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Resumen

La computacion en la nube y el Internet de las Cosas (IoT) como soporte tecnoldgico para la construccion de Sistemas de
Informacion Geogréfica (SIG) estan cambiando la forma en que se desarrollan y despliegan estos sistemas. La infraestructura
tecnologica como plataforma de despliegue permite que SIG aproveche sus altas capacidades de almacenamiento y
procesamiento, mientras que el uso de dispositivos 10T permite la automatizacion del proceso de recoleccion de datos. El objetivo
de este trabajo es recopilar informacion relevante sobre estas tecnologias, compararlas y analizarlas, a través de la revision
sistemética de literatura (SLR) estos objetivos se lograron con el estudio del tema central del 10T, realizando filtros de basqueda
para la recopilacion de informacion de acuerdo a lo mas relevante encontrado al analisis metddico, los resultados abarcaron
preguntas significativas con sus respectivas respuestas, y analisis de las diferentes tecnologias que abarcan, simuladores sobre
transito vehicular, proyectos.

Palabras Clave: SIG, 10T, Geolocalizacién, Sistemas de Informacién, Rastreo.

Abstract

Cloud computing and the Internet of Things (10T) as technological support for the construction of Geographic Information
Systems (GIS) are changing how these systems are developed and deployed. The technological infrastructure as a
deployment platform allows GIS to take advantage of its high storage and processing capabilities, while the use of 10T
devices allows the automation of the data collection process. The objective of this work is to collect relevant information
about these technologies, compare them, and analyze them, through the systematic literature review (SLR) these objectives
were achieved with the study of the central theme of the 10T, performing search filters for the collection of information
according to the most relevant found to the previous methodical analysis, the results covered significant questions with
their respective answers, and analysis of the different technologies that they cover, simulators about vehicular traffic,
projects that use different 10T tools in such a way that the necessary hardware and software elements be determined when
designing a bus route information system.
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INTRODUCTION

Over time, technology has taken over many aspects of our daily lives, from automated vehicles with more sensors and
electronics, to a whole range of smart home appliances. This new trend makes it increasingly desirable to have greater
control over these devices, whether it is to display more information about their status or to control them remotely
(Géandara, 2020).

Currently, many countries have been developing communication platforms, which have allowed users to access
different services with the use of mobile applications. Seeing the state of traffic in the city, doing the ‘check in' before
a flight, planning an exercise routine, and managing personal finances are situations that could have been in futuristic
books, but today they are real facts, and the applications constitute a phenomenon that generates a new technological
ecosystem, with the culture of the digital in between. The services are almost infinite and all segments of the
population can access them through a mobile device, such as a phone or a tablet.

Countries like Korea, Norway, and Switzerland are the ones with the most "devices" connected to the internet,
according to data from the Organization for Economic Cooperation and Development (OECD). For example, "In
Korea, the number of online devices per 100 people is almost 40 devices. In Denmark, there are 32.7 devices
connected to the internet for every hundred inhabitants. Switzerland, further away, has 29 devices connected for every
100 inhabitants”. A little further, the United States and the Netherlands appear with 24 devices each (S.A., 2016).

The use of technologies has a positive impact on cities, which over time create ways to improve daily life,well-being,
and facilities. In addition, these technologies allow us to improve and automate processes and obtain positive results
in our quality of life (Gonzéalez & Gutiérrez, 2017). Technology must be understood as a tool. That is why we must
always emphasize that a smart city must be a sustainable city and not just a technological one.

The technologies involved in the Internet of Things (IoT) have emerged intending to create sustainable
cities, whether economically, socially, or environmentally. Information and communication technologies
(ICT) are applied in these to provide them with infrastructures that guarantee: sustainable development, an
increase in the quality of life of citizens, and greater efficiency of available resources. Active citizen
participation (Endesa, 2021).

Among the network technologies used, WLANs continue to be one of the most used to connect devices to the
network, with the 802.11 a/b/g/n/ac, 802.11.af, 802.11ah protocols with their security and mid-range signal. Then
came the WNAM (Wireless Neighborhood Area Network) with an average range of 5 to 10 kilometers with its Wi-
SUN and ZIG BEE-NAN protocols (Abawajy et al., 2021). The WWAN (Wireless Wide Area Network) has a long
range of between 10 to 100 kilometers, within thesewireless networks there are two different technologies, the first is
cellular technologies that include 2G/3G/4G, LTE-MTC, 5G, and LPWAN (Low Power Area Wide Network), which
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are low power wide area networks. It should be noted that cellular networks, apart from having a higher energy
consumption, are connected to telephone line operators that charge for the use of services used, either by call,
message consumption or network. On the part of LPWAN, the technologies that stand out the most are SIGFOX and
LORA due to their great deployment of sending information over great distances (Zemrane et al., 2019).

loT technologies cover different scopes, infrastructures, and objectives different investigations and articles will be
analyzed, breaking down the most used and important to select the best one for the implementation of the information
system.

For the Internet of Things (loT) to be possible, it is necessary to combine three factors. Devices objects such as
vehicles, watches, televisions, mobile phones, among others. It is important that these devices have characteristics that
allow communication with the other elements. For example: chips, Internet connection, antennas, sensors, etc. Net It
is what allows a communication between one thing and the other. These means are WiFi, Bluetooth and 3G or 4G
mobile data. Control system all the data that is captured through this communication must be processed, therefore, it
is important to have a system to control each aspect and create new connections.

MATERIALS AND METHODS

In the present research work, a systematic literature review (SLR) (Zemrane et al., 2019) has been carried out to
gather relevant information about loT technologies, differences, implementations, previous studies, costs,
applications, simulations, and problems that they try to solve, development methods, all this information to enrich
knowledge and have the best search results through filters and chains with information to then carry out a study of
inclusion and exclusion criteria to reduce the number of investigations found. These searches were carried out in
different repositories of universities and higher education centers, extracting information from reliable and
investigative sources. For the elaboration of the SLR, the following steps were applied:

1) Research questions were established.

2) The selected articles were analyzed.
Based on the first step, some research questions were established:

1) Whatis IoT and how does it work?

2) Which technologies encompass 10T?

3) What projects and loT systems exists in public transport?

4) What methodologies are applied in mobile application development projects??

5) Which simulators are the most used for vehicular traffic?
In the second step, a search of the keywords was carried out, was carried out in the repositories of Google Scholar,
this was done to control the literature and include and exclude the filtered information. Table 1 shows the articles
found.

Table 1: Search String Results

Chain Results
""Cloud Computing" + "Networking" 8970
" Cloud computing” + "Networks" + "loT " 4830
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" Cloud computing" + "Networks" +"loT"+"Geolocation " 23
"Web Application" +"Mobile Application" 900
"Web Aplication"+MobileAplication™+"Servers" 321
Web Aplication+MobileAplication"+"Servers"+"Geolocation" 30
" Information Systems "+"loT" 4230
" Information Systems "+"loT"+"GoogleMaps" 326
Information Systems +"loT"+"GoogleMaps"+"GPS" + "Open Street 7
maps"

"Tracking systems “+” Arduino" 76
" Tracking systems "+"Arduino"+" vehiclemonitoring " 12
"Smart phone"+ "Web" 120000
"Smart phone"+ "Web"+"flutter" 359
Smart phone+ "Web"+"flutter"+"Encode" 21

Source: Authors

For the search of the results of the keywords, a generalized search of the atypical topics was carried out, adding a new
chain to reduce the volume of search quantities found in the articles, these can be added by using "+" or with boolean
operators "AND" and “OR” and that were established in the search strings most frequently.

Once the scope of the review has been established, defined a set of inclusion and exclusion criteria to selectthose works
that are relevant when answering the defined research questions.

Inclusion Criteria
Based on the first step, some research questions were established:

1) Articles that have some implementation with 10T Technologies.

2) Software development articles that implement geolocation.

3) Articles that have obtained results similar to the development of the system to be implemented.
4) Articles that apply methodologies for the development of loT systems.

Exclusion Criteria:

1) Articles that apply high-cost IoT technologies.
2) Articles that are not in English or Spanish.
3) Articles that are more than 7 years old.

For the elaboration of the search chain, a search of works related to the present investigation was carried out, once the
most relevant ones were selected, the most repeated words were filtered, later the definition of combinations of terms
was carried out, for the conformation of the most successful search string, resulting in 4 in total, of which the
following was selected:

"Cloud Computing™ + "Networking had a result of 8970 results adding to the search string "loT"+"Geolocation" and a
filter was applied that reduced a result to 23 results. A search for "Web application™ + "Mobile application” was
carried out with a result of 900 searches in which the filter was applied and new search strings were added such as
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mobile "+" Servers "+" Geolocation" to reduce your search at 30. A search was carried out with the topics
"Information Systems" + "10T" with a result of 4230searches, adding new search strings "+" Google Maps "+" GPS "
+ "Open Street Maps" and filter gave a result of 7 articles. A search was carried out with the themes of "Arduino "+"
tracking systems" with a result of 76 searches adding new search strings "Vehicle control™ its result was reduced to 12
and finally asearch for "Smart phone" was carried out + "Web" resulting in a total of 120,000 results which applying
the filter and adding new search strings Smartphone + "Web" + "flutter" + "Encode" gives a result of 21 results.

Now, the third part, relevant articles for the research were selected and analyzed. According to the point ofview and
the analysis that we want to give to this article, which consists of reducing the large amounts of search to only focus
on the most relcevant and important information based on the desired objectives.

RESULTS AND DISCUSSION

For the realization of this article, several studies were analyzed that break down different methods or technologies that
study loT applied in different projects, this information collection served as references to choose the main idea to
develop the project of information systems and bus routes and select a technology that can be applied using the
available resources and the required needs.

To answer the first research question, the basic and introductory concepts about 10T were investigated, which
highlights the following: The Internet of Things IoT is the network of physical objects: devices, instruments, vehicles,
buildings, and other elements embedded with electronics, circuits, software, sensors, and network connectivity that
enables these objects to collect and exchange data. The Internet of Things allows objects to be remotely sensed and
controlled over an existing network infrastructure, creating opportunities for more direct integration of the physical
world into computing systems and resulting in greater efficiency and accuracy (Pradyumna Gokhalel, Omkar
Bhat2, 2019).

For an IoT platform to be considered as an option within the development of this type of a product,it must be able to
manage the information reliably, this means that it must collect the information sent by the device, store and/or
analyze the information, represent or expose the information in such a way that the user can make use of it. The
security of the system must be guaranteed, so as not to expose the data to anyone who has not been previously
authorized (JACOBSON, 2017).

To answer the first research question, the basic and introductory concepts about IoT were investigated, which
highlights the following: The Internet of Things loT is the network of physical objects: devices, instruments, vehicles,
buildings, and other elements embedded with electronics, circuits, software, sensors, and network connectivity that
enables these objects to collect and exchange data. The Internet of Things allows objects to be remotely sensed and
controlled over an existing network infrastructure, creating opportunities for more direct integration of the physical
world into computing systems and resulting in greater efficiency and accuracy (Velasquez et al., 2017).

For an IoT platform to be considered as an option within the development of this type of a product,it must be able to
manage the information reliably, this means that it must collect the information sent by the device, store and/or
analyze the information, represent or expose the information in such a way that the user can make use of it. The
security of the system must be guaranteed, so as not to expose the data to anyone who has not been previously
authorized (Pradyumna Gokhalel, Omkar Bhat2, 2019).
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loT works through identification which are devices that can communicate with each other, there are different
identifiers or identification schemes within the IoT. Identifiers can be categorized as: Object Identifier,
Communication Identifier, and Application Identifier.

e Obiject identifiers represent physical or virtual objects within an loT system, an example of this type of
identifier is the barcode or the RFID card.

o Communication identifiers identify nodes in a network that have communication capabilities, that is, that have
the ability to exchange data. The most widespread communication identifier is the IP address.

o Application identifiers identify the different service layers provided by the different applications that coexist
inan loT system.

The protocol: it is the way in which the different devices in an lIoT system communicate in the distance can be very
varied, although the most widespread, and by far, is wireless communication, with protocols based on wireless
technologies being the most used. Considering the scope of communication, a distinction must be made between
short, medium and long distance:

e Short distance: in this range the most used protocol is Bluetooth, although if faster data transmission is
required, the most used is UWB (Ultra-Wideband).

e Medium distance: in this range the most widespread protocol is Wi-Fi (with its different 802.11 standards),
although the ZigBee protocol is becoming more and more widespread, which implies the use of simpler
hardware by the devices.

e Long distance: in this range the most used is 5G, although if the necessary data rate is very low (areas with
little coverage) the LPWAN protocol (Low-Power Wide-Area Networking) is very widespread.

To answer the second research question, a search was carried out on the most used 10T technologies todayand what
are the ranges of scope that can be reached. Sigfox is a French network operator that has deployedan 10T network based
on LP WAN technology and that uses the free band of 868 MHz in Europe and 915 MHz in the United States. This
technology allows very little information to be sent over long distances withvery low energy use and to be independent
of telephony deployments. Among the solutions and companies that offer alternative connectivity solutions to the
classic GSM/3G/4G. Each node can cover a fairly large coverage area. In addition, companies that need to improve
coverage in their area can install a repeater equipment (Vejlgaard et al., 2017).

LoRa and LoraWAN are capable of transmitting over very long distances, it was determined that LoRaWAN should
support a star topology. Nodes transmit directly to a gateway that is powered and connected to a backbone
infrastructure. Gateways are powerful devices with powerful radios capable of receiving and decoding multiple
simultaneous transmissions up to 50. Three classes of node devices are defined: Class A end devices: the node
transmits to the gateway when necessary. After transmission, the node opens a receive window to get queued messages
from the gateway. Class B end devices with scheduled receive slots: the node behaves like a Class A node with
additional receives windows at scheduled times. Gateway beacons are used for the time synchronization of end
devices (Zorbas & O’Flynn, 2019).

LPWAN is gaining popularity in the industry and research communities due to its low power, long range, and low-
cost communication features. It provides a long communication range of 10 to 40 km in rural areasand 1 to 5 km in
urban areas. These promising aspects of LPWAN have prompted recent experimental studies on LPWAN

47


http://publicaciones.uci.cu/

ISSN: 2306-2495 | RNPS: 2343 Serie Cientifica de la Universidad de las Ciencias Informéticas
http://publicaciones.uci.cu Vol. 16, No. 4, Mes: Abril, 2023, Pag. 42-56

performance in outdoor and indoor environments. In short, LPWAN is very suitable for 10T applications. They only
need to transmit small amounts of data in the long run (Pefia Queralta et al., 2019).

Communication Technologies
6000

5000
4000
3000

2000

1000
0 — I

WPAN WLAN WNAN WWAN

H Range

Figure 1: Distances between communication technologiesSource:
Authors

The ranges of the different information technologies are shown in figure 1, the different distances that these
technologies can reach, taking into account that WPAN (Wireless Personal Area Network) has a range of 10 to 100
meters, WLAN (Wireless Local Area Network) has a range of 100 to 1000 meters, WNAN (Wireless Neighborhood
Area Network) has a range of 5 to 10 kilometers and WWAN (Wireless Wide Area Network) a range of more than
100 kilometers.

Among the benefits generated by the Internet of Things (I0T) in the transport sector are:

1. Data Collection
It allows collecting vehicle data through installed sensors, thus providing detailed information on vehicle performance
and driver behavior. When this data is analyzed, it can translate into significant gains and efficiency for the entire
fleet.

2. Automatic recognition
The connection between devices, cloud and platform makes it possible to know almost automatically the status of the
routes and possible improvements.

3. New tracking methods.
Before, scanning barcodes was more efficient; however, with the Internet of Things (lIoT), it is cheaper to use sensors
to track packets. Detailed updates let customers know exactly when their delivery arrives.
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4. Real-time data.
Having vehicles connected by 10T allows real-time access to data that helps optimize logistics and times between
loading point and destination. Knowing exactly the weight, dimensions and units of the product helps to select the
best routes and the choice of the right vehicles to transport them.

5. Fault detection.
The Internet of Things (loT) applied to logistics also makes it possible to detect failures or even accidents in the
maintenance of goods. This helps prevent occupational hazards and product loss.
For the third research question, different projects that include vehicle tracking systems were examined. Table 2 shows
the characteristics of these studies and some of them are explained.

Table 2: 10T projects applied in different technologies

Study Description

Information systems in public transport Electronic anti-evasion passenger counting system. Work with RF, GPS,
GPRS technologies and operating software (LUIS, 2013).

Design and implementation of tracking Using a programmable controller adds voice, data and location

device smart satellite gps communication capabilities with GSM / GPRS / GPS module can
connect to virtually any GSM network in the world, compatibility with
all 4 frequency bands used by the GSM standard (Gandara, 2020).

Development of a mobile application that allows the detection and
monitoring of wireless networks, in addition to being able to share these
networks with other users so that they can connect with their mobile
devices (CUSME, 2019).

WLAN networks geolocation with mobile
application

loT platform for REMOTE tracking and Installation of data reading and transmission modules in vehicles. Data
monitoring of vehicle parameters retrieval and processing in XML/JSON format using a Web server
(VILLAVICENCIO, 2020).

Development of Vehicle Tracking System The main f_unction of a GPS _receiver modu_le i_s to obtain the coordina_tes
using GPS and GSM Modem of the vehicle. These coordinates are periodically sent to the Arduino
Uno microcontroller. The Arduino Uno processes this information and
then sends the location information via GSM to be transmitted over the
mobile network to the user when requested or periodically. The modules
and the microcontroller communicate through the Universal
Asynchronous Receiver/Transmitter (UART) interface (Pham et al.,

2013).
Establishing a lifelong learning Learning analytics is the measurement, collection, analysis and reporting
Environment using lot and learning of data about learners and their contexts, for

purposes of understanding and optimizing learning and the environments
in which occurs. Some researches including Academic Analytics, Action
Analytics, Educational Data Mining, Networked Learning, etc. trying to
achieve the same purpose with that of learning analytics through
different directions (Cheng & Liao, 2014).

Analytics

Source: Authors
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Several studies propose the integration of cloud technologies and loT devices. They propose a case study on the
integration of sensors with services deployed on cloud platforms. However, although they implement a case study,
they do not provide details of said implementation, they do not propose mechanisms that facilitate the integration
between application services and loT devices. On the other hand, (Martinez Clares et al., 2017) propose an application
architecture that facilitates the interaction between 0T devices and information processing and presentation services
deployed in cloud environments. Despite using protocols and standards for communication between services, they do
not provide mechanisms to guide the integration and interaction activities between GIS application services and 10T
devices. The author (VILLAVICENCIO, 2020)developed a prototype of a remote vehicle tracking system, their used
the Global Systemfor Mobile Communications (GSM) and the Google Maps API. This solution consists of sending
the location of the vehicle through the SMS service of a mobile phone, the GSM modem installed in the control center
receives this message and updates the location information in a database. Location information is displayed using the
Google Maps API built into the Web application. Provides three functions; the most recent location of the tracked
vehicle, route history and route planner. The fact that this solution is based on a mobile phone allows it to be adapted
to any object that requires tracking without the need for costlyinvestment.

For the fourth research question, different development projects were analyzed that include methodologies, of
which table 3 shows the results obtained:

Table 3: Methodologies in development projects

Reference Methodology
(Rodriguez l6pez et al., 2017),(McGrath & Whitty, 2020) PMI,
(Robles-sandoval et al., 2019),(Velasquez et al., 2017) Design Science

(CUSME, 2019),(Solérzano  Avila, 2018),(Modelado et al., Xtreme Programming (XP), Mobile-D
2018)(Velasquez Cardenas, Bryan Enrique; Solier Collazos, 2022) and SCRUM

(Cérdenas, 2014),(Lauridsen et al., 2016),(LUIS, 2013)(Gomez, Own authors

2019),(Trab et al., 2018)

(Mishra et al., 2018) Knowledge based on data cycle time

(VILLAVICENCIO, 2020), (Sturmey et al., 2020) AUP

Source: Authors.

These methodologies in the development of different projects have been coupled based on the needs of authors and
the scope they wanted to achieve, there are methodologies such as the PMI which is a process, with specific duration
and a specific purpose, made up of activities and tasks different, which can be developed gradually through the
execution of processes, using knowledge, skills, tools and management techniques.

AUP or agile unified process can be the set of agile methodologies that allow an adequate optimization of a software
project that can be appreciated in mathematical concepts. Represents a reasonable alternative toconventional software
engineering for certain classes of software and in some types of projects. It has alsobeen shown to rapidly terminate
successful systems.

Scrum is especially suitable for projects in complex environments and where results need to be obtained quickly,
where requirements are changing or poorly defined, where innovation, competitiveness, flexibility ad productivity are
essential.
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The own author's methodologies are methodologies that have been used based on existing methodologies but
modified by each author, changing or combining methodologies for their own development based on the needs of
each author's project.

For the fifth research question, a search was made for simulators that are used for vehicular traffic. Table 4 shows the
most representative:

Table 4: Vehicle traffic simulators

References Simulator

(ptv group, 2021) (Gazder et al., 2020)(Blomgren & Jungbjer, 2019)(Botan & PTV VISSIM
Weichbrodt, 2020)(Delgado,2020)(Con& Vulnerables,2019)(Sadat &

Celikoglu,2017) (La et al., 2017)(Chen et al., 2019)

(Barbecho Bautista et al., 2021)(Kusari et al., 2021)(Validi et al., 2021)(Lopez et al., SUMO
2018) (Koch et al., 2021)(Mahmud et al., 2019)

(David & Ciurana, 2021)(Moll et al., 2021) (Project et al., 2022) (Hasibur Rahman AIMSUM NEXT
& Abdel-Aty, 2020) (Othman et al., 2023) (Tumminello & Gran, 2022)

(Elmorshedy et al., 2022) (Nahmias-Biran et al., 2022) (Gasparinatou et al.,

2021)(José & Valenzuela, 2020)

Source: Authors

In figure 2 it can be seen that SUMO has the highest search result in google scholar with more than 9240 searches,
followed with Aimsum Next with 3310 results and VT Vissim with 1470 results. Sumo is positioned in the first place
because it is open source, and does not use a license as the other two mentioned.

PTV Vissim is a global standard for traffic and transportation planning that offers a realistic and detailed view of road
flow status and its impacts, with the ability to define multiple what-if scenarios. You can mapnetworks in detail and
model different polygons.

SUMO is an open source and traffic simulator. It allows you to model intermodal traffic systems, including road
vehicles, public transport, and pedestrians. It includes supporting tools that automate the main tasks for creating,
running, and evaluating traffic simulations, such as network import, route calculations, visualization, and emission
calculations.

AIMSUM can create scenarios with different options for network topology, transport demand, traffic lightcontrol, and
public transport schedules, providing an efficient method of generating multiple variants of a traffic model. Geometry
Settings allow projects to be coded as a set of network changes that can be triggered, individually or together.

Researchs

m SUMO Aimsum Next Vt Vissim

Figure 2: Percentage of search results of traffic simulations
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Table 5: Simulator features

Feauture
Simulator Hybrid Open | Traffic and risk | Traffic management Transit
simulator | source analysis improvements simulation
SUMO v v v v v
Aimsum Next v X X v v
VT Vissim X X v v v

Source: Authors

CONCLUSIONS

For the development of this study, a centralized search of everything that 10T entails as technology was carried out,
applying an information filter, the search could be reduced to the most important and relevant for the research
development, which could conclude important aspects of this technology.

In the communication process, 10T is evolving with the interaction of devices with each other currently, there are
devices and sensors whose communication through the internet is carried out easily and directly, in the same way,
there are older devices whose communications by their standard are more complex. Each manufacturer of these
technologies has its own communication protocol which means that not all devices are compatible, which is why the
research was important to know the different technologies and protocolsto buy them, pay for them, differentiate them
for optimal development and that they are within reach.necessary. Sigfox and LoRa have coverage in large countries
such as the United States or the Netherlands, where the highest peaks in the use of this technology.

A search and study of different IoT projects were carried out, covering different methods, architectures andhardware
and software components, which had a better understanding for the technological development of these components
for research. Different simulations about vehicular traffic were analyzed knowing the scope of each one of them as
their advantages and disadvantages, this information was important since thistype of technology is relatively new
which contributes a lot in the fundamentals of development and behavior at the time of simulating vehicular traffic.
With the results obtained, it is expected to continue expanding information and knowledge of future research, since
the field of loT advances and grows exponentially in developed countries, it is a new technology in continuous
growth on its adaptability in the dissemination of information. At the moment it is expected that the information
contained in this article may be useful for research that requires information relevant to loT technologies. The
advantages and disadvantages of these technologies, their scope and improvements for decision making were
analyzed. This partially new technology has an important boom in technological progress and automation, which
opens its doors to future and better projects, and generates new forms of work and studies.
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