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

Abstract

The research project aims to acquire data on the impact of an environment on humans. The pro-
cess is based on the use of the EEG helmet synchronised to GPS: the EEG helmet is a device that 
non–invasively records 14 channels of the human brain through electrodes and, through an algorithm, 
transforms them into cognitive states in real time. Starting from this raw data, through the ‘circumplex 
model’, cognitive states can be transformed into emotions with the aim of showing what people on 
average feel in a given urban space. The data, which are linked through GPS to a position in space, 
are empirically recorded with statistically significant samples from which emotions are reprojected 
onto the mesh of the digitally reconstructed environment through a process of photomodelling. 
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Introduction 

If the theme of landscape is of great topicality, it is perhaps because, in its ethereal form, 
it represents the best contemporary utopia that is content to classify and circumscribe 
the problem of the relationship between man and the world around him, with the value 
of images, but without seeking solutions: by amplifying the distance between reality and 
its ideal model, there is often the risk of hiding the cultural and instrumental deficiency 
in the interpretation and representation of current phenomena and the strong current 
impediments in the construction of contemporary landscapes. This concept does not cor-
respond with the concept of place, territory, environment, panorama [Bianconi & Filip-
pucci 2019], but as the European Convention formalises, “Landscape” means an area, as 
perceived by people, whose character is the result of the action and interaction of natural 
and/or human factors. The idea of landscape is therefore a cultural process, closely linked to 
perception [Arnheim 1986], to vision [Kepes, Rossi Chiaia 1990] and to those elements that 
structure the processes of identity construction.
Man, immersed in the built environment, is very often unaware of the influences it ex-
erts on him. Generally, people gravitate towards spaces that may not be psychological-
ly stimulating, but through habit tend to prefer a usual and known, albeit imperfect, pat-
tern, rather than other configurations that would bring greater benefits from the point 
of view of psychophysical well–being and therefore identity. Even though most of our ex-
periences in our surroundings do not take place consciously. In general, however, there is 
no such thing as a ‘neutral’ environment in an urban context: from the point of view of 
health, the man–made environment necessarily brings benefits or discomfort, contributing 
in the latter case to the onset of psychophysical illnesses. The built environment either 
helps or hurts [Goldhagen 2017], but design cannot be directly aimed at the health of 
citizens [Millennium Ecosystem Assessment 2005] and their well–being [Bechtel, Church-
man 2002] if there is no methodology to analyse and evaluate the effects of solutions, 
then considering the social dimension of the individual’s life [Schram–Bijkerk et al. 2018]. 

Research Themes
 
The research aims to study the survey of landscape qualities [Bianconi, Filippucci 2018].  The 
innovative aspects that characterize the research can be identified in the digital path developed 
aimed at the construction of interpretative tools of the relationship between the environment 
and its impacts, represented on the space. The analysis of people’s behaviour in public space 
is developed using advanced digital tools and biosensors such as the EEG helmet. This makes 
it possible to define analytical and scientific data on feelings, by interpreting them it is possible 
to interpret the essential elements that influence well–being through the emotional state.  
The neuro–headset data makes it possible to understand which part of the cerebral cortex 
is affected by certain signals when immersed in an environment, thus providing interpre-
table data that is also useful for hypothesising solutions in compromised urban contexts. 
The EEG helmet is a device that non–invasively records 14 channels of the human brain 
through electrodes and, through an algorithm, transforms them into cognitive states in 
real time [Kim et al. 2018]. This is functional for behaviour analysis [Aspinall et al. 2015; 
Chynal et al. 2016; Tachi 2012; Yadava et al. 2017]: in fact, the raw data collected on brain 
impulses are interpreted by algorithms and transformed into six cognitive states (valence, 
arousal, stress, meditation, focus, engagement) [Badcock et al. 2015; Kotowski et al. 2018]. 
In the developed pathway, the combined use of the data is achieved through the circomplex 
model (fig. 4) [Posner et al. 2008] that allows emotions to be calculated using only the cogni-
tive states of valence and arousal [Yik et al. 2011]. With the valence value as the first polar co-
ordinate and the arousal value as the second polar coordinate, it is possible to obtain a point 
within the circumplex model that represents the emotion of the observer. These points are 
associated with a unique colour vector for each combination, transcribed in RGB colour space. 
In addition to the EEG data, the geographical position is acquired in real time at a regular interval 
of one second; thanks to the timestamp, it was possible to synchronize the GPS and EEG data. 
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The experimental route leads to the collection of data on the position and cognitive states 
of several testers. It was therefore necessary to find a way to compare the emotions of dif-
ferent testers according to their spatial position. By means of an algorithm developed in the 
visual script language Grasshopper for the Nurbs environment of Rhinoceros, it is possible 
to import CSV data of the experiments containing synchronised coordinates and EEG data 
and identify at which positions the observations were taken from contiguous and thus com-
parable points. The developed algorithm [Bianconi et al. 2019] [Bianconi et al. 2020] then 
identifies the comparable recordings and calculates the average of the EEG and GPS values 
belonging to the same cell; in this way the average of the observers in space is obtained. 
The representation of the data is possible using as a base a mesh model of the terri-
tory (DEM) under analysis; the model is obtained through a process of photomodel-
ling via google earth pro photos with 3d buildings enabled. An attribute is added to the 
mesh base at each vertex, which corresponds to an RGB vector representing the aver-
age value in the circumscribed model of the sensation felt by the observers. Finally, the 
faces of the mesh are coloured by interpolating the vertex colours in a linear fashion. 
The representation thus obtained has a double objective: to store the instrumental data and 
to represent them in a comprehensible way (figs. 2-3).

The Case Study: Terni City Centre

An illustrative case that shows the value of the analyses are the studies carried out in a 
portion of the historic centre of Terni that from Piazza Tacito, across the Corso, reaches 
Palazzo Spada (fig. 1). The area under examination constitutes a section of considerable 
interest because within it there are many peculiarities. In an extremely circumscribed space 
there is a pedestrian area, intersections with roads, a square with a recent arrangement of 
street furniture and a square with an important Renaissance palace. And it is precisely the 
way in which these elements influence the emotional state of the user that is the subject of 
the analysis in question.
From the data acquired and processed it emerges that the area can be divided into four 
zones according to the emotions aroused in the observers. At the starting point, on average, 

Fig. 1. The research area. 
The centre of Terni.
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a feeling of strong stress emerges due to the area highly congested with car traffic; continu-
ing, the pedestrian area represents an area that oscillates between serenity and calmness 
except near the intersections with the driveways. In the final part of Corso Tacito a gradual 
transition from a state of calm to a high degree of stress in the vicinity of Palazzo Spada is 
clearly visible. This analysis shows that the pedestrian area of the city’s main street is per-
ceived as a comfortable space for users, but the fact that it is located between two highly 
trafficked squares limits its potential.

Conclusions

The proposal aims to define methodologies for data collection and interdisciplinary inter-
pretative criteria to understand the impact of the environment on man, with the implicit 
objective of being able to direct design choices to build places that create wellbeing.
With an interdisciplinary approach and through the integration of multiple devices for 
detecting perception, it is possible to analyse what people feel and understand how the 
environment implicitly influences their emotional state and which places and conditions 
promote wellbeing. 
Digital becomes a true Computer–aided Design tool, with digital data used not only to 
show the visible but also to make visible what is implicit in the relationship between man 
and the environment. The aim is thus to conform an innovative methodology that supports 
an operational verification of the meaning of places, which analytically focuses on emotions 
and meanings and can be used as a strategy for studying not only the territory and the 
environment, but also the landscape, understood as the result of the perception process. 
The creation of new data and their representation are the basis of new methodologies of 
investigation through the use of AI for the design and optimization of urban spaces.

Fig. 2. Processing obtained 
through the developed 
algorithm. Each colour 
represents an average 
emotion felt in space.
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Fig. 3. In the perspective 
section, one can see the 
division of the average 
emotions felt during the 
experiment.

Fig. 4. Via the circomplex 
model is to represent 
through the colors the 
emotions.
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