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ABSTRACT:

The study describes a new approach methodology to detect and represent emotions from signals measured by an Emotiv EPOC cascade.
The developed algorithm aims to obtain an analysis of emotions based on EEG data with interpolation of these using the concepts of
the circumplex model. This tool will help in the analysis of emotions produced by the atmosphere of an environment in relation to the
position, detected by GPS. In addition, the same algorithm will be used to search for a graphic representation of immediate reading,
by means of colour association with the output values obtained, to integrate those of gaze analysis obtained by Pupil Player software

and position data.
1. INTRODUCTION

As Leon Battista Alberti stated from the very beginning of his
treatise on architecture, architecture always offers “ad vitam
bene beat eque agendam faciant” (Alberti, 1443), i.e. it has the
original need to be an exclusively positive art, aimed at making
people live "better", which is the true aim of the complexity of
actions needed to transform a place. Achieving these objectives,
however, often remains a random result, in the complexity of
assessing the effects of the design choices on man.

In general, places, whether natural or built, have an extraordinary
capacity to arouse feelings and reactions in people: a room, a
piece of architecture, a square, an entire city, a landscape, are for
the people who experience them continuous sources of
stimulation and processing of information, but also of emotions.
As environmental psychology teaches us (Gibson, 1983), the
ecosystem in which we are embedded substantially influences the
human experience, affecting behaviour and well-being (Steg et
al., 2013). Our way of thinking and acting depends closely on
where we are, as well as on who we are: for example, in a very
noisy environment we walk faster, we less explore our
surroundings, we are less interested in other people. While, where
there is silence we are inclined to speak softly, be more respectful
of others and maintain greater interpersonal distances (Costa,
2009).

The experience and the contextual elaboration of the concept of
place (Norberg-Schulz, 2000) is a cultural process based on
sensory reasons, which however goes beyond the empirical
stimulus by defining a language that fully encompasses the
sphere of the person. Beyond the filters and interpretations of
those signals with which the environment speaks to man, there
remains the person as a receiver of information, which can be
understood as a sensor, where it is possible to "record" those
signals received through the impact on his psyche.

The sensory and emotional experience, so linked to images
(Mitchell, 1980), is mitigated by the rationality of interpretation
(von Balthasar, 1961) which leads us to filter information
(Arnheim, 1965) to define patterns, in the need to understand the
world in order to orient ourselves, not only spatially but also
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humanly (Kepes, 1944). This is how figuration was born
(Filippucci, 2012), a drawing in mind, based on the primitives of
point and line (Filippucci, 2015) that allows space to be read by
transforming it into maps (Lynch, 1962). The “good form”
(Lynch, 1984) of a place, which is linked to its legibility (Lynch,
1962), will guarantee wellbeing through the satisfaction of the
cognitive efforts made to orient oneself, while on the contrary the
loss will lead to frustration, stress, inadequacy and rejection.
However, this is only one segment of the multiple pieces of
information that an environment provokes in humans. This is the
reason why, in addition to the structure inherent in figurative
interpretation,  designating the denotative aspects of
phenomenological interpretation, it becomes absolutely central to
investigate the impact of the connotative elements (Kiiller et al.,
2009) that can be measured in humans, according to their
relationship with places (Schultz et al., 2004), as well as the
physiological responses (such as hormonal responses) of people
to specific experiences of place (Evans and Wener, 2007).

We thus enter the study of perception, a fundamental term used
in the European Landscape Convention to define the concept of
landscape: "Landscape" means an area, as perceived by people,
whose character is the result of the action and interaction of
natural and/or human factors”. In our society of communication
and images, questioning the issues of landscape (Bianconi and
Filippucci, 2019a) therefore means addressing the complexity
that arises from the relationships (Bianconi et al., 2018a) that
immaterially bind the territory, the environment in which we live,
and the person.

The study of the landscape in which this research is grafted is
therefore centred on the theme of perceptive analysis, a field of
investigation in which to evaluate a holistic multisensory process
given by the synaesthetic combination of the different stimuli
received by the various actors-spectators. (Bohme, 1995). This
field of investigation is developed within representative studies
(Bianconi et al., 2018b; Bianconi and Filippucci, 2019b, 2019b),
analysing the virtual 'design' of the mind with measurements that,
as in physical space, are based on the value of data. In particular,
it becomes interesting to evaluate the effects of a place on man
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(Canter, 1977), thus going on to study the action-reaction system
readable from its behaviour (Makeig et al., 2009).

A successful combination of architectural/urban survey and
neuroscience can then be found (Dupont and Van Eetvelde, 2012;
Chen et al., 2019; Neale et al., 2019), so much so that the tools
used in the field of neuromarketing (Ber¢ik et al., 2015, 2016;
Onay, 2016; de Oliviera and Giraldi, 2017; Dos Santos, 2017)
can become useful means of detecting perception and landscape.
In order to assess the impact of a place on humans, it becomes
interesting to use portable tools for analysing the electrical
activity of the brain such as EEG (Gevins ef al.; Gramann et al.,
2011; Jungnickel and Gramann, 2016; Kim et al., 2018;
Kotowski et al., 2018). EEG can detect alpha and beta signals,
which are bands of particular interest in pleasure state research
(Niemic, 2002): alpha waves, which originate predominantly
during relaxed mental states, visible over the parietal and
occipital lobes, are related to states of brain inactivation, while
beta wave activity is related to an active state of mind, more
prominent in the prefrontal cortex (Kandel ef al., 2013). Levels
of activation of the two cortical hemispheres thus emerge, where
left frontal inactivation is an indicator of an abstinence response,
which is often linked to a negative state, while right frontal
inactivation may be associated with a response approach, thus
linked to a positive emotion.

It should be borne in mind that man is a predominantly visual
animal: more than 50% of the neurons in his brain respond to this
sensory input (Maffei, 2007). For this reason, it is important to
link sensations with the analysis of what the eye grasps (Gregory,
1970), whose fixations can be detected through wearable
equipment such as eyetrackers (Schiessl et al., 2003; dos Santos
et al., 2015; Weichbroth et al., 2016; Duchowski, 2017).

For each place, by analysing a statistically significant sample of
subjects, it is possible to define "fashions" of impacts, assuming
a fusion of data that are in any case different (Li ef al., 2016),
aligned as a function of space and time, in order to define heat
maps of psychological sensations (Dufresne et al, 2017,
Courtemanche et al., 2018). However, it is not just a matter of
recording the stimuli, but a critical analysis of the effects
(Goldstein, 2007), which translates into the reading of emotions.
In the literature, models have been defined that are capable of
interpolating sensory data to derive the prevailing emotions, as is
the case with the circumplex model (Posner et al., 2008), first
proposed by Russell (Russell, 1980): according to the
interpretation of Donovan and Rossiter (Huddleston ez al., 2018),
actual emotional states can be traced to two main
neurophysiological systems, one explaining the valence of the
emotion (along a continuum of pleasantness-unpleasantness) and
another referring to the corresponding level of physiological
activation/deactivation.

The study of the psychological impact on man, however, aims to
bring out the correlation with the place, and it is central in this
regard to link the analysis to the environmental space that
determines these feelings. In the complexity of factors in the
field, it becomes fundamental to use expeditious tools for the
reconstruction of spatial models that still have the connotative
elements, a requirement for which it is suitable to use
photomodelling (Filippucci, 2010; De Luca, 2011; Bianconi et
al., 2017) based on data present in the network (Weber, 2005).
The analyses of urban and landscape character that can be
obtained by combining such systems (Mavros et al., 2012, 2016;
Aspinall ef al., 2015) thus bring out 'unconscious' emotions by
relating what the person is attracted to and its impact on the same
person. Analogously it places this emphasis on perception as an
analysis of well-being (Bechtel and Churchman, 2002; Badland
and Pearce, 2019). It is indeed possible to measure the impact
that an environment has on the person in order to assess how
these places can create well-being for health (Lee and

Maheswaran, 2011; Byrne et al., 2014; Pedersen Zari, 2015;
Schram-Bijkerk ef al., 2018), under the assumption that however
a place can never be neutral (Goldhagen, 2017).

Figure 1- Devices used for experimentation.

2. MATERIALS AND METHODS
2.1 Survey of emotions

The aim of the survey methodology is to represent the impact of
an environment on man. The research developed is proposed as a
general methodology, replicable in many different case studies,
here ascribed to a paradigmatic case, such as the urban landscape
of the historic centre of Perugia.

The instrument used for detecting human impacts is EEG Emotiv
Epoc+, which records a data matrix at the time scan. The data
collected here are filtered and translated into emotions using the
circumplex model, defining a linear combination between the
two dimensions of valence (positive or negative) and activation
intensity (high or low). The electrodes F3 and F4 correspond to
the most frequently used positions for looking at this alpha
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Figure 2 - Circumplex model with the colours
used for the representation.
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Figure 3 - Logical scheme of the algorithm.

activity, as they are located in the prefrontal lobe, which plays a
crucial role in emotion regulation. We therefore estimate valence
in a person by calculating and comparing alpha and beta power
in F3 and F4 channels:

a(F4) _ a(F3)
B(F4)  B(F3)

Valence =

()

Activation is a metric derived from the measure of Excitement
(EXC, short-term arousal), which can be read as a qualification
of general mood, rather than acute changes in mental arousal.
(Ramirez and Vamvakousis, 2012).

Valence and arousal are the two polar coordinates we use to
determine emotions through the circumplex model (Figure 1).
The recording of geographical coordinates was carried out using
a TOM TOM Runner2 Cardio watch, which allowed the spatial
position to be recorded via GPS at one-second intervals. The GPS
data from the watch was converted from WGS84 to the Universal
Transverse Mercator Projection (UTM).

The proposed methodology led to match the observer's position
detected with the smartwatch with the EEG helmet recording,
synchronizing the two timers of the recordings, thus obtaining a
space-time association of the experience. In order to have a
qualifying data linked to an area, the value used as input in the
parametric algorithm was not divided into individual seconds but
at the average of every 10 seconds, interpolation necessary to
eliminate any singularities.

2.2 Survey of perceptual attractors

The survey of attractors and detractors can be divided into two
phases: data acquisition and processing.

The first phase was carried out using the eye-track Pupil Core and
the acquisition software Pupil Capture.

The acquired data were then analysed by Pupil Player using gaze
and fixation metrics.

Gaze points are the basic unit of measurement, one gaze point
equals one raw sample captured by the eye tracker. If a series of
gaze points is close in time and range, the resultant denotes a
fixation.

Fixations are eye movements that stabilise the object of interest
on the retina, particularly on the fovea. The duration of the
fixations is usually between 100 and 600ms, a period in which
our eyes are locked on a specific object.

2.3 Generative algorithms for perception surveying

The data are interpolated into a three-dimensional vector model
through a generative modelling add-on linked to Nurbs
modelling. The implemented nodal modelling allows the
definition of algorithms marked by recursive parametric logic
(Schumacher, 2011; Bianconi and Filippucci, 2017; Bianconi et
al., 2019) generalisable, so that as a function of different inputs,
the corresponding outputs descend (Figure 3).

The algorithm in Grasshopper is structured in three parts:

* Data import

« Identification of average value as a function of position

* Assigning values to the mesh

The first step performed by the algorithm generated using
Grasshopper is to import the dataset with the raw data. The
algorithm is structured in such a way that the file is automatically
scalable, in fact it increases the interval of the rows as the number
of experiments increases. For an experiment to be valid it is
essential that each record is comparable, therefore, a crucial part
of the development of the algorithm is the comparison between
records. The comparison is done through the GPS position, by
finding which points in the recordings are within 20 metres from
each other. This value is not random, but due to the
approximation of the recordings, since every 10 seconds a person
travels an average of 13/20 metres.

Once the neighbouring positions have been identified, the
algorithm calculates the average value between the compared
positions. At the same time, it identifies the value corresponding
to the GPS position in the list of EEG recordings and generates
the average value. In this way, an average EEG value is obtained
between the various experiments that are around 20 metres apart.
The average value of EEG input is made up of two parameters
referring to the activation and valence values, which are
transposed in a circle that represents the circumplex model thus
associating RAW measures in the emotion definitions sought.
The summary data is then an average emotion as a function of the
average position of the observers. The representation of this
process is a mesh coloured according to the colours within the
circle diagram. The mesh is coloured by assigning to each vertex
the closest corresponding average value (Figures 6 & 7).
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2.4 3D model creation

The basic input data is the georeferenced mesh from which a 3D
model is obtained by processing sequential images in jpg format,
exported from Google Earth Studio. Each image is georeferenced
(Latitude, Longitude and Altitude). The photomodelling process
is carried out using the Agisoft Metashape software. The 3D
model with the resulting texture is exported in obj format (Figure
4).

3. RESULTS
3.1 Empirical experimentation

The data of the experimentation show as a paradigmatic case the
empirical investigations carried out in Perugia (Figure 5).
Fifty-two participants, aged between 25 and 62, were selected for
the experiment, of whom 25 men and 27 women. During the
navigation experiments, the participants were asked to move
from an origin to a destination, simulating natural conditions.
The participation criteria for this study required participants to
adhere to the following criteria: (1) no brain or psychiatric
disorders; (2) no drug use (3) not to be smokers or habitual
drinkers (4) have normal vision or corrected by contact lenses (5)
be able to walk for at least 20 minutes (6) have no anxiety in
enclosed areas (7) knowledge of the location of the experiment
(Wang et al., 2015; Olszewska-Guizzo et al., 2018; Cheon et al.,
2019; Elsadek et al., 2019; Neale et al., 2019).

The experiment was divided into two phases: data acquisition in
the field followed by data processing using the research
algorithm. A watch with GPS data acquisition, eye tracker and
EEG on site were used as survey instruments, followed by data
processing using the developed algorithm.

For the experiment, participants equipped with eye tracker, EEG
and GPS equipment were asked to walk along a designated route.
The route covered the main places in the historical centre of
Perugia, such as Piazza IV Novembre, Corso Pietro Vannucci,
Piazza Italia and the Carducci Gardens. The subjects were asked
to walk along Via dei Priori as far as the intersection with the
Corso, where data acquisition began. At the same time the
recordings are stored in the connected hardware.
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Figure 4 - Creation of the 3D model.

Participants were advised to act naturally and were allowed to use
their prior knowledge of the area. Each recording lasted about
20-25 minutes, the indicated route was to proceed towards the
Carducci Gardens and then back to Piazza IV Novembre to return
to the starting point of recording.

The experimentation aims to apply the research tools in an urban
context, to understand the emotional aspect in the behaviour
whereby. Once the recordings were finished, the data were
processed using the search algorithm. The studies revealed the

Figure 5 - Data acquisition in Perugia
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Figure 6 - Representation of emotions through mesh.

degree of neural activity that human subjects experience in
anticipation of some spatial experience.

The aim of this work was to discuss how the emergence of new
tools for processing and representing data acquired through EEG,
offers new opportunities for knowledge and representation of
subjective experience and for understanding human emotional
states in architectural and urban contexts. In fact, once the data
were acquired, they were processed through an algorithm and
represented through an analytical model graphically represented
by means of a coloured mesh directly on a photorealistic and
georeferenced 3D model. The mesh obtained biunivocally
associates a colour with each vertex, which in turn is associated
with an emotion in relation to Russell's circumplex model on the
basis of an average of the values acquired. The three-dimensional
model was obtained from the processing of 100 jpg images of
4000x2250 pixel resolution exported from Google Earth Studio
through which the path of the camera, from where the views were
recorded, is set up as if it was a flight plan for a drone. Each image
is georeferenced (latitude, longitude and altitude). The
photomodelling process was carried out using the Agisoft
Metashape software.

This process provides a representation of the direct measurement
of individuals' emotional activity that can support an inclusive,
user-centred approach to understanding life in cities.

3.2 Discussion of the results

The data that emerge, processed by means of an algorithm, are
averaged over the results of the individual recordings and
summarised by means of graphical representations. It is therefore
possible to analyse some of the most significant zones/elements,
also thanks to the recordings made with the eye tracker (Figure
8).

At the beginning of the recording there was a state of stress,
which at first analysis could be caused by the initial impact of the
subject with the experimentation, moreover, the arrival in Corso
Vannucci took place after having walked along Via dei Priori, a
road with a notable slope, for a duration of about 10 minutes, this
situation of fatigue, added to the entrance in an open space and
of greater frequentation could have caused this emotional state.
Continuing along Corso Vannucci one notices a change of
emotion with colours associated with states of relaxation, calm
and contentment as one walks through a protected area, with the
presence of tables and chairs for stopping and recreation. When
one arrives in Piazza Italia, the state returns to being
characterised by the colour violet, which in its shades represents
a state of stress and tension. It is noticeable that this square is
used as a roundabout with spaces for parking and cars passing
through, in fact despite the presence of trees and benches, it is not
experienced as an area for pedestrians to stop, but rather as a
transit area characterised by the noise of cars and with several
pedestrian crossings.

On arrival at the Carducci Gardens, near the trees and benches
with spaces dedicated exclusively to parking and near the walls
overlooking Viale Indipendenza, there is once again a state of
calm, relaxation and contentment, probably also caused by the
view of a remarkably extensive panorama. On the return journey,
the situations are more or less similar, with a decrease in stress
areas at the crossroads with Via dei Priori, for the reasons
explained above, and a new increase in tension and stress in the
vicinity of Via Calderini, another road dedicated to car traffic.
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4. CONCLUSIONS

Surveying perception, assessing the impact of a landscape,
analysing which places create wellbeing, defining and naming
the emotions felt, are all complex interpretations, often theorised,
sometimes intuited, but occasionally quantified and qualified.
The relationship between man, space and emotions has been
studied through the creation of a replicable digital procedure
which, starting from the data, proposes interpretations of the
values of the place. Using the tools already tested by the applied
sciences of neuromarketing, and in particular using the
circomplex model, the affective states of the landscape are
classified in an innovative correlation with space. The system
identifies the valence of emotions along a continuum of
pleasantness-unpleasantness, indicating it through the intensity in
terms of physiological activation, with data collected by EEG
showing a positive correspondence between the intensity of the
neural response and the activation resulting from the vision,
detected by eyetracking.

The innovative approach to the representation of emotional states
reveals how and how much places affect our well-being and
health. The study of the historical urban landscape, with its
stratifications, reveals the impact of the evolution of urban space.
If the influence on emotions is used by marketing to "sell" better,
in the present context the analysis aims to understand where we
live best, in order to grasp the underlying qualities. Thus, the
atmosphere of a place is analysed, detected in correspondence of
the spatial reconstruction with its connotative elements. The
transactions detected between the individual and the
environment, appear to be the basis for including an evaluation
of the impact of the different design solutions, also from the point
of view of design heuristics, a process that is projected to
determine the architectural and urban quality of a place in
correspondence with its impact on the person, always the ultimate
goal of design.
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