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Abstract—In this work we proposed a computational model
to extract pedestrian characteristics from video sequences. The
proposed model considers a series of characteristics of the
pedestrians and the crowd, such as number and size of groups,
distances, speeds, among others, and performs the mapping
of these characteristics in personalities, emotions and cultural
aspects, considering the Cultural Dimensions of Hofstede (HCD),
the Big-Five Personality Model (OCEAN) and the OCC Emo-
tional Model. The main hypothesis is that there is a relationship
between so-called intrinsic human variables (such as emotion)
and the way people behave in space and time. As one of the main
contributions, four large dimensions of geometric characteristics
(Big4GD) were proposed: I - Physical, II - Personal and Emo-
tional, III - Social and IV - Cultural, which seek to describe the
behavior of pedestrians and groups in the crowd. The GeoMind
tool was developed for the purpose of detecting the four geometric
dimensions from video sequences. In addition, several analyzes
were carried out with the purpose of validating the proposed
model, from comparing results with the literature, including the
comparison of spontaneous multitudes from several countries and
controlled experiments involving Fundamental Diagrams.

Index Terms—Crowds, Cultural Aspects, Personality, Emotion

I. INTRODUCTION

The study of human behavior is a subject of great scientific
interest and probably an inexhaustible source of research [1].
There are many applications such as entertainment (games
and movies), understanding of human behavior, security and
surveillance, urban planning and activity recognition [2], [3].
When a group of individuals shares the same physical space
and has a common goal, they have the characterization of a
collective and highly dynamic or, more broadly, a crowd [4].

Chattaraj et al. [5] suggest that cultural and population dif-
ferences can produce changes in the speed, density, and flow of
the crowd. Interested in these aspects, Geert Hofstede created
a model of culturality, which became known as the Cultural
Dimensions of Hofstede (HCD) [6]. Another factor that can
interfere in the cultural aspects of a group of individuals are the
personality and emotion of each one. Regarding personality,
we adopted the personality model Big-Five [7], [8]. It is a
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descriptive (taxonomic) psychological model of five factors
of personality traits. Related to emotions, Ortony, Clore and
Collins’s [9] proposed an emotion model called OCC.

Following this line of research, this work seeks to ex-
plore the cultural factors of multi-country crowds from video
sequences. The main goal is to develop a computational
model for detection and analysis of pedestrian and group
features in crowds from video sequences. The idea is to
use characteristics of the crowd and their individuals, such
as: average distance between people, number and size of
groups, speed, density, directions, among other factors that
may vary according to the type and nationality of the pop-
ulation to detect and characterize personal, social, emotional
and cultural aspects. In particular, we want to propose new
factors/dimensions that can be used to characterize crowds,
groups and their individuals relating intrinsic features as
cultural aspects, personalities and emotions to physical and
geometrical manifestations (distances, speeds and so on).

A. Motivation and Contributions

In the literature, some work seek to simulate different types
of crowds, e.g. addressing aspects of gender and age [10], [11].
Computational simulation models that consider, in addition
to these factors, data such as culture and habits are still
rare [12] and require a thorough state-of-art study of other
areas of knowledge, such as psychology and anthropology.
Reproducing the real characteristics of a crowd in simulation
is a challenging task [13] and methods that explore cultural
aspects in simulated and real crowds are still uncommon.

The motivation for the research in this area starts from
the need to have computational tools and models that are
capable of extracting characteristics from real pedestrians and
crowds, benefiting several other areas of knowledge, e.g. the
computational simulation. The relevance of this research is
justified due its diverse applications, such as physical space
planning, entertainment and security management, among
others. These areas seek to consider regional and cultural
aspects, but usually this is done with empirical knowledge,
there is no computational method or model to help in this
task. In the area of physical space management and planning
of environments, regional and cultural behaviors and habits
should be considered [14], [15]. For example, in Arabian
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Fig. 1. Our Big-Four Geometrical Dimensions: features mapping from the proposed approach divided into four dimensions: I–Physical, II–Social, III–
Personal and Emotional and finally, IV–Cultural.

cities, the provision of public and private spaces is, for the
most part, very different from the European cities, according
to an study performed by [14].

When it comes to entertainment field, the production of
movies and computer games can benefit from the study of
cultural aspects. The crowds in the games could be more
realistic and include cultural characteristics, typical of each
region or country. A crowd of people in a game in Florence
in Italy could behave differently from a crowd in a game
that takes place in Rio de Janeiro in Brazil, for example.
The same goes for the film industry, where pedestrians from
simulated crowds could have characteristics and behaviors
which are typical of the location of the film’s narrative. With
respect to the security area, detection of abnormal events could
consider cultural aspects, so a strange behavior performed
by a pedestrian or a group of pedestrians in France may be
different from a strange behavior performed by a pedestrian
from Germany.

In order to address this problem, we proposed the develop-
ment of a computational model that allows the extraction of
pedestrian and crowd characteristics based on their behaviours
manifestation in space/time, being able to identify cultural,
personality and emotional aspects and behaviors that differ
from one country to another. Fig. 1 shows an overview of
the features mapping from the proposed approach. Directional
arrows indicate which features are used as inputs to calculate
other, for example, distance is used as input to calculate
socialization and to detect groups.

As one of the main contributions of this thesis, we proposed

four different dimensions of features to characterize pedes-
trians organized in groups/crowds in video sequences. These
dimensions, named as Big-Four Geometrical Dimensions or
just Big4GD model, illustrated in Fig. 1, are:

• I – Physical, which keeps the physical features of
pedestrians obtained directly from the tracking, such as
speeds, distances from a pedestrian from others, angular
variations, among others;

• II – Social, which derives from the Physical dimension
and deals with social interaction, characterizing groups of
pedestrians and social features, as collectivity, isolation
and socialization levels of individuals;

• III – Personal and Emotional, which maintains the fea-
tures related to personality (Big-Five) and emotion (OCC)
traits;

• IV – Cultural, which deals with features regarding cul-
tural aspects, according to Hofstede (HCD).

Naturally, we make no claims regarding the validity of
this approach as a scientific tool for assessing cultural, per-
sonality or emotional profiles of real people because it is
hard to know the intrinsic variables of human beings (per-
sonalities/emotions/culture) and to relate that with humans
physical/geometrical manifestation. This approach is a hy-
pothetical model (tested in same examples) to detect our
proposed dimensions and its validity in a set of videos as
well as some specific literature. Our main hypothesis is that
it is plausible to propose a computational model that based
on pure geometrical input information can be used to find out
some intrinsic information, i.e. correlate geometric manifesta-
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tions with emotion/personality/cultural aspects. All proposed
dimensions and other analysis and experiments, together with
the background and related work, are described in details in
the thesis manuscript attached to this submission.

A final comment about the contribution of this thesis: we
did not find any model in literature that focus on find out
and characterizing emotion, personalities and cultural aspects
of people in pedestrians from video sequences related to
their spacial/time behaviours. In the next section we describe
the main byproducts of the thesis, including papers, a book
published by Springer Nature, a software and a public dataset.

II. PUBLICATIONS AND DISTINCTIONS

In addition to the geometric dimensions model proposed
in this thesis, our research generated other important con-
tributions. We have built a dataset of videos with crowds
from different countries. We also developed a software for
the detection and analysis of geometric dimensions in videos,
along with a visualizer of features. The Cultural Crowds
dataset and the GeoMind software are summarized next.

Cultural Crowds1 is a public dataset of videos with crowds
from different countries, which consists of 88 video clips with
different conFig.tions. The videos were cataloged in several
classification criteria, such as: crowd density, camera angle,
environment, nationality and type of scene. Together these
videos are files with tracking, pedestrian and crowd features
and geometric dimensions information.

The software, called GeoMind2 (abbreviated form of Geo-
metrical Mind), was developed using Matlab App Desinger to
the detection and analysis of geometric dimensions Big4GD
in video sequences. It was design to be simple and easy to
use, allowing users, with a few steps, to obtain a series of
pedestrian features from video sequences, based on tracking.
Fig. 2 shows the main interface of the software. It is possible
to see the setup panel on the left side and a video summary
results in the right side of the Fig. 2.

Fig. 2. Geomind main interface: setup panel containing the input and output
configurations of the video processing (left) and video summary after the
software processing showing the results analysis (right).

In terms of publications, the results obtained during the
research developed in this thesis were published as several
papers and a book, as described below:

1Cultural Crowds dataset is available at https://www.rmfavaretto.pro.br/
vhlab/datasets.php.

2Download and more information about how to use GeoMind can be found
at http://rmfavaretto.pro.br/geomind.
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III. FINAL REMARKS

We proposed the Big-Four Geometrical Dimensions, a
model containing a set of pedestrian and crowd features
grouped into four dimensions. This four dimensions en-
close characteristics in different levels, as pedestrian, group
and crowd. Based on geometric characteristics derived from
pedestrian trajectories, we propose a way of characterizing
pedestrians and groups of individuals in crowds, allowing the
comparison of each other to find differences between one
crowd and another. Based on a series of experiments, we
were able to validate our model and verify that our approach
succeeds in extracting the information from the crowds and
their individuals.

A big challenge in the subject of research of this thesis
is the comparison with real life data. In this way, regarding
personality and cultural aspects, we successfully compared our
results with Psychology literature, where several studies aimed
to analysis human behavior. It is important to notice that, even
if the literature measured these dimensions by considering a
different type of information (subjective responses of individu-
als collected through questionnaires), the results obtained from
our approach using geometrical information indicate that our
model generates coherent information when compared to data
provided in available literature, as shown in various analysis
along the thesis manuscript.

In addition, as one particular aspect to be considered in
behavior analysis is the context and environment in which
individuals behave, we performed an experiment (Fundamental
Diagram, detailed in Chapter 7 of the thesis manuscript)
excluding such variations by fixing tasks that the tested popula-
tions were required to execute. In this controlled experiment,
we have found strong evidence of the fact that the cultural
behaviours of individuals can be observed at low and medium
densities, i.e., in high densities individuals exhibit mass be-
haviours instead of behaving individually according to their
cultural background or personalities. This serves as interesting
and concrete proof of several theories on mass behaviour as
discussed by [29] and [30].
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