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Agent-Based Model Approach:
Emerging Crowd Behavior in Closed Spatial Environments
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Study of Normal Fruition dynamics and of Emergency
i Alarm dynamics
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Pedestrian Behavior

walking, the most sustainable form of transport

. disproportionate investment on
research into motorized travel

need improved
methods for modeling pedestrian movements

. crowding, personal space, territoriality, sensory
overload, collision avoidance, navigation and orientation,
environmental perception, evaluation and decision making




Pedestrian Benavior

analyze pedestrian behavior at the very fine scale

transport engineering

Analytical Models

They follow a macroscopic approach
which represents pedestrian flows
through mathematical models and
provides an assessment of the average

pedestrian flow along streets:
*Stochastic Queuing and Route Choice models;
*Regression analysis models;

*Analogies with fluids, gas Kinetics and other
physical flow systems;

*Application of gravity models, entropy
maximization;

*Dynamical network analysis with flow models
calibrated on the basis of data collections.

The limit of these models is that they
obviously cannot take into account
some peculiar microscopic aspects of
pedestrian (human) behavior.

computational tools become essential

Micro-Simulaions

They have the potential to overcome the
major limitations of the analytical models by
incorporating a variety of rules to simulate
individual features at a microscopic scale.

In closed spatial environments and in

presence of unusual demand flows, micro-
simulations are able to model the local

dynamics of individual decision making,
which is strongly affected by the geometry,
randomness, social preferences, local and

collective behavior of other individuals.

A very interesting approach is, for example, the one by
Helbing and Molnar, based on the concept of “social
force”, a measure for the internal motivations of the
individuals to perform certain actions (movements)
and its influence on people’s dynamic variables
(velocity, acceleration, distance).




Microssimulations approaci 1o Pedesirian behavior

computational speed rich data

(ellnlarAmomala Ageni=based models
dproach dpproaci

Tries to model the[ = Allows to treat pedestrians as

behavior of pedestrians| “|* " e fully autonomous entities ‘, .

by means of a limited| | <" (agents) with cognitive and | = -.
set of rules describing R sometimes also learning

their individual features. [~ " capabilities.
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Ageni-Based Simulations

agents

software senors
platforms virtual spatial world

percepts
control system

actions

actuators
emerging collective behavioral patterns

competitive cooperative

undesired crowded situations

Compression waves on a single exit Spontaneous oscillations through a bottleneck
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Ageni-based Model o1 Castello Ursino (Catania; Iialy)

Castello Ursino in Catania (Italy)

The planimetry is square, with four towers
placed around a central courtyard. It has only
one entrance but many rooms and corridors
containing paintings, sculptures and other
works of art (more than 8000 pieces).

Castello Ursino was built by order of
Federico II between 1239 and 1250, as
part of a much larger scheme of fortresses
spread out over the Sicilian territory from
Enna to Messina, right up to Siracusa.




Pedesirianbynamics mside Castello Ursino Musetm

Castello Ursino exploring rising crowd behavior

level of service and the safety
two main dynamical regimes

EmergencyAlarmibynanmics

NOImal ERonshynaimics

In the first part of the simulation,
visitors start their tour and visit each
room in a fixed sequence, enjoying as
many artwork is possible.

We are interested in evaluating the so
called “Carrying Capacity” of the
museum, that is the total number of
visitors the building can tolerate
keeping maximum the global level of
satisfaction.

In the second part of the simulation
an emergency alarm randomly goes
off at a given time.

We are now interested in observing
the visitors’ reaction to the alarm and
in calculating their evacuation time in
correspondence of different
arrangements of the emergency exits
and different evacuation strategies.




NetLogo platform

freeware, direct and friendly

U. Wilensky (1999) — NetLogo — http://ccl.northwestern.edu/netlogo. Center for Connected Learning and
Computer-Based Modeling. Northwestern University, Evanston, IL

The spatial environment in NetLogo is | “§ g=. = : :

represented by a two dimensional grid
ofidiscreteccells.* called
‘patches’ (gray scale squares). Over
the grid hundreds or thousands of
agents (colored arrows) can move, all
operating independently and
programmed in terms of how they
interact with each other and with the
environment.




planimetry
square grid

Real Planimetry Virtual Planimetry in NetLogo Environment
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Normal Eruiion Dynamics

velocity of 0.6 m/sec

random interest

patience

groups of randomly

selected sizes S SMAX
intervals of time

average

radius of vision

individual memory

random

fruition area

level of satisfaction




Normal kriion Dynamics: Simulations Resulis
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Emergency Alarm Dynamics

what happens if an alarm

Algorithm of
motion for
each agent

goes off

The agent
see an
emergency
exit?

The agent
see an
emergency
sign?




Emergency Alarm Dynamics in

existing configuration
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Emergency Alarm:Dynamics i ihe EXisting Connguration

evacuation time distribution

bottleneck effect
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Emergency Alarm:bynamics inAliernative Contguraiions

possible evacuation plans
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compare to each other different

TABLE L ALTERNATIVE EMERGENCY CONFIGURATIONS
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- Existing configuration with three exits

Four emergency exits -

Two emergency exits (1 and 2) 5
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(arryimg Capacity and-Saiety Conditions
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Mimmary and conciusions

*Agent-based simulations

simulation of people
visiting and evacuating a museum

normal fruition regime

alarm regime

unexpected and a-priori unpredictable

supporting more traditional strategies already
available to the engineers for building and management of real structures.
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