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Motivation TU
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B Commonplace In
Computer Games and
Feature Films

| W Shows interaction among
- Individuals and interaction
with environment

||||||||||

| 4 M Challenge due to high
~dynamics and complexity
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Introduction

W What are crowds?
¢ Large groups of human or animals
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Introduction — Entertainment TU
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Ages of Empire Il

Courtesy of Microsoft

Matrix Reloaded,
Courtesy of WarnerBros

]
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Introduction — Architecture TU
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Urban Environment Planning,
Courtesy of Paul M. Torrens
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Introduction — Safety Science TU
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Emergency Evacuation Simulator,
Courtesy of www.emergencysimulators.com
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Introduction — Psychology U
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Virtual Reality in Psychatrie — Crowd Phobia,

Courtesy of Mireille Clavien @ EPFL Lausanne
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Introduction — Sociology

B Crowd Behavior
¢ Local (Each member acts individually)
¢ Global (The whole crowd acts similar)

Crowd Behavior Simulation,
Courtesy of http://www.topvirtuality.com
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Introduction — Physics TU
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Crowd Dymamics Simulation,
Courtesy of Redfish Group

[
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Related Work — Generation of a crowd

B Heterogeneous crowd
¢ CrowdBrush
- Ulicny et. al.
¢ Procedural
- Reeves
¢ Body capture Color brush with uniform operator. Courtesy of Ulicny et. al.
- Thalmann and Musse
W Layout

¢ Defined positions — Takahashi et. al.
¢ On the surface, in the volume — Bezak
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Related Work - Animation

B Path Planning
¢ Motion Graph
- Kwon et. al.
¢ Spectral-based
- Takahashi et. al.

M Collision Avoidance
¢ Motion Graph

- Sung, et. a|_ A Group Motion Graph. Courtesy of Lai et. al.
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Related Work - Behavioral Animation

B Agent based — Reynolds

W Multidisciplinary - Couzin et. al.

W Evacuation drills — Nygren

M Constrained animation of flocks - Anderson

Boids. Courtesy of Reynolds
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Related Work - Environment

M Building for emergency procedure
W Populated Environments
- Thalmann and Musse

Courtesy of Thalmann and Musse

Courtesy of Treuille et. al.
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Related Work - Rendering

 Real-Time Rendering

W Real-Time Rendering
¢ Pre-computed
- Thalmann and Musse
¢ LOD

- O’Sullivan et. al.
[ ] Oﬁ:“ne Lemours in Madagascar Courtesy of Kerme

¢ High Level Behavior — Kermel (movie Madagascar)
¢ The Lord of The Rings - Scott Remington
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Path Planning - Introduction

B Agent Based by Reynolds

¢ Shepherding - Lien, et. al.

¢ Following the leader — Couzin et. al.
W Particle systems by Reeves

¢ Following a path — Ramamoorthi, et. al.
¢ Formations - by Takahashi et. al.
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Path Planning - Problems

B Constrained path

M Collision avoidance

M Control over a whole crowd
W Various length

B Smooth movement
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Path Planning - Solutions

B Constrained Delaunay Triangulation — Kallmann et. al.
W Particle systems - Reeves
M Group Motion Graph - Kwon et. al.
W Spectral-Based Group Formation Control
- Takahashi et. al.

Constrained Delaunay Triangulation. Courtesy of Kallmann et. Al.
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Path Planning — State of the Art

[TYK+09] Shigeo Takahashi, Kenichi Yoshida, Taesoo
Kwon, Kang Hoon H. Lee, Jehee Lee, and Sung Yong Y.
Shin. Spectral-based group formation control. Computer
Graphics Forum, 28:639-648, 2009.

B Macroscopic approach
W Particle systems

W Keyframes

B Smooth Animation

=)

Courtesy of Takahasi et. Al.
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Path Planning — State of the Art

W Capture video
W Delaunay triangulation
W Laplacian matrix

Courtesy of Takahashi et. al.
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Path Planning — State of the Art

M Interpolation — rotation
W Geometric interpolation — polar
W Extension

Difference between linear interpolation and polar interpolation.
Courtesy of Takahashi et. al.
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Path Planning — Our Ideas

W Collision avoidance using Motion Graphs
W Pre-processing step more automatic

W Local adjustments to the movement

W Extension to 3D

(a) 2D, (b) between 2D and 3D, (c) full 3D
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Local Behavior — Introduction

B Normal situation versus Panic situation

Normal situation Panic situation,

Courtesy of Daniel Thalmann Courtesy of Pelechano and Malkawi
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Local Behavior — Characterization

M Flocking
M Following
M Goal changing

W Attraction Point
¢ Normal situation
¢ Panic situation

W Static Obstacle avoidance
M Collision avoidance
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| ocal Behavior — Evacuation

B Panic Research

Evacuation behavior model A General model of
from Helbing et al., human behavior in case of fire,
Image courtesy of Helbing et al. Image courtesy of Li et al.

]
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Local Behavior — Cellular Automata

Space Representation

Courtesy of Pelechano and Malkawi

+ —

Set of Rules )

Courtesy of University of Oxford Path
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Local Behavior — Sociological Aspects

M Phenomenon of escape panics

M Loss of group behavior in stressful situations
M Global view for evacuation simulation

M Set of evacuation rules:

Courtesy of Daniel Thalmann
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| ocal Behavior — Solutions

M Optimization of flow

B Minimize ,Faster-is-slower-effect*
M Guided Evacuation

M Optimize architectural planning

M Avoid bottlenecks
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Conclusions

B Mathematical description
M Understanding

Courtesy of Takahashi et. al.
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Conclusions TU
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Thank you for your attention.

Courtesy of Dreamworks Animation Group.
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