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Mo#va#on (Crowd)  

•  Entertainment (movies and games) 
•  Architecture  
•  Training  
•  Security 
•  Sociology (crowd behavior) 
•  Physics (crowd dynamics) 



Approaches (Crowd) 

•  Par#cle  systems 
•  Agent based models 

•  Probability networks 
•  Social force networks 
•  Flow and network model 

•  …… 



Approaches (Cont.) 

•  Par#cle systems: the characters are aFached 
to par#cle points that are then animated by 
vector fields. 
– Pros: inexpensive, can be done in most 3D 
soLware packages. 

– Cons:  limita#on of the behaviors 
            not very realis#c  



Approaches (cont.) 

•  Agent based models: 

•  Two survey‐papers: 
–  THALMANN D., O’SULLIVAN C., CIECHOMSKI P., DOBBYN S., Popula'ng 

Virtual Environments with Crowds. Eurographics 2006 
Tutorial Notes. 

–  SCHRECKENBERG M., SHARMA S. D., Pedestrian and Evacua'on 
Dynamics. Springer, 2001. 

•  Pros: This system is much more realis#c than par#cle 
Systems. 

•  Cons: expensive compared to the previous. 



Key Issues 

•  Large-scale crowd in real time 

•  Richness of behaviors in a crowd 

•  control 

•  computational cost 
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Composite Agents, SCA 08 
 Yeh, H., Curtis, S., Patil, S., Berg, J. Manocha, D., and Lin, M.  

•  A composite agent consists of a basic agent 
that is associated with one or more proxy 
agents. 

•  The idea is to inject intangible factors into the 
simula#on by embodying them in "physical" 
form and relying on the simulator’s pre‐
exis#ng func#onality for local collision 
avoidance. 



Composite Agents (cont.) 
 Yeh, H., Curtis, S., Patil, S., Berg, J. Manocha, D., and Lin, M.  

•  Algorithm – agent based 
•  Naviga#on – global road map  

•  Collision avoidance – reciprocal velocity 
obstacles 



Composite Agents, SCA 08 

•  Composite agent formula#on 



Composite Agents (cont.) 



Composite Agents (cont.) 

•  Limita#on: 
– behaviors complicated communica#on or group 
coordina#on. 

– composite agents rely on the mechanism provided 
by the underlying planning system (e.g. collision 
avoidance), this level of indirec#on disallows 
precise control over the exact nature of the agent 
interac#ons.  



 Group Motion Editing  
 SIGGRAPH 08 

 Taesoo Kwon, Kang Hoon Lee, Jehee Lee, Shigeo Takahashi 

•  A real‐#me approach to edi#ng group mo#on 
as a whole while maintaining its neighborhood 
forma#on and individual moving trajectories 
in the original anima#on as much as possible. 



Group Motion Editing (cont.) 

•  The graph structure ‐ ver#ces represent 
posi#ons of individuals at specific frames and 
edges encode neighborhood forma#ons and 
moving trajectories. 

•  Edi#ng opera#ons 
– Deform group mo#on by pinning or dragging 
individuals. 

– S#tch or merge mul#‐group mo#ons to form a 
longer  or larger group mo#on while avoiding 
collisions.   



Group Motion Editing (cont.)  



Group Motion Editing (cont.)  

•  Advantage ‐ a user can interac#vely 
manipulate mul#ple character mo#ons as a 
whole and s#ll have direct, precise control 
over individual trajectories. 

•  Limita#on ‐ A large deforma#on of a group 
mo#on can lead to unnatural speedup/
slowdown of individual mo#ons. 



Clone Attack! Perception of Crowd Variety 
SIGGRAPH 08 

 McDonnell, R., Larkin, M., Dobbyn, S., Collins, S.,O'Sullivan, C. 

•  Study - Perception of variety in crowd. 

•  Issue - when simulating large crowds, the 
models and motions of many virtual 
characters are often cloned. However, 
What is the proper degree of the 
duplication in terms of the perception of 
variety in crowds? 



Clone Attack! (cont.) 

•  Baseline Experiments (single clone) –study the 
factors that affect the people’s ability to 
iden#fy a single pair of clones in crowd. 

•  Mul#ple Clone Experiments  
– Main hypothesis is that increasing the number of 
clones of a single model or mo#on will make clone 
pairs easier to find. 



Clone Attack! (cont.) 



Clone Attack! (cont.) 



Clone Attack! (cont.) 

Summary of effects: 
• Appearance clones were easier to detect than mo#on clones 
• Increasing clone mul#plicity reduced variety significantly 
• No appearance model was more easily detected than others 
• Certain gaits were more dis#nc#ve than others 
• Color modula#on and spa#al separa#on effec#vely masked 

appearance clones 
• Combined appearance/mo#on clones were only harder to find than 

sta#c appearance clones when their cloned mo#ons were out‐of‐
step 

• Appearance clones were also harder to find when combined with 
random mo#ons 

• Mo#on clones were not affected at all by appearance, even with 
random appearances 



Mo#on Planning  

•  A hard problem in a dynamic environment 
•  Path planning ‐ a kinema#c problem involving 
the computa#on of a collision‐free path from 
start to goal. 

•  Velocity planning ‐ the considera#on of robot 
dynamics and actuator constraints. 



Approaches (planning) 

•  Velocity obstacle ‐ P. Fiorini and Z. Shiller, 
“Mo#on planning in dynamic environments using 
velocity obstacles,” Int. Journal of Robo#cs 
Research, vol. 17, no. 7, pp. 760–772, 1998. 

•  Reciprocal velocity obstacle ‐ Van Den Berg J., Lin 
M., Manocha, D., “Reciprocal velocity obstacles 
for real#me mul#‐agent naviga#on. Proc. of IEEE 
Conference on Robo?cs and Automa?on (2008). 



Mo#on planning in dynamic 
environments using velocity obstacles 

•  A is the robot and B is obstacle. 
•  Each have a respec#ve velocity, 

VA and VB. 
•  Assump#on: Instantaneous 

state (posi#on and velocity) is 
either known or measurable. 

•  Assump#on: An obstacles 
maintains a constant velocity at 
least for a given #me. 



Motion planning in dynamic 
environments using velocity obstacles 



Motion planning in dynamic 
environments using velocity obstacles 

•  Collision Cone: set of colliding rela#ve 
veloci#es between A’ and B’. 

•  V(A,B) is the rela#ve velocity of A’ with respect 
to B’, and λ(A,B) is the line of V(A,B) 

•  The veloci#es that lie between λr and λf will 
cause a collision between A’ and B’. 

•  Intui#on behind velocity obstacles: The cone 
represents those set of veloci#es that will 
cause the robot to collide with the obstacle. 



Reciprocal velocity obstacles for 
real#me mul#‐agent naviga#on 

•  Reciprocal Velocity Obstacle ‐ implicitly 
assumes that the other agents make a similar 
collision‐avoidance reasoning.  

•  Under this assump#on, the proposed 
framework is guaranteed to generate safe and 
oscilla#on‐free mo#ons. 



Reciprocal velocity obstacles for 
real#me mul#‐agent naviga#on 

•  Reciprocal Velocity Obstacle ‐ instead of 
choosing a new velocity for each agent that is 
outside the other agent’s velocity obstacle, we 
choose a new velocity that is the average of its 
current velocity and a velocity that lies outside 
the other agent’s velocity obstacle. 



 Future works 

•  Real‐#me crowd simula#on and planning 
•  More dynamic control 

•  More variety of behaviors 

•  Trade‐off between autonomy and the 
animator controls 


