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Digital Fabrication: an Outlook 
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Digital Fabrication Techniques: 
A systematic literature review  
Bárbara L. Felipe; Carlos Nome
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Denise Mônaco dos Santos; 
Ingrid Paoletti
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Human-Centric Building Analytics
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Morfogénesis, síntesis y análisis de las formas
Sesión 5

Dimensional mass customization of a 
flexible furniture system
Raquel Magalhães Leite; Gabriela Celani

Parametric Design Process of Facade 
Elements with Characteristics of 
Fractal Geometry: Development, 
Evaluation and Application
Pedro Oscar Pizzetti Mariano; Alice 
Theresinha Cybis Pereira

Generating architectural plan with 
evolutionary multiobjective optimization 
algorithms: a benchmark case with an 
existent construction system  
Giuseppe Canestrino; Greco Laura; 
Francesco Spada; Roberta Lucente



Tangential surfaces to optimize digital 
manufacturing of complex shapes 
Emanuela Lanzara; Mara Capone
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informal form finding
Gonçalo Castro Henriques; Juarez 
Moara Franco

Dialogue between Building Shape 
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Aline Calazans Marques; José 
Augusto Recker Felicio

Form and urban life in Christopher 
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Martín W. Veizaga
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Daniella Alves Leal; Gilfranco 
Medeiros Alves

Methodology for the abstraction and 
morphological experimentation of 
nature’s patterns: an application case 
of morphology research subject in 
Industrial Design program
Elsie Arbeláez-Ochoa; David A. 
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Space planning from environmental 
parameter
Diego Jami Menezes da Silva; Jarryer 
Andrade de Martino
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3D Embodiments Inspired from 
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structure generation through 
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Marcelo Álvarez; Marcelo Bernal; 
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Women and intersectionality: 
perspectives based on digital 
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Eduardo Fonseca de Campos

Beyond the “Fab Lab” model: design 
and other spaces of creation using 
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Rodrigo Scheeren; David M. Sperling

Large Format FDM Printing of 
Recycled Plastic Pellets: Closing 
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of mesoscale objects 
Rodrigo Shiordia López

Workflow for a Timber Joinery Robotics
Francisco Javier Quitral-Zapata; Luis 
Felipe González-Böhme; Rodrigo 
García-Alvarado; Alejandro Martínez-
Rocamora
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curved concrete walls for 3D-printed 
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Paniz Farrokhsiar; Benay Gursoy
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PROTOTYPING TO THE OBJECT
Christian Eugenia Hernández Ruiz; 
José Aurelio Espinoza Moreno

Extruded Tessellations: A novel 
structural ceramic system at the 
intersection of industrial ceramic 
extrusion and CNC fabrication
Juan Pablo Ugarte-Urzúa; 
Saurabh Mhatre; Martin Bechthold; 
Sarah Norman

From Parametric Design to Contour 
Crafting Technics: A Lab for 
Algo+Ritmo, a Brazilian Research Group
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Medeiros Alves
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Digital Rurbanization: decolonizing 
Fab Labs. The case study of Fab Lab 
Austral in Puerto Williams, Chile
Tomás Vivanco Larrain; Philip Yuan
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Systems inConstruction
Luis Felipe González-Böhme; Rodrigo 
García-Alvarado; Francisco Javier 
Quitral-Zapata; Eduardo Antonio 
Valenzuela-Astudillo

The importance of collaborative 
design process and fabrication during 
COVID-19 emergency –case in Brazil
Regiane Trevisan Pupo; Luiz Salomão 
Ribas Gomez

Robotic Adaptations for Building 
Works; assembly of concrete blocks 
“stay-in-place” with robots
Paula Ignacia Ulloa Aguayo; Rodrigo 
García-Alvarado; Mauricio Osses 
Coloma; Alexis Pérez Fargallo

Flexible multi-scalar system: 3D 
printing of modular components for 
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Robotic Fabrication of Sustainable 
Hybrid Formwork with Clay and 
Foam for Concrete Casting
Weishun Xu; Zixun Huang
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Jose David Martínez Otalora; Marina 
Bolshakova; Anyela Piedad Rojas Celis; 
Fabián Humberto Almonacid Lara

BIM and IoT for the AEC Industry: 
A systematic literature mapping
Beatriz Campos Fialho; Ricardo 
Codinhoto; Márcio Minto Fabricio

Pneumatic Structure with Kinetic 
Sub-system: A Proposal for 
Extraterrestrial Life
Asli Agirbas

Blockchain Grammars for Validating 
the Design Process
Davide Lombardi; Theodoros Dounas; 
Lok Hang Cheung; Wassim Jabi

A simulation model for building 
use re-thinking after the COVID-19 
emergency
Davide Simeone; Antonio Fioravanti; 
Ugo Maria Coraglia; Stefano Cursi  

CAPTURING THE ENVIRONMENT: 
using photogrammetry to register 
the built environment for simulation
Olavo Avalone Neto; Marianne Costa 
Avalone  

Sesión 13
Comparative study of the 
photogrammetry process in 
different hardware
Simone Helena Tanoue Vizioli; Andrea 
Adami; Laura Hiilesmaa; Leonardo 
Chieppe Carvalho

Spatial analysis to create a 
walkability index. Case study: San 
Juan Street, Medellín
Sandra Milena Salazar Martinez; Luis 
Miguel Rios Betancur; Luis Daniel 
Santana Rivas

A methodology for the evaluation, 
analysis,and selection of bioinspired 
textures, using Computational Fluid 
Dynamics (CFD) and wind tunnel 
for aerodynamic improvements in 
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David A. Torreblanca-Díaz; Raúl Adolfo 
Valencia Cardona; Juan Carlos Perafán 
López; Gustavo Adolfo Sevilla Cadavid
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Development of collaborative 
database as a base for Evidence-
Based Design Strategies
Habid Becerra-Santacruz; Axel 
Becerra-Santacruz

Urban modelling for evaluating 
photovoltaic potential through solar 
radiation incidence
Andrea Verri Bastian; Jarede Joaquim 
de Souza Filho; Júlia Assis de Souza 
Sampaio Garcia
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Application of the Sustainable 
Urban Environments model based 
on the Smart Outdoor approach in 
the city of Medellín
Ana Elena Builes Vélez; Pierfrancesco Celani

Integration of BIM and Algorithmic 
Design logics through data exchange 
between Grasshopper plugin and 
Revit and Archicad software
Marina Pires Iasbik; Andressa Carmo Pena 

Martinez; Jorge Lira de Toledo Gazel
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Surveillance in Urban Design
Phillipe Cunha da Costa
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Luís Henrique Pavan; Lucas Fernandes 
de Oliveira; Gabriel Machado da Rosa; 
José Ripper Kós
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Architectural Design Projects BIM-
based for Code Checking
Ítalo Guedes dos Santos; Max Lira 
Veras Xavier de Andrade

Information, processing and 
visualization of historical traces and 
architectural and urban fragments 
in Maracaibo: A theoretical-
methodological approach from 
information technologies
Jane Espina Bermúdez
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BIM Maturity Index: Analysis and 
Comparison of Architecture Office’s 
BIM Performance in Porto Alegre
Monika Maria Stumpp; Rodrigo Vitória 
Alves; Carlo Rossano Manica

A data-driven approach to inform 
planning process in informal 
settlements
Mariana Quezado Costa Lima; Eugênio 
Moreira; Sarah Farias; Clarissa 
Figueiredo Sampaio Freitas

BIM Project Execution Plan for 
Infrastructure Superintendence 
(SINFRA) of the Federal University 
of Pernambuco: presentation of a 
case study
Isabella Rodrigues Oliveira da Silva; 
Max Lira Veras Xavier de Andrade

Virtual Wayfinding: A Comparison of 
Orientation and Navigation Behavior 
in Built and Virtual Environments
María Paz Campos; Tannia Basaure; 
Mauricio Loyola
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for daylight simulation applied  to  
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buildings  performance tool
Pedro Oscar Pizzetti Mariano; Raphaela 

Walger da Fonseca; Fernando Oscar Ruttkay 

Pereira; Alice Theresinha Cybis Pereira
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Cory Krivanek
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Interfaces: Shape-Changing Origami-
Inspired Prototypes
Elena Vazquez; Benay Gursoy

Robotic Apprentices: Leveraging 
Augmented Reality for Robot Training 
in Manufacturing Automation  
Eduardo Costa; José Duarte; 
Sven G. Bilén  
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contextos digitales
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Structural Flexibility and Space 
Articulation in Architectural Design 
Teaching
Marina Ferreira Borges

Computational Design Thinking and 
Controlled Transformations, for the 
schematic design of a second-year, 
multi-unit housing design studio
Simos Vamvakidis

World Studio: a pedagogical 
experience using shape grammars 
and parametric approaches to design 
in the context of informal settlements
Fernando T. Lima; Naveen K. 
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P. Duarte
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Werner Lonsing
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review and preliminary evaluation 
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John Osmond Naylor; Nancy Leconte; 
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Sesión 18b
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concrete components based on BIM 
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Medeiros; Márcio Minto Fabricio  

Practices on Innovative Technologies: 
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Sergio Kopinski Ekerman; Larissa 
Gonçalves Maia da Silva
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Building Information Modeling [BIM] 
and learning in architectural design. 
Proposal for a design workshop
Alfredo Montaño Bello; 
William León Rojas

BIM AND MOTIVATION SELF-
REGULATION STRATEGIES
Luciano de Vasconcellos; Lourdes 
Maria Bragagnolo Frison; Eduardo 
Grala da Cunha

Do humans dream of android houses?  
Science fiction architecture as a 
symbol of rise and fall of Modernism
Paula Lemos Vilaça Faria

Sesión 20
A Teaching Methodology for 
Parametric Design: A Case Study 
with Parametric Bench
Asli Agirbas

The Forms of Representation in 
Architectural Design Teaching: The 
cases of AUIC-POLIMI and FAUP
Rafael Sousa Santos; Clara Pimenta 
do Vale; Barbara Bogoni; Poul Henning 
Kirkegaard

DESIGN OF A NEARLY ZERO-
ENERGY HOME WITH EXTREME 
COLLABORATION IN BIM
Alberto Nope Bernal; Anna Gabriela 
Ramírez; Rodrigo García Alvarado; Eric 
Forcael Durán
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Favela da Maré, Rio de Janeiro
Verônica Natividade; Carolina Cardoso
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System in Architecture Atelier: from 
teaching to the materialization of 
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Carla Cristina Secchi; Luana Peroza 
Piaia; Paola Avila; Ana Luisa Scariot  

Digital Fabrication and Rapid 
Prototyping as a Curricular 
Component in Architecture and 
Urbanism Course: A Didactic 
Pedagogical Experience
Carla Cristina Secchi; Luana Peroza 
Piaia; Paola Avila; Luciano Perin
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ANALYSIS OF URBAN INDEXES AND 
PARAMETERS FACILITATED BY 
PARAMETERIZATION: creation of a 
database for architectural study in 
Chapecó/SC
Luana Peroza Piaia; Carla Cristina 
Secchi; Paola Avila; Ana Luisa Scariot

PRONTO KIDS CHAPECÓ: digital 
prototyping and fabrication 
workshops focused on the perception 
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in the public school system
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Secchi; Ana Carolina Hemsing; 
Paola Avila
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drawing course
Laíze Fernandes de Asevedo; 
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Ketyllee Silva 
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Mesa 7
Industrias creativas y prácticas artísticas
Sesión 22

Techno-aesthetic spaces of 
fiction: Lapsus Trópicusand the 
Anthropocene dialetic
Karen Aune

Field of lines. From architecture to 
art, and back
Diego Perez-Espitia

Convergences about the river. 
Transmedia Narrative for cultural 
identity
María Elena Tosello; Micaela Block; 
Silvana Mariel Fontana; Patricia Mines

Poetic of Pasaje Corazón de Jesús 
building´s memory, in the times of the 
telegraph: Prototype of Video Mapping
Sandra Calvachi Arciniegas; Juliana 
Bravo Montero; Juliana Rosero Jurado

Mesa 8
Biomimética y diseño bioinspirado
Sesión 23

Biomimicry: an approach from the 
CumInCAD database
Frederico Braida; Mariana Alves 
Zancaneli; Isabela Gouvêa; 
Icaro Chagas

Pavilion BIO-FADEN 1.0: Experimental 
study of design and manufacture 
with digital technologies of bionic 
prototype inspired by the fruit peels of 
fruit species present in the Central-
Western Region of Brazil
Juan Carlos Guillen-Salas; Neander 

Furtado Silva; Luana Miranda Esper Kallas  

Bio-mimetic design for architecture 
built by 3D robotic printing
Alexis Salinas Arriagada; Rodrigo García 
Alvarado; Patricio Carrasco Perez

Morpho-Active Materials: 
Fabricating auxetic structures with 
bioinspired behavior
Heidi Jalkh

Sesión 24
Bioinformed Design of Dynamic 
Tensegrity Units
Cristhian Castro-Arenas; Mónica Miralles

The 3d printing fabrication of cellular 
solids structures and its use in 
architecture
Bruno Massara Rocha; Ygor Facco 
Steiner; Leonardo Valbão Venancio; 
Sara Rodrigues Lauwers

Sartorius Pavilion –Biomimicry 
as a design methodology for 
a parametric pavilion for the 
Serpentine Gallery/England
Elton Cristovão da Silva Lima; Cristina 
Matsunaga; Leticia Teixeira Mendes

Choreographed Matter
Olga Mesa

Mesa 9
Tecnologías, diseño y sostenibilidad
Sesión 25

Domestic spaces design for allow 
income housing
Coppelia Herran Cuartas

Design, construction and validation 
of an all-terrain wheelchair in 
magnesium alloys
Paula Andrea Chacón Cifuentes; 
Gustavo Adolfo Sevilla Cadavid; 
Alejandro Alberto Zuleta Gil; Andrés 
Hernando Valencia Escobar

Digital Sunflower: the potential of 
eco-oriented responsivity in the 
design process
Bruno Massara Rocha; Raquel Souza 
Celestino; Kiany Ferreira Damascena 
Silva; Isabella Soares Galimberti  
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Sustainable scenarios for and in 
university education: design of 
sustainable products
Julián Fernando León Durango Gómez; 
Maria Isabel Giraldo Vásquez
  
In-Situ & Computational Façade 
Performance Analysis: The B1- 
Campus A University Building Case 
in Sto. Dgo., Dom. Rep.
Nelson Montás Laracuente; Marcos 
Barinas Uribe

Sesión 26
Cooking Objects: Bio-Digital Material 
Driven Design Methodology
Tomás Vivanco Larrain; Philip Yuan

Responsive Surface Design to Reduce 
the Urban Heat Island Effect (UHI)
Gibsy Marcela Estrada Calderón; 
Habid Becerra Santacruz

Methodology of Implementing 
Transformative Bioactive Hybrids 
in Built Environment to Achieve 
Sustainability
Yomna K. Abdallah; Alberto T. Estevez

Recipes for Waste-Tooling: Using 
Food Waste in Design
Berfin Evrim; Grant Davis; Josh Tubay; 
Benay Gursoy   

ATMOSPH (DAQ) + APP post-
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Abstract  
COVID-19 infection is forcing designers and building managers in re-thinking the use and 
experience of architectural spaces, as well as the interactions within the people in it. To support 
this difficult task, this research is working on a simulation model, based on agent-based 
modeling, able to predict the use phenomena of buildings and provided quantitative and 
qualitative feedback regarding the impact of re-defined use processes to COVID-19 infection 
risk. The derived platform is particularly designed to support the testing of visiting scenarios in 
museums and galleries, potentially helping them in their re-opening phases.

Keywords: Agent-based modeling and simulation (ABMS); COVID-19; Building use; Behavioral 
simulation; Unity 3D.

RATIONALE
COVID-19 CONTEXT AND IMPACT ON BEHAVIOR IN 
BUILDINGS
The recent emergency of COVID-19 spreading virus has 
deeply impacted the way we were used to conceiving and 
shaping the behavior of people in buildings. After the initial 
lockdown period in the acute phase of the virus pandemic, 
where the use of the majority of buildings and public spaces 
has been close to zero, the gradual re-gaining of the use of 
our buildings is facing a deep transformation in terms of use 
and experiences, leaving aside consolidated design and 
spaces organization paradigms in favor of new ways, 
partially unexplored, to ensure both risk-free spaces and 
productive activities. For instance, a recent McKinsey 
report (2020) depicts an unprecedented situation for 
offices, with more people working from home and 
companies required to redesign spaces to ensure physical 
distancing, avoid congestions in the different areas and 
guarantee high levels of air quality and recirculation. This 
is just part of a way much larger framework that includes 
strong shifts in terms of companies’ culture, work 
processes, productivity philosophy, collaboration attitude 
and so forth, but the redesign of the way our buildings will 
be used and experienced is probably the major task that 
the architectural design sector will face in the next few 
months. Same difficulties are being experienced in other 
domains of the built environment: World Health 
Organization has published policies and guidelines to 
support schools re-opening (2020), while other public 
institutions (in particular museums) are experiencing 
difficulties in trying to fulfill national requirements and 
scientific prescriptions with a 13% risk of permanent 
closures (UNESCO report, 2020; ICOM report, 2020). An 
important debate is also dealing with the impact on public 

spaces, although less at risk of virus spreading (Honey-
Roses, 2020).

This process of rethinking and redesign spaces and their 
use is facing two main challenges: on one side, there is the 
absence of historic data that can support the design 
decisions, allowing for an assessment of design in terms of 
infection risks, although some protocols have emerged 
there is still much uncertainty on which extend take into 
account general assumptions in terms of social distancing. 
On the other side, this rethinking process is required to 
happen in a short amount of time, probably some months, 
to ensure as soon as possible productivity of offices, the 
profitability of real estate and accessibility of public spaces 
and cultural institutions.

SOCIAL DISTANCING AND OTHER SPACES USE 
ASSUMPTIONS FOR COVID RISK REDUCTION
Since the beginning of the COVID-19 epidemic, several key 
aspects have progressively emerged as influencing the 
spreading of the virus both in closed and open spaces: 
physical contacts, proximity and exposure time in social 
interactions, use of masks and adoption of personal 
protective equipment, spending a large part of the day in 
an environment with a positive case (for instance at home), 
and having direct contact with healthcare personnel 
dedicated with the direct or indirect treatment of COVID-19
(Report COVID-19 - Che cos'è il nuovo coronavirus, 2020).  
Among these, three are the factors that are particularly 
significant in terms of rethinking the use of spaces, and that 
we considered relevant for this research: 

1. Prolonged exposure (>15 minutes) at less than 2 
meters distance. 

2. Prolonged co-presence in closed spaces, and
3. Direct physical contact.
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Nevertheless, the values of these parameters are 
continuously being updated by research, norms and 
regulations and vary depending on the social, cultural and 
geographical context considered.

USERS’ BEHAVIOR SIMULATION AS A WAY OF 
PREDICTING COVID-19 RISK
In this unprecedented attempt of re-thinking the intended 
use processes and modalities of our buildings, a crucial 
role can be played by the use of simulative approaches to 
digitally predict and assess new use scenarios, supporting 
decisions of both designers and owners and allowing them 
to rapidly test new protocols and environments 
modifications before actually stepping into the building or 
starting renovation works. In fact, by virtually simulating the 
behavior of users in the building, and by measuring key 
parameters such as the time that each agent is at a risky 
distance from other agents, it is possible to compare 
different solutions both in terms of changes in the activities 
to be hosted and to the environment itself. This comparison 
allows the decision-makers to be more aware of the actual 
impact of their choices and to balance risks and productivity 
both in short and long terms (Simeone, 2012). 

For this purpose, this research presents a use simulation 
model, based on agent-based modeling and oriented to 
simulation of use patterns in public buildings, and that 
allows for rapid testing of redefined use processes to 
provide specific feedbacks related to potential risks for 
COVID-19 spreading. Considered the complexity of Virus 
spreading phenomena as well as its uncertainties, the 
proposed model relies on the essential parameter of mutual 
people distancing and exposure time to verify and measure 
how many interactions or proximity under this range occurs 
during the use of the building.  As shown later in this paper, 
we chose to test the proposed simulation model in the 
context of cultural buildings such as museums, galleries,
temporary exhibitions, to provide this suffering sector of a 
supportive approach and a dedicated tool to make the 
necessary decisions for a quick restart.

STATE OF THE ART
AGENT-BASED AND BEHAVIORAL MODELING FOR 
OCCUPANCY SIMULATION
In the CAAD field, much research has targeted the use of 
digital simulation to predict the complex phenomena of 
human behavior in buildings, with the clear objective of 
virtually assess design before stepping into the 
construction phase. In particular, the conception of the 
Agent-Based Modeling and Simulation (ABMS) paradigm 
(Axelrod, 1997; Bonabeau 2002) has led to a new set of 
applications for specific disciplines such as crowd 
modeling, evacuation and egress simulation (Chu, 2014), 
and pedestrian movement prediction, both indoor and in 
public spaces (Batty, 2001).  While the ABMS approach 
has demonstrated its reliability in modeling use phenomena 
generated by the interaction of single, autonomous 
behaviors of agents, some limits have progressively 
emerged in accurately representing the complex systems 
of collective actions and activities that are the key elements 
of a building use process. For this reason, much research 
has integrated ABMS with activity-based modeling (Tabak, 
2008; Wurzer, 2010), Event-based modeling (Simeone 
2012) to have single behaviors driven and coordinated from 
a higher-level process perspective. In the specific area of 
cultural buildings, the different experiments have usually 
preferred pure ABMS systems to control and assess only 
people movements to mainly assess the capacity of the 

exhibition spaces (Pluchino, 2014)  or other agent-
perspective phenomena such as visitors’ visibility  
(Cancellar, 2017). From a tool perspective, there is a 
variety of platforms that have been used to develop these 
applications: game-engines as Unity 3D and Virtools, 
ABMS platform such as Netlogo, multimethod simulation 
modeling tool such as Anylogic and so forth.

RECENT APPROACHES TO SIMULATE POST-COVID 
OCCUPANCY
Before COVID-19 emergency, ABMS systems have 
already been used to study and assess epidemic spreading 
more at territorial and urban (Perez, 2009) scale, with less 
attention on spreading at the level of building/public spaces 
(i.e. in 2015 Goscé et al. presented an analytical model to 
predict infections spreading in confined, crowded spaces). 
The particular nature of the COVID-19 infection and the 
deep correlation with aspects such as social distancing and 
spaces crowding have pushed some research in looking 
into this other dimension of epidemics: D’Orazio (2020) 
applied ABMS to discuss the impact of different operational 
decisions on the risks of COVID infection in public buildings 
(such as the adoption of social distancing and masks);  
Ronchi (2020) proposed the EXPOSED model to include 
COVID-19 parameters in crowd simulation to compare 
different solutions in crowd management. At the same time, 
some software houses specialized in ABMS for pedestrian 
movement simulations in indoor and outdoor spaces, have 
introduced additional features to their already well-known 
products (i.e. Massmotion by Oasys-Arup or Smart Move 
by Buro Happold) to include social distancing in the 
simulation.

While the mentioned research is focusing on the use of 
ABM to check general strategies or to manage crowds, at 
present there is no evidence of research aimed at 
developing a more comprehensive approach and derived 
tools to control more complex use phenomena – different 
from the pedestrian movement within the building – and to 
support the difficult design balancing between 
modifications to the building and its spaces and the 
intended use and users of the building.

THE SIMULATION APPROACH TO USE 
RETHINKING
METHODOLOGY
The presented research investigated a different approach 
to digitally support the design and organizational decisions 
in relation with COVID-19 spreading in built environments 
– in particular within the scope of cultural buildings such as 
museums or art galleries - based on the adoption of 
behavioral simulation within a game engine environment. 
The game engine (in our case Unity 3D) acts as a 
middleware that integrates: 

1. The model of the built environment, enriched with 
usability information and with all the elements 
(fixed furniture, etc.) that have an impact on the 
use processes.

2. The agents and their behavioral algorithms 
intended to represent the users and their 
movements/actions within the building.

3. A configurational editor to place elements that 
drive the agents’ behavior (i.e. art pieces that 
attract visitors in a museum).

4. A COVID-19 assessment engine made of a set of 
customizable algorithms and parameters that 
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control and measure the risk related to reduced 
proximity or co-presence in the same spaces.

The adoption of a game engine, used as a central platform 
for the integration of these different aspects, provided us 
with some advantages such as the good interoperability 
with current BIM authoring tools, the availability of a large 
set of AI resources (such as navigation and pathfinding 
intelligence for agents), the programming and 
customization capabilities that allow developing all the 
necessary algorithms within the game engine framework, 
and the possibility to implement user interfaces to allow 
also non-experts in programming to autonomously use the 
platform and perform their assessments. Our objective was 
to create a user-friendly platform for non-expert users to 
upload a simplified design model, set up the initial 
parameters and make easy space layout changes.

After the initial conception of the system and the realization 
of the prototype, we chose to adopt the proposed platform 
in some case studies related to the reconfiguration of 
cultural spaces in some relevant museums in Italy. The 
models of the buildings and the configuration of the art 
pieces have been reconstructed by the documentation 
usually available in the museums’ website regarding the 
spatial layout and the visiting paths, while for agents’ 
behavior rules we relied on the navigation component 
proposed by Unity 3D enriched with custom rules to adhere 
to the specificness of the visiting behavior. Regarding the 
COVID-19 risks parameter, we created a set of rules able 
to use parameters such as the social distance or the 
exposure time as a reference and to update them in 
accordance to changes in norms and regulations.

COMPONENTS’ KEY FEATURES AND INTEGRATION 
WITHIN THE GAME ENGINE
As discussed in the methodology section, we focused on 
each of the parts that compose the proposed virtual 
simulation system, distributing AI resources (as well as 
attributes and parameters) to the elements of each area, to 
obtain more flexibility during the calibration phase and 
better computational efficiency.

The environment: To favor the integration of the proposed
approach in the current design processes, we choose to 
adopt a workflow for importing the model of the built 
environment into the simulation platform rather than re-
modeling the building in the game engine. In particular, we 
choose to use a .fbx exporter from Autodesk Revit (fig.1 
and 2), integrated with a dynamo algorithm for exporting 
parameters and attributes associated to the elements of the 
model while,  on the Unity 3D side, we customized an 
already existing algorithm to re-associate the attributes to
the entities in the game engine. The use of a dynamo 
algorithm also allows to filter and control the attributes 
typology to ensure manageability of the data exported and 
to be retrieved in the Unity 3D environment.

Figure 1: One of the case studies developed to test simulation 
accuracy in multi-story buildings (in this case the layout is derived 

by the visiting map of the “Museo del Novecento” in Milan).

Figure 2: Another case study (developed relying on the layout of 
the Uffizi Gallery in Florence) used to simulate use scenarios and 

COVID-19 risk in sequences of rooms and confined spaces.

Although simplified, the building model is still composed of 
spaces and building components, each of them provided 
with their attributes and behavioral/measurement rules in 
order both to contribute in the simulation or to assess 
specific aspects of the simulated use (Simeone, 2019). For 
instance, space units can measure the number of people 
within their volume in each frame of the simulation, while 
doors can count the number of people passed through. 
When intervening on testing different scenarios, additional 
rules can control doors in not letting people’s passing if the 
following space is too crowded, and so on. Essentially, 
while in real-world doors and other building components 
are mainly passive objects, in the virtual world can be 
provided with artificial intelligence to provide more accurate 
and reliable use scenarios (Simeone, 2017).

After the importing and the building model into the Unity 3D 
environment, a navigation map is created to identify all the 
reachable floor areas that users can walk on, while custom 
objects and moveable furniture do not impact the 
walkability map but are considered only in the avoidance 
management system of each agent, to optimize 
computational resources (fig.3).
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Figure 3: The navigation mesh generation (left) and the 
navigation setting (right) from one of the case studies.

Users as autonomous agents: As usual in the ABM 
application to the simulation of crowd simulation in the 
architecture field, users are represented as agents, 
autonomous systems with associated status and 
behavioral rules. To assess the human behavior for 
COVID-19 prevention, some modifications have been 
made to the status attributes and to the 
behavioral/navigation rules of the agents: in the agents’ 
status area, an attribute regarding the exposure duration -
meant as the time spent at less than the safety distance 
from another visitor – is used to incrementally compute, 
through an algorithm, an indicator of the overall infection 
risk during the visiting. 

Another important adjustment is made in the navigation and 
avoidance set of rules: avoidance of other agents is 
controlled by a customizable parameter and force the agent 
in avoiding performing navigation at less than the 
avoidance distance (i.e. 1 meter), and in finding new paths 
or stopping. Avoidance distance should be carefully re-
assessed before each simulation to increase the reliability 
of results, as per use choices (i.e. the use of masks). To 
increase accuracy, introducing the blurry of perception of 
the distance that usually occurs to any visitor, a distance 
noise parameter has been integrated into the algorithm, 
customizable depending on design and management 
choices (i.e. reduced in case of signals on the floor). 

The use configurator: As part of the simulation inputs, a use 
configuration has to be provided by introducing in the 
model some elements that drive and influence the behavior 
of agents within the building. The elements are: 

• Entrances and exits (where agents/users are 
generated and destroyed)

• Gates to drive agents’ movements

In the context of museums and galleries, we chose to
introduce the art piece entity meant as an attractor for the 
agents. In addition to the geometrical representation of the 
art piece (including if flat as paintings or tridimensional as 
sculptures), we added some parameters such as the 
optimal distance for its view and its degree of interest, that 
influence the crowding in its proximity.

To favor the usability from non-design experts as well as 
the flexibility during the experiment, we chose to design an 
easy interface that allows for direct placement and rotation 

of the art pieces as well as the control of the two 
parameters mentioned above. 

This component allows the designer to test different 
solutions and scenarios, intervening both on the position of 
the art pieces and the number of users allowed at each time 
(fig. 4).

Figure 4: Model Import (top) and use layout configuration 
(bottom) within the game engine environment.

The COVID-19 assessment engine: The overall estimation 
of the COVID-19 infection risk is delegated to the last 
component of the system - the assessment engine – that 
has the role of measuring the simulated use phenomena, 
performing some quantitative analysis and report them to 
allow for comparison of the effects of the design and 
management choices. In our case, the assessment engine 
collects data from the agents (such as the exposure time 
described before) or the duration of crowding in a specific 
space, interrelating such data with the input data (entrance 
frequency, imposed avoidance distance, etc.) providing a 
full understanding of the relationships with the use scenario 
and the infection risks (fig.5).
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Figure 5: Performing of use simulation (top) and measurement of 
the COVID-19 risk parameters (bottom).

THE TESTING OF THE PLATFORM FOR 
BUILDING OCCUPANCY RE-THINKING 
At present, the model is under testing for museums and 
other cultural buildings, to provide an easy and open 
platform that can support their progressive reopening. The
platform allows to intervene on different aspects that 
influence the use processes, such as time gap between 
accesses, spaces layout, and distribution of the art pieces, 
and returning the seconds of risky proximity as per current 
social distancing rules. The platform is showing good 
flexibility in supporting use-related decisions and a better 
understanding of the real capabilities of exhibition spaces 
to host visitors in full respect of the regulations provided by 
norms and rules. The use of a middleware as Unity 3D as 
the main simulation environment provides architectural 
designers to integrate this approach in the usual design 
processes, relying on its good interoperability with BIM 
modeling tools such as Autodesk Revit. Similarly, the 
configurator editor allows for a quick, intuitive re-design of 
the use process, allowing designers, owners, and curators 
to re-think the way the architectural space will be 
experienced by visitors, testing different configurations and 
intervening on different features of the intended scenarios 
and assessing the impact of each of them.

The use of a customizable parameter is another positive 
point in the adoption of the platform, that allows the 
designers and owners to assess the simulated use 
following reference values that are continuously changing 
depending on evolving research, context, governments’ 
norms and regulations. The number of maximum people 
per square meter or the minimum distance between 

Visitors are, for instance, parameters that are imposed by 
governments but still not standardized.

During the experiments we tested the integration with BIM 
at different Level of Development (LoD), assessing an 
overall equivalence in terms of accuracy of simulated 
results and a preference for the platform users to have a 
simplified representation of the environment to made and 
test changes and configurations more quickly and easily. 
Similarly, both for visualization and computation purposes, 
in case of multi-story buildings, it is beneficial to separate 
floors and create some logical links in the connectivity 
points such as stairs or elevators, easily controllable 
utilizing the related tools in Unity 3D. 

Figure 6: The simulation platform within the Unity 3D 
environment showing agents, art pieces and some of COVID-19

risk assessment parameters.

CONCLUSIONS AND FUTURE 
DEVELOPMENTS
The objective of the research presented in this paper is to 
develop a simulation approach, based on agent-based 
modeling, to support building use re-thinking within the 
COVID-19 infection. Although potentially extendable to any 
building typology, the model and the related platform have 
been mainly conceived and tested within the cultural 
buildings and museums scope, offering them an open and 
easy platform to favor their quick restart after this long 
period of forced non-operativity. As a result, the designers 
and owners receive a double-faces contribution to their 
rethink of the building and its use: on a qualitative level, 
they can visualize the transformed use phenomena, while 
on a quantitative level the risk index allows using metrics to 
compare different solutions. Relying on this simulation 
model, it is possible to virtually test different use 
hypothesis, investigating different options in terms of space 
layouts, users’ behaviors, or both. 

Although still under development, the presented approach 
is showing great efficacy and potentials in providing a quick 
way to assess the impact of use and design decisions in 
the context of cultural buildings and museums, allowing for 
a better comprehension of the adherence of the intended 
use scenarios to the COVID-19 infection risk reduction 
principles and norms. At the same time, some areas of 
further developments are emerging: a first is related to the 
possibility of integrating this kind of simulation with indoor 
air quality dynamic simulation, not only verifying the 
adherence to spatial norms but also the actual virus 
spreading phenomena with a better degree of accuracy; a 
second perspective is instead related to the adaptation of 
the same approach to other building typologies such as 
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airports, schools and public buildings, where its adoption 
could provide benefits in the complex activity of re-thinking 
spaces and their use after the COVID-19 experience.
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