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Abstract - This work addresses the problem of the creation of a central integrated platform to collect and manipulate mobility 
data and sensor data towards the creation of useful information for users in their mobility process. This is an academic work 
towards a framework for mobility process, where that manipulate can create useful information for users, public transportation 
operators and authorities. 
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I. INTRODUCTION 
 
Mobility is a very broad and heterogeneous area that 
influences the daily lives of people, about whom we all 
know a little, give opinions or contributions, but 
whose practical actions with success turn out to be 
few. The reason why this happens is because many of 
the problems in the area of mobility are not technical, 
but human, sociocultural, and mostly related to its 
surroundings. In addition, mass transport, global 
mobility of goods and services, and population 
concentration have generated a plethora of new 
opportunities, as well as challenges with a high degree 
of complexity, with special emphasis on large urban 
centers and metropolitan areas. 
 
Nowadays, the mobility process are dominated by 
individual transportation, where private car represents 
46.5% of the commuting movements done by this 
mean [1]. This has clear consequences in terms of 
energy, environmental and congestion costs in cities. 
According to data from the European Commission, 
road congestion costs in Europe are estimated to 
amount to more than EUR 110 billion per year (1% of 
EU GDP) [2], and the transport sector is responsible 
by about 23.2% of the EU-28 gas emissions [3]. 
Mobile device and communications plays an 
important role in the real time information access to 
user personalized information and this information 
access together  
 
According to Pike Research about smart cities [1], it is 
estimated for 2020 billion EUR for this market, where 
it will be possible to compare information between 
different mobility alternatives, concerning variables 
such as travel time and cost, which can be an 
extremely useful decision support tool [4]. Real-time 
information contributes to the reliability of the Public 
Transportation (PT) system, decreasing the 
importance of the transport frequency and allowing 
the reduction of the waiting times (the user is directed 
to the stop only at the eminence of the arrival of the 

transport that he wants). This access to real-time 
information, offering truly door-to-door multimodal 
services (including unconventional alternatives such 
as cars sharing or bike sharing), coupled with the use  
of simple and immediate payment methods, are 
conditions for the choice of more efficient transport by 
the population.  
 
Other factor that contributes to the congestion problem 
in urban centers is due to the fact that many drivers 
spend a lot of time looking for a place to park de 
vehicle. It is estimated that 20% to 30% of city traffic 
is consequence of the search for a parking space, with 
a 10-minute average time [4]. The adoption of 
mechanisms facilitating this task will allow not only 
greater traffic flow but also significant energy savings 
and the associated benefits for the environment. 
 
Our proposal in based on IoT approach towards the 
creation of valuable services used in the mobility 
process. We propose a layer approach based on Figure 
1, where each layer uses previous layer output to give 
service to upper layer. This model is based on six 
layers: 1) physical, where we are all sensor types, like 
home appliance, street count vehicle, temperature, 
humidity, noise, Co2 and others sensors, mobile 
device. It is possible to interact with these sensors to 
take data on layer 2. On layer 3 we transfer these 
sensor data to a central store in a cloud environment 
based on appropriate communications (Wi-Fi, 3G and 
others). On layer 4 we check data to remove outliers 
and store. In some cases we transform this continuous 
data in discrete data, see examples [5]. Layer 5 data 
stored are manipulated through proper algorithms, 
examples of this are the works [6],[7] among others; 
Layer 6 is a service to use based on knowledge 
created, example of this are traffic information, 
parking availability, time spent and distance with 
mobility among others.  
 
Some of the main problems associated to the mobility 
process are: 1) Lack of interworking/communication 
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between different systems/technologies; 2) Lack of 
centralized and updated information of interest to the 
users; 3) Lack of knowledge and information on 
mobility and transport, as well as lack of tools to 
support the decision for public transportation 
authority’s; 4) Lack of dynamism in the sector and 
little connection with other strategic sectors, such as 
health and tourism, with lack of dialogue among 
stakeholders involved in mobility, to optimize 
resources, to eliminate redundancies, to identify and 
implement synergies and to improve the supply and 
quality of services; 5) Strong use of individual 
transport, due to lack of alternatives or ignorance 
about them; 6) Little use of public transport, due to 
their inefficiency, inadequate supply to demand, poor 
quality of services or simply mistrust or lack of habit; 
7) Lack of integration in the public transport offer and 
payment mechanisms of the various operators, which 
creates barriers to greater use; and 8) Few sustainable 
alternatives adapted to mobility in urban and mainly 
historical environments.  
 

 
Figure 1 – Layer approach proposed 

 

 
Figure 2 – Main M2* functionalities 

 
This work proposes a mobility aggregator platform 
middleware (M2* Platform) and a mobile APP called 
M2*, capable of providing information and services 
for: 1) End users; 2) Operators and entities responsible 
for coordination and regulation of mobility, through 
access to intuitive mechanisms for managing the 
available services (see Figure 2). In order to achieve 

this, we propose a middleware capable of aggregating 
static and real-time mobility data and supporting the 
development of integrated services and applications in 
the area of mobility, including:  
1. Smart Grid interaction, where demand response 

approach based on standards like OpenADR plays 
an important role [8]. We integrate also Electric 
Vehicle charging process, for details see [9], but 
is out of this work scope; 

2. Mobility monitor activity through mobile devices 
sensor data acquisition and all data manipulation 
towards the knowledge extraction to give useful 
information for  

3. Services to get information in real time related 
with: 1) traffic information, for details see [10]; 2) 
Finding parking spaces in urban context in a way 
that is integrated with carpooling and bike and car 
sharing mechanisms; 3) list of EV charging points 
and their availability; 4) road infrastructure 
information from maps system layers.  

4. Integrating of data from external system based on 
the usage of system API. Access to Public 
Transportation data, car sharing, bike sharing and 
car pooling. Creation of a multimodal journey 
planner. 

5. VIS, Vehicle Interface System, for details see [10] 
and it is out of this work scope; 

 
In this work concentrate in topics B), C) and D) all 
related with users mobility process and the importance 
of sensor data acquisition/manipulation, sharing 
process and data integration among different systems 
towards a multimodal journey planner (output 1) and a 
mobility advisor for public authorities and public 
transportation operators (output 2). 
 
II. MOBILITY PROCESS AND RELATED 
WORKS  
 
Mobility is increasingly influenced by factors that 
hinder citizens' mobility (traffic congestion, 
non-updated information, public events, accidents, 
maintenance, among others). The day-to-day 
constraints of citizens (for example, living several 
kilometers from the workplace, leaving children in 
school, etc.) and the lack of integrated mobility 
services lead to less use of public transport and, 
consequently, increased traffic and congestion on 
urban areas, increased pollution and reduction in 
energy efficiency. To these relevant consequences, we 
can also add the increase in frustration and stress of 
drivers due to the traffic and the increased time spent 
on commuting, which decreases the productivity and 
quality of life of the citizens. 
 
It is clear at the moment that having more up-to-date 
information, more integration and better coordination 
of transport is central to better mobility, which needs 
to be inclusive, intelligent and tailored to the needs of 
users. It is considered that the mobility of the future 
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will have to take into account all the different sources 
of data, with different levels of granularity and 
adequate updating frequency. This amount of data can 
only be managed using integrated and intelligent 
information systems that respond to the complexity, 
dynamics and disparities of data sources, as a result of 
the heterogeneity of cities, regions and countries. 
 
For this reason, we consider that an urban mobility 
scenario requires the integration of several 
heterogeneous data sources to provide information 
about traffic, environmental conditions, people's 
feelings and their opinions. External data sources can 
be classified into four main types: a) Stationary data - 
describe the static elements that make up the target 
environment. It includes geographic information, 
transportation infrastructures, points of interest and 
other information that may be relevant to perceive the 
location of the components within the scenario. b) 
Dynamic spatial data - contains information about a 
specific point in time. Includes information on 
georeferenced traffic, traffic and news status, 
existence of events, and all kinds of time information 
useful for measuring mobility conditions. c) 
Environmental data - provides information on 
environmental conditions as well as weather forecasts 
that may be important to understand the mobility of 
agents. d) Social networking data - provides useful 
data streams to extract information about 
unpredictable feelings and events. Analysis of these 
data sources provides important information. They can 
be obtained in various forms, either through 
operational databases, text files or data streams. The 
processes for obtaining these data are generally called 
extraction, transformation and loading (ETL) 
processes. Although these processes adapt to the data 
sources that need to be processed, they have a set of 
standard principles that are interrelated. Modifying the 
data structure to optimized formats for analysis is one 
of the key steps. Other steps involve data cleansing 
and integration, and other types of transformations that 
include key modification, value calculation, 
pre-aggregation, and more. These data, especially 
those from external sources (IoT for Smart City, see 
Figure 1), also need to be treated before being stored. 
In summary, the main tasks of data processing are: 1) 
Data cleaning - filling in missing values, reducing data 
noise, identifying or removing outliers and 
inconsistencies. 2) Data integration - establishment of 
relationship between data from various sources. 3) 
Data transformation - normalization and aggregation. 
4) Data reduction - obtain smaller representations in 
volume but with the same analytical power. 5) 
Discretization of data - techniques of data reduction 
with special importance for numerical data. After 
treatment, the data can be used for access or for 
processing. Derived data can be generated through 
these algorithms or even machine learning techniques. 
This data can be stored in the system for later 
consultation, analysis and also to improve the 

performance of other processing algorithms. Example 
of this are our works [5] 
A. State of Art in Systems 
The relevant state of the art for this work focuses on: 
1) Mobility services that allow travel planning using 
multiple modes of transport; 2) Tools that provide 
mobility operators with an integrated view of their 
service (for example, travel distances and travel 
times); 3) Personalized assistance services through 
human language processing; 4) Territorial planning 
tools for regulatory/mobility coordinators (as well as 
municipalities and inter-municipal communities) to 
collect and analyze various metrics of use and 
performance of transports on their city or region. 
 
Currently, there are several solutions whose objective 
is to improve mobility and their respective services by 
providing public transport users with ubiquitous 
access to mobility information that allows them to plan 
routes by finding out which means of transport are 
available and which ones are capable of meeting their 
needs, either regularly or punctually. Some of these 
solutions, such as Moovit 
[https://www.moovitapp.com/], Google Maps, 
OpenTripPlanner [www.opentripplanner.org] (now 
known as Modeify [modeify.com]) or GoEuro 
[www.goeuro.pt], present several characteristics such 
as the availability of static and geographic information 
(sometimes multimodal), some of which are capable 
of providing real-time information, specifically the 
current location of transport, mainly in high-density 
metropolitan areas [13]. Most of them visually display 
routes using user location and taking into account 
characteristics such as the means of transport and the 
current state of traffic, offering some alert services 
related to occurrences of mobility services, from the 
entity to the consumer and not the reverse. 
 
B. State of Art in Data Analyses 
Data Analyses based on big data manipulation are a 
basis for knowledge creation towards the mobility 
advisor implementation. The term big data is generally 
used to describe large and heterogeneous data sets that 
come from several sources [11]. It usually includes 
unstructured data masses that need real-time analysis. 
The most common solutions for storing big data are 
retrieval engines. These engines have acquired great 
popularity and use because they allow the use of data 
with a less rigid structure and favor horizontal 
scalability. To achieve these characteristics, they 
sacrifice some of the attributes of reliability. Different 
engines implement these characteristics differently 
and there is a wide variety of retrieval solutions. Big 
Data Analytics represents a set of complex procedures 
that are executed in big data repositories in order to 
extract useful knowledge about these data [11]. In the 
business environment, the teams responsible for the 
analysis use their expertise in statistics, data mining, 
machine learning, and data visualization to answer 
questions their leaders put forward. There already first 
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implementation steps like entities such as Conveyal 
[http://conveyal.com], have been working to provide 
operators with some tools for data management and 
urban planning (Open Data Tools [12]), as well as 
analytical data collection (such as Analyst 
[http://conveyal.com/projects/analyst/]). The analytics 
collected by these tools focus on urban planning, 
measuring only the demand and reach of some 
destinations using the transport fleet (both current and 
simulated), giving to the users a spatial/geographical 
notion of available transport. Additionally, this type of 
analysis provides, through the inclusion of data from 
different transports, not only more options of 
displacement, but also the improvement of the 
experience if the user prefers a specific type of 
transport. The analytics offered allow the user to 
perceive, while drawing the way, which points of 
interest he can visit, always ensuring that they are 
within a reasonable distance from his current location. 
In addition, Analyst can, through a Monte Carlo 
simulation, correlate various factors of the journey, 
including traffic, time taken in transshipments and 
waiting time for public transport, using datasets that 
give great detail in the information of the city. Finally, 
it is important to note that Analyst has the ability to 
import data in open formats for public transport and 
transit in general. In addition to Analyst, Remix 
[https://www.remix.com/] stands out, a very advanced 
commercial solution, completely focused on this field 
of collection of metrics relevant to urban planning, 
namely the costs of transportation services, changing 
their frequency, dimension and the format of the 
routes, but again from an estimation perspective and 
not based on historical or real-time collected data. 
Based on the above mentioned use cases, Table I lists 
the currently most popular tools for multimodal 
planning and advanced visualization of analytics and 
metrics on public transport users.  
 

 
Table I. Some relevant System/App proprieties 

characterization: A-Real time position of vehicles; B- 
Multimodal journey Planners; C- Traffic Information in real 

time; D – Data analytics regarding mobility data 
 

In short, none of the existing solutions addresses the 
objective of minimizing the time spent by users to 
organize trips, only partially assisting their needs in 
the best way. Thus, your work presents an integration 
between some characteristics of the already existing 
solutions, as well as the incorporation of other distinct 
ones, that is, its main objective is to provide, in a 

single system, a set of functionalities that until now are 
only offered to the passenger in a disaggregated way, 
or that in the case of operators and 
regulators/coordinators of mobility and urban 
planning and tour operators, are not offered by any of 
the systems evaluated [5]. To this current approach 
based on modularity, services and data integration 
through open data available in a semantic space. 
 
For a correct approach to the problem, a set of basic 
concepts is defined considering the structure of the 
network and the calendar. For all management and 
analysis to be done, it is necessary that the whole 
system be based on an information structure (basic 
data) that is managed by the transport operator. This 
structure defines all the variables of time and space, 
needed for the generation of schedules and services for 
each vehicle and driver. 
 
III. MOBILE OBSERVER BASED ON IOT 
DATA 
 
Tracking of user activity and associated mobility is 
now possible at low costs using mobile device sensor 
information. The data generated using this approach is 
in the class of big data and has great impact in the 
study of user mobility habits. This data can be 
complemented with other sensor data available in the 
city. 
 

 
Figure 3 – Data Sensor from mobile devices towards the 

creation of knowledge 
 
This mobile device sensor data is related with the 
information of the distinct locations where the users 
spend their time throughout the day (e.g., home, work, 
shopping centers, restaurants, etc.). From the data that 
we have collected, we are particularly interested in 
identifying locations where people spend a great deal 
of time, and associating these locations with 
information about the environment, obtained from 
geographic information system data sources. Since 
users carry all times mobile devices it is possible to 
identify transportation mode [13], driving style [14], 
identify traffic information [9], identification of 
parking process [15] and road condition. Figure 3, 
shows in a high-level process data sensor from mobile 
devices towards the creation of knowledge. The big 
data created can be associated and stored in a user 
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mobility profile, in a cloud database, with the 
information about time and routes (XML graph with 
time and GPS coordinates). It is possible to present the 
route representation for that month with associated 
information of the transportation mode, the number of 
times the route was performed, and also the temporal 
periods. Thus, it is possible to represent the time that a 
user spent in each location. All these profiles can be 
manipulated to extract useful knowledge for public 
transportation operators and municipalities’ 
authorities. This is more less free information about 
user habits in a city. 
 
IV. M2* PLATFORM 
 
Since we have a diversity of mobility information 
integrated, it is possible to create user advice taking 
into account their main mobility process usage private 
car, usage public transportation or other. 
Case 1: Driver in a car and system detected traffic with 
high delays. M2* based on current location can look of 
public transportation and parking near and give advice 
with detailed information 
Case 2: Based on past route M2* can generate advice 
towards carpooling based on the similarities of users’ 
route and times 
Case 3: user needs information to reach point A, so 
M2* based on current position can advise about public 
transportation routes or other car or bike sharing 
alternatives 
Case 4: user wants to go to a point C in other country. 
Since we can access data from different public 
transportation providers, it is possible to create an 
overview with transportation to the airport in the 
origin country and transportation out of destination 
airport 
 
A. Multimodal journey advisor 
This approach is based on other successful approaches 
of web mashup application development [9]. A 
mashup process uses content from more than one 
source to create a single new service displayed in a 
single graphical interface. One success example of this 
approach is the Google Maps where there is a 
combination of different information sources. The 
term implies easy, fast integration, frequently using 
open application programming interfaces (open API) 
and data sources to produce enriched results that were 
not necessarily the original reason for producing the 
raw source data. Therefore, this approach could solve 
the problem of integration of different data schemes of 
public transportation, but its main contribution is to 
overcome the problem of public transportation data 
access. Most of the times public operators do not 
provide data access.  
Our work goal is to use this approach for the 
multimodal journey planner based on the information 
integration and manipulation of different journey 
planners of different operators that can offer services 
between user’s start point A and final point B. The 

user’s requested journey is split into component parts 
which can be planned by individual local journey 
planners, in a way that will allow the separate parts of 
the journey to be linked together into a seamless 
itinerary. This approach allows an incremental 
development of journey planning capabilities across 
Europe as each nation or region creates local journey 
planning systems that can integrate such a network or 
networks. It aims to make the user’s experience 
familiar for residents in all countries by enabling 
existing journey planning systems to seek information 
about journeys to, from or wholly beyond their own 
boundaries and to present that information to users, in 
their own languages and in familiar ways, on the 
systems that they use for local journey planning. 
 

 
Figure 4 – Proposed system architecture for multimodal 

journey planner 
The journey planning process is based on the 
following process, as seen in Figure 4: 
 
1. an interface to receive the user’s query about 

transportation needs, by the indication of start and 
end points of a journey (along with the required 
time and date of departure or arrival). This can be 
complemented by a process to resolve any 
ambiguities in the possible matches;  

2. a handle context of local public transportation 
infrastructure, which is solved by the introduction 
of Public Transportation Ontology;  

3. an interface to different public transportation 
operators’ systems;  

4. an aggregator, which based on public transportation 
space ontology creates the context for multiple 
operator queries through their available API. The 
aggregator system sends elements of the journey 
request to one or more relevant “distant” journey 
planners and receives a response from each of those 
planners;  

5. an organized output of process 4 to the routing 
algorithm;  the application of routing algorithm and 
present solution to the user in a map. 

 
V. SERVICE APPROACH ARCHITECTURE 
 
Figure 9 shows our vision for the problem where a 
diversity of sensors were installed at campus. These 
sensors provide data to a central cloud server where 
data is manipulated toward the desirable goal. We are 
working in a service approach to get flexibility and 
reuse of several parts in terms of algorithms towards 
the desirable extracted knowledge. We use four layers:  
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1. data layer captured from installed sensors;  
2. information, where data is manipulated towards 
desirable information;  
3. this information can be used for campus 
management, where specific functional roles act on 
infrastructure and systems to optimize operation 
conditions;  
4. feed main applications in a service approach, where 
the information can be incorporated in related service; 
for example, the info about the number of empty 
spaces at the parking facilities can be used to increase 
the number of persons using parking facility.  
 

 
Figure 5 – General overview of proposed architecture of our 

IoT smart campus system 
 
Layer 2 – information extraction is based on Data 
mining algorithms. These algorithms are out of scope 
of this article. From the big data created, patterns can 
be extracted and analyzed. It is thus possible to make 
predictions about the physical or social phenomena 
being observed. The challenge in identifying patterns 
from big data is based on domain and oriented to a 
specific usage. In a university, the information to be 
collected and analyzed has the main objective of 
allowing an improved operations management that 
leads to savings and therefore to a more sustainable 
performance. Nonetheless, in this type of institution, 
the ability to have data and detect patterns should also 
be related to research and teaching goals. In fact, these 
big data sets are also a major opportunity in the search 
for models relating several levels of information: 
external environmental conditions (temperature, 
relative humidity, solar radiation, wind speed, noise 
pollution, and air quality); internal environmental 
conditions (air temperature, radiant temperature, 
relative humidity, air displacement, noise level and air 
quality); time, date and location-related occupancy 
patterns and rate; resource consumption and waste and 
emissions generation.  
 
CONCLUSION 
 
The main goal of this work is to bring ICT and Internet 
of Things (IoT) approaches to this upcoming growing 
area of sustainable mobility process in smart cities. All 
proposed system modules are oriented in a way that 
mobile devices should be part user mobility process. 

Increasing market penetration of IoT sensors is a 
reality with application in different areas: energy, 
automotive, healthcare, consumer spaces and general 
facility management. This is an ideal opportunity for 
an IoT application based on internal interest taking 
advantage of current state of technology (prices going 
down). In this paper we perform a high level vision 
about our proposed approach. This IoT approach is 
able to monitor persons and process and this data can 
be manipulated to extract knowledge. This knowledge 
has a profound impact on mobility process because 
real time data can help users on their mobility process. 
Also public transportation operators and public 
authorities can benefit from an overview data about 
users mobility process. 
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