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Abstract: A smart city is an environment that uses innovative technologies to make networks and
services more flexible, effective, and sustainable with the use of information, digital, and telecom-
munication technologies, improving the city’s operations for the benefit of its citizens. Most cities
incorporate data acquisition elements from their own systems or those managed by subcontracted
companies that can be used to optimise their resources: energy consumption, smart meters, light-
ing, irrigation water consumption, traffic data, camera images, waste collection, security systems,
pollution meters, climate data, etc. The city-as-a-platform concept is becoming popular and it is
increasingly evident that cities must have efficient management systems capable of deploying, for
instance, IoT platforms, open data, etc., and of using artificial intelligence intensively. For many
cities, data collection is not a problem, but managing and analysing data with the aim of optimising
resources and improving the lives of citizens is. This article presents deepint.net, a platform for
capturing, integrating, analysing, and creating dashboards, alert systems, optimisation models, etc.
This article shows how deepint.net has been used to estimate pedestrian traffic on the streets of
Melbourne (Australia) using the XGBoost algorithm. Given the current situation, it is advisable not
to transit urban roads when overcrowded, thus, the model proposed in this paper (and implemented
with deepint.net) facilitates the identification of areas with less pedestrian traffic. This use case is an
example of an efficient crowd management system, implemented and operated via a platform that
offers many possibilities for the management of the data collected in smart territories and cities.

Keywords: smart cities; deepint.net; open data; crowd detection

1. Introduction

Statistics from the Department of Economic and Social Affairs of the United Nations,
DESAP, indicate that 68% of the world’s population will live in cities or urban areas by
2050 [1], which means rapid and even uncontrolled growth with consequent challenges for
governments, for example: pollution, problems of travel due to traffic and congestion, high
costs of housing, food, and basic services, as well as security problems [2]. In particular,
noise pollution is becoming a growing concern as it is the second most important pollutant
after air—it has been discovered to have great effects in both the health of adults [3] and
children [4].

To address the abovementioned problems, the smart city (SC) concept emerged over
the last years, which refers to the integration of the urban environment with the information
and communication technologies (ICTs). This concept has attracted the interest of all sectors
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(governments, universities, research centres, etc.) to present solutions or developments to
achieve a SC [5]. The objective of the SC paradigm is the effective management of chal-
lenges related to the growth of urban areas through the adoption of ICTs in developments,
solutions, applications, services, or even in the design of state policies [6].

Modern models of municipal governance promote the creation of public value through
articulated initiatives involving citizens. In this context, the generation of useful informa-
tion for citizens is essential and citizens are increasingly demanding that it be accessible
via the Internet. Making data open and mobilising collective knowledge is increasingly
important to enable the creation of sustainable solutions for cities. It is in this context
that the concept of city-as-a-platform emerges, which is associated with the movement for
open government and the application of digital technologies to expand the possibilities
for the co-production of public services [7]. The city-as-a-platform is the technological and
governmental infrastructure that enables the society to play a direct and broader role in the
life of cities. Digital technologies are applied to promote an open space for collaboration
and democratisation of information and knowledge, which requires governance that is
consensual, transparent, responsive, efficient, effective, equitable, and inclusive. In order to
promote this type of initiative, it is essential to have tools such as the one presented in this
article, in order to have dynamic, efficient, and fast mechanisms to facilitate the analysis of
information and to provide it to citizens. This platform makes it easy to capture data from
IoT platforms, open data, etc., and process them using artificial intelligence techniques,
augmented reality, etc.

Currently, smart city is a broadly used term, for example, in systematic reviews of the
literature, more than 36 definitions are identified that address different dimensions of the
urban environment, such as: mobility, technology, public services, economy, environment,
quality of life, or governance [8]. One of the most widely used definitions is the one
proposed by Elmaghraby and Losavio (2014): “an intelligent city is one that incorporates
information and communication technologies to increase operational efficiency, shares
information independently within the system, and improves the overall effectiveness of
services and the well-being of citizens”. However, the growth of the Internet of Things since
2017 onwards has led to a large number of devices being permanently connected to the
Internet. This has led to increased interest in overcoming the challenges posed to effective
data management and security and opened up a debate regarding their importance in
urban management and in the wellbeing of the population [9]

Security is a very important element in cities, it is vital to guaranteeing a safe envi-
ronment for both the citizen and the data that is generated. Any city must implement
security measures to ensure full protection of the citizens’ data, and the data generated by
the urban infrastructure and sensors, etc. Given the seriousness of the current pandemic,
it is also important to facilitate compliance with security measures that protect citizens
and that, for example, they have an adequate social distance. For this reason, imaginative
systems that allow us to identify those areas where there is less density of pedestrians can
be of great interest, for example to facilitate the leisure of families who want to go out and
enjoy the city. SCs need a secure and flexible platform for managing data coming from
city sensors, service providers, citizens, etc. [1], and data coming from real-time sensors,
smart nodes, relational or non-relational databases, especially, small to medium cities or
territories that need scalable platforms, that are easy to deploy and manage, and that do not
require specialized data analysts, which they do not normally have [10]. The construction
of a SC is a dynamic process, and the management platforms have to be ready not just
for real-time data ingestion but also for the inclusion of data from different sources, to
manage such data, to analyse it, to create different visualization models, and to integrate
different datasets. It is also of great relevance to exploit the data, to be able to develop
classification, optimization, prediction models, etc., and to develop secure dashboards
that can be integrated in the control system of a city or county council or any other entity
responsible for the management of the SC. All these challenges must be tackled while
developing a SC, therefore slowing down the process and raising several problems for the



Electronics 2021, 10, 765

30f15

developers, which raises the question of how to accelerate the development of Smart Cities,
reducing costs, time, and troubles?

This article presents the deepin.net platform [11] and how it has been used to imple-
ment a model that facilitates the maintenance of social distance when walking around a
city. Many cities have cameras to guarantee security and/or facilitate decision-making
with respect to, for example, traffic, frequency of cleaning, etc. In this case, we show how
a model with a facial recognition algorithm has been implemented on images captured
in real-time and another regressive one. This collects images from security cameras and
identifies the number of pedestrians on a street, calculates the density, and on the basis of
historical data, predicts what the density of pedestrians will be in the future. The HOG
algorithm (Histogram of Oriented Gradients Algorithm) is used to detect pedestrians
and calculate their density on a street. The XGBoost algorithm [12] is used to predict the
future. The facility that deepint.net has to incorporate sensor data, in this case from camera
images, and to implement these algorithms, makes it very simple to build mechanisms for
automated decision-making processes. With this information, citizens will be able to plan
their walks, know the density of pedestrians on a street at a given time, and know what is
likely to happen in the future.

One of the main advantages of deepint.net against similar platforms is its serverless
design, based on the cloud environment of AWS (Amazon Web Services). This results in no
volume restrictions for the data and response times corresponding to the AWS machine
chosen by the client. Moreover, its ease-of-use makes it possible for anyone with basic
knowledge to take part in the development of a SC, greatly speeding up the developing
and deployment phases.

The article is organised as follows: the second section describes the concept of the
smart city and presents some tools for managing them—these are the verticals on which
they can be structured and for which a greater number of use cases are carried out. The
third section describes deepint.net and the fourth section presents the hybrid model used
to identify pedestrian areas with an accumulation of citizens. Once the results have been
analysed, the conclusions are presented.

2. Smart Cities

Cities are constantly evolving, and regardless of their size, they are seeking solutions
to improve the quality of life of their citizens, to be more efficient, and to optimise their
resources. Information and communication technology (ICT) is a basic element in the
development of intelligent cities and numerous projects have been launched to create
information management systems, especially adapted to the needs of cities [7].

In all these developments, it is essential to take into account aspects that are closely
related to the citizens, such as human capital/education, social and relational capital, the
environment, etc. For smart city models to be useful and progress together with their
citizens, it is necessary for them to be efficient, flexible, easy and rapid to implement, and
to integrate with other smart city tools or technologies [6]. Many countries are making
a considerable effort to develop a “smart” urban growth strategy in their metropolitan
areas [13]. The Intelligent Community Forum conducts research on the local effects of ICTs
that are now available worldwide.

The role of innovation in the ICT sector is fundamental in the development of the
infrastructure that provides a city with intelligence and of tools for the sustainable, citizen-
oriented, realistic, and coherent management that is required [14]. The scope of research
is extraordinarily broad in this field and there are numerous options for the implemen-
tation of intelligent cities. It is therefore important to know all of them and make the
right choices. Interesting options have been presented for smart cities in the fields of
wireless sensor networks [15,16], agriculture [17,18], energy optimisation [19-22], optimal
resource allocation [23], risks and challenges of EV (Electric vehicle) adoption [24], vehicle
networks [25,26], and route optimisation [27,28].
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The Internet of Things is a basic element in the development of intelligent cities [6,29].
City data, especially if accessible in real-time, can be used to effectively transform and
manage the city and promote urban planning and development [30]. Appropriate real-time
solutions and systems capable of making decisions to solve run-time problems are elements
that can improve the efficiency of smart cities [31]. The present paper is an example of how
the data extracted from real-time images can be used to identify areas where pedestrians
can walk, maintaining the adequate social distance.

Any platform for smart city management must have a robust system to acquire and
process data from multiple data sources (databases, trackers, third-party applications,
sensors, intelligent nodes). Architectures require flexible and scalable computing power
to process large volumes of data. Today, thanks to technological advances and lower
storage and sensor prices, the amount of generated and stored data is huge and growing
exponentially. Multicore processing (in the form of symmetric multiprocessing (SMP) and
asymmetric multiprocessing (AMP) is becoming common, with embedded multicore CPUs
expected to grow by a factor of x6 in the next years (Venture Development Corporation).
In addition, Field Programmable Gate Arrays (FPGAs) have grown in capacity and de-
creased in cost, providing the high-speed functionality that could only be achieved with
Application-Specific Integrated Circuits (ASICs) [32]. In addition, virtualisation is driving
the development of large scalable systems and blurring the connection between hardware
and software by allowing multiple operating systems to run on a single processor.

There are numerous platforms for the management of smart cities, which facilitate
both massive and secure data intake and processing. These platforms have mechanisms
for information analysis, data transmission, information fusion, pre-processing, etc. In
addition, these platforms must be prepared for integration with other platforms, with
information management systems, etc. Some of the platforms used for the management of
smart cities are presented in Table 1.

Although much research is being done on smart cities, a compact system is still needed
that is efficient and scalable, and easy to implement and integrate with other platforms.
The platforms presented in Table 1 offer many options and some of them are quite flexible
for data management. They have all been analysed and some of them are more efficient
in modelling data, while others are better at acquiring data from sensors, but the most
interesting one, that has the biggest potential, is deepint.net [11].

Deepint.net offers all the necessary elements to build a system for collecting and
managing data using all the power of artificial intelligence. Deepint.net simplifies the
development of the management systems of a smart city and also offers the possibility of
integrating data from any source.

Deepint.net offers user-centred services and facilitates the creation of intelligent dash-
boards without the need for knowledge of intelligent systems, as it has an intelligent tutor
that guides experts in city management to develop their own models. The platform is ready
to integrate new management models and facilitates the composition of intelligent hybrid
or expert mixing systems, so that different algorithms work together to obtain results from
integrated or heterogeneous data sources.

Moreover, one of the main characteristics of smart cities is the heterogeneity of all their
components [33], both in the final applications and in the technology used in the deployed
infrastructure. For example, within the IoT sector, there are many manufacturers, protocols,
and communication technologies [34,35]. As detailed below, one of the main advantages
of the platform presented in this document is that it is compatible with any technology
or manufacturer.
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Table 1. Main platforms used for the management of smart cities.

Platform Name

Description

Key Features

Deepint.net

Platform for data acquisition, integration,
pre-processing, and modelling. Incorporates a complete
suite of artificial intelligence techniques for data
analysis: clustering, forecasting, optimization, etc. It is
scalable and easy to implement.

Scalable, ease-to-use, versatile, SC
development focus.

ICOS

It is an open repository of solutions for SCs, offering a
set of existing applications and projects that can be
reused for application creation.

Open-source, active forum, re-usable solutions.

Webinos

Web application platform that allows developers to
access native resources through APIs. Webinos makes it
easy to connect any IoT device.

Open-source, independent software components.

Sofia2

Middleware that enables interoperability between
multiple systems and devices, offering a semantic
platform that makes real-world information available to
smart, mainly loT-oriented applications

IoT focus, interoperability among systems.

Kaa

An initiative that defines an open and efficient cloud
platform to provide IoT solutions. Among the most
common solutions is the connection of all types of
sensors that can be found or deployed in a SC.

Focus on road infrastructure, public service
facilities, and smart buildings.

Altair SmartWorks

PaaS-type platform designated for IoT and M2M. It can
be used to connect the information-providing
infrastructure to a SC. However, the platform remains at
this level, without offering user-oriented services, a
layer that would have to be created independently of
the platform.

PaaS platform, good IoT protocols support.

FIWARE

A platform that provides a series of APIs for the
development and deployment of Internet applications,
targeting a number of verticals. Many of these sectors
are responsible for providing a variety of SC services.

Open-source, powerful APIs, strong ecosystem.

Deepint.net incorporates the elements required for the management of any smart city

without the need for ICT professionals or expert data analysts, and it has been developed
under the concept of “Smart City as a Platform”. The platform includes artificial intelli-
gence techniques for the extraction of information that is useful in the management of
infrastructures, systems, and devices, making the city functional and efficient. Moreover,
maintaining a rapid response time is fundamental for the functioning of a SC. Without
deepint.net, the large volume of data collected from a SC is normally sent directly to the
cloud, and this has high associated and variable costs, forcing cities to seek solutions that
reduce the costs of payments to cloud service providers, as well as energy and bandwidth
consumption. Deepint.net is a scalable, easy to use, and dynamic platform that has a fast
response time, capable of satisfying the immediate needs of any city or territory.

Smart Cities as a Platform: Verticals and Domains of Smart Cities

The development of a smart city must be based on certain foundations, which range
from a well-defined planification phase to the selection of the most suitable tools [36]. In
many cases, key aspects, such as an in-depth review of the human factors of the city or
the validation of market-ready technologies, have been left out. This can result in a slow
adoption of new systems and unsuccessful smart city projects. Vertical markets and tools
for smart cities are often classified following the principles of Table 2, which provides a
solid structure upon which a smart city must be built.
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Table 2. Verticals and domains of smart cities.

Verticals Domains

Smart governance social services, participation, transparency, etc.

Smart economy innovation, productivity, entrepreneurship, flexible labour market, etc.

Smart mobility connected public transport, multimodality, logistics, accessibility, etc.

Smart environment  environmental protection, resources management, energy efficiency, etc.

Smart people digital education, creativity, inclusive society, etc.

Smart living Tourism, security, healthcare, culture, etc.

3. Deeplnt.net Platform for Smart Cities

Today, all sectors can extract knowledge and benefit considerably from data analysis,
with cities/territories being the largest producers of data that exist today. Thanks to
advances in computing, such as distributed processing techniques, improved processing
capabilities, and cheaper technology, artificial intelligence techniques can now be applied to
large volumes of data, offering rapid results, which was unthinkable less than a decade ago.

Deepint.net offers functionalities that cover the entire data analysis flow: a wizard
for data ingestion from multiple sources and in multiple formats, a wizard for data man-
agement (pre-processing, filtering, etc.), a wizard for applying proprietary data analysis
methodologies with the advantage that no algorithm needs to be programmed or config-
ured, a wizard for creating fully customized dynamic visualizations and dashboards using
drag and drop techniques, and finally, mechanisms for exporting data and visualization
results, allowing, for example, for the interactive sharing of analyses with any Internet user.
The architecture of the platform includes the 5 different layers described in Figure 1.

Data Data Data Data Data
ingestion management analysis visualization exportation

Figure 1. Deepint.net architecture layers.

Deepint.net is a platform that can be used to create data collection and management
systems for members efficiently and without the need for data scientists, which is difficult
to find nowadays, as it includes many data analysis algorithms created with artificial
intelligence techniques. It is a platform created for the managers of smart cities, and it
facilitates all the aspects related to data management, processing, and visualisation.

Deepint.net is a platform deployed in a self-adapting cloud environment, which allows
users to apply artificial intelligence methodologies to their data, using the most widespread
techniques (random forest, neural networks, etc.). The user does not have to know how
these techniques work, nor how to configure them—it is not even necessary to have
programming skills. Deepint.net facilitates the construction of models for data processing
in a guided and clear way, indicating how to ingest data, work with the data, visualise
the information to understand the data, apply a model and, finally, obtain, evaluate,
interpret, and use the results. The platform incorporates a wizard that automates the
process, selecting the configuration for the artificial intelligence methodology that provides
the best solution to the problem the user is addressing.

Figure 2 shows which elements and tools can be used throughout the data and
information management process, from data entry to the creation of dashboards or data
exploitation at the end. Deepint.net allows users to exploit all results through dynamic,
reusable dashboards that can be shared and used within other tools available to the city,
such as exporting results in different formats for easy reporting, for example.
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Figure 2. Flow and elements of data analysis.

It is a platform that covers all the usual flow of data analysis from the intake of
information to the exploitation of the results, but unlike other existing tools, the user has
no knowledge of programming or data analysis but is only an expert in smart cities [11].

Some of the most outstanding features of this platform are related to its plans tailored
to the needs of cities, its ability to integrate datasets from different sources, prioritising
the most common: formatted files (CSV /JSON) both local and available on the Internet,
databases (NoSQL and SQL), streaming data (MQTT, among others), repositories based
on CKAN, etc., the inclusion of models for the automatic detection of the type of data,
the use of automatic mechanisms for data processing (filtering records according to a
criterion, eliminating fields, merging sources, creating compound fields, etc.), guided
mechanisms that facilitate the representation of the information provided by the user, and
mechanisms for the creation of data analysis models in a guided manner, suggesting the
best configuration to users. Meanwhile, the platform has advanced features which can be
used by the users who have knowledge of data analysis, the use of metrics that allow the
model results to be evaluated in a simple manner, the definition of dashboards by inserting
created visualisations, model results, etc., by means of ‘drag and drop” so that users can
personalise how they want to work with the tool, etc.

In addition, deepint.net allows users to create different roles, structure user projects
in such a way that with one account the tool can be used in different environments or for
different clients, exploit results for the creation of reports, etc., and deploy the system in a
commercial cloud environment (i.e., AWS) that allows all users to be served in a way that
is adapted to their needs, on demand, with high performance and high availability.

4. A Case Study: Melbourne

In this section, a model is presented for real-time crowd detection and future crowd
prediction using video surveillance footage. The use case is set in the city of Melbourne and
focuses on the ability to detect the most crowded streets of the city and the streets which
have the lowest number of pedestrians. This information is of critical importance to both
government institutions and citizens, especially during the current COVID-19 pandemic.
Crowds may contribute to the spread of the Coronavirus if the social distance among
people is not adequate, and maintaining such distance is rather difficult. The information
generated by the presented model may help citizens and city authorities make decisions.

The method allows the user to identify the areas of Melbourne in which crowds will
appear using historical and real-time data from the video surveillance cameras of the city.
The process is carried out using a hybrid algorithm with two modules: a face recognition
unit and a regression unit.
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4.1. Input Data

The method is designed in such a way that constant image flow is the only required
input. Camera footage is analysed every 2 min by the face recognition unit and the number
of detected faces is fed to the regressor unit, which is re-trained once a month. This creates
a well-labelled dataset and provides real-time insight to the users. So as to test both units
separately, the use case presented in this article uses independent data for each unit.

The regressor unit has been trained using a dataset which contains hourly pedestrian
counts since 5 January 2009 to 31 October 2020 from pedestrian sensor devices located
across the city of Melbourne (link is provided in the Data Availability Statement). It is
formed by 3,391,523 data instances and contains information about each sensor’s location,
the time of the measurement, and the number of pedestrian hourly counts. The data is
considered reliable, up-to-date, and publicly available.

As for the face recognition unit, data protection laws do not permit the publishing of
open datasets of street surveillance footage without blurring the face of the people involved.
This obstacle has been overcome by using a well-tested algorithm which provided a good
performance in a vast variety of datasets [37-39].

An example of the data used is shown below (Figure 3).

Year $ Month % Mdate $ Day % Time $ SensorID $ Hourly Counts % latitude longitude %

2019 September 20 Friday 2 57 16 -37.8164124 144.9558028

2017 March 9 Thursday 2 40 6 -37.8150015 144.9526225

2014 October 8 Wednesday 14 9 507 -37.818124 144.953581

2011 February 9 Wednesday 12 3 2297 -37.810002749999995 144.96259436892453
2013 June 16 Sunday 8 12 64 -37.8145826 144.942374

2018 January 4 Thursday 1 33 182 -37.8217763 144.9519159

Figure 3. The face recognition algorithm applied to a frame of a crowd at a country fair. The average number of faces
detected per frame is used to estimate the people density in the area.

4.2. Crowd Detection Method

The goal of this solution is to accurately describe and predict the location of crowds in
any developed smart city. To achieve this, security camera footage is processed using a face
recognition algorithm which calculates the number of individuals in each frame. This pro-
cess is carried out every two minutes and the obtained number is extrapolated to estimate
the people density surrounding the considered sensor. The obtained information is useful
for monitoring crowd behaviours and creating a training dataset. An output describing the
areas of the city by “low, medium, or high density of pedestrians” is generated.

Afterwards, a machine learning algorithm is trained with the labelled dataset and
used for predicting the behaviour of crowds in the near future. An output describing the
density of pedestrians in the different areas of the city is generated after one hour and after
two hours.

The overall process is described in Figure 4.

4.3. Face Recognition Unit

The main aim of this module is to transform the input, which consists of camera
images, into a consistent dataset of people density. To achieve this, the number of faces in
each frame is obtained and the average number of people over a period of time is calculated.
This results in a dataset of people density in the location of each camera, which is used for
training a regression unit.
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Figure 4. Flow and elements of the crowd detection method.

This unit makes usage of the HOG algorithm (Histogram of Oriented Gradients
Algorithm) due to its good performance for human face image detection. This algorithm
obtains a near-perfect separation on the original MIT pedestrian database and an 89%
accuracy in other more complex datasets [37].

The face recognition process is as follows:

e  Convert the image to grayscale and calculate the gradient of each pixel. This creates a
common ground for all images. Changes in brightness do not affect the algorithm anymore.

e The gradients are stored in an array, divided into 16 x 16-pixel squares and the
direction of the greatest gradients of each square is selected.

e A trained linear Support Vector Machine (SVM) is used to find face patterns.

The algorithm produces a series of locations within the image which contain people’s
faces. A visual example of the output of the algorithm is shown in Figure 5. The accuracy
of the algorithm reaches 99.38% on the Labelled Faces in the Wild benchmark [40].

Figure 5. The face recognition algorithm applied to a frame of a crowd at a country fair. The average
number of faces detected per frame is used to estimate the people density in the area. This public
image has been chosen to illustrate the concept to be represented. In order to comply with data
protection legislation, actual security camera footage has not been used.

4.4. Regression Unit

The regression unit in this case makes use of the XGBoost algorithm. This method
stands out as it has shown a very powerful performance, accuracy, and it has a good
interpretability. The goal is to model the previously obtained dataset and use it to predict
future crowds as well as to monitor the current ones (Figure 6).
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Figure 6. The heat map of a probability model of crowds in the city of Melbourne. A smoothed plot
was generated by overlapping Gaussian kernels weighted with the estimated crowd probability.

XGBoost is an optimisation method which makes use of regularisation and a loss
function, as described in [12]. It addresses the problem of traditional Euclidean space
optimisation methods and achieves a gradient tree boosting method. The (simplified)
objective function is defined as:

n
AY =Y l(%’r 7Y+ ft(xi)) + Q(fi) @
i=1

where [ is the loss function, y; is the real observed value, yft‘l) is the previously predicted
value, f;(x;) is the function to optimise in step i, and Q) (f;) is the regurgitation factor of
the function.

This is defined as a computational-enhanced version of the Tailor Theorem which, in
addition, can apply Euclidean space optimisation techniques.

Similarly, if we consider the second-order Taylor approximation, we obtain the truly
used goal function:

(t) = 1 A%
AV = Ehl fi(x;) — . + Q) +C 2)
i=1 t
al(ygt 21y gt
where g; = % and h; = M are the first and second order gradient

T o)

statistics of the loss function and C is a constant.
The usage of this function results in a lower computational complexity as compared
to random forest and traditional tree ensemble models.

4.5. Using Deepint.net to Construct a Solution

The previously described algorithm has been implemented on deepint.net and its
deployed version has been tested. An overview of the process is presented in this section.

All the data analysis is made using wizards on deepint.net. The user must only select
the data source and the model to be used, and the platform will automatically look for
the best hyper-parameters and configurations. The performance of the created model can
be directly observed in predicted-observed diagrams and other ways to interact with the
model. For example, predictions of arbitrary dates and other types of data input can be
made (Figure 7).
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Figure 7. Predicted-observed diagram of the trained model and wizard for interactive predictions.

The ease-of-use is a key feature of the design of the platform. In just a few basic
steps, a model can be created and there are several visualisations available to analyse its
behaviour, performance, accuracy, and to interact with the model. The basics of all the
available options are described in detail in the dialog boxes—the user just has to select the
desired configuration. Furthermore, advanced data scientists can fine-tune the parameters
manually if they wish, while using the functionalities of deepint.net via an API REST.

After the models have been created and connected within the smart territory, the
design of the platform allows the user to create a set of dashboards for real-time monitoring
of the sensors (Figure 8). Furthermore, heat maps, as shown in Figure 6, can be added to
new dashboards.
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Figure 8. System dashboard for real-time monitoring of crowds, created using deepint.net.

5. Results

Deepint.net is a platform which eases the development and monitoring of intelligent
systems in smart territories, while providing robust results. The developed applications
can be operated in real-time by any user in the city: both a pedestrian who wants to plan a
quiet walking route and a manager who has to decide where to reinforce the street cleaning
routines. Moreover, during the current COVID-19 pandemic, it would allow pedestrians
to keep a safety distance among themselves, as well as help the authorities keep a lower
infection rate within their territory. All city stakeholders can benefit.
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The wizards offered by deepint.net for the integration of data sources, creation of
visualisations, dashboards, and modelling, cover the entire ecosystem within the data
analysis life cycle. This proposal has this key advantage over other commercial data
analysis solutions which are more limited in functionality and usability.

The algorithm used for prediction was XGBoost as it is an optimised distributed gra-
dient boosting library designed to be highly efficient, flexible, and portable. It implements
machine learning algorithms under the Gradient Boosting framework, which provide fast
and accurate results for most data science problems. It is widely used nowadays as it has
achieved a better accuracy than other tree ensemble algorithms and even outperformed
newer algorithms such as LightGBM [41]. The discussed use case, designed as a mock-up
version to test the platform’s possibilities, has used a reduced version of the dataset (first
57,000 instances out of the 2,281,353 total instances) and obtained a mean relative error of
0.314. As it can be seen in Figure 7, most values can be found near the predicted-observed
line, with only a small amount of them far away. This performance corresponds with
the basic results obtained when the platform automatically configures all the parameters,
equivalent to a beginner user without any experience using it. For more advanced users, the
wizards make it possible to boost this performance by manually fine-tuning the parameters
and testing multiple configurations.

The face recognition algorithm applied in the use case has been selected due to its high
performance, accuracy, and popularity, resulting in a trustworthy algorithm. A comparison
with other algorithms is shown in Table 3. The HOG algorithm stands out as the one with
the higher detection rate, and it has been shown to work well with subsequent algorithms
with a complex task [37-39].

Table 3. Comparison of different face recognition algorithms (Adouani et al., 2019).

Methods
HAAR HOG LBP
Detected frames 653,484 772,954 503,516
Metri Detected faces 652,451 772,954 503,350
etrics TPR* (%) 78.23 92.68 60.37
FNR* (%) 21.76 7.31 39.64

* TPR = True Positive Rate, FNR = False Negative Rate.

Limitations

The proposed system assumes that the cameras used for crowd detection are located
in relevant locations with an angle to capture pedestrians—a camera facing a wall could
confuse the classifier and distort the heatmaps. Furthermore, the model trained in this use
case is designed to emulate the process performed by the most basic user. If a model is to
be used in a real-world scenario, it would need to be fine-tuned by a data scientist.

6. Conclusions and Future Work

The proposed model makes use of advanced machine learning algorithms for face
recognition and an ensemble learning method that successfully predicts the present and
future location of crowds within cities, as evidenced by the results. The developed platform
is the cornerstone of Smart Territory development, enabling any user to achieve equivalent
results seamlessly and to implement them in real-life scenarios, facilitating the entire
development process. Deepint.net made the creation of an advanced crowd detection
dashboard possible and greatly reduced the development time—a few working days
as opposed to the typical months of R&D for creating a system from the ground up.
Most methods are based on well-established Python libraries, providing a high degree of
reliability to any developed system.

The platform has a much greater potential than specialised tools with regards to pro-
viding strong, resilient models to a wider public, without dropping in performance. As the
number of smart cities around the world continues to increase, such advancements are more
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needed than ever. Deepint.net is capable of reducing the costs associated with maintenance
and resource management in smart territories while accelerating their development.

Current technological advantages are changing our cities from many different per-
spectives, and an efficient data management model is required. Such changes constitute a
key challenge to any SC, and they constantly make platforms become obsolete and full of
limitations. As a result, deepint.net and any other such platform must include constant
upgrades and incorporate new, promising ideas and algorithms.

The concept of “city-as-a-platform” has been successfully introduced and is driving
the development of smart cities, efficient in the use of data and boosting the development
of smart applications. In this sense, it is not sufficient to have mechanisms for data
processing and solution development—it is necessary to have platforms that allow for
the construction of these systems in an efficient, fast, and secure way. The availability of
“open-data” platforms, sensors capable of providing secure and continuous data, and the
demand for solutions for each of the verticals was identified by the many smart cities under
development. It seems clear that what impedes municipal governments from undergoing
a definitive and disruptive transformation is the use of inappropriate platforms. This
hindrance has been addressed in this paper, by demonstrating that deepint.net is a platform
with great potential for information capture, visualisation, management, modelling, and
representation. Municipal governance implies a systematic and definitive boost in the use
of technologies such as those presented in this article. The presented user-friendly platform
employs Al to manage data originating from IoT architectures.
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