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Abstract. The increasing urban population sets new demands for mobility so-
lutions. The impacts of traffic congestions or inefficient transit connectivity di-
rectly affect public health (e.g. emissions and stress) and the city economy (e.g.
deaths in road accidents, productivity, and commuting). In parallel, the ad-
vance of technology has made it easier to obtain data about the systems which
make up the city information systems. This paper takes advantage of GIS and
real-time data to present: 1) a web application integrating multiple services; 2)
an android application for bus visualization and prediction and 3) a dashboard
focused on applying exploratory data analysis techniques on ticketing data.

1. Introduction

The steady growth of urban centers poses several challenges to human well-being, many
of which are associated with urban mobility (traffic jams, longer travel times, health

1



Proceedings XIX GEOINFO, December 05-07, 2018, Campina Grande, PB, Brazil. p 1-12.

issues due to emissions, stress, etc.) requiring new approaches to overcome them.
Thus, it is necessary to provide new tools for managing a city, reconciling the func-
tioning of several systems so that their performance fit to better serve its inhabitants.
In this scenario, the concept of smart city has emerged along of its several approaches
of smartness [Husar et al. 2017], usually linked to efficiency in the use of natural re-
sources [Souza et al. 2015, Azambuja 2016].

In particular, public transportation is one of the most critical areas of smart cities.
In Brazil, the vehicle fleet in major cities grew more than the road structure!. Mobility
challenges have already gained attention of the Computer Science society in Brazil®>. The
efficiency of its performance helps to reduce its operation costs and also provides social
integration (such as the use of government applications and crowd-sourcing). Some peo-
ple have the public transport system as their only mean of displacement among their daily
trips [Weigang et al. 2001].

The increasing availability of city open data provides opportunities to explore new
applications or innovative data exploitation, along with GIS techniques to enhance the
cities mobility. However, processing big volume of raw data in limited time to provide
timely information for services with an acceptable quality poses several challenges.

This paper describes three applications (Routes4People, Melhor Busdo and City
Administration Dashboard) based on GIS, cloud and parallel computing technologies to
enhance mobility, not only from the citizen perspective, but also from the perspective
of the city administration. The applications were developed under the EUBra-BIGSEA
project (Europe-Brazil Collaboration of Big Data Scientific Research Through Cloud-
Centric Applications), where all developments are available under Open Source licenses
3. The rest of the paper is organized as follows: Section 2 presents related work. Section
3 offers an overview of the applications platform. Section 4 details the applications and
their features. Finally, Section 5 presents the conclusion.

2. Related Work

Several applications are already available for mobility, such as Crowdbus
[Sousa Junior et al. 2014], Bus Brasil*, Cadé o Onibus’, Itibus® and Moovit’.

Crowdbus uses resources of crowdsourcing technology to provide data about the
public transportation in Recife and Maceié where the crowdsourced data are collected by
users support and user’s smartphones functionalities (e.g., compass, GPS, and accelerom-
eter). Crowdbus uses data from speed, routes to generate a quality standing for each
route of public transportation, processing the data to provide, in the future application,

"http://wwwl.folha.uol.com.br/cotidiano/2014/08/1503030-frota-de-\
veiculos-cresce-mais-rapido-que—a—-estrutura-viaria-no-pais.shtml - Last
accessed on Nov 24, 2017.

http://www.sbc.org.br/documentos—da-sbc/send/141-grandes—desafios/
802-grandesdesafiosdacomputaonobrasil — Last accessed on Nov 24, 2017.

3http://github.org/eubr-bigsea — Last accessed on Nov 24, 2017.

*http://www.busbrazil.com.br/ — Last accessed on Ago 22, 2018.

>http://www.cadeoonibus.com.br/Co0/SiteV2 Last accessed on Nov 4th, 2017.

Shttps://www.urbs.curitiba.pr.gov.br/mobile/itibus — Last accessed on Ago 22,
2018.

7 https://moovit.com/ — Last accessed on Ago 28, 2018.
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measurements of time to travel between bus stops [Sousa Junior et al. 2014].

Bus Brasil uses an application for Android smartphone that stores bus time tables
from various cities in Brazil. The application provides schedules for the buses, with the
closest bus coming from a determined place, such as a Bus Terminal. The application can
store data in the device, providing some functionalities while the device is not connected
to the Internet.

Cadé o Onibus was developed in cross-platform modal (Android, IoS and Win-
dows Phone). This application detects the position of buses in real-time, allowing a vari-
able number of search requests by the user. This allows user collaboration (feature that
is only showed in the Moovit and the Crowdbus apps), thanks to the use of the real-time
tracking can also predict the arrival of the bus on the bus stop.

Itibus is a web-plataform application which provides the schedule of lines, lines
by its code or label, itinerary of the lines in a map, real-time location of the bus, near
location of bus stops and lines by stops. Besides that, the application can provide news
and the balance of the client’s transport card.

Moovit is another example of application which uses GIS and processes data from
external sources to generate knowledge. The application operates in more than 2,500
cities, with more than 200 million users. Under the concept of Urban Mobility Analysis
and Mobility as a Service (MaaS), the system provides a list with buses lines, various
types of search, lines by stops, route creation, and buses that accept transport card. The
system can predict the arrival and departure times of the lines in stops and terminals.

Compared to these online applications (listed in Figure 1), our three approaches
present the following advantages: open source licenses, integration with several data
sources (e.g. Waze, twitter, mobility open data) along with Big Data and Cloud services
(among others).
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Figure 1. Home Screen of the applications: (A) Bus Brasil. (B) Cadé o Onibus?.
(C) ltiBus. (D) Moovit. Source: [Calandre et al. 2018]

Andrade et al. [Andrade et al. 2014] propose how the combination of open data,
geographic information systems and cluster algorithms can bring benefits to urban mobil-
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ity. This paper has the time spent in a displacement within the city of Belo Horizonte as
a case study. By the cluster algorithm analysis it is possible to determine clusters of any
radius and decide the best vehicle to be chosen on a given trip within the city, as well as
the best place to be carried out.

In the same way, Monteiro et al. [Monteiro et al. 2017] suggest how the bus stops
can be distributed in a way that bus stops are not too far apart from each other. In other
words, their algorithm can be used to determine the best places to have a pick off point. To
do this, they have used open data from public transportation and a Simulated Annealing
algorithm.

Several other works also uses transportation scenarios, but in different contexts,
such as location modeling [Li and Tong 2017], optimization [Yang et al. 2000], com-
plex network metrics [da Silva et al. 2016, De Bona et al. 2016], and exploratory anal-
ysis [Kozievitch et al. 2016, Vila et al. 2016].

3. Infrastructure Overview

The infrastructure used to support the applications included 19 components (Figure 2). In
summary, there are five different layers:

1. Modules for resource configuration, prediction of resource usage, scheduling of
jobs and proactive policies for vertical and horizontal elasticity. This layer has the
following items:

o Infrastructure Manager configures the underlying infrastructure with the
software required to execute the jobs from the Programming Models layer;

e Elastic Compute Clusters in the Cloud provides the interface to deploy
self-configurable scalable clusters. This is the main tool for deploying the
EUBra-BIGSEA infrastructure, and interacts directly with IM;

e DagSim simulator and Lundstrom predictor are two components that use
information from the logs of COMPSs and Spark applications to create
predictor models for estimating running time under different resource con-
ditions;

e Proactive Policies have two implemented components: Marathon and
Chronos Framework for dealing with QoS, which adjusts the amount of re-
sources allocated to match the expected QoS and the component to adjust
the CPU CAP on hypervisors (working in both OpenNebula and Open-
Stack) to meet the expected deadlines.

2. Programming Models, which provide the means to write parallel data analytics
programs on top of the EUBra-BIGSEA platform. This layer has the following
items:

e COMPSs is a programming framework that infers the inner parallelism of
sequential applications dynamically, executing the different steps in paral-
lel and taking care of data dependencies. In the frame of EUBra-BIGSEA,
it has been extended to work as a Mesos Framework and to use HDFS as
a back-end, facilitating the execution on distributed environments;

e LEMONADE is a platform for the visual creation and execution of data
analysis workflows, which produces Spark and COMPSs code.
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3. Security and privacy mechanisms provide a homogeneous Authentication, Autho-
rization and Accounting (AAA) mechanism and privacy policies for data access
and processing. This layer has the following items:

AAAaaS is a module of Authentication, Authorization and Accounting as
a Service for the EUBra-BIGSEA Project;

PRIVAaaS is a set of libraries and tools that allows controlling and reduc-
ing data leakage in the context of Big Data processing and, consequently,
protecting sensible information processed by data analytics algorithms,
with multiple types of anonymization techniques.

4. Big Data services is composed by the following items:

Ophidia - which exploits advanced parallel computing techniques and a
hierarchical, distributed storage organization to execute intensive OLAP-
based analysis over multi-terabyte datasets;

Data Quality as a Service (DQaaS) is a tool able to provide information
about the quality of the analyzed Big Data sources;

Entity Matching as a Service (EMaaS) is a service that supports the detec-
tion and measurement of matching problems related to the linkage of large
data sources

5. High-level services are composed by the following items:

Traffic Congestion Prediction: aims to identify traffic jams using data pro-
vided by Waze. To this end, a probabilistic graphical model equipped with
Gaussian latent nodes is formulated;

Trip Duration Prediction: is a tool that aims to predict bus trips duration
based on historical bus GPS data. We train the model using Machine
Learning techniques (Support Vector Regression and Lasso Regression)
on historical bus trips data, and use it to predict future trips;

Sentiment Analysis: transforms social media data (textual) into a quanti-
tative estimation of the citizens expressed sentiment. Such analysis targets
a specific subject, for example, traffic status or city services;

Trip Crowdedness Prediction is a tool that aims to predict the number of
passengers (crowdedness) of a bus trip in the future, based on historical
bus location and ticketing data;

People Paths: is an application which performs a descriptive analysis
on bus GPS and passenger ticketing data, finding paths taken by urban
Public Transportation users in a time period, and matching the paths ori-
gin/destination locations with city area social data.

The applications on the framework work at two levels. The final-user developed

applications offer a Graphic User Interface that exposes the outcome of other components
in the EUBra-BIGSEA platform. On the other hand, applications for descriptive and pre-
dictive data models run on top of the infrastructure. Further details of each component
are presented at the EUBra-BIGSEA site (http://www.eubra-bigsea.eu/).

4. The Applications

All the applications have as use case the data from Curitiba Municipality ®. In summary,

data covering DPGS trajectories, ticketing, Weather, Social media, routes, timetables,

8http://www.curitiba.pr.gov.br/dadosabertos/
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Figure 2. The 19 components from the infrastructure and its layers.

sociodemographic and environment (among others) in several formats (CSV, DOC, SHP,
data from Twitter, etc.) were manipulated in several databases (PostgreSQL, MongoDB,
among others) for the applications. Further details of the data sources, acquisition and
integration can be found here °. The application ecosystem is presented in Figure 3: note
that different types of data, such as file sources and databases are used.
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Spatil (City :
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Figure 3. Integrated ecosystem.

On the other hand, the applications use several software components, as shown
in Figure 4. Links (lines) between the relations represent the module relation to other

° http://www.eubra-bigsea.eu/sites/default/files/EUBRra-BIGSEA_D7.2_
GES3DatalIntegration_vl.pdf — Last accessed on Nov 24, 2017.
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components. The top of the figure contains the Final user applications (Routes4people,
Melhor Busao and Municipality Dashboard), and the bottom of the figure contains the
infrastructure (Data and CPU Resources).
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Figure 4. The software architecture for the three applications.

4.1. Routes4People

Routes4People (video available online !°) is a web application that gathers information
from the processing algorithms for Sentiment Analysis, Crowdedness prediction, Traf-
fic congestion estimation and Route recommendation (high-level services presented in
Figure 2).

The sentiment analysis service is implemented using Apache Spark, Apache Spark
Streaming and Apache Kafka in two stages: 1) model learning (training of machine learn-
ing classifiers) and 2) model usage (gathering and testing data). The Crowdedness pre-
diction [Braz et al. 2018] uses heuristics to infer where passengers alighted from the bus.
The traffic congestion estimation aims to identify traffic jams using data provided by
Waze.

Routes4People has as main user citizens, providing information about the best
route considering standard criteria (a priori duration) and other more human criteria
(forecasted crowdedness and historic duration). It mainly uses COMPSs, Lemonade,
AAAaaaS and the data sources showed in Figure 3.

Within the services available, we can mention the creation of a trip, clustered
visualization of all bus stops, the listing of all routes with respective schedules along with
the traffic jam, sentiment analysis and feedback form. The code is available online '
along with the web interface '*.

4.2. Melhor Busao

Melhor Busdo (video available online '*) is a mobile (Android) for Routes4People. Both
make use of descriptive models using bus GPS and passenger ticketing data: Origin-

Onttps://youtu.be/L5LRbglIIho — Last accessed on July 24, 2018.

M nttps://github.com/eubr-bigsea/rfp-web — Last accessed on Nov 24, 2017.
2http://routes4tp.i3m.upv.es — Last accessed on July 24, 2018.
Bhttps://youtu.be/XoWJ_BuQWmU — Last accessed on July 24, 2018.
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Figure 5. Routes4People application.

Destination matrices, inefficiency analysis, comparison with population, income and lit-

eracy rate, implemented in LEMONADE & COMPSs.

The object was not only to present the available bus stops, time table, bus lines,
but also present the prediction of the next bus in a specific area (as shown in Figure 6).

The code is available online .

4.3. City Administration DashBoard

City Administration Dashboard (video available online '°) has as main user the decision
maker, being an application which has as basis descriptive statistics and visualization
techniques in order to assist and facilitate planning and monitoring the system.

As technologies, it uses Ophidia to infer a set of bus usage statistics by means
of descriptive analytics algorithms implemented in Python and exploiting the COMPSs
programming model. Its modules include also anonymization phases as well as pre-
processing steps based on Data Quality and Entity Matching steps.

Y https://github.com/eubr-bigsea/bigsea-melhorbusao — Last accessed on Nov 24,

2017.

Bhttps://youtu.be/AQ0508YhssA — Last accessed on July 24, 2018.
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Figure 6. Melhor Busao (Opening Interface, Location of Bus Stops Nearby and
Bus Stops available in a Bus Line).

In summary, it presents interactive charts related to a set of 20 statistics in the bus
system usage (bus lines, bus stops and passengers) based on bus cards data, along with
bus position and shape files (the application focuses on Curitiba city in Brazil) from three
perspectives: overall boarding, average passenger boardings and bus stop crowdedness.

Figure 7 presents the visualization of total number of passengers by hour followed
by the heatmap of the passengers bus stops. The objective of this application was to
support data visualization, from the municipality point of view, and the code is available
online !° along with the web interface !”.

4.4. Discussion

The big and fast data eco-system in this proposal is a platform that can effectively support
(i) different types of data processing (i.e. batch and streaming) on (ii) heterogeneous
data (i.e. multidimensional, relational, NoSQL) (iii) requiring multiple data analytics and
mining features (i.e. descriptive and predictive models), while also (iv) taking security,
data privacy and QoS-oriented elastic cloud scenarios into account.

Within the main contributions of the infrastructure, we can mention: 1) specific
data services, such as EMaaS [Mestre et al. 2017] (which was fundamental to match
entities within the different databases integration) and DQaS [Aradjo et al. 2017] (in
order to check the data quality); 2) new programming technologies, such as Lemon-
ade [d. Santos et al. 2017] (which simplifies and abstract the infrastructure and the pro-
gramming task); 3) online available predictive models, such as sentiment analysis '* and
Trip Crowdedness Prediction ', among others.

16 https://github.com/eubr-bigsea/ticketing-descriptive—analytics — Last
accessed on Nov 24, 2017.

"https://tarcisob.shinyapps.io/city-admin-dashboard-ctba — Last accessed on
July 24, 2018.

Bhttps://github.com/eubr-bigsea/twitter-sentiment-analysis —Lastaccessed
on July 24, 2018.

Y nttps://github.com/eubr-bigsea/btr-spark — Last accessed on July 24, 2018.
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Figure 7. City Administration Dashboard.

Within the contributions of the applications, we can mention: 1) their availability
over open source licenses (software, documentation and video); 2) their integration with
several data sources (Waze, twitter, mobility open data), along with the main challenges,
such as data privacy [Basso et al. 2016]; and 3) local panels to discuss mobility appli-
cations and mobility solutions, such as MAUI Symposium 2° and Workshop on Secure
Cloud and Big Data 2'.

Further performance evaluation and tests for individual modules or overall ap-
plications can be found at the EUBra-BIGSEA project 2. Results for the performance
evaluation of the DashBoard, for example, show that the platform scalability is adequate
enough to process large datasets(related to long time period) and provide useful statistics
for the City Administration Dashboard application 2.

5. Conclusion

In order to accommodate the users and their transportation needs, a city must carefully
analyze the several data sources to determine the citizen needs and possible changes in
transportation to support those needs. Further analysis should also accommodate different

D nttp://www.prppg.ufpr.br/site/sba-maui/ — Last accessed on July 24, 2018.

21 http://site.sanepar.com.br/noticias/inscricoes-para-evento-sobre\
—-processamento-seguro-de-dados—em—-nuvens—-inseguras—ate-27 — Last accessed on
July 24, 2018.

2 nttp://www.eubra-bigsea.eu/menu-deliverables —Last accessed on Sept. 09, 2018.

23 http://www.eubra-bigsea.eu/sites/default/files/D2.5_EUBra-BIGSEA_
FinalActionPlanReport .pdf — Last accessed on July 09, 2018.
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perspectives: city administrators, general visualization and basic statistics, bus timetables,
among others. This paper presented three applications resulted from the EUBra-BIGSEA
project, from the urban mobility perspective. The first one (City Administration Dash-
board) presents an historical overview of the data, from the urban traffic management
perspective. The second one presents an Advanced Traveler Information System (Mel-
hor Busdo), while the third one gathers information from traffic congestion and sentiment
analysis (among others) in a web interface. In summary, the three applications took ad-
vantage of several infrastructure enhancements (such as elastic computation and proactive
policies), programming models (using technologies such as COMPSs and LEMONADE),
security and privacy mechanisms, Big Data services (parallel computing and data qual-
ity), along with high-level services based on models (such as traffic congestion prediction
and trip duration prediction). As future work, we can mention the integration of other his-
torical data, user evaluation of the system, further tests within more data, and integration
with additional scenarios (such as accidents and bumps).

Acknowledgments. We would like to thank the Municipality of Curitiba, IPPUC,
CAPES, CNPq, Fapemig and EUBra-BIGSEA project (EC/MCTIC 3™ Coordinated Call).
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