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APRESENTACAO

O livro “Estudos Interdisciplinares nas Ciéncias Exatas e da Terra e
Engenharias” de publicagdo da Atena Editora apresenta em seu 2° volume 35
capitulos relacionados tematicas de area multidisciplinar associadas a Educacéao,
Agronomia, Arquitetura, Matematica, Geografia, Ciéncias, Fisica, Quimica, Sistemas
de Informacao e Engenharias.

No ambito geral, diversas areas de atuagcdo no mercado necessitam ser
elucidadas e articuladas de modo a ampliar sua aplicabilidade aos setores
econdmicos e sociais por meio de inovacgdes tecnologicas. Neste volume encontram-
se estudos com tematicas variadas, dentre elas: estratégias regionais de inovacgao,
aprendizagem significativa, caracterizacao fitoquimica de plantas medicinais, gestao
de riscos, acessibilidade, analises sensoriais e termodinamicas, redes neurais e
computacionais, entre outras, visando agregar informagcdes e conhecimentos para
a sociedade.

Os agradecimentos do Organizador e daAtena Editora aos estimados autores que
empenharam-se em desenvolver os trabalhos de qualidade e consisténcia, visando
potencializar o progresso da ciéncia, tecnologia e informacéao a fim de estabelecer
estratégias e técnicas para as dificuldades dos diversos cenarios mundiais.

Espera-se com esse livro incentivar alunos de redes do ensino béasico, graduacéao
e pos-graduacdo, bem como outros pesquisadores de instituicbes de ensino,
pesquisa e extensédo ao desenvolvimento estudos de casos e inovacgdes cientificas,
contribuindo na aprendizagem significativa e desenvolvimento socioeconémico rumo
a sustentabilidade e avancos tecnolégicos.

Cleberton Correia Santos
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CAPITULO 26

IMPROVING URBAN MOBILITY THROUGH A BUS

Fabio Rodrigues de la Rocha
Federal University of Santa Catarina (UFSC) -
Computer Engineering, Ararangua-SC Brazil

Ramon Tramontin
Federal University of Santa Catarina (UFSC) -
Computer Engineering, Ararangua-SC Brazil

ABSTRACT: The Internet of Things is the
tendency to have a growing number of electronic
devices connected on the Internet, exchanging
information for convenience of users. In this
paper, we apply some Internet of Things
concepts to track buses in a city. Our system
improves to bus location by dealing with issues
of GPRS/GSM using a collaborative strategy.
As a proof of concept we implemented our
system using both low cost and readily available
components.

KEYWORDS: Internet of Things, Smart Cities,
Public transportation

11 INTRODUCTION

Urban mobility is an important trend in
our society due to problems caused by the
increasing number of cars and people living
in modern cities. An alternative to mitigate the
problem is through the use of efficient public
transport where a tracking system is a key
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COLLABORATIVE SYSTEM

aspect.

In the last decades, public transportation
companies (PTC) started to apply tracking
systems named Automatic Vehicle Location
(AVL) which are based on Global Positioning
System (GPS) and GSM-based (Global System
for Mobile Communications) to transmit the bus
location together with telemetry data from the
vehicle engine control unit (ECU) (FERREIRA
et al.,, 2012). With this real-time data, it is
possible to improve the public transportation
reliability and also implement mobile solutions
where customers have access to routes, buses
locations, current occupancy and can also
collaborate with other customers. One problem
that may happen is when a communication
infrastructure is unreliable due to blind spots in
the cellphone provider coverage or even when
entering zones where the number of clients
accessing the network is greater than the
provider’s capacity. In these situations a bus
cannot send its location and the arrival times
are unknown to the system and its users.

Another problem is the implementation
cost. Even though it has been in use for years
in some cities, the high costs of equipment
prevented the dissemination of such systems.

Fortunately, nowadays, by using some
concepts of Internet of Things the problem
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can be revisited to address both the imprecision of bus location (when it cannot
send its position) and the implementation cost of a solution. The Internet Of Things
(loT) is a concept where a wide variety of devices can connect to the Internet
(OLSON, 2016),(ATZORI; IERA; MORABITO, 2010),(MIORANDI et al., 2012). At first
the Internet was thought as a network that connected only people. However, today
the scenario is such that there are more electronic devices accessing the Internet
than people. For 2020 the expectation is 50 billion devices on the Internet when world
population will achieve only 7.6 billion (RAY;VERMA, 2016).

In this paper we propose a collaborative tracking system where users apply
a mobile application to track buses on-line, query for routes, ask questions to the
operator, etc. and also can help to mitigate the infrastructure problem by detecting
a nearby bus and send an approximate location for that bus to the system. In this
collaborative environment, the combined locations by several mobile applications
(users) can fill the gap of the buses missing locations. The proposal is beneficial
to both clients and the PTC as it improves the service provided to clients and also
gives strategic information to the company as well as encourages the use of public
transport. As a proof of concept we implement the system by using low cost and
readily available devices together with open source software.

This text was based on the author’s former paper “Improving Public Transport
Location by Using a Collaborative Mobile System” published at WLATAC-2018/CLEI.

1.1 Review

GPS tracking systems have been in use for years to track trucks and cars. More
recently applications like Uber and Cabify allow to track a taxi location in real-time.
A bus tracking system is available in Chicago, lllinois. The system uses GPS on the
buses and periodically transmits the coordinates of the bus. Clients can access a
web interface and find out where a specific bus is and the arrival time at a particular
bus stop. On their web page there is an alert saying that if the bus can not send data
to the servers (bus without Internet access - GPRS/GSM/3G), it will not appear on
the web page, even if it is in service. Another company LiveViewGPS sells a device
to be used on a bus (an embedded system) that captures GPS coordinates and
transmits to the company’s website using 3G Internet access. Their business model
is to be a service provider for transport companies rather than sell devices. Thus,
data is kept on servers at LiveViewGPS where it is available to the transport provider
or clients. Telemetry information can be read from the vehicle ECU using a standard
interface called ODB-II. Using an ODB-Il reader it is possible to capture information
such as engine temperature, amount of fuel available, battery voltage, RPM, speed,
fuel injection status, probe status, etc. These pieces of information are useful to
detect problems and can be sent to the transport provider.
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2| METHODOLOGY

AVL systems apply embedded technologies such as GPS devices and GPRS
modules for Internet access, as well as embedded software on micro-controllers.
Some of these technologies, for convenience and cost can be replaced. As examples
the GPS and GPRS system modules in a custom embedded system could be
replaced by providing the bus driver with a smartphone (with GPS) running a mobile
application. The bus driver’s mobile application can capture the GPS coordinates
and send to the system using the cellphone’s infrastructure. Also, by doing this we
reduce the scope of technologies in use. Another advantage is that a smartphone is
an off the shelf component therefore, in case of malfunction can be easily replaced.

Inside the bus there is also a simple beacon emitter named Bus-ID which
broadcasts a Bus identification. This ID is used by a collaborative system where
ordinary customers will play a role in improving the location of buses.

2.1 Collaborative system

The mobile customer application scans the nearby networks and whenever
it detects a beacon (access point) it verifies if that MAC address belongs to a Bus-ID.
If it is the case, the mobile application will capture and submit the GPS coordinates to
the public transport provider (something like: at 12:34 PM bus X was at coordinates
(k, w) - message sent by client Jonny1998). In the figure 1 the Server that keeps the
bus locations can be updated by the buses and the clients’ mobile applications within
the range of the network signal issued by the buses. In this example The information
provided by the bus itself is preferred due to its accuracy, therefore, only when it is
not available the system will apply the information provided by the mobile customer
applications.

In some situations the server may receive locations from many mobile apps
targeting the same bus. In this case, a merging algorithm is used to combine the
submitted data and improve the location quality such that the combined information
becomes more valuable than a single mobile’s.
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Figure 1. Use case

3| DEVELOPMENT

The Bus-ID was implemented using an ESP8266 micro-controller in a
development kit (NodeMCU) which provides wireless 802.11b/g/n capability, low
cost and open source development tools. The embedded software for the ESP8266
was developed using the Arduino IDE.

3.1 Server and mobile apps

The server is responsible for receiving and respond to requests by customers
and buses and is implemented using NodedS (TILKOV; VINOSKI, 2010) due to
its capacity to scale the demand. The information is stored using the MongoDB
(BANKER, 2011) to keep track of buses locations, buses settings (route, plate, MAC
address in use, etc.).

Each of the mobile apps (Bus Driver’s and Customer’s) have its own set of
messagestoexchange withthe Server. Inboth cases, allcommunicationisimplemented
using web-sockets to avoid the latency of periodic connections. The mobile apps are
written using Apache Cordova which is a framework based on JavaScript, HTML and
CSS to create mobile apps for Android, iOS and Windows Mobile. By using plugins it
enables the developer to access the smartphone’s resources (database, GPS data,
camera, accelerometer, etc.). Also, as both Cordova and NodedS (applied on the
Server) use JavaScript it is easier to reuse code among applications. (CAMDEN,
2015).
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3.1.1 Merging algorithm

The bus is the main source of location for the tracking system and it should
periodically submit its location at most every 1 minute together if its Bus-ID and time-
stamp. In cases the bus cannot update its location during a current time-window (e.g:
3 minutes), the Server will accept locations from clients.

The Merging algorithm uses the Geographic midpoint computed from stored
locations and it is calculated by finding the center of gravity. The latitude and longitude
for each location is converted into radians and then into Cartesian (x,y,z) coordinates.
The x,y, and z coordinates and added together. A line can be drawn from the center
of the earth out to this new x, y, z coordinate, and the point where the line intersects
the surface of the earth is the geographic midpoint. This surface point is converted
into the latitude and longitude for the midpoint.

3.2 Telemetry and status information

Besides its location, the bus might send telemetry information on the bus
engine and also other data (seats in use, temperature and humidity inside the bus,
etc.). In this more advanced scenario, the bus ODB-II interface is used to capture the
telemetry data and send to the driver’s smart-phone using the USB port. An overview
of the components inside a bus in shown in figure 2.

Broadeasting mac-address
(Bus 1D}

i~
e

Driver's smartphone
connected to the Internet

ODBII interface

Figure 2. Components inside a bus

4| CONCLUSION AND FUTURE WORK

In this paper we have shown preliminary results of a system under development
to provide a bus tracking system with real-time location. Our collaborative system can




be implemented in a real life scenario using low-cost devices and increase the bus
tracking precision when the Internet access is temporally unavailable. As a future
work we intend to test other radio systems such as Bluetooth LE and also deal with
security and privacy concerns.
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