...................coiiiiiiiiiiiin 82

4.2.2 Coscia and Canavesio’s Model ............................... 83

4.2.3 Colombo and Rosini’s Model ...............................L. 84

424 Mauryetal’sModel................iii 86

4.2.5 NonlocalModels ...........oooiiiiiiiiiii 86

4.2.6 Bellomo and Dogbé’s Model......................ooooiiii 88

4.3 Mesoscopic MOdels ........cooiiiiiiiiiiiiiii 89

4.3.1 Dogbé&sModel .........ooiiiiiiiiiii 91

4.3.2 Bellomo and Bellouquid’s Model............................. 92

4.4 Models for Rational Pedestrians .............ccooiviiiiiiiiiiinnnnn. 94

4.4.1 The Arechavaletaetal’s Model .............................. 95

4.42 Hoogendoorn and Bovy’s Microscopic Model............... 95

4.43 Eikonal Equation and Minimum Time Problems ............ 97

4.4.4 Hughes’Model ... 99

4.4.5 Hoogendoorn and Bovy’s Macroscopic Model .............. 100

4.4.6 Mean Field Game Models........................oeen s, 101

4.477 Playing with Rationality ..........................oooo 103

4.5 Bibliographical NOESs ........cooiuiiiiiiiiiiiiii e 103



Contents

5

6

7

Multiscale Modeling by Time-Evolving Measures .......................
5.1 Conservation Laws by Time-Evolving Measures .....................
5.2 Velocity from Planning and Interactions ...................ooovve...
5.2.1 Desired VeloCity «....uvuvieeiiii i
5.2.2  Interaction VelOCIty ........coovviuiiiiiiiiiiiii i,
5.2.3 Metric and Topological Interactions ..........................
5.3 Recovering Single-Scale Models ............cccoviiiiiiiiiiiiiiin...
5.3.1 Microscopic Models.........ooviiiiiiiiiiiiiiiiiiiie
5.3.2  Macroscopic Models ..........ooouiiiiiiiiiiiiiiiii
54 Multiscale Model ...
5.5 Multiscale Numerical Scheme ....................ooi.
5.5.1 Discrete-in-Time Model.................oooiiiii.
5.5.2  Spatial ApproxXimation ..............ceeeeiiiiieieiiiiiiieee...
5.5.3 The Algorithm ...... ..o
5.6 Two-Population Models...........ccooiiiiiiiiiiiiiiii i
5.7 Bibliographical NOtes ............ooiiiiiiiii e
Basic Theory of Measure-Based Models ..........................oooo0
6.1 Phenomenological Model with Perception............................
6.2  From the Phenomenological to a Mathematical-Physical Model ....
6.3 Probabilistic Interpretation.............oooeeiiiiiiiiiiiiii ...
6.4 Uniqueness and Continuous Dependence of the Solution ............
6.5 Existence of the Solution................oooiiiiiiiiiiii
6.6  Approximation of the Solution ...............cooiiiiiiiiii..
6.7  Spatial Structure of the Solution ...,
6.8  Study of Pedestrian Velocity Models ...............ooooeiiiiiioo...
6.9 Bibliographical NOtes ............coiiiiiiiiiii e
Evolution in Measure Spaces with Wasserstein Distance................
7.1  The Homogeneous Nonlinear Evolution Equation ...................
7.2 Transport Equation, Optimal Transportation,
and the Wasserstein Distance ................cooooiiiiiiiiii.
7.2.1 Wasserstein Distance Under the Action of Flows............
7.2.2  Existence and Uniqueness of Solutions ......................
7.3 Lagrangian and Eulerian Numerical Schemes ........................
7.3.1 Discrete Lagrangian Scheme with Velocity of Centers......
7.3.2 EulerianScheme..............oooiiiiiiiiiiiiii
7.4  Interaction Velocities for Pedestrians...................oooiiin..
7.5 Transport Equation with Source .............ccoviiiiiiiiiiiin. ..
7.6  Generalized Wasserstein Distance ...............c.oooiiiiiiiin...
7.7  Existence and Uniqueness of Solutions for the Transport
Equation with SOUICe........ooviiiii il

7.8 Bibliographical NOtes ............coiiiiiiiiiiii e

XV



Xvi Contents
8 Generalizations of the Multiscale Approach .............................. 195
8.1  Second Order Time-Evolving Measures ................oooeeeeeennn. 195
8.1.1  Phenomenological Microscopic Model....................... 195

8.1.2  Mathematical-Physical Model .......................ooooa. 197

8.1.3  Mass and Momentum Equations......................oooo.. 199

8.1.4  Monokinetic Solutions .............ccoooiiiiiiiiiiiii.. 203

8.2 Multidimensional Multiscale Coupling .............cc.oooviieea.nn. 204

8.3  Space-Time-Dependent Multiscale Coupling ......................... 207

8.4  More General ODE-PDE Coupling.............cooceeiiiiiiieaann. 211
8.4.1 Coupling the Heat Equation and the Brownian Motion ..... 211

8.4.2  Numerical Approximation of the Coupled Equation ........ 213

8.5  CoNCIUSIONS ...ttt 219

8.6  Bibliographical NOteS .........coiiiiiiiiiiiiiiiii e 219

A Basics of Measure and Probability Theory................................ 221
A.1 Measurable Spaces, Measures, and Measurable Functions........... 221
A.1.1 Sets and Operations with Sets..............oooeiiiiiii... 221

A.1.2 o-Algebras and Measurable Spaces ......................o... 222

ALL3 MEASUIES ...ttt et 224

A.1.4 Measurable Functions ...............coooiiiiiiiiiiiin.. 226

A.2 Integration with Respect to an Abstract Measure ..................... 227
A.3 Decomposition of a Measure ...........oooeeeeiiiiiiiiieiiniinen... 232
A4 Probabilities .........oeiiiiiiii 234
A.4.1 Events, Operations with Events, and o-Algebras ............ 234

A.4.2 Probability Measures ............ooevveieiiiiiiiiiiiiiiine... 235

A.4.3 Random Variables ... 235

A.4.4 Integrals of Random Variables ...................oooiiiet. 236

A.5 Product Spaces, Marginals, and Disintegration of a Measure......... 237
A.6 Wasserstein Distance in Probability Spaces....................ooo.t. 241
A7 Measures as Distributions ...............ocoiiiiiiiiiiiiiiiiii 243
A.8 Bibliographical NOtes ............coiiiiiiiiiiiii e 245

B Pseudo-code for the Multiscale Algorithm ................................ 247
B.l  Preliminaries .........uueuuuuniiiiiii e 247
B.2 ThePseudo-code .........ouuiiiiiiiiiiiiiiiiiees 248
References. ..........o.ooiiiiiii i 251



2 Springer
http://www.springer.com/978-3-319-06619-6

Multiscale Modeling of Pedestrian Dynamics

Cristiani, E.; Piccoli, B.; Tosin, A,

2014, XV, 262 p. 62 illus,, 45 illus. in color.,, Hardcover
ISBMN: 978-3-319-06619-6



	Contents

