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Current Problems: Our Method: T TP
upervise| i C i Decisic
Realistic ) . o Focuses on the problem of simulating the local motion & modify o ®
Crowd Rule-based HIDAC Social Forces: look closer to particle animation and global wayimdlmg behawqrﬁ}ofd high dienﬁlty ﬁrowc_is High level o
p han human movement. Vibration problem. moving in a natural manner within dynamically changing e
Animation Models than human mo e ent. Vibratio .p oble o complex virtual environments. Attractor Bottlenecks
Rule ABased. either do not consider collision HIDAC: (High Density Autonomous Crowds). applies a :::’ e
detection ?nd repulsion at all, or adopt very . combination of psychological and geometrical rules Attractor o
conservative approaches through the use of waiting layered on top of and extending a social forces model. reached
Cellular Social Forces rules. Good for low densities in everyday life HIDAC exhibits a wide variety of emergent behaviors R
Unrealistic|  Automata simulation, but lacks realism for high density or from agent line formation to pushing behavior and its guper/se -
nrealistic Models anic situations consequences, based on the current situation, madify Perception
Crowd Models p . personalities of the individuals and perceived density of | Sl
Animation Cellular Automata: limit the movement of the the crowd. ) _ o owiovel
Handles Low-Med _Handles Low-High agents, and tend to look like a checkerboard when ngeeuri%zme behaviors gfcC;g;f;ﬁ;:';L:rsehcigg"fa;l{ilgg;n " v
densities densities the density is high. panic prbpagation. : g —
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Summary of Result 3 3
4 | Fast perception Fast perception method (linear cost) that proves to be sufficient for local movement. E“mlnate Shaklng - organlzed BehaVIor - Quel’"ng -
Repulsion
= EELIRGEL I RGN Keep track of the agents currently crossing a portal to perform efficient collision detection test when ' Fooms
in doors agents are moving between rooms. (A{e N
=T ETEEETGL BEREWLIE . More realistic movement for high density crowds, where agents do not appear to vibrate continuously. ; Y
DEWVE IR ERIAY Natural counter-flows for different density crowds. Also, overtaking behavior exhibited when agents _ Bﬁiﬁ;
and overtaking with different velocities walk in the same direction and there is not immediate oncoming traffic. M 'i;su“':i:‘;i‘e‘“” “of Movement
=SB IELG eV S Lanes emerge naturally when large groups of agents try to walk through a door. Line width varies in ©=angle(vr)
accordance with the tangential weights applied. Ifcos(@) > 0 ~
o > > ) ) y ) 5 then braking forces apply
GEEIS TR ELEVEE Agents with smaller pushing thresholds are more likely to push others away when they are in panic.
Pushing behavior emerges when groups of agents are pushed off course by the crowd. Influence disks used to trigger waiting rules
Falling agents becoming Variety of emergent behaviors where agents avoid fallen victims by walking around them when the Braking forces applied depending on the direction Emergent behavior observed: Queuing
new obstacles density of the crowd is low. When the density is high, agents may be pushed over the fallen victim. of the repulsion forces. Avoidance forces of different intensities lead to different
Panic propagation Panic can appear to spread through the crowd based on the panic propagation parameter. Agents in Fle_sult: reduces the particle shaking appearance. ineiiornatonlfednanchedonwiderines)
panic will exhibit faster movements and increased willingness to push others if necessary. Still allows body contact and thus pushing.

9 | Real-Time reaction to Agents can react to changes in the environment by modifying their route in real time. Al
environment changes
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Parameters affecting agent’s behavior: Fast Perception: Avoidance forces
affected by:
WALL - Distance to
H - obstacles.
2 - Relative directions.
- Density.

Natural Bidirectional flows
and overtaking:

Right preference
when facing

Gotumn

— oncoming traffic.

For each obstacle ahead of the Priorities assigned to
agent, calculate: obstacles affecting

= Distance the intensity of the

= Angle tangential forces

This information determines
which is the most relevant
obstacle in the current trajectory.

Efﬁcient C°| | iSion detection: Attractor points appear before and after each

door to steer the agent.
The next door to be crossed and its attractor
is given by the high-level module (based on

< If distance to 8205 e N . .
- ) ,mrnc‘!::f:ﬁ Romoverompormin___/“LERINEE T distances and environment knowledge)
Collision detection \ Afucers / \twtoreh/ The low-level module steers the agent

calculated against -
agents and objects: Pastanca o A<t
= Within the same

towards the designated attractor

i distance o B<0.5

room P -
X €LosE TOB,
= Around a door, in "Ppﬁﬁ:,‘,,” G‘\’ AR
case we are R o -
crossing it. " Chanes attiarram Atas
Keep track of
agents within a EXl ~Jr e
room and current ALB

agents crossing
doors.

Extending the social forces model:

WATttrac, WWalls, WObst, WOtherAgents

Srotal = fattrac *Wartrac + waiis *Wails + fobst *Wobst + fdesiredSpeed + and WFallenAgents: weights that indicate Collision response provides pushing behavior.
fr W, i “Wrall how much each of these elements should Different agents have different pushing thresholds which leads to some agents being able to push others while not
affect the total force fTotal getting pushed themselves.
Desired position: Panic propagation achieved by perceiving others in panic and changing behavior (increasing speed, reducing
> Fout ey Ea e E s (DD G g pushing thresholds, canceling stopping rules, etc)
Pa (e+1)= P(f)+ v(t)- Hf H were overlapping with the agent, then the
total weight for that particular force would be 0, = 0
Final position: which indicates that it has to be treated as A " ;
- aresponse. - -
P+ )= palt+1)47 Falling Agents: Real-Time reaction to

environment changes:

mﬂ Impatience:

H . .
Different objects have different Repl'“s“,n Forces: Arrcter o = if bottleneck, and
priorities when applying repulsion Priorities: Fallen agents become new obstacles. alternative route
forces Weak avoidance forces but no repulsion, which ‘;’:m’;‘rve‘:‘egaiz"°se
Object Walls and columns | Walking agents | Fallen agents leads to:

o = In low densities: other agents will walk around.
TE.‘S priorities apﬁnly when several Classification | Non-traversable Can be pushed | Can walk over - In high densities, other agents may get pushed
G |e<its may o‘vev ED . N N and have to walk over the fallen agent.
simultaneously. Priority Highest Medium Lowest

Against Agents: Against Walls:
If the obstacles belong to the

same priority level, then the total
repulsion force is the sum of the
individual forces.

Doors opening or closing:
- if path being followed
appears blocked then
choose an alternative route
if we know one, otherwise
start exploring.
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