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Data Visualization for Georeferenced IoT Open 
Data Flows for a GDL Smart City Pilot 

Emmanuel Aceves, Victor M. Larios, Member, IEEE 

Abstract— This project aims to develop a browser over a map of a specific area to check the status of Iodevices. Based on 

such readings, it is possible to activate alarms for sensor faults, to support calibration requirements, and to facilitate smarter 

decision-making in all systems considered in this study. The purpose is to develop a version of geo-referenced IoT maps using 

JavaScript-based frameworks, such as Open Street Maps and Open Layers. This project offers the creation of a modular visual 

interface and open data support platform to be integrated into smart cities in the field of Data Visualization. At this point, we 

support collected data from Arduino boards with sensors/actuators to be represented in maps, facilitating the representation of 

information and enhancing its manipulation. Graphical maps would help analyze the sensor readings to support intelligent 

decision-making processes, which will be our final prototype development goal as a deliverable. 

Index Terms— Internet of things, Smart cities, NoSQL, Data Analytics & visualization y Open data frameworks. 

——————————      —————————— 

1 INTRODUCTION

he concept of Smart Cities is currently a trend ing topic 

worldwide, and the IEEE is leading an important 

initiative to share knowledge and create a network of 

experts. Smart Cities are using IT as a vehicle to solve 

major challenges of urbanization in mega cities. Such 

solu tions create intelligence from the point of view of 

allowing for the optimization of city services and conser-

vation of resources while maintaining sustainable devel-

opment to improve the quality of human life [1], [2], [3]. 

This project aims to develop a visual interface to d is-

play georeferenced data from the d ifferent sensor net-

works of a Smart City. To create such an interface, we 

need to take into account three key impact areas involved 

in Smart Cities, the Internet Of Things (IoT), Data Analyt-

ics and Visualization and the Open Data Framework, as 

shown in Figure 1 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Areas of knowledge for this project’s aim of de-

veloping a visual interface of the IoT in Smart Cities. 

 

In the next paragraph, we explain how each major 

working area is related  to this project:  

 

Internet Of Things: The term IoT is applied  because, 

to have a Smart City, we need to gather information from 

sensor networks that fall in the domain of IoT. We pr o-

pose in this work to create a web service for which a visu-

al interface provides a map that shows all of the sensor 

networks of the smart city and represents the d ifferent 

metrics to make sense of the decisions and policy makers 

of the smart city. This map should  help identify and 

model the d ifferent d ynamics of the Smart City [1], [4]. 

 

Data Analytics and Visualization: The d ifferent sen-

sor networks deployed in the Smart City should  provide 

a huge number of unstructured  data flows. These data 

flows need to be curated  and placed  in the Open Data 

Framework before being used  for analytics to achieve 

insights into the dynamics of the Smart City. These in-

sights, as well as data in the Open Data repository, should  

be represented  in a georeferenced map as part of a dash-

board  showing the main Smart City Metrics of perfor-

mance for each service or indicator of the urban environ-

ment [5]. 

 

Open Data Frameworks: As explained  before, this 

project is looking at how to visualize Georeferenced Open 

Data, and this project is supporting the best strategy to be 

used  for the Open Data repositories of the GDL Smart 

City. Instead  of developing stand alone software, we have 

decided to use web interfaces to visualize the data of the 

smart city. The web service should  have d ifferent levels of 

access to information, for decision makers down to citi-

zens, to show the Smart City dynamics. An important 

challenge is to address large amounts of unstructured  

data, as well as drive the proper visualization to the d if-

ferent users [6]. Figure 2 shows the proposed architecture 

for this project.  
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Fig. 2. Visual interface architecture for Open Data. 

 

This project has a strong impact for Smart City devel-

opment because it provides relevant information about 

the state of the city at d ifferent levels. It also connects the 

ordinary people in the city to better understand and look 

at how the services are performing and improving with 

technology. Notably, the IoT in a Smart City must make 

aware in real-time the areas of opportunity for the City to 

improve. Through the d ifferent values and layers of data 

observed , it should  support creating better quality of life 

by improving the decision-making process of the city 

government.  

To develop the project, the University of Guadalajara 

(UDG) and its Smart Cities Innovation Center would  

support all of the development and deployment inside 

their Smart Cities Solution Living Lab at UDG CUCEA 

Campus. In fu rther steps, the Living Lab results may 

allow for transferring the achieved visualization solu tions 

to the GDL Smart City. 

2 CONTEXT 

2.1 The Geo-referenced Data Visualization and its 
Importance for Smart Cities 

The evolution of connecting sensors to the Internet al-

lows us to obtain various measurements of our city envi-

ronment in real-time. Because all flows of data from the 

sensors will grow  over time, we are dealing with unstru c-

tured  data, and we will need to create and manage a re-

pository in a non-relational database. This means that all 

of the possible queries and their records can grow in d i-

versity, and non-relational databases are better adapted  

to address such information for the visualization solu tion 

to improve the decision-making process [3], [7]. 

 

The resulting sensor/ actuator network should  be 

mapped  for their corresponding geographic coordinates, 

and we expect to have an interface that shows, on a map , 

the location of the measurement points and the continuity 

of the values that are captured  in real-time. A graph that 

monitors changes of each sensor/ actuator should  be pre-

sented  and d isplayed in an intu itive way for the user, 

locating the measurement points as shown in Figure 3 

and Figure 4 from similar projects representing sensor 

networks in a web service to all citizens of a Smart City or 

worldwide [7], [8], [9], [10].  

  

 

Fig. 3: Benchmarks displaying information in a geograph-

ic area and the graph representing the measurement 

time1. 

 

Fig. 4: The network benchmarks2. 

 

2.2 Some Related Projects and Success Stories 
Worldwide 

To find  the areas of opportunity for contribution in this 

work, we started  a review of existing related  or similar 

projects. Once we understand the international project 

status, we can see how to join efforts or adapt them to the 

GDL Smart City. Such projects need to handle data in a 

repository and visualize in real-time the state of networks 

of sensors/ actuators across the Smart City. Three systems 

were found  matching our criteria: the Thingful, Smart 

Citizen and Sentilo projects. We will describe them in the 

following paragraphs.  

 

Thingful: Thingful is a search engine for the Internet 

of Things (IoT), providing a unique geographical index of 

connected  objects around  the world , including energy, 

radiation, weather, and air quality devices, as well as 

seismographs, iBeacons, ships, aircraft and even animal 

trackers. Thingful’s powerful search capabilities enable 

people to find  devices, datasets and real-time geolocated  

data sources across many popular IoT networks. The 
 

1
 Image taken from Smart Citizen: https:/ / smartcitizen.me. 2
 Image taken from Thingful: https:/ / thingful.net. 

https://smartcitizen.me/
https://thingful.net/
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visual interface of Thingful presents them using a propri-

etary patent-pending geospatial device data search rank-

ing methodology. 

 

The platform can access public data from IoT-

connected  objects around the world , some of which need 

to be registered  in the platform. The Thingful goal is to 

make data more valuable and meaningful
3
.  

 

Smart Citizen: Smart Citizen is a platform that in-

volves citizens in participatory processes to contribute to 

sensor network deployment in cities. Connecting data, 

people and knowledge, the objective of the platform is to 

serve as a node for build ing productive and  open indica-

tors and to provide d istributed  tools to facilitate the col-

lective construction of the smart city for its own inhabit-

ants. 

The Smart Citizen project is based  on geolocation, the 

Internet and free hardware and software for data collec-

tion and sharing (Smart Citizen Kit - SCK, RESTful api, 

Mobile App and the web community), and (in a second 

phase) the production of objects; it connects people with 

their environment and their city to create more effective 

and optimized relationships between resources, technol-

ogy, communities, services and events in the urban env i-

ronment. Currently, it is being deployed as an initial 

phase in Barcelona city, born because of the impact of 

new technologies at d ifferent scales of the human habi-

tat
4
.  

 

Sentilo: Sentilo is the piece of architecture that will iso-

late the applications that are developed  to exploit the 

information "generated  by the city" and  the layer of sen-

sors deployed across the city to collect and broadcast this 

information. 

Sentilo is an open source sensor and actuator platform 

designed  to fit in the Smart City architecture of any city 

that strives for openness and easy interoperability. It  is 

built, used , and supported  by an active and d iverse com-

munity of cities and companies that believe that using 

open standards and free software is the first smart deci-

sion a Smart City should  take. 

To avoid  vertical solu tions, Sentilo is designed as a 

cross platform with the objective of sharing information 

between heterogeneous systems and easily integrat ing 

legacy applications
5
.  

 

2.3 Guadalajara as pilot of an IEEE Smart City 

In Ju ly 2013, Guadalajara was selected  as the first pilot 

project for the IEEE Smart Cities initiative. The reasons 

for choosing this city were related  to a strong commit-

ment of the local government to develop the Smart City, 

the related  industry ecosystem, the comprised  IEEE vol-

unteers in the Guadalajara Section and the number of 

Universities supporting the pool of talent for the project. 
 

3
 For more information about Thingful, visit this page: 

https:/ / thingful.net. 4
 For more information, visit their website: https:/ / smartcitizen.me. 5
 For more visualization and information , visit this page: 

http:/ / www.sentilo.io. 

In October 2013, a Kickoff looking at how the GDL Smart 

City should  be developed , with six working groups in-

cluding IEEE volunteers, industry, universities and gov-

ernment, was created . The groups were Physical Infra-

structure (PHY), Internet of Things (IoT), Open Data 

Framework (ODF), Data Analytics and Visualization 

(DAV), Metrics for Smart Cities (MTX) and  Education for 

Smart Cites (EDU). This work proposal is d irectly related  

to IoT, ODF and DAV, aiming to support and contribute 

to these working groups.   

 

3 PROJECT SCOPE 

The proposal is to generate a d isplay interface for sen-

sor networks representing the d ifferent layers of data in a 

georeferenced  map, giving us the ability to add more 

information resulting from analytical processes. To 

achieve this goal, it is necessary to develop an algorithm 

that is able to d isplay relevant measurements of data 

online, keeping information d isplayed clearly and accu -

rately. Additionally, the interface should  d isplay a dash-

board  with the measurem ents over time to support intel-

ligent decision-making. 

In a Smart City, sensor networks can collect large vol-

umes of information, and  the main problem for a visual 

interface will be to offer the relevant information for each 

community, such as citizens, government, industry and 

academia. A 4K UHD display has a resolu tion of 4096 x 

2160, which is equal to 8,847,360 pixels or 8.43 Megabytes 

of information to be represented . Data flows of network 

sensors/ actuators can reach  several Terabytes in a short 

period  of time. We need to interpret this information in a 

reduced information space. Thus, there is the challenge of 

scaling information in the d isplay and also find ing a re-

striction on the number of dim ensions of the data to rep-

resent. Hence we expect not only to solve this problem 

with statistics and probability but also to consider other 

d isciplines, such as HCI (Human Computer Interaction), 

to consider how humans perceive information and their 

process of cognition to achieve effective decision-making 

support [8 ]. 

The identified  issues concerning where and how to in-

tegrate a d isplay information system planed for Smart 

Cities requires high availability architecture for users and 

good aesthetic incorporation. That is the reason that we 

are proposing a web service to provide the d isplay with 

an organized  and visually appealing interface for the end 

user. 

 

4 PROJECT DEVELOPMENT 

As a first step , similar applications and related  project 

were investigated , as was the overall impact they have, 

and then these platforms were reviewed for their success 

and the most important interfaces were identified  with 

their elements: color management on maps, availability 

information, classification of devices on the sen-

sor/ actuator networks, forms of graphical visualization 

https://thingful.net/
https://smartcitizen.me/
http://www.sentilo.io/
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using samples over time of how these data change and 

are represented , analysis of information taken and how to 

d isplay d ifferent data flows from several georeferenced  

locations. 

Once there is a clear idea of how to design the plat-

form, we need to look at how to organize the information 

repository. The repository is the computer and system 

where the sensors send  all information. In our approach, 

we use a non-relational database (NoSQL) for information 

that will have high scalability and will need to be normal-

ized . NoSQL databases have no schemes and  no data 

records; they are horizontally scalable in terms of aggre-

gating new sources of information and for how the data 

are stored , and the NoSQL engines have a very efficient 

data management structure. 

The d ifferent NoSQL technologies we reviewed  in-

cluded  Cassandra, MongoDB, CouchDB, Redis and Riak. 

We choose MongoDB because of its in popularity in pro-

jects currently oriented  to documents that do not have to 

follow a scheme. Additionally, MongoDB allows for data 

grouped into collections and can create indexes for vari-

ous attributes of documents. Hence, MongoDB maintains 

an efficient internal structure for access to information 

based on the contents of these attributes. The properties 

of MongoDB are especially useful to support environ-

mental scalability. 

As a first test and development phase, we started  to 

store information in a server with a web service devel-

oped in the JavaScript programming language. Some 

issues were detected  with regard  to privacy using a Ja-

vaScript client. Hence, to avoid  a hole in security, we 

subsequently developed the web service in PHP, where 

no security flags were identified .  

In our current architecture, we have a model for organ-

izing collections by referring to the measured  sensor. The 

system can support the aggregation of more fields and 

records depending on the collections we need in the fu-

ture based  on d ifferent emerging types of sensors for the 

city, as shown in Figure 5. 

 

Fig. 5. Programming and model structure to store data. 

 

The system is developed on a server provided by the 

Living Lab for Smart Cities at the Smart Cities Innovation 

Center CUCEA UDG. The OS is Ubuntu  Server 14.04.2, 

and it runs on 2 Intel® Xenon® E5606 processors running 

at 2.13 GHz, with 12 GB RAM and a 200 GB HD. For the 

testing of the obtainment of flows of data, we emulated  

10,000 records sent to the server over the course of 30 

seconds. We found success by keeping all records stored  

correctly on the server. To observe the collected  data, we 

chose to use the Robomongo 0.8.5 framework, which 

offers a GUI platform with management tools in Open 

source focused on MongoDB, as shown in Figure 6. 

 

 

 

Fig. 6. Visualization of records in  Robomongo. 

5 DISCUSSION AND PERSPECTIVES 

We presented  the problem of visualization of sensor 

networks and introduced a nonstructured  database as the 

main strategy for Open Data repositories of a Smart City. 

This work has started  to present the notion of Collections 

and some pilot testing to simulate and connect IoT devic-

es to start populating the Open Data repository . As a next 

step, we will work in the first visual layers to be repre-

sented  on the map as a web service, showing the most 

relevant georeferenced information. 
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