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Abstract

Security on closed t&s is one of, if not the most important concern that owners and
managers of enclosures should have in mind. One of the most crucial knowledge concerning

the safety of people in a closed space is the occupation relative to the maximum capacity.

This projest is about the design, building and implementation astaltk web application
which gives this information in a manner which ensures the best user experience. It shows
the realtime occupation of a site, control of the influx of people, and provideisdass

analytics attractive for the client.

Resunen

La seguridad en sitios cerrados es una las preocupaciones mas importantes que deben tener
en cuenta los propietarios y administradores de recintos. Uno de los conocimientos mas
importantes sobre la seguaidide las personas en un espacio cerrado es la ocupacion relativa

a la capacidad maxima.

Este proyecto consiste en el disefio, la construccion y la implementacion de una aplicacion
web completa que proporciona esta informacién de una manera que garanigarla

experiencia de usuario. El producto final muestra la ocupacion en tiempo real de un sitio, el
control de la afluencia de personas y proporciona analisis de negocios atractivos para el

cliente.

Resum

La seguretat en llocs tancats és una les preoimnzamés importants que han de tenir en
compte els propietaris i administradors de recintes. Un dels coneixements més importants
sobre la seguretat de les persones en un espai tancat és I'ocupacio relativa a la capacitat

maxima.

Aquest projecte consisteen el disseny, la construccié i la implementacié d'una aplicacié
web completa que proporciona aquesta informacié d'una manera que garanteix la millor
experiencia d'usuari. El producte final mostra I'ocupacié a temps real d'un lloc, el control

de l'afluenca de persones i proporciona analisi de negocis atractius per al client.
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1. Introduction 1

1. Introduction

There have been many cases of incidents rel
such as events where the fast evacuation of people is needed. Not knowing the true
occupation of an enclosure can lead to dangensdsametimes even fatal accidents. This

project is aimed to solve this problem in an emsynplement, precise, and visual approach.

The project consists of the design and construction of a web application for the control of

the capacity, influx and occapon control of people in an enclosure.

The application also presents meaningful business analytics data for the clients, which are

the owners, managers or whoever is in charge of this kind of knowledge:
1 How many people visit your establishment?
1 How mary of your visits become sales?
1 Do you know the capacity of your business in real time?
1 Do you know where customer traffic is concentrated?

Those are questions that the application answers. The client that decides to acquire the
product is able to extradata from a period of time and that data be shown in different types

of media forms, while also knowing the quantity of people occupying their business place in
real time with little percentage of error, ensuring that the occupation of their placaris sec

at all times.

The application also has an alarm system which warns the users whenever the capacity is

near, by a defined percentage, to the maximum capacity.

To acquire the data, it is first needed to sensorize the entrances of the site. Thezd i®a ne

be flexible with the different kind of inputs that the application has deal with. Usually the
input comes from a thirgarty infrared sensor which already has an interface to define
entrances and departures, but sometimes it has to extract datafiBroamera or a thermal
camera (so there is better night vision) and use software to define the entrance and exit lines,

and image recognition to know how many people cross those lines.
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It needs to be said that the goal of the project is not to extesxbipal data from the public
t hat access the enclosure, but to provide g

maki ng. I n no case the system saves or share

The application will be developed for NexoTeclL,Sa security business focused on
videosurvellience. One of the principal goals of the product is to guarantee the safety of the
enclosures displaying with precision the occupation in real time. The project is named

NexoCount as requested by the company.

Additionally, there is the goal to take the
It is intended to extract interesting information from the cameras like gender and age
classification of the people on the site. For that to work, deep ledrasitp come into the

equation, there was a staibthe-art research of gender and age recognition on video
streams. After that, a neural network trained with a dataset is used for the final recognized

predictions and posterior storing and displayinghefinformation extracted.



2. Previous Study: context, background and information necessities 3

2. Previous Study: context, background and information

necessities

The project was developed with a profound knowledge imported from the work
experience.

2.1 Background

Business internship

It is necessary for the context tife project to explain the internship at the company
NexoTech, as it is them who asked apdnsoredhe project and for whom the final product
will be for, as they will sell it and distribute it. There was a participation in a series of small
projects retvant to the realization of this project:

1 Website: Update of the business website. Rebuilding of the website which was
outdated and presented high deficiencies, with the intention to improve the user
experience and the SEO visibility. The new website vea®ldped with 1&1 CMS.

The website can be found at the date 24th of April 201gtats://www.nexotech.es

1 QlikView: It is a platform of business discovery that offers an auto service business
intelligence for every kind of business or organization usgikView was relevant
for having an introduction to Bl software. Mainly involved in doing consulting for
the enterpris€ircuit de Catalunyain a portal that showed ticket data of events like

FormulalandMotoGPin a visual manner.

1 Genetec: Platform ofideosurvellience and video analysis leader in the market which
combines systems of IP security in a unique interface for the simplicity of its
operations. As a principal service of the business, there was a period of
familiarization with the platform in one of the specialized technicians were not

available, so it was possible to still provide the service.
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NexoTech Company

NexoTech S.L. was created in 2004 as a company specialized in the development and
marketing of video surveillance, security, intapn and TIC consulting solutions. From
access control, video surveillance and automatic recognition of license plates to
communications, intrusions and systems of video analysis and integration witpattyd

systems.

They have central offices in Mata(Barcelona) and, as of 2012, in Santiago de Chile as the
basis of operations for the development of projects in Latin America for both the public and

the private sector.

NexoTech has obtained several recognitions throughout its business career, bactsas t
Cre@tic Prize 2004, the 1st Bancaja 2005 Award for Young Entrepreneurs, among others,
and also has the certification of leading manufacturers in the sector such as Genetec, Bosch,

Panasonic, Flir, Zebra or Intel and collaborates with several utigsrsnd institutions.

They have a multidisciplinary team of professionals from different areas such as engineering,
security, IT, telecommunications, automation and management. So resources on any kind of

problematic from different departments will na scarce.

The projects are oriented to provide advanced IT SOLUTIONS that evolve with the needs

of our customers, contributing to increase the efficiency in their business processes.

NexoTech is registered as a private security company at R.E.S.C. (Spegiater of

Security Companies of Catalonia) with n°2017 / 006.
Need of the project

At the end of summer 2018, the board of directors of the company proposed the development

of the application that stars in this project.

The proposed idea was to createsiness analytics platform with the information of the

occupation on enclosures for the already clients of videosurvillence.

The identification and counting of gender and age with deep learning was proposed by the

student, also related to one of the prsade from the professor body.
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2.2. Context

2.2.1. Market

Currently there are several companies that offer similar solutions of occupation control. The
differentiation that gives value to the application is the customization for each client, where
it adatsdepending on the hardware that is used and geographic difficulties where the
enclosure is found. Moreover, the classification of genders donates a unique value that

cannot be found in the rest of the market.

2.2.2.Web Applications

Nowadays, most of sofive applications are web applications. A web application is an
application that users can use accessing a web server via Internet or intranet using a browser.
In other words, it is an application (Software) that is codified in a language supported by
web lrowsers in which the execution is entrusted to the browser. It may also be defined as a
clienti server computer program which the client (including the user interface anesatient

logic) runs in a web browser.

Throughout the degree, programming of wepli@ation and technologies used for it where
taught. Although many different architectures ¥febAppssuch asserverlessapps or
progressive apps exist; the standard backend, frontend and database architecture is used for

this project that can be seenfayure 2.1.
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Figure 2.1: Client-server basic architecture structure. Source: https://gyires.inf.unideb.hu/GyBITT/08/ch04.html

2.2.3. Database

The database is where the application stosedata. A database is used by an organization
as a method of storing, managing and retrieving information. Modern databases are managed
using a database management system (DBMS). It is imperative to use a DBMS that allows

all the application parts to acsesasily, as the sensor will also have to send data to it.

There are many types of databases, for instance NoSQL or-obguted database, each
with its own advantages and perks. For this project a relational database is usedthas it

more widesprad and used type of database.

SQL is a programming language for Relational Databases. There are also a lot of database
languages that are variations of it, but for this project MySQL is used for its simplicity and

easy connection with the sensors.

The database is stored in a specialized server.


https://gyires.inf.unideb.hu/GyBITT/08/ch04.html
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2.2.4. Backend

Using a cliendserver environment, the server or backend references the logid/aétiagpp
Backend is the data access layer of a software or any device, which is not directly accessible

by uses.

Some of the programming languages of backend are Python, PHP, Ruby, C# and Java, each
of the above have different frameworks to create a web backend that work better according
to the type of project you are developing. For example Django, Laravel, uBailsand
ASP.Net[1].

In this project Java is used, with Spring Boot and other frameworks and libraries for building
the API so the frontend can communicate with it. Both used for its commonness, large

community that suppastthem and personal knowledge of them.

2.2.5. Frontend

Frontend is the part of a program or device that a user can access directly. It involves web
design and development technologies that run in the browser and that are responsible for

interactivity with users.

HTML, CSS and JavaScript are the main frontend languages, from which a number of
frameworks and libraries emerge that expand their capabilities to create any type of user
interface. React, Redux, Angular, Bootstrap, Foundation, LESS, Sass, 8itglostCSS

are some of them.

ReactJS is used for this project. React is a declarative, efficient, and flexible JavaScript
library for building user interfaces. It lets you compose complex Uls from small and isolated

pieces of code called ficomponent so.
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2.26. Sensors for counting people

On the market, plentiful of solutions for counting people are avail2plerhose can be

divided by three main technologies:

1 Movement sensors: It uses a camera. It relies on movement of pixels to recognize

peopleandthn track that persondés direction
the enclosure. It is not the best solution as it has the disadvantage of pdightow
performance and it can have problems distinguishing movement by people and other

movements fronthe environment.

Image recognition: It also uses a camera. This solution involves machine learning, it
reads frames from a video stream to recognize a person and determines whether that
person crosses a pestablished line for entries and another fotsexXt does have

good accuracy and allows for other image recognition like gender and age to be

implemented.

Infrared sensors: It similarly to the image recognition as it recognizes the people but
in this case with infrared points. It has the best accupatyt cannot be used for

image recognition so each entry has to be paired with a camera if the user is interested

in purchasing the gender and age recognition.

This project uses a combination of infrared sensors and cameras for image recognition, the

sensor is calledsazelle 2oy Irisys, and was given by the company NexoTech

Gazelle ds powered by Irisys' infrared technology and using body heat to track the presence

and direction of movement, the Gazelle 2 has proven reliability of over 98%, and can

generate valuable analytics data for end users. It is also suitable for a multitude of

applications, including People Counting, Smart Buildings, Security and more.

It has fast and easy installation, wide opening capability, stability, scalability and privacy

A small program isbuit by t he head of technol ogy

depart

information and send it to the database so the main application can then retrieve the

information and show it to the user. Although it is not an intrinsic part of thegbrpart of

the code will be explained later on.
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More about the installation process and data retrieving will be explainedbetetopment

section.

2.2.7. Deep Learning

A goal has been set to get more information of the people entering the enclibosmemnted

to classify the people by gender and age, for business analytics purposes. It will be done by
image recognition on the cameras at the entrances. The solution more used and developed
nowadays for image recognition is based on deep learrsnig,offers better results than

nondeep neural networks.

Although it is not an essential part of the application, it takes a big portion of the time to

research and implement a modest solution.

On the next paragraphs there will be an explanation ot dé&ep learning is about and
current solutions for the problem faced.

2.27.1 What is deep learning?

Deep learning is a machine learning technique that teaches computers to do what humans do
in a natural way: learn by way of example. Deep learning isyatéehnology behind
autonomous cars, which allows them to recognize, for example, the stop symbol, or
distinguish a pedestrian from a street lamp. It is the key to voice control in consumer devices,
such as telephones, tablets, televisions and-haeltlsgakers. Deep learning is receiving a

lot of attention, and deservedly ).

In deep learning, a computer model (or computer model) learns to perform classification
tasks directly from images, text or sound. The models of deep learning can achieve cutting
edge precision, which sometimes exceeds the performance at the human level. The models
are formed by the use of a large set of labeled data architectures and neural networks that

contain many layers.

For the project it is essential to achieve high prenisDeep learning achieves recognition

accuracy at levels higher than ever. This allows consumer devices to respond to user
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expectations, and is critical for critical security applications, such as seating control or
standalone cars. Recent advances irpdearning have improved to the point where it is

possible to overcome humans on some tasks such as classifying objects in images.

Although deep learning was theorized for the first time in the 1980s, there are two main
reasons why it has recently beconseful: deep learning requires large amounts of labeled

information. For example, the development of driverless cars requires millions of images
and thousands of hours of video. For the project, a sufficiently large dataset will be required

to have a highauracy.

On the other hand, deep learning requires great computer powespétighmance GPUs
have an efficient parallel architecture for deep learning. When combined with clusters or
cloud computing, this allows the development teams to reduce thedraime of a deep

learningnetwork fromweeks to hours or less.

Most ofthedeep learning methods use neural network architectures, so deep learning models

are often referred to as deep neural networks.

The term "deep" or "deep" usually refers to the nunmdidayers hidden in the neuronal
network. Traditional neural networks only contai3 hidden layers, while deep networks

can have up to 150.

Deep learning models are designed to mitigate the need for great combinations of tagged (or
labeleddata) and ngral architecture that capture characteristics directly from the data

without the need for information extractions with manual functions.

O
Inputs ~ ——

Cutputs
O

Input Layer Cutput Layar

Hidden Layers
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Figure 2.2: Neural networks, organized into layers that consist of a set of interconnected nodes. Networks can have dozens

or hundreds of hidden layers. Source: https://es.mathworks.com/discovery/deep-learning.html

One of the most popular types of deep neural networks is known as convolutional neural
networks (CNN or ConvNet). A CNN converts input data into funestiearned to detect a
series of features, and uses 2D convoluted layers, making this architecture ideal for

processing 2D data, such as images.

CNN eliminates the need for feature extraction with manual functions, so it is not necessary
to identify the cheacteristics used to classify images. CNN works with extracting features
directly from images. The relevant features are not previously tathgyttearn while the
network integrates them into a collection of images. This automatic extraction of features
makes deep learning models very accurate for computational vision tasks, such as object

classification.

CNNs learn to detect different markers (or features) of an image using dozens or hundreds
of hidden layers. Each hidden layer increases the compldxitye amage features learned.

For example, the first hidden layer could learn to detect the edges, and the latter learn how
to detect more complex shapes that adapt specifically to the shape of the object we try to

recognize.

2.2.7.2 Inside Artificial Int elligence

Inventors have always dreamed of creating machines thathtingy4]. This desire is found

from at least the time of ancient Greece. The mythical representations Pygmalion, Daedalus
and Hefesto can be interpreted as legendary inventors, aatk&alalos and Pandora can

be considered artificial life (Ovidio and Martin, 2004; Sparkes, 1996; Tandy, 1997).

When programmable computers were conceived for the first time, people wondered if these
machines could become intelligent, more than one hdngears before one was built
(Lovelace, 1842). Today, artistic intelligence (Artificial Intelligence or Al) is a prosperous
field with many practical applications and active research topics. We see using intelligent
software to automate routine work, ungtand speech or images, do medical diagnoses and

support basic scientific research.
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In the early stages of artistic intelligence, the field quickly addressed and resolved problems
that are intellectually difficult for humans, but relatively easy for coemguproblems that

can be described by a list of formal and mathematidak. The real challenge to artificial
intelligence was to solve the tasks that are easy for people to do, formal problems that we
solve intuitively, that they feel automatic, suchracognizing words, faces in images or the

sex of a person.

The solution used in this project is to allow computers to learn from experience and
understand the world in terms of a hierarchy of concepts, with each concept defined through
its relationship wth simpler concepts. When collecting the knowledge of the experience,
this approach avoids the need for human operators to formally specify all the knowledge that
the computer needs. The hierarchy of concepts allows the computer to learn complicated
concets creating simpler ones. If we draw a graph that shows how these concepts are
constructed to each other, the graph is deep, with many layers. For this reason, we call this
approach to the deep learning of Al.

Many of the first hits of the Al occurred nelatively sterile and formal environments and
did not require computers to have a lot of knowledge about the world. For example, the IBM

Deep Blue chess system defeated Garry Kasparov in 1997 (Hsu, 2002).

Ironically, the abstract and formal tasks thatareng the most important mental tasks for
a human being are the easiest ones for a computer. Computers have been able to defeat even
the best human chess player, but have recently begun to carry out some of the abilities of

human beings to recognize oldgor discourse.

Various artificial intelligence projects have attempted to adhere to a difficult knowledge of
the world in formal languages, that is, haatled. A computer can automatically reason for
declarations in these formal languages using logit@rence rules. This is knowas
knowledgebase approach for handmade intelligence. None of these projects has resulted in

greater success.

The challenges facing coded knowledgesed systems imply that Al systems need the
ability to acquire their own knvaedge, by extracting patterns from raw data. This ability is
known as automatic learning or machine learning (ML). The introduction of the ML wiill

allow computers to address problems that imply knowledge of the real world and make
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decisions that seem sebtive. A simple ML algorithm called logistic regression or logistic
regression can determine if cesarean is recommendedYbsaf et al., 1990). A simple

ML algorithm named Naive Bayes can separate the legitimate email from spam.

The performance of thesemple machine learning algorithms depends to a great extent on
the representation of the data that is given. For example, when logistic regression is used to
recommend cesarean section, the Al system does not examine the patient directly. Instead,
the dator informs the system of several pieces of relevant information, such as the presence
or absence of a uterine scar. Each piece of information included in the patient's representation
is known as a feature. A set of features from the people enteringandd the enclosure

for the program to give a solution.

This dependence on representations is a general phenomenon that appears throughout
computer science and even everyday life. In computing, operations such as searching for a
data collection can increa exponentially if the collection is structured and indexed
intelligently. People can easily make arithmetic in Arabic numerals, but finds that arithmetic

in Roman numerals consumes much longer. It is not surprising that the choice of

representation hashaige effect on the performance of ML algorithms.

Many artificial intelligence tasks can be solved by designing the correct set of features that
can be extracted for this task, providing these features with a simple machine learning
algorithm. For exampleg useful feature for speech identification is an estimate of the size

of the speaker's voice tube. This feature gives a strong clue about whether the speaker is a

man, a woman or a child.

However, for many tasks, it is difficult to know what features tarde extracted. For
example, for this project, the deep learning algorithm will have to detect humans in
photographs. We know that humans have legs, so you might like to use the presence of a leg
as a feature. Unfortunately, it is worthy to describe éxadtat a leg looks like in terms of

pixel values. A leg has a simple geometric shape, but its image can be complicated by the
shadows falling on the foot.

A solution to this problem is to use machine learning to discover not only the representation
mappirg on the output, but also the representation itself. This approach is known as

representation learning or representation learning. -Welvn representations often
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produce much better performance than what you can get with a manually rendered design.
Theyalso allow Al systems to quickly adapt to new tasks, with minimal human intervention.

A representation learning algorithm can discover a good set of functions for a simple task in
a matter of minutes, or for a complex task in hours to months. The masigg d&functions

for a complex task requires a great deal of human time and effort; decades can take place for
a whole community of researchers. The prime example of a representation learning
algorithm is the autoencoder. An autoencoder is the combinatian encoder function,

which converts the input data into a different representation, and a decoder function, which

converts the new representation into the original format.

When we design features or algorithms for the learning characteristics, otal gdpective

is to separate the variation factors that explain the observed data. In this context, we use the
word "factors" simply to refer to separate sources of influence; the factors usually are not
combined by the multiplication. Often, these factare not amounts that are directly
observed. Instead, they may exist as unobserved objects or unobserved forces in the physical

world that obtain observable amounts.

Of course, it can be very difficult to extract abstract Heyrel and abstract functiorisom

raw data. Many of these variation factors, such as the accent of a speaker, can be identified
only by using a sophisticated and almost human understanding of the date. When it is almost
as difficult to obtain a representation as to solve the origirallem, the learning of the

representation does not seem, at first sight, to help us.

The deep learning solves this central problem in the representation learning by means of the
introduction of representations that are expressed in simpler terms. Beepdallows the

computer to build complex concepts based on simpler concepts. Figure 2.3 shows how a
deep learning system can represent the concept of an image of a person by combining simpler

concepts, such as corners and contours, which in turn anedi@i terms of edges.
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Figure 2.3: lllustration of a deep learning model. It is difficult for a computer to understand the meaning of unprocessed sensory
input data, we see this image becomes represented as a collection of pixel values. Source:

https://www.deeplearningbook.org/contents/intro.html

The prime example of a deep learning model is the multilayer or multilayer perceptron
(MLP) receiver. An MLP is only a mathematical function that assigns a set of input values
to the output values. The functigs formed by forming many simpler functions. We can
think that each application of a different mathematical function provides a new
representation of the input.

The idea of learning the right representation of the data provides a perspective on deep
learnng. Another perspective on deep learning is that depth allows the computer to learn a
computer program in many steps. Each layer of the representation can be considered as the
state of computer memory, then executing another set of instructions in parhabel

networks with greater depth can execute more instructions in sequence.

Sequential instructions have a great power because later instructions can refer to the results
of the previous instructions. According to this vision of deep learning, not@lmation in
activations of a layer necessarily encode the variation factors that explain the entry. The
representation also stores status information that helps execute a program that can make

sense in the entry. This status information could be analdgoai€ounter or pointer in a
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traditional computer program. It has nothing to do with the content of the entry specifically,
but it helps the model to organize its processing.

Dieep bearning Exarmple:
Shall : :

. i E.\.HLHLM': E.\.HLHLM':

Exampple: antoenseodens

MLPs

Langistha Fonwrbedgze

I'.'_,'.'\,Il‘.".'\-i.'.xl. IIIL"'\J.':"\-

Repeesentation learming

Mlackine bearning

Figure 2.4: A Venn diagram that shows how deep learning is a kind of representation learning, which in turn is a kind of

machine learning. Source: https://www.deeplearningbook.org/contents/intro.html

To summarize, deep learning is an Al approach. Specifically, it is a type of machine learning,
a technique that allows to improve camgr systems with experience and data. We know
that machine learning is the only viable approach to build Al systems that can operate in
complex realworld environments. The deep learning is a particular type of machine learning
that achieves great powendaflexibility representing the world as a hierarchy of leveled
concepts, with each concept defined in relation to simpler concepts and more abstract
representations calculated in less abstract tefiggire 2.4 illustrates the relationship
between theseifferent Al disciplines.
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2.2.7.3 Historical trends in Deep Learning

It is easier to understand deep learning with a historical context. Instead of providing a

detailed history of deep learning, you can identify some key trends [5]:

1 Deep learning has hadlong and rich history, but has gone through many names,

reflecting different philosophical points of view.

1 Deep learning has become more useful as the amount of available training data has

increased.

1 Deep learning models have grown in terms of timesesthe computer infrastructure

(both hardware and software) for enhanced learning.

1 Deep learning has solved increasingly complex applications with increasing

precision over time.

2.2.74 Types of Deep Learning Neural Networks

Publishing a complete list afeep neural networks or deep neural networks is impractical,

as there are many variants and combinations. In addition, it is a constantly evolving field.

Many times, many of these networks are combined in batteries or layers to give better results
than asingle network. For example, an advanced network of resources such as MLP that
uses selected functions of an autoencoder can be more effective than MLP alone.

The following are some of the main networks, along with a brief description and some cases

of usefor each one of them [6]:
Multilayer Perceptrons (MLP)

They are the most basic networks and feed the entries to create results. They consist of an
input layer and a layer of output and many layers and hidden neurons interlaced between the
layers of entryand exit. In general, they use an activation function-MNwear like Ré.u or

Tanh and calculate the losses (the difference between the real output and the computed
output) such as Mean Square Error (MSE), Logloss. This loss spreads backwards to adjust

weights and training to minimize losses or make models more accurate.
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This network is usually the initial phase of building a more sophisticated deep network and
can be used for any supervised regression or classification problems, such as sales prediction,
fatality, probability of response, etc. For example, in the bibliography one can find a code of
Python that identifies diabetes of ndiabetic cases through Tensorflolhe data used here

are PIMA Indian Diabetedata [/].

Autoencoders (AE)

Stacked autoerders are unsupervised learning algorithms for function learning, dimension
reduction and external detection, figure 2.5. The concept of the AE is quite simple: here
input vectors are used to calculate the output vectors, but the output vectors ameeths sa

the input vectors. The reconstruction error is calculated and the data points with the superior
reconstruction error are assumed to be higher. AEs are also used for the recognition of voice
and images. For example detection fraud detection by aaditthrough autoencoders in
Keras|[8].

input output

code

decoder
encoder

Figura 2.5: Scheme that shows the operation of the autoencoders.
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Convolution Neural Network (CNN)

Convolution Neural Networks (CNN) significantly improves feed forward network
capabilities such as MLP by insedirconvolution layers, Figure 2.6. They are especially
suitable for spatial data, the recognition of objects and the analysis of image analysis through
structures of multidimensional neurons. One of the main reasons for the popularity of deep
learning latey is due to CNN. Some of the common uses of CNN that surround us are: cars
of own conduction, drones, vision by computer, analysis of text, etc. It will possibly be the
best option for gender recognition based on people's images. An example of digiti@togn

by hand can be found in tihébliography P].

Feature maps

Tl
-

Convolutions Subsampling Convolutions Subsampling Fully connected

Figura 2.6: Scheme that shows the operation of CNN.

Recurrent Neural Network (RNN)

RNNs are also a feed forward network, however, with recurring memory loops that take the
input from previous layers astates and / or the same. This gives them unique ability to
model along the time dimension and the arbitrary sequence of events and entries. One of the
most common types of the RNN model is the stemin memory network (LSTM). Figure

2.7 shows how an abgithm that uses RNN when receiving a new entry knows the most
likely output in relation to the words that it previously received, the example shows a word

completion system.

RNNs are used for the analysis of sequenced data, such as time series, fealysis, a
NLP, language translation, speech recognition, image capture and sequence recognition,

amongothers An example of LSTM can also be found in thbliography [LO].
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Input: Stateful Model Output:
a Word Most likely next word
Machine —» Recurrent

Neural Network ol

Memory of previous words
influence next predicition

Figure 2.7: Operation of an RNN. The program receives a word, the program looks to the memory of the previous words to

influence the following prediction. The output is the next possible word.

2.2.8.Image recognition

Deep learning has dominated completely the vision by computer in the last years, obtaining
maximum scores in many tasknd its related competitions. In recent years, deep learning
techniques have allowed for rapid progress in this competition, even surpassing human

performance.

The best known of these computer vision skills is ImageNet [11]. The task of ImageNet's
compeition investigates the researchers with the creation of a model that more precisely

classifies the images given in the data set.

Almost every year since 2012 has given us great advances in the development of models of
deep learning for the task of imagassification. Due to its larggcale and challenging data,
ImageNet's challenge has been the main point of reference for measuring progress.

Some of the main architectures that made this progress possible are the following.

1 AlexNet
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Figura 1.6: AlexNet architecture.

As of 2012, a document from the University of Toronto was published at the NIPS. This

document was ImageNet Classification with deep networks of Convolutions [12]. It

would become one of the most influential documents in the field after aciawb0%

reduction in the error rate in the ImageNet Challenge, which was an unprecedented move

at that time. The architecture of the AlexNet neural network of the paper is shown above.

The document proposes to use a deep conventional neural network {@NIN) task

of image classification. It was relatively simple cargd to those being used today.

1 VGGNet

224 x 224 %3 224 % 224 % 6d

112 x 128

5| 56 = 256
W 28 x 28 x 512 TxTK512
- 51~
Al ldx 212 | 1x1x4006
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() max pooling
fully connected+Rel LI

| softmax

VGGMet Architecture

Figure 2.8: VGGNet architecture.

11 %1000

The VGGNet role "Convoluted deeyuronal neural networks for largeale image

recognition” appeared in 2014[13lirther expanding the ideas of using a deep network
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T

with many conversions and ReLUs. The neural network architecture for VGGNet on
paper is shown in Figure 2.8. His main idea was that he really did not need any
extravagant tricks to get great precision. YOaldeep network with many small 3x3
convolutions and natinearities would be sufficient. These repetitive block batteries of

the same size as in the previous figure are direct results of using 3x3 batteries.

GoogLeNet and the Inception module

Filter
concatenation
__,.-f"’ I3 convolutions 5x5 convolutions 1x1 convolutions
1%1 convolutions ] ) ¥
5\ 1x1 convolutions 1x1 convolutions 3x3 max pooling

L L - ——
—— — — e

— p—

Previous layer

Inception Module from GoogleNet

Figura 2.9: GoogLeNet architecture.

The architecture of GoogLeNet was the first to really address the issue of computational
resources along with largeale processing in the document "Going Beyond
Convolutions"[14]. As we continue to make our rating networks eleapd deeper we
reach a point where we are using a lot of memory. Additionally, in the past, different
computational filter sizes have been proposed: from 1x1 to 11x11; how do you decide

what?The startup module and GoogLeNet addresses all these problems.
ResNet

Since its initial publication in 2015 with the document "Deep Deep Deepening for Image
Recognition"[15], ResNets has created important improvements in accuracy in many

computer vision tasks. ResNet architecture was the first to pass the levetaisin



2. Previous Study: context, bagkund and information necessities 23

ImageNet, and its main contribution to residual learning is often used by default in many

stateof-the-art networks.

X |
Y
weight layer
.F(X) Y relu X
weight layer identity
F(x) + x

A residual block
Figura 2.10: Residual block

1 DensNet

The shortcut connections were extracted with the introduction of DenseNets from the
paper"Densely Known Convoluted Networks"[16]. DenseNets broadens the idea of

direct access connections but has a much denser connectivity than ResNet.

Input

Figura 2.11: DensNet Architecture.
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Deep residual networks were shown to be abse#de up to thousands of layers and still
have improving performance. However, each fraction of a percent of improved accuracy
costs nearly doubling the number of layers, and so training very deep residual networks
has a problem of diminishing feature reug/hich makes these networks very slow to
train. To tackle these problems, the paper Wide Residual Networks (WRNSs)[17]
conducts a detailed experimental study on the architecture of ResNet blocks, based on

which it proposes a novel architecture where greases depth and increase width of
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residual networks. It calls the resulting WRNs and show that these are far superior over
their commonly used thin and very deep counterparts. For example, it demonstrates that
even a simple H&ayerdeep wide residual heork outperforms in accuracy and
efficiency all previous deep residual networks, including thousayelr-deepnetworks,
achievingnew stateof-the-art results on CIFARLO, CIFAR100 and SVHN.

It is used in this project for gender and age recognitioft, @$ers better results and

accuracy.

These are the main architectures that have been the backbone of progress in the classification
of images in recent years. Great progress has been made and it is exciting to see, since it

allows us to solve many rewalorld problems with this new technology.

This project aims to understand the evolution of image recognition with deep learning, how

to apply it to the problem and if possible, move the search to the next step.

2.2.9Gender and age recognition

Artificial intelligence has tried in various ways to distinguish the sex of a person, such as
using voice as the main characteri$fi8]. Other solutions involve reading images, which

is used for the project. Those images can be obtained with either a normainal temnera.

The use of automatic gender recognition is more widely used and demanded than ever in
various programs and hardware, especially due to the growth of websites in social
networking and social networks. However, performance of gender and agaitiecog

software on redlife face images are not optimal.

It has been explored that, through the learning and classification method and with the use of
the technique of convolutional deep neural networksCHIN), satisfactory growth in

performance can behieved in gender classification tasks [19].

Technical reading methods have also been found to distinguish hands from women or men
with thermal vision [20]22].
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The project is looking at the most appropriate solution to the conditions in which the vision
of the cameras is found.

A solution of a Wide Residual Network is used as the main neural network that will predict
gender and age on images, which can described as a wider CNN. It will be trained with the
datasets IMDBWIKI [23] and UTKFace[24]. Both aredatasets of images with the
identified gender and age of the people that appear on those images.

After the neural network is trained it can be used on images of faces. To get the cropped
images of the faces we need to first identify those faces. Fordctfication we use the

library dlib from python which has methods that identify them. When we have the faces
cropped we then predict the gender and age. More about the process will be explained in the

ADevel opment 06 chapter.

2.3. Information needs

The poject requires a lot of research to use the technologies and define the most appropriate
structures for the application. In addition to studying machine learning and specifically deep
learning for the gender and age recognition.

The project requires kndedge of basic calculation, algebra and statistics. For the web
application, technologies used were taught during the degree. For the deep learning program,
it is advisable to know Python, since most frameworks use one of this languages and it will
be usedor age and gender recognition. That is why the courses of Python of Udacy or

Coursera are useful.

For deep learning, the Coursera course by Andrew Nguyen is studied [25]. It explains how
deep neural networks work on the inside and how to make and impeaveon Python. It

is highly recommended as it is the basis of this project age and gender recognition program.

Some of the most popular frameworks and dependencies for developing deep learning in

Python and that are used in this project are:
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4.

5.

Keras2.0+ (Keras Deep Learning that compiles above Tensorflow)
Tensorflow Bookstore from Google.

scipy, numpy, Pandas, tqdm, tables, h5py

dlib

OpenCV3

A set of classified image data is also needed in situations where the application is used to

train the gender recodion algorithm. Kaggle, as the industry standard, is the portal where

the appropriate dataset is located, it is where UTKFace can be found.
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3. Goals and scope

The main goal of the project is developing a-gifick web application that showsreal

time the occupation of an enclosure.

Other important features that headline the application are a reporting system and an alarm

system.

In the reporting system you can extract data from a set of filters, such as date, time or access.
The reporting gstem, after the user fills all the configuration forms, creates a report with the
data filtered. The data will be shown in different types of ways, like graphs and tables. That

report can be downloaded in different formats, in concrete CSV, PDF or eeadseet.

The alarm system contains a configuration page, where the application lets users create and
configure different types of alarms. Those being an alarm that triggers when the occupation
exceeds a determined warning and danger percentage, orras #iat notices the system

of disconnections of the sensors. If the configured alarms are triggered, an email will be sent
to whomever the user decides, and the alarm will be posted on a incidents page as a log of

triggered alarms.

The project is sponsed, as specified in the "Context and Background" section, for the
company NexoTech S.L., a security company that wishes to develop an occupation control

software for its clients.
How does the occupation control system work?

1 First, a new client wants to Y an occupation control in its enclosure, this enclosure

is called acenterwithin the application.

1 Thecenterhas at least onsoneor area, usually called "interior”, although you can

add all the zones you want.

1 Finally, eachzonehasaccessvhere peom@ can enter and leave thenter in each
accesghere is a sensor to count inputs and outputs, the difference of these entries

and exits and the sum of this result gives tiotal capacity of the center.
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Eachaccessapart from the people counting sensdsp has a camera for reading images

and extracting other information.

The web application is built as a standard-ftdlckWebAppit has its frordend, backend,
and database. The technologies used on each part of the project are specified on the next

chapter.

It should be said that the process of sending the information from the sensor to the database
will not be part of the project, only the extraction of this data to be displayed in the web

application.

Once the web application is completed, thereaisesearch and developing period to
implement a control, not only from the number of people on the enclosure, but also the

classification of that people by gender and age.

Here are the lists of goals of the final product and project:

3.1 Goals of the pioduct

1 Add newcenterswith their correspondingonesandaccessas well as a maximum

capacity for each zone.
1 Add users of theenters
1 Show thoroughly and visually the re@he occupation of theenter
1 Show the entries and exits of eadtessandzone

1 Creating reports of the historical capacity of the enclosure, can be filtered by range
of dates, times, days of the week, grouping by time period (occupation of each

minute, time, day, etc.), and specific data abaeor access

1 Be able to download reps with a visually pleasing format in PDF, CSV or

spreadsheet.

1 Ability to setup general information of tleenter
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1 Add, edit, or delete users with their corresponding roles.

1 Create a system of alarms and incidents once they jump if the capacity exeeeds th

maximum or near capacity, also if a sensor is disconnected.

1 Classifying people by gender and age by recognizing images with the cameras

located in the access.

1 Show the amount of occupation of men and women with the information obtained in

the previous gjective.

3.2. Goals of the client

1 Keep track of the people that are in your enclosure.

1 Gain confidence knowing the occupation at all times, which is currently required by
law in Spain [26].

¢ Find out which time slots more people access your site.
1 Have at d times the security that the system is as accurately as possible.

1 Know information about the kind of people that access their site, thus gaining

information for their decision making.

3.3 Definition of functional and technological requirements

Functional Requirements

The functional requirements of the web application are described below. The functional
requirements establish the behavior of the software. Interaction between system and

environment.
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1)

2)

3)

4)
5)

6)

The system must provide the company's techniciansststia new center with: name,

maximum capacity, zones, access and user administrator by the client.

The system must show a login form so that the user can access the app: center name, user

and password must be defined.
The system must show relevant capaitiformation in a dashboard as an initial screen.

a) The system will show a graph that shows the occupation relative to the maximum

capacity of the center.

b) The system will show a table with the breakdown of the accumulated capacity of
entries and exits of eazone In addition to the interval (difference between the last

data sent by the access sensors and the previous accumulated one).
c) The system will show a flow chart of the entries and exits of each access.

d) The system will show the percentage of fullnesthe center. If it exceeds a specific

percentage of danger, it will be of different color.
The system must inform which user and center is the one logged in at that time.
The system will show if the access sensors are connected or disconnected.
The systen must provide a configuration screen for the Administrators:

a) The center configuration and user management can only be executed by users with
Administrator roles.

b) The system will allow to modify the type of schedule: party or continuous. If it is

continuots, it will allow you to seaneveryday capacity reset time.

c) The system will allow to change the name of zones and access, adfosettwill
allow to define the maximum capacity, being the sum of these the maximum total

capacity of the center.

d) The systen will allow you to define a percentage of safe, warning and danger levels

of occupation percentage.
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7) The system must provide a screen for reporting:
a) The system must allow a report to be generated:
i) The system must allow selecting the range of dates whetathés wanted.
i) The system must allow filtering for hours.
iii) The system must allow filtering for days of the week.

Iv) The system must allow filtering by grouping of minute, hour, day, week, month

and year.

v) The system must allow data from the complete centetific zones, or specific

access.
b) The system will show a graph of entries and exits in the defined groups.
c) The system will display a table of entries and exits in the defined groups.
d) The system must allow the report to be generated in PDF format.

1) The sysem will show the report in the application with the filter data and center

name with the corresponding chart and table in PDF format.
i) The system will allow you to download the PDF.
e) The system will allow you to download the table in spreadsheet format.
f) Thesystem will allow you to download the table in CSV format.

8) The system must provide a list of incidents: from indicating capacity increases above
specific percentages to alarms. It will also show manual capacity resets and if a sensor

is switched on/off.

9) The system must distinguish and count gender and age range of the people who access

the enclosure

a) The system must have image recognition on the cameras of the access.
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b) The system must distinguish between the gender and age range of the people
identified by tle system.

c) The system must count the people of each gender and age range.

d) The system should graphically show the occupation of each gender and age range.

Non-functional requirements
Non-functional requirements define how the system should be.
Security anddata logic

1. The system will have to provide different levels of access to the application
depending on the role of each user (Administrator, User, Super Administrator).

2. Permissions to access the system may only be modified by Administrators.
3. The system wiluse encrypted tokens for user authentication.
4. The system must have persistence.

5. In the case of not having an internet connection, the system must guarantee its
persistence (it will keep the information in databases so that when it is arranged to

be able ¢ do the transaction)
6. Passwords will be saved with a database encryption.

7. It will not be possible to access the API if the user is not logged in, except the login
API.

Usability
1. The interface must be intuitive and follow UML patterns.
2. The system must notifthe user of the reasons why any error occurs.

Product
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3. The web application must be compatible with all major browsers: Internet Explorer,
Mozilla Firefox, Safari, Microsoft Edge, Google Chrome.

4. The interface must be completely responsive with screensyokiae, computer,

mobile or tablet.

5. The application must load as quickly as possible

3.4. Target or potential audience

The potential audience of the application is discotheques or leisure centers where it is
necessary by law to monitor the capacity & émclosure.

Business analytics information the app displays is another attraction for this type of client.
Gender differentiation is a very interesting addition for these types of venues and their

managers.

Other clients are libraries or other publicslgie centers. The company NexoTech has
confirmed clients that will use the application as Pacha Ibiza (disco), Conde de Godé (tennis

competition) or the Festa del Cel (speed aircraft competition).
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4. Methodology

The strategy of choice of solutiom®d technologies of this project is done following a
process of exhaustive research of the state of the art and all alternative solutions. Several
factors are taken into account, such as prior knowledge and ease with a specific technology,

economic feasility and the solution that has faster integration.

A web application is built in contrast to other types of applications as it is easy to access in
every device with an internet connection and browser. Responsiveness is crucial as the

application must brig a perfect user experience in every screen size.

In the case of software development, agile methodology, specifgatlyn[27], is used.
Partial and regular deliveries of the production application are carried out, prioritizing
deployment for the benefihey bring to the project recipient.

Scrum methodology is especially suitable for comyaxironment projects, where results
are needed as soon as possible, where the requirements are changing or not defined, and

where innovation, competitiveness, fleity and productivity are fundamental.

In Scrum a project is executed in short and fiern temporary cycles (iterations that are
usually 2 weeks, although in some teams it is 3 and up to 4 weeks, maximum limit of real
product feedback and reflectiomlach iteration must provide a complete result, an increase
in the final product that can be delivered with the minimum effort to the client when
requested.

The activities that are carried out in Scrum are the following (the indicated times are for
iterations of 2 weeks called Sprints): Selection of requirements, iteration planning, execution
of the iteration and finally the inspection and possible adaptation. It will be necessary to
inform the company about the advances in each Sprint.

Tasks control toolare used such as Trello, which allows you to organize tasks in TODOs,
develop or develop, facts and once they are reviewed or reviewed, once revised they are

done or completed.

The IDE for the web development that is used is Visual Code of Windows. Tsuireg

for the choice is that Visual Code combines the simplicity of a source code editor with
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powerful developer tools, such as ending and debugging of IntelliSense codes. It is an editor
that adapts to the main technologies and languages. The cyclauiégditiebug without
friction implies less time playing with your environment and more time running on your

ideas. In addition to having personal experience with IDE.

Once the requirements contemplated in the web application have been completed and we go
onto find solutions for gender classification, information is sought according to criteria of
public scientific articles on the syllabus. The Kaggle page is used to find datasets for the

training of the deep learning model that is used.

Websites such as $teOverflow for software development problems or Medium for relevant

articles are also very useful.

It is essential that Git is used as a version control system software, as it is the industry
standard and provides fluency with the software. The reposg@tpred in the BitBucket

web hosting version based on the website owned by Atlassian. BitBucket was used instead
of other hosting services such as GitHub as it allows to make private repositories for free,
and as the project is developed by a singleguers is appropriate. But nowadays GitHub

also offers private repositories for free so the project was switched to it.

Lastly, it goes without saying that all information that does not come from reliable and

proven sources is discarded.

4.1. ProgrammingLanguages, Libraries and Frameworks

A handful of programming languages, libraries and frameworks where used in every other

layer of the application.
For the persistence layer, as said on the context chapter, MySQL is used as the DBSM:
T MySQL

MySQL is a reldional database management system which uses the SQL (Structured
Query Language) language.
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It has become very popular thanks to its speed when executing inquiries, in the

elaboration of web applications, in the environment of free software.

MySQL can be sed in all kinds of applications (web, desktop, or other) free and freely

unde the terms of the GPL license.

It is also one of the components of the LAMP architecture (of Liraperating system)
and the WAMP (of Windowsoperating system). The followgrthree abbreviations (A,
M and P) refer to the set consisting of Apache (web server), MySQL (database) and PHP

(programming language). A platform for buildimvebsites using free software.

For the data processing, business logic layer or server, thggrogiamming language used
is Java, Spring will be used as the framework for creating the API, Spring security for the
logging in and out of the application and have all around security on the app, plus other tools

like Maven for putting the server app ttlger and other dependencies too:

1 Java

Java is a general, concurrent, objedented programming language that was designed
specifically to have as little implementation dependencies as possible. Its intention is to

allow application developers to writeetlprogram once and execute it on any device
(known as Awrite once, run anywhere"), whi
platform It does not have to be compiled to run in another. Java is one of the most popular
programming languages in use, tpararly for clientweb server applications, with

about ten million users reported.

Thatdéds why it is used as the server prograr

technology as it is the principal language taught at ¢lgees for learning pgramming.

1 Spring

Spring is a framework for the development of applications and control investment

container, open source for the Java platform.

It is the standard framework for building APIs on clisetver applications like this one.
A RESTful web senge is build that provides HTTP communication between both parts

of the app.
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REST or Representational State Transfer is an architectural style for designing
distributed systems. It is not a standard but a set of constraints, such as being stateless,
havinga client/server relationship, and a uniform interface. REST is not strictly related

to HTTP, but it is most commonly associated with it.

Spring security is used to the log in or sign up, and creating tokens and closing APl URLs

in case that the user istlogged in.

Spring Security is a powerful and highly customizable authentication and -@ocdss

framework. It is the déacto standard for securing Spribgsed applications.

Spring Security is a framework that focuses on providing both authenticatidn

authaization to Java applications.
1 Other tools, plugns or dependencies
Maven as a software tool for the managementcamdtruction of Java projects.

Tomcat implements the JavaServer Pages (JSP) specifications of the Sun Microsystems
servlet and erver, and it provides the app a Java code environment for running in

cooperation with a web server.

Other dependencies like Java Mail API is used for sending noailSson for JSON

manipulation.

Finally, In case of data presentation layer that workkeagder interface, the main languages
are classic webased languages: HTML, CSS and JavaScript. But for easier and better
structure, React is used as the main framework with SCSS as the CSS frarh&dior

downloading all packages needed.
1 React

Reactis a JavaScript library for building user interfaces. It is maintained by Facebook
and the community of free software, more than a thousand different developers ha

participated in the project.

React tries to help developers build applications that usetldat changes all the time.
Its objective is to be simple, declarative and easy to combine. React only handles the
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user interface in an application; React
pattern (ModeNiew-Controller) or MVVM (Modelview-view model) is used. It can
also be used with Reabtised extensions that take care of theldbparts (which are

not part of the usenterface) of a web application.
SCSS

Since SCSS is a CSS extension, everything that works in CSS works in SCSS. This
mears that for a Sass user to understand it, they need only understand how the Sass
extensions work. Most of these, such as variables, parent references, and directives work
the same; the only difference is that SCSS requires semicolons and brackatsohste

newlines and indentation.
NPM
NPM is the default package handler for Node.js, a JavaScript execution envitonmen

It is an essential JavaScript development tools that help you go to market faster and build

powerful applications using modern open soumsec

4.1.1 MVC

A variation of the ModeView-Controller software architecture is used in this project. That

variation being a web application with a cliesgtrver structure.

Modeli Viewi Controller (usually known as MVC) is aarchitectural pattern commonly

used for developing user interfaces that divides an applicattonthnee interconnected

parts.

1 Model: The central component of the pattern. It is the application's dynamic data
strucure, independent of the user interface. It directly manages the data, logic and

rules of the application.


https://en.wikipedia.org/wiki/Architectural_pattern
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1 View: Any representation of information such as a chart, diagram or table. Multiple
views of the same information are possible, such as a bar charafmgement and

a tabular view for accountants.

1 Controller: Accepts input and converts it to commands for the model or view.

Model View
. User
Notifies Action
Updates Updates

Controller

Figure 4.1: MVC basic structure. Source: https://commons.wikimedia.org/wiki/File:MVC-basic.svg.

Although originally developedf desktop computing, MVC has been widely adopted as an
architecture for World Wide Web applications in major programming languages. Several
web frameworks have been created that enforce the pattern. These software frameworks vary
in their interpretationspainly in the way that the MVC responsibilities are divided between

theclient and server.

In this project case, the View is clearly the client application, although it has a few
functionalities that could be considered as a controller. Mainly the controller is the server
application, as well as the model controller with the actual persistence being on the database.


https://en.wikipedia.org/wiki/Client%E2%80%93server_model
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5. Development

The development of the applicat was, as stated at the methodology, pushed through
different sprints. In this section it is explained the process of developing the application, with
a first part describing the design and implementation of the database, after that the backend,

and at &st the frontend.

5.1. Database

The database development was focused on designing it in the most efficient way. The
requirements must be the first concern in mind when designing the database, for that, there

was an extensive period of thought before thalflayout.

First of all, it is important to have the context mapped out so we know which words to use
on the database, those words must be understandable for all of the business layers that will

have contact with the application.

This design process @éso known as domaidriven design. The words used will all be part
of an ubiquitous language (UL). UL is a term part of DDD that means creating a vocabulary
where all the people in touch of the app will be able to understand, and where the

programmers wilalso have to, and can use easily.

Unless the table is a weak entfi#g], all the tables have an airtorimental ID.

Here are all the terms in the ubiquitous language that also are an individual database table:
1 Center

In the middle of the database desigimere is a term that stands out, the enclosure or
closed site, known in the ubiquitous language asé¢héer

The centeris determined by the client that purchases the application, for each client, a

centeris build.

The centeris connected, directlyrandirectly to most, if not all the other tables on the
database. When the user accesses the application, it accessggdhirformation.
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The attributes will consist of:

1. Name

2. Capacity: Maximum capacity of theenter it will be calculated on the data
processing layer by the sum of the capacity ozthveeghat are part of the center.

3. Occupation: Realime occupation of theentercalculated by the sum of the
calculated occupation of tlnesof thecenter

4. Warning Occupation: Percentage of warniegupation related to the maximum
capacity Default will be 70%.

5. Danger Occupation: Percentage of dangerous occupation related to the maximum
capacity Default will be 95%.

6. Reset time: Time of the day where the occupation will be resetted to zero.

7. Manual reset: Boolean where if true, it will mean that the user made a petition to
reset manually the occupation.

8. Direction: Physical direction of theenter
9. Phone Number: Contact of the client.
10. Logo: Logo of the client ocenter
11.

1 Zone

Eachcentercan be dividd by zones acenterwill have at least oneone Thezonecan
be part of another biggeone that being the pareabne

Attributes:

1. Name

2. Center ID: Center to which it belongs.
3. Capacity: Maximum capacity of ttrmone
4. Occupation

5. Parentzoneldof thezoneit belongs to, if it has no parembne it is null.
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1 Access

Theaccessare the entrances and exits of the center, it puts a name to the sensors. They

are connected with treonewhich they belong to, a future feature will be to use the same

acceson differentzones For now oneccesss only part of onegone

The sensors will send data in a small interval to the database, specifically to the entity

recordAccessvhich has two lines for the entry and the exit, knowrfiasLine and

secondLine

Thereaeni ng behind not naming the | ines
scalability, as the direction of entry and exit could change if the sagesss in two

opposite sidgones

The accesshas attributes of thaccumulatedFirstLinendaccumulatedSmndLinefor
the sum of thdirstLine andsecondLinef all therecordAcces$rom thataccesssince
the last reset, the subtraction of them will be the occupation insidetbesThe order

of the operation will be determined by the attribioter IN/OUT.
Full list of the attributes:

1. Name

2. Zone ID

3. Occupation

4. lo

5. Accumulated first line

6. Accumulated second line

7. Active: Boolean that indicates if the sensor is on/off.

1 User

Eachuserof the application will have at least onenter but the samesercan be on
many centers Same structure with the roles, those roles being administrator, super

administrator or normal user, each with different capabilities and access to the app.

S
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The administrator will be the one able to create, edit or desstesfor its center

There is also an attribute for language in case a feature of compatibility with different

languages is implemented to the app in the future.
Attributes:

1. Username
2. Created at: When it was created.
3. Updated at: Datetime of when, If it is updated.
4. Password
5. Language
Alarm

Entity for thealarms those alarms can be about the occupation, or if a sensor disconnects

or reconnects. If the alarms are triggerednaidententity will be created.
Thealarm has thecenterto which it belongs.

If the type ofalarm is of occupation, there are attributes for the integer of percentage
(from zero to one hundred), and if it is more or less than the real percentage of
occupation. For example if ttdarmi s fimor e t han 50 %0, i n case

exceeds 50% of the mamum capacity, thalarmwill be triggered.
Attributes:

1. Typealarm

2. Center ID
3. Zone ID
4. Morelessthan: Threet at e val ue, =0, A<o0o or n>o.

5. Percentage: From zero to one hundred.
6. Email: Email to sendlarmif triggered.

7. Sent: boolean, true if th|arm was sent ofalse if not.
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After the introduction to the entities that shape the database, at figure 5.1 the full database
design is displayed.

It must be noted that, as it is explained in the chapter of methodology, the type of database

is relation, so weak entitiegill be created to cover-to-n relationships.

Incident
id: bigint(20) PK
center_id: bigint(20) FK1
user_id: bigint(20) FK2
0.
created_at datetime
Alarm
i Diginti20) PK criticality: varchar(255)
typealarm: varchar(60) email: varchar(255)
center_id: bigint(20) FK1 typealarm: varchar(255)  null
Z0ne_id: bigint(20) K2 observation: varchar(255) null 0.1
. User
morelessthan: int(11) . FKA1: centerid on update restrict
percentage: int(11) 0 on delete restrict id: bigint(20) PK
email: varchar(0) FK2: userid on update restrict username: varchar(15)
on delete restrict )
sent tinyint(1) User_center created_at: datetime
0.* . "
user_id: bigint20)  PKFK1 updated_at: datetime
FK1: centerid on update restrict * * 1
on delete restrict 1" conter id: bigint20)  PKFK2 |- | Password: varchar(100)
i i 1 language: varchar(11)
FK2d ZIO?E!.IU ltlﬂ;lpdate restrict FK1: userid on update restrict
on delete restr Center on delete restrict
1.7 id: bigint(20) PK FK2: centerid on update restrict 1
on delete restrict
1 name: varchar(60)
hd 1
Zone »| capacity: int(11)
id: bigint(20) PK occupation: int(11)
name: varchar{60) warning_occupation: int(11) 1.7
1. 1 1
center_id: bigint(20) FK1 | | danger_occupation: int(11) i User_role
capacity: int(11) time_reset time user_id: pigint(20} PKFK1
occupation: int(11) continuaus: finyint(1) role_io: bigint(20) P FK2
parent: bigint(20) FK2 time_reset_finish: time FK1: ugerid on update restrict
on delete restrict
i N manual_reset: int(11
FK1: centerid on update rastrict . (1 FK2: role.id on update restrict
on delete restrict direction: varchar(265)  null on delete restrict
FKZ2: zone.id on update restrict - G
on delete restrict phone_number: int(11) null Bs
[ logo: varchar(255)
1.% !
Access Role
id: bigint(20) PK id: bigint(20} PK

name: varchar(60) name: varchar(60)

zone_id: bigint(20) FK1 Record_access
currentrecord_id: bigint(20) FK2 . id: bigint(20) PK
occupation: int(11) ! 0 access_id: bigint(20) FK1
io:int{11) timestamp: timestamp
acc_first_line: int(11) first_line: int(11)
acc_second_line: int{11) gecond_line: int(11)
active: tinyint(1)

FK1: access.id on update
FKA: zone.id on update restrict restrict on delete restrict

on delete restrict

FK2: record_access.id on
update restrict on delete restrict

Figure 5.1: Design of the database of the project
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5.2. Sensor Installation and Data Retrieving

For the sensor installation it will be better understood if we explain a real case. There are
reatlife implemenations of the application on some sites. One of those is the nightclub

Pacha(lbiza, Spain).

There are five entrances in this enclosure, each with a infrared sensor and a camera. Both
the sensors and the cameras are connected to the internal netwadcessbd externally
with the IP.

On figure 5.2 you can see an example of the network structure (at the time it only had four

entrances:
S.Suchi IP: C.Suchi IP: S.Principal IP: C.Principal IP: S.Personal IP: C.Personal IP:
172.23.0.200:10001 172.23.0.204:10012 172.23.0.203:10007 172.23.0.207:10011 172.23.0.202:10005 172.23.0.206:10010

L e . e T e
R S

AAS Aafas anan —_—
¥ wesw sesw seew
S.Jardin VIP IP: C.Jardin VIP IP: ;
172.23.0.201:10003 172.23.0.205:10009 Switch Guardaropa

‘ .' b— - -
4" ® _ —_—
3 - | Ases anes ases
| YITY YUvY vy Router IP: 213.0.7.139
Switch Jardin VIP

Figure 5.2: Design of the network at Pacha Ibiza

The sensor is connected through an ethernet cable only for powey,au®oE injector
[29](Power over Ethernet), the sensor connects to the ethernet of the PoE, with the power

connected to the other port.

On figure 5.3 you can see an example of a sensor and camera installBachaat
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Figure 5.3: Image of a sensor and camera installation at an access of Pacha Ibiza

The sensor is positioned ninety degrees perpendicularly to the ground, with the sensor
pointing to the ground, so it gets an overhead view of the people passing.

The sensor has a setup tool that allowtouslibrate it, where you have to input the height
from the ground to the sensor. As well as determining the line of entry and of exit where it
will sum one if a person crosses the entry line, and subtract one if a person crosses the exit

line. Figure 5.4shows how the interface looks.
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People Counter Setup Tool

Figure 5.4: Web interface of the IP of an infrared sensor Gazelle.

Both of the lines will probably be set at the same place as people go in and out in the same

space.

The camera helps us to check that the sensor is waokamgrly. At figure 5.5 you can see

avisual representationofwher e ALine 10 is the entry, and

ninclsksy 1
Dieks: 0

Figure 5.5: Image of a person passing by an overhead camera with entry and exit lines.
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In case that the user wants gender and age megmny the camera will have to be set on a
better angle where the face is seeable. Otherwise the camera is just there to check there are

not any abnormalities with the sensor counting.

When the sensors are installed, the data that dhegin needs to benserted into the
database. For that, a simple extetl@alaprogram,not in the main backend of the Wej#\
has the task to connect to sensdiPdsand extract the data.

This program works as a server where the sensors connect through IP protocol.

In the figure 5.6 below we can see the part of the code that runs every second for each sensor

that connects to the server:

livecount = blackfin.GetCurrentCount();
ount I

{
if (DEBUG)System.out.println("Got Counts " + deviceName);

(@) .intvalue()
et(1).intvalue(
" " + livecount.countlLines.get(1));

if (DEBUG)System.out.println(“Hora "+hora+":"+minutos : i nt.countLines.get(@).toString() +
3 1t.countlines.get(1).toString());

while (rs.next()) {
if (DEBUG) System.out.println(deviceName+ " - Hora "+hora+”:"+minutos + 1: " unt.countlLines. (8).toString() +
unt.countLines. (1).toString());

MySQ
etInt(1l) +
8).toString()+
t(1).toString()+
+ deviceName + ";");

Figure 5.6: Code from the sensors data retrieving program.

It checks if there are new values from the sensor from the last timedheelsed and if yes,
inserts the data in a nawcordAccessvith the sensor namel¢viceNampas theaccessld
It also updates the accumulafedtLine andsecondLinavith the sum from the value that it

had plus the new data from the sensor.
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5.3. Backend

For the backend of the application Java is used as the main programming language, with
Spring as the framework for database connection and building the REST API.
Figure 5.7 shows the structure of said backend:

O CoUnty

JMvn

settings

config

AuditingConfig.java

audit
DateAudit

Jatefudit

Alarm
Center
Incident
Recort
Role
RoleMame

User

Lfone
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SignUpRequest
Userldentityfva
UserProfile

UserSummary

¥ security

CurrentlUser

Customl

WWUnner

untApplication

Figure 5.7: Folder structure of the backend.
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It follows the spring framework guidelines of how to structure an application.
5.3.1 Model

The model folder determines the database tables, so for every database table there is a model

class, for example in the cladene.javaseen at figure 5.8:

Figure 5.7: Code of the class Zone.java.

As you can see, there are some annotations before the class begins. First, th@Endithe
which is part of JPA [30](Java Persistence JPA). JPA greatly simplifies Java persistence and
provides an objeatelatioral mapping approach that lets you declaratively define how to

map Java objects to relational database tables in a standard, portable way.
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Entities represent persistent data stored in a relational database automatically using
containermanaged persistencehey are persistent because their data is stored persistently
in some form of data storage system, such as a database, in this case the MySQL database

defined in the previous chapter.

The other annotation defines which table is the one that should bedniaypp this class, it

IS not necessary as Spring does it automatically, but is always good for easier readability.

Otherwise it is a standard java class with its attributes, constructor, getters and setters, with
the particularity of having to annotatetwh A @Many ToOned the attri

another class.

5.3.2 Repository

This classes define the data access objects (DAO). The DAO layer usually consists of a lot
of boilerplate code that can and should be simplified. The advantages of suchfeatop
are many: a decrease in the number of artifacts that need to be defined and maintained,

consistency of data access patterns and consistency of configuration.

Spring Data takes this simplification one step forward and makes it possible to ré@ove
DAO implementations entireliythe interface of the DAO is now the only artifact that needs
to be explicitly defined.

In order to start leveraging the Spring Data programming model with JPA, a DAO interface
needs to extend the JPA speciRepositoryinterfacei JpaRepository This will enable
Spring Data to find this interface and automatically create an implementation for it.

By extending the interface we get the most relevant CRUD methods for standard data access

available in a standard DAO out oftbox.

For each model class there is a repository to handle its persistence.
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5.33. Controller

On the MVC pattern, if thdlodelis already defined and théewis the frontend, what is
missing is theController. This controller works also as RestContrber, RESTful
applications like this one are designed to be semimnted and return raw data
(JSON/XML typically). TheController is generally expected to send data directly via the
HTTP response.

Example of a controller clas&uthController.javaatfigure 5.8:




























































































































































