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REPRESENTATION CHALLENGES
Augmented Reality and Artificial Intelligence in 
Cultural Heritage and Innovative Design Domain

Abstract

Drawing has always been a necessary model for directing architectural realization. The design of the 
shape has become a nodal condition for multiple analysis integration, which is increasingly necessary 
to meet the performance requirements to which the design must react holistically as a result of digital 
representation, which has resulted in the enrichment and sophistication of the simulation’s predictive 
capacity. The aim of the study is to test the theories that have been proposed and to ensure that the 
results are accurate. It is important to test the accuracy of the adopted solutions using the models 
themselves, through the use of an empirical approach that must be abstracted into a constructed 
representation capable of synthesizing the qualities to be detected. The current research, which has 
resulted in the development of some case studies in the field of wooden constructions, is set in a 
framework that emphasizes the relationship between simulation and realization.
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Introduction

The importance of representation as a model–building site is focused on the digitization 
process and the convergence of the different aspects of the form into digital computational 
tools. Models gather and analyze data and information through interconnected and interdis-
ciplinary routes in order to turn them into knowledge. Due to its transdisciplinary nature, 
representation becomes the language of knowledge incorporation, introducing its own field 
of experimental and heuristic intervention, with paths that must be validated.
The research, which was formed as part of a collaboration between the Department of Civil 
and Environmental Engineering and Abitare+, a local creative wood construction start–up, 
provided an opportunity to put in place a direction that aimed to achieve these objectives 
of innovation and knowledge transfer. Simultaneously, joint competencies have been de-
veloped to kick–start product and service innovation processes. The analysis of generative 
models aimed at multi–optimizing the form, energy efficiency, structure, and cost of wooden 
houses leads to the integration with BIM models. To encourage this practice, an Ames room 
has been developed with a high media impact to highlight the proposed creative approach. 
The study then moved on to multi–optimization of wooden structural walls from this first 
direction. Simultaneously, a study of a new ‘breathing house’ model was conducted, applying 
responsive solutions to indoor hygrometric changes. To check the validity of such solutions, 
a test room was built as an abstract representation of a wooden house reduced to the size 
of a paradigmatic room.
Generative modeling, BIM, and software solutions unique to the various disciplines involved 
are useful tools to integrate architectural, representative, positive, resources, and communi-
cation aspects. Once ready for the industrialization process, the models, which in this case 
are materialized in a physical form (the model of the model), must be tested.

The Research Path 

The analysis of generative models [Bianconi, Filippucci, Buffi 2017; Filippucci 2012] is fol-
lowed by a proposal for an integrated mass customization–based design and production 
process [Duarte 2005; Paoletti 2017], which is aimed primarily at wood construction tech-
nicians and specialists but also useful as a dissemination tool for students and researchers. 
The study looks into the possibility of using generative models and evolutionary principles 
to inform the design and customization process. The first case study [Bianconi, Filippucci 
2019] aims to provide individualized housing designs to central Italy.
These square–plan houses, designed as modular solutions that can be transported and as-
sembled easily following a simple manufacturing process, can be combined to build custom 
multi–family homes and villages that conform to both the environment and their inhabitants. 
The generative process specifies a variety of design options, all of which depend on genetic 
algorithms to adapt and optimize the architectural model. The design concept is focused on 
the analysis of local codes and X–Lam and Platform–Frame building systems with the goal 
of reducing waste and optimizing the construction process. With the study’s goal in mind, 
energy consumption, thermal, and visual comfort, as well as price, were evaluated with the 
construction company and through iterative processes. The results of this first study, which 
began with the selection of solutions available to the company, have prompted a closer 
examination of each element that makes up the envelope.
The realization of the Ames room is exemplary in this regard [Ames, Ittelson 1952]. It is 
an application of perceptual theories [Arnheim 1965; Gibson 2018] that reviews digital al-
gorithms to concretize an architectural expedient based on image culture [Pinotti, Somaini 
Elcograf 2016] and that has led to a model that synthesizes the research’s multiple questions 
[Bianconi,  Filippucci 2020].
The focus of the investigation then shifted to improving the energy efficiency of wooden 
structures that had previously been customized to meet the location’s specific require-
ments.  The aim in this case is to use generative design tools to optimize the preliminary 
cost and efficiency of wood walls for X–Lam and Platform–Frame structures, with the goal 
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of evaluating the actual performance of the built solutions [Seccaroni, Pelliccia 2019]. As a 
result, the described workflow begins with the implementation of parametric algorithms 
in Grasshopper that return thermal transmittance, decrement factor, time shift, costs, and 
verify the absence of interstitial condensation while varying the wall materials and thick-
nesses from time to time [Aste et al. 2015; Rossi, Rocco 2014]. The selected parameters 
can be processed in a multi–optimization direction based on the application of evolution-
ary principles through the Grasshopper plug–in Octopus [Diakaki, Grigoroudis, Kolokotsa 
2008], in which more than 5000 possible material and thicknesses combinations have been 
automatically analyzed.

The best solutions can thus be selected, identifying the Pareto front [Wang, Zmeureanu, 
Rivard 2005; Wright et al. 2002], in which the combinations simultaneously present optimal 
values of the various parameters that evaluate the wall’s summer and winter behavior, as 
well as the overall cost (fig. 1). Because of Octopus’ genetic multi–optimization, the ap-
proach just mentioned is based on the development of an algorithm capable of simulating 
human decisions in finding the most suitable solutions from both an energy and economic 
standpoint. As a consequence, the algorithm acts as an Artificial Intelligence (AI) [Ridolfi, 
Saberi 2019] because it simulates human decision–making and also allows for the testing of 
a wide number of potential combinations. The research then moved from virtual to phys-
ical with the construction of a test space. The test room is an abstract representation of a 
wooden house scaled down to a paradigmatic space’s dimension. It stands out thanks to a 
removable wall that can be replaced with any kind of X–Lam or Platform–Frame construc-
tion. This architectural aspect was realized with one of the walls optimized by the algorithm 
and was monitored once fitted with sensors and data acquisition systems to compare the 
data obtained from simulations with the real ones and thus understand the actual usefulness 
of the optimization tools used. The in situ transmittance was calculated using thermocou-
ples, flux meters, and additional temperature and humidity probes, and compared to the 
algorithm simulation using UNI ISO 9869 [ISO 9869–1:2014 Thermal Insulation – Building 

Fig. 1. The selection 
of various possible 
optimized walls according 
to thermal parameters, 
materials or cost.
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Elements – In–Situ Measurement of Thermal Resistance and Thermal Transmittance – Part 
1: Heat Flow Meter Method 2014]. The obtained results confirm the simulated model’s 
consistency with the structure’s actual behavior, taking into account a percentage of error 
due to various factors that may affect field measurements (fig. 2).

Conclusions

The relationship between digital and wooden constructions opens up impressive fields 
of use, as shown by the integrated action promoted by an international call [Bianconi, 
Filippucci 2019b]. It has also led to the development of a research network involving 
more than 150 researchers from all continents [Bianconi, Filippucci 2019a]. The great 
cultural value of this initiative can be ascribed to the new key role of representation for 
contemporary research. The research outlined the value of preliminary digital simulation 
for form–finding, both in terms of the project’s actual final configuration and in terms of 
the less tangible aspects of the building’s efficiency. As a result, representation takes on a 
new position as the ‘place’ of the model. The dynamic passage between real and virtual 
in a spatial model helps in representing intangibly, with high reliability, what is concretely 
abstract. This demonstrates the representative models’ experimental importance. By using 
artificial intelligence’s analytical capabilities and reinterpreting the flow of data collected 
during the monitoring, the study aims to define and validate the best performing solutions 
for the particular architectural project.

Fig. 2. Thermocouples, 
fluxmeters, temperature 
and humidity probes and 
anemometers inside the 
test room.
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