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Funda Durupınar, Uğur Güdükbay, Aytek Aman, and Norman I. Badler

7. Impostor-Based Crowd Rendering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
Alejandro Beacco, Nuria Pelechano, and Carlos Andújar

Section III: Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

8. A Quantitative Approach to Comparing Real and Synthetic Crowds . . . . . . . . . . . 141
Soraia Raupp Musse, Cláudio Rosito Jung, and Vinicius Cassol

9. Scenario Space: Characterizing Coverage, Quality, and Failure of Steering
Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
Mubbasir Kapadia, Glen Berseth, Shawn Singh, Glenn Reinman, and Petros Faloutsos

10. Data-Driven Crowd Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
Panayiotis Charalambous and Yiorgos Chrysanthou

vii



viii Contents

11. SteerFit: Automated Parameter Fitting for Steering Algorithms . . . . . . . . . . . . . . . 197
Glen Berseth, Mubbasir Kapadia, Brandon Haworth, and Petros Faloutsos

Section IV: Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

12. Virtual Crowds in Film and Narrative Media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
Paul Kanyuk

13. Real-Time Micro-Modeling of Millions of Pedestrians . . . . . . . . . . . . . . . . . . . . . . . . 235
Rainald Löhner, Muhammad Baqui, Eberhard Haug, and Britto 

Section V: Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255

14. Conclusions from the Editors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259



Preface

We are delighted to introduce this book Simulating Heterogeneous Crowds with Interactive
Behaviors. This book project started after a Eurographics Tutorial, which the editors orga-
nized in 2014. The original tutorial was extended by inviting renowned researchers in the
crowd simulation field to contribute their latest work to the book.

Although many of the topics covered in this book already appear in published papers,
they are spread over many different journals and conferences. This volume consolidates
in one place many of those fundamental topics and approaches that are important when
trying to simulate crowds that demonstrate a certain level of heterogeneity.

This book is divided into four major sections: navigation and steering, editing and
realism, evaluation, and applications.

The chapters on navigation and steering introduce a variety of methods that have been
used over the past decade to move groups of virtual people toward individual goals
while avoiding collisions between agents and with the environment. Some of the meth-
ods described in the first chapter include a variety of parameters that can help introduce
heterogeneity in the crowd. In order to have agents navigating complex or large spaces,
steering alone is not enough; the second chapter gives an overview of methods that can cre-
ate abstract representations of the environments to perform higher-level tasks such as path
finding. Finally, in order to enhance heterogeneity, the third chapter introduces methods for
data-driven simulation that exploit heterogeneity in behaviors extracted from examples in
the real world.

In the second section, editing and realism play a role in providing some control over the
final look of the simulation. For example, we may want to observe certain formations
among agent groups, or have specific densities or flows in different parts of the environ-
ment. In order to achieve heterogeneity, it is important to explore effective methods for
editing and authoring in order to allow the user to orchestrate overall crowd movement.
For example, crowds may have a global “personality,” which is evident in their collective
behavioral choices. The inclusion of models of personality and emotion to drive the simu-
lation can also greatly enhance realism and heterogeneity. For realism and rendering speed,
one chapter provides an overview of graphics display techniques, focusing on two meth-
ods that are based on graphical impostors per body part. These techniques enhance the
overall realism of the crowd by adding variety in appearance.

One of the most important issues when doing research in crowd simulation is addressed
in the third section on evaluation. Here, we cover a number of methods for performing
quantitative evaluation of crowds in terms of measurable features such as densities or
flows. Evaluation may also compare simulations with agent decisions based on available
real data.

Finally, the fourth section of this volume documents some examples of applications where
crowd simulation is required. The first chapter in this section provides a very entertain-
ing view of how this field has evolved in the animation industry from a Pixar point of
view. The second chapter covers a completely different industrial and societally important
application in safety and evacuation dynamics.

The editors of this book have made notable contributions to and have a comprehensive
history in the crowd simulation research field. Norman Badler became interested in compu-
tational modeling of humans and their movements in the mid-1970s as he was completing
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his PhD dissertation at the University of Toronto. After taking an academic position at the
University of Pennsylvania, he worked with a variety of geometric and animation meth-
ods for human modeling. Eventually, he and his students developed an interactive human
software system for ergonomic applications: “Jack.” After successfully spinning this soft-
ware to a start-up, he began to look into animating groups of virtual human models. The
primary drivers of these investigations were Jan Allbeck and Nuria Pelechano. Allbeck
was particularly interested in agent heterogeneity, action variety, scheduling, and reactive
behaviors. Pelechano examined agent communication, high-density crowds, and geomet-
ric extensions to social forces models. Their achievements were documented in the 2008
book Virtual Crowds: Methods, Simulation, and Control. Subsequently, Mubbasir Kapadia
became a postdoctoral researcher for 2 years in Badler’s Center for Human Modeling and
Simulation at Penn and produced considerable new approaches to various issues in human
crowd simulation ranging from steering behaviors to story-telling planning systems.

Nuria Pelechano continued her work with Allbeck and Badler during her postdoc to
explore the field of presence for the evaluation of crowd simulation methods, as an alter-
native to the quantitative approaches presented in this book. They also investigated the
inclusion of psychological models to add heterogeneity into the overall simulation. In
2007, Pelechano joined the Universitat Politècnica de Catalunya, and since then she has
been working on developing rendering techniques that can handle a variety of anima-
tions for crowds in real time. Part of her recent work in collaboration with Kapadia and
Badler has focused on animation techniques to accurately following footstep trajectories
and simulation of groups of agents with different granularities.

Jan Allbeck’s interest since joining George Mason University has focused on develop-
ing purposeful agents. Allbeck and her students have looked at ways to increase virtual
human’s understanding of their environment, including attention and memory models
and most recently automated generation of action and object semantics.

After his postdoctorate, Mubbasir Kapadia joined the animation group at Disney
Research, Zurich. Since 2015, Kapadia is an assistant professor at Rutgers University where
he conducts research in humanoid character animation, crowd simulation, and digital
storytelling.

It is the editors’ collective hope that this volume will continue to motivate research and
applications in heterogeneous crowd simulation. Realistic spatial environments supporting
real-life situations and populated by multiple individuals have been an inspiration to us.
We hope you will find them just as fascinating.
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