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Introduction

The research described in this paper is part
of three research projects in which the
University of L'Aquila is involved as a
partner: SICURA Project - “Intelligent house
of technologies for safety - L'Aquila” -
Emerging Technologies Support Programme
(FSC 2014-2020) - Axis | “House of Emerging
Technologies”, Research Programme: Safe
City: urban design and technologies for urban
safety; the National Centre for HPC, Big
Data and Quantum Computing - PNRR
Project, funded by the European Union - Next
Generation EU; Territori Aperti, a centre for
documentation, training and research for the
reconstruction and recovery of disaster-
affected fragile territories, funded by Fondo
Territori Lavoro Conoscenza - CGIL CISL UIL.
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One of the issues on which today's urban planner is probably called upon to
question himself is the ability to succeed in shaping a dynamic approach to face the
challenges and events that contemporary life presents us with, placing himself in a
position that is not always simple, trying to elaborate methodologies and
implement innovative tools that can support the planning practice.

A fundamental part of this practice lies in the virtual representation of conditions,
behaviour and risk scenarios in order to plan, communicate and inform citizens,
public administrations and stakeholders living in the territories, regardless of their
disaster history.

In this way, it will be possible to define new urban planning and design practices
oriented towards the safety of the city's people and thus increase the cities'
resilience.
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Methodology

The methodology, as depicted in figure is
composed of five phases: (1) the construction of a
knowledge system in the form of an Urban Digital
Twin (UDT), (2) the selection of cross-scale case
studies of the UDT on which to apply the output of
phase 3, (3) the realization of a software
application with agent-based programming
techniques aimed at simulating evacuation
during a disaster, (4) the definition of urban
design techniques on the case studies for
reducing risks during evacuation, and (5) the
feedback application of phase 3 to verify the
urban performance of the techniques defined in
phase 4.

loop of
verification and
implementation
of alternative
solutions
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New and more
resilient urban forms
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The chosen software is Gama Platform:
a modelling and simulation
development environment for the
construction of spatially explicit agent-
based simulations. It is possible to
import and visualize shapefiles (which
contain georeferenced data) with which
to conduct analyses at different spatial

levels and scales of representation.

Although GAMA provides a scientific

approach to constructing and exploring @
. AMA

models, it was also developed for use Cn

by researchers outside the field of

data science. s s e
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The script

The choice was mainly oriented by the open-
source nature of the software itself. As
mentioned, in GAMA, processing can be
Implemented thanks to a programming
language (based on Java) in which it is
possible to define variables of different types
related to each other. Variables defined
represent the heart of the algorithm because
they explain the fundamental components of
the simulations. It is also possible to import
data of different types, both geospatial and
geometric (both two- and three-
dimensional), which are displayed. The
structure of the script, which is currently
very lean and affected by some limitations
that will be mentioned later, is presented in
the picture.

global {
//Impasia. shapefile
file sn,gpg z;),g,;);mex,a <- file(

f11e mwmm
f11e shape.fi g aCE]MQ <=

k. destinazioneasha')
int abifanti:

int yolume;
int

fl angggpﬁLgﬂ é}zﬁ%

graph the.oraphi

geometry shape <- envelope(shape.fila.streatsls
inig {

create ob]ect from:
object <= f1rst(ob]ect)=t
//triangulation of the object to get the differ—
ent triangles of the polygons
list<geometry> triangles <~

List(triangulate($he.ohigck, 0.01));

loop trig over: triangles {
create frianale.nki, {

shape <- trig;
}

//creation of a list of skeleton from the object
list<geometry> skeletons <-

List(skeletonize(the.ghigck, 0.01));

//Split of the skeletons list according to their
intersection points
list<geometry> skelelons.split—s-
split.lings(skeletons);
Loop sk over: skekekonsw.sbit {
create skeleton {

shape <- ski
}

//Creation of the graph using the edges result-
ing of the gplitied, skeleton
The.aKeri <- as.edae.oraph(skeleton);

create goal {
location <- apy.lecation.is.
(s)‘u,e\./.;L()skeleton))==

create building from
with: [height: float(get(
ants: 1nt(get( abitanti'
loop b over: bulldlng {.
create people
location <~ mmmm..mng

N target <~ gne.ef (goall:
¥

2")), inhabit-

}
}

species ohject {
aspect default {
draw shape color: #lightgray harder:#black;

}

species friangle.obi—{
rgh color <- rghl150 +rnd(100),150 + rnd(100),150 +
nd(100)) ;
aspect default {
draw shape color: color ;

¥

species skeleton {
aspect default {
draw shape + 0.2 color: #red ;

species bulldlng {

float

int i

string

rgh. color <- type = "EdifisiQ L2 #pink =
#gray;

aspect default {

draw shape depth: height color: color hor—

der:#black;

}
}

species goal {
aspect default {
N draw circle(3) color:#red;

}

species people sk1115 [moving] {
goal
path mx..n/amg
reflex gotn {

do gote on:kbe.araph argekikaxget. speed:1.0;

aspect sphere3D {
draw sphere(1) color: #blue;

RrvA-Religonalizzazions. tuae: gui {
output {

display ghiecks.disnlay type: apengl, {
spec;es ob]ect aspect default ;
spec1es aspect: default ;
specles skeleton aspect: default ;
spec1es building aspect: default ;
specxes people aspect: sphere3D_;
species goal aspect: default ;
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1st Section

The first section, called 'global’,
concerns the general parameters of the
simulation, to which the contents of the
other two refer. In fact, this section
defines the first actions that, once the
simulation is launched, are carried out
by the software, such as the import of
databases and basic files, in this case
of a geospatial type, their processing
and the strategy for using these data.

global {
//Impasia. shapefile
f11e shape.file.streets <- file('.
&d e cho');

./includes/area

f11e

-/includes MW)

./includes JAJk; desting
int abitantii
int volume;
int ph.peaple <- abikantis
Float neaRle.Size <—Lofr

graph the.graphe
geometry shape <- envelope(shape.file.streatsle
inig {
create ob]ect from:
object

f11e

<= f1rst(ab]ectl:

//triangulation of the object to get the differ—
ent triangles of the polygons
list<geometry> triangles <-

List(triangulate(the.ohigck, 2.01));

loop trig over: triangles {
create friangle.obi. {

shape <- trig;
}

//creation of a list of skeleton from the object
list<geometry> skeletons <-

List(skeletonize(the.ghigck, 0.01));

//Split of the skeletons list according to their
intersection points
list<geometry> skelefons.split—s-
split.lings(skeletons);
Loop sk over: skekekonsw.sbit {
create skeleton {

shape <- ski
}
//Creatlon of the graph using the edges result-
ing of the skeleton

$he.aKarh <- as..£096.05%3Rk skeleton);

create goal {
location <- apy.lecation.is.
(m(}skeleton)):'g

create building from:
with: [height: float(get( 'CR359_UN_2"
ants: 1nt(get( akitanti'))];
loop b over: hu11d1ng {.
create people
iy by

N target <~ gne.ef (goall: 1
¥

)), inhabit-

}
}

species ohject {
aspect default {
draw shape color: #lightgray harder:#black;

}

species friangle.obi—{
rgh color <- rghl150 +rnd(100),150 + rpd(100),150 +
nd(100)) ;
aspect default {
draw shape color: color ;

¥

species skeleton {
aspect default {
draw shape + 0.2 color: #red ;

species bulldlng {

float

int inhabitants;

string H

rah color <- type = "EdifikiQ ¢
#gray;

aspect default {

draw shape depth: height color: color hor—

der:#black;

}
}

species goal {
aspect default {
N draw circle(3) color:#red;

lvilel 2 #pink &

}

species people sk1lls [moving] {
goal
path mx.m
reflex gotn {

do gote onikbe.graph largekikareet. speed:1.0;

aspect sphere3D {
draw sphere(1) color: #blue;

RrvA-Religonalizzazions. tuae: gui {

output {

display ghiecks.display type: gpenal {
spec1es ob]ect aspect default ;

spec1es aspect: default ;

specles skeleton aspect: default ;

spec1es building aspect: default ;

specxes people aspect: sphere3D_;

species goal aspect: default ;
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2nd Section

The second section, on the other hand,
concerns the definition of the different
types of agents, called 'species’, which

play the role of protagonists in the

simulation. In this case, four types of

species are defined: street graphs,
buildings, arrival points, people.

Actions, or reflexes, that the agents
representing them must have, once the
simulation is launched, are defined in
relation to the other species (e.g., here
we define the type of movement they
must perform following the road graph).

global {
//Impasia. shapefile
fﬂeanm.,xmmxw-g ./includes/are

Mmmwmw
file mmldm

int - ahijantic
float m&amm Lo

graph the.graphs
geometry shape <- envelope(shape.file.streatsle
inig {

create object from:
object the.ohiech <- f1rst(ob]ectL:

//triangulation of the object to get the differ—
ent triangles of the polygons
list<geometry> triangles <~

List(triangulate($he.ohigck, 0.01));

loop trig over: triangles {
create friangle.obi. {

shape <- trig;
}

//creation of a list of skeleton from the object
list<geometry> skeletons <-

List(skeletonize(the.ghigck, 0.01));

//Split of the skeletons list according to their
intersection points
list<geometry> skelelons.split—s-
split.lings(skeletons);
Loop sk over: skekekonsw.sbit {
create skeleton {

shape <- ski
}

//Creation of the graph using the edges result-
ing of the gplitied skeleton
Fhe.aKarl. <- as.8096.05RN( skeleton)y

create goal {
location <- apy.lecation.is.
(m(}skeleton)):'g

create building from
with: [height: float(get(
ants: 1nt(get( akitanti’ ))]
loop b over: hulldlng {.
create people {
location <~ mmm.,mbg

N target <~ gne.ef (goall:
¥

2")), inhabit-

}
’ 2
species ohject {
aspect default {

draw shape color: #lightgray harder:#black;

}

species friangle.obi—{
rgh color <- rghl150 +rnd(100),150 + rpd(100),150 +
nd(100)) ;

aspect default {

draw shape color: color ;
}

species skeleton {
aspect default {
draw shape + 0.2 color: #red ;

species bulldlng {

float

int inhabitants;

string H

rgh color <- type = "[gifisin civilel 2 #pink :
#gray;

aspect default {

draw shape depth: height color: color hor—

der:#black;

}
}

species goal {
aspect default {
N draw circle(3) color:#red;

}

species people sk1115 [moving] {
goal
path mx..mth.:
reflex gotn {

do gote onikbe.graph largekikareet. speed:1.0;

aspect sphere3D {
draw sphere(1) color: #blue;

RrvA-Religonalizzazions. tuae: gui {

output {

display ghiecks.disnlay type: apengl, {
spec1es object aspect: default ;
species $riangle.obl, aspect: default ;
specles skeleton aspect: default ;
spec1es building aspect: default ;
specxes people aspect: sphere3D_;
species goal aspect: default ;
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3rd Section

global { }
//Impasta. shapefile }
f1le shape.file.streets <- file("../includes/area
a o e chn'')s species phject {
fﬂ.e i aspect default {
. . f11e -/includes \,\;LWV.;W, RRONAASRR ) 5 draw shape color: #lightgray harder:#black;
In the third section, currently the m ol sttt )
H i:: Dh..Reople. <- abitantii Spec;.:; col-or <= gmmo +rnd(100),150 + rod(100),150 +
shortest, we define the outputs of the ot b sizs'-Ls )] e ¢

experiment, which will then be

graph the.graphe
geometry shape <- envelope(shape.file.streatsle
inig {

displayed graphically in real-time as the e hacoinct - AISETARHE

simulation runs its course.

The simulation environment shows the

following:

//triangulation of the object to get the differ—
ent triangles of the polygons

list<geometry> triangles <-
List(triangulate(the.ohigck, 2.01));

loop trig over: triangles {
create friangle.obi. {

shape <- trig;
}

//creation of a list of skeleton from the object
list<geometry> skeletons <-
List(skeletonize(the.ghigck, 0.01));

//Split of the skeletons list according to their
intersection points

draw shape color: color ;
}

species skeleton {
aspect default {
draw shape + 0.2 color: #red ;

species bulldlng {

float

int inhabitants;

string H

rah color <- type = "EdifikiQ civilel 2 #pink :
#gray;

aspect default {

draw shape depth: height color: color hor—

der:#black;

}
}

species goal {
aspect default {
draw circle(3) color:#red;

hd St t list<geometry> skelefons.slif—s- ¥
ree S split.lines(skeletons); _
. . loop sk over: skekekons.silit { species people sk1lls [moving] {
create skeleton { goal
i Tr|anglJ|.at|0n shape <- sk nathw.m
} reflex goto {
hd G ra h do gote onikbe.aramh fargekikexget. speed:1.0;
p //Creation of the graph using the edges result-
ing of the splitied skeleton aspect sphere3D {
. . <~ as..809e.9rank(skeleton); draw sphere(1) color: #blue;
« Buildings )
create goal { .
location <- apy.lecation.is. i proYa.peligonalizzazione. fups: gui,
[ ] P l (gne.of(skeleton)); output {
e O p e } pdlsplay ohiecks.disnlay, type: gpenal {
create building from: shape.file.huildings spec:.es object aspect: default ;
with: [height: float(get( 'CR359_UN_2")), inhabit- species $riangle.obl, aspect: default ;
° G O a l (S afe a re a) ants: 1nt(get( ‘akitanti’))1; species skeleton aspect: default ;

loop b over: hu11d1ng {.
create people i {
location <~ mwmm.;.mbg

target <~ gne.ef (goall:

spec1es building aspect: default ;
specxes people aspect: sphere3D_;
species goal aspect: default ;

) 3
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The data useful for the development of
the analysis are available on the open-
data geoportal of the Abruzzo Region
(http://opendata.regione.abruzzo.it/).

In particular, the CTR available in the
regional territorial database (DBTR)
updated to 2007 (the most up-to-date
official data available) was used, in
which there is a shapefile containing
geometries concerning the road system.
Before using the shapefiles within
GAMA, it is necessary to prepare them
in a GIS environment (QGIS). To carry
out crowd simulations, it is necessary to
calculate the number of theoretical
residents in each building. This
operation was carried out by
considering 1inhabitant per 100 cubic
meters (law standards in Italy for
residential buildings).

§

>X
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Results 2:
From street layer to graph

To carry out a crowd simulation, it is
necessary to have a road graph
representing the flows that the agents
representing the residents must follow
to reach one or more specific safe
points. Since these simulations are
related to emergencies linked to natural
disasters, the point that is considered
indicates the location of a hotspot
where citizens can access and receive
first aid. To calculate the road graph
from the polygonal geometries
describing the road network, the latter
were automatically triangulated in
GAMA. The red line in figure represents
the graph calculated in this way.

T
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Agents representing the theoretical
residents of each building are generated
algorithmically. At the start of the
simulation, the agents 'exit' the buildings
and head towards the red point
following the shortest path. Now, the
agents, represented by the small blue
spheres in figure, move one after the
other on the red graph and converge
towards the red point representing the
hotspot.
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: i A (w
@ O —— QO® =
B8 Models X NEE® = O (@] objects_display X T2 =0
A E A (= ~
pmvapollgonallzzazlona.gunl Q @ \q.) :: '\—\/ () - a (D)‘ \@\ {Q v
> .@Ubrary models (7 projects)
> m Plugin models (11 projects)
> R Test models (3 projects, not yet run)

v User models (2 projects)

v | coppito prova 1 (2 models)
> includes
v [ models (2 models)

> Jg) abitanti.gaml (1 experiment)
.'GV prova poligonalizzazione.gaml (1 experiment)
includes.zip
3 EscapeHanoi_lJGIS-3 (closed)

R interactive console @ Console X =0
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Current limitations:

* Modelling of the behavioural aspects of agents are currently limited since only
one kind of individual (the one that knows what to do in crisis situations) is
modeled;

« The movement of people is currently aligned in a row so chaos and panic
situations are not taken into account;

« Urban environment is flat so it does not take into account the morphology of the
territory.

Future lines of research and implementation:

* Implementation of more kinds of human-agents relating to different types of
users (with a focus on fragile people) - currently underway in collaboration with
Informatics and data science department of UnivAg,;

e Construct risk (and multi-risk) scenarios;

* Implement urban design techniques that can follow along with simulations.
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