
Institute of Computing
UNICAMP

Smart City 
F014 - IFGW/UNICAMP

Juliana Freitag Borin
juliana@ic.unicamp.br



Agenda

➔ Introduction 
➔ Definition 
➔ Technology dimension

◆ IoT 
◆ Big data
◆ Data access, sharing and retention

➔ Smart Campus - Unicamp
➔ Câmara Técnica de Gestão de Campus Inteligente



Introduction

Source: Luca Mora, Roberto Bolici & Mark Deakin 
(2017). The First Two Decades of Smart-City 
Research: A Bibliometric Analysis, Journal of Urban 
Technology, 24:1, 3-27, DOI: 
10.1080/10630732.2017.1285123

https://doi.org/10.1080/10630732.2017.1285123


Definition (I)

"A smart city is an urban area that uses the information that is collected by 
various types of sensors and devices to monitor and manage its 
infrastructures and its resources efficiently. Based on the sensory data, 
the monitor and control systems are able to continuously learn and adapt 
the changing circumstances, such that the systems always provide a 
satisfied performance. "

Source: R. Du, P. Santi, M. Xiao, A. V. Vasilakos and C. Fischione, "The 
Sensable City: A Survey on the Deployment and Management for Smart City 
Monitoring," in IEEE Communications Surveys & Tutorials, vol. 21, no. 2, pp. 
1533-1560, Secondquarter 2019.



Definition (II)

"A Smart City is a system that enhances human and social capital wisely 
using and interacting with natural and economic resources via 
technology-based solutions and innovation to address public issues and 
efficiently achieve sustainable development and a high quality of life on 
the basis of a multi-stakeholder, municipally based partnership."

Source: Fernandez-Anez V. (2016) Stakeholders Approach to Smart Cities: A 
Survey on Smart City Definitions. In: Alba E., Chicano F., Luque G. (eds) 
Smart Cities. Smart-CT 2016. Lecture Notes in Computer Science, vol 9704. 
Springer, Cham



Definition (III)

"A smart city is a city that engages its citizens and connects its 
infrastructure electronically."

Source: S. Musa, Smart Cities-A Road Map for Development, in IEEE Potentials, vol. 37, no. 2, pp. 19-23, 
March-April 2018.



Smart city dimensions

➔ Human dimension

➔ Technology dimension

➔ Institutional dimension
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Technology dimension 

From the previously presented definitions: 

➔ Information collected by sensors
➔ To monitor and manage infrastructure and 

resources efficiently 
➔ Continuously learn and adapt
➔ Sustainable development and quality of life
➔ Interact with natural and economic resources 

via technology-based solutions
➔ Connect infrastructure electronically 
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Internet of Things

Machine Learning    

Cloud Computing

Communication Networks

Big Data



Internet of Things ecosystem 

IoT



Information and communication technology architecture

Source: Cartilha de Cidades, 
2018

https://www.bndes.gov.br/wps/wcm/connect/site/db27849e-dd37-4fbd-9046-6fda14b53ad0/produto-13-cartilha-das-cidades-publicada.pdf?MOD=AJPERES&CVID=m7tz8bf


Interoperability & IoT: Smart City Use Case

Source: Cartilha de Cidades, 2018

https://www.bndes.gov.br/wps/wcm/connect/site/db27849e-dd37-4fbd-9046-6fda14b53ad0/produto-13-cartilha-das-cidades-publicada.pdf?MOD=AJPERES&CVID=m7tz8bf
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Big Data: 6 V's

● Volume: quantity of generated data

● Velocity: rate of big data production and processing

● Variety: different forms and types

● Veracity: quality, consistency, and trustworthiness of the data 

● Variability: different rates of data flow (burst of data)

● Value: all sensor data x random samples; keep data x discard data after a 
specific period.

Source: M. Mohammadi et al, Deep Learning for ioT Big Data and Streaming Analytics: A Survey. IEEE 
Communications and Tutorials, vol. 20, no. 4, pp. 2923-2960, Fourthquarter 2018.



Data Access, Sharing and Retention

➔ Hundreds of different IoT platforms (ex.: AWS IoT, Google Cloud, Azure IoT, 
Konker, Dojot).

➔ Developers and startups need access to rich data sets to innovate.
◆ Data anonymization. 
◆ Standardized APIs (Application Programming Interfaces)



Data Access, Sharing and Retention

➔ Approaches: 
◆ Urban Data Trust: 

Source: IMDA. Trusted Data 
Sharing Framework

https://www2.imda.gov.sg/-/media/Imda/Files/Programme/AI-Data-Innovation/Trusted-Data-Sharing-Framework.pdf?la=en
https://www2.imda.gov.sg/-/media/Imda/Files/Programme/AI-Data-Innovation/Trusted-Data-Sharing-Framework.pdf?la=en


Data Access, Sharing and Retention

➔ Approaches: 
◆ Circular City Data is an effort to build a safe environment whereby start-ups, city agencies, 

and larger firms can collect, produce, access and exchange data, as well as business insights, 
through transaction mechanisms that do not necessarily require currency, i.e., through 
reciprocity. 

Source: A. C. d'Almeida, Introduction to The Circular City Research Program. The Circular City Research Journal, 
vol. 1, pp. 7 - 13, 2019.



Smart Campus & Smart Cities

➔ University campuses in many ways are small-scale cities. 

➔ What can we learn from smart campuses that can be scaled up to smart 
cities? 

Source: R. Vasileva et al. What Smart Campuses Can Teach Us about Smart Cities: User Experiences 
and Open Data. Information 2018, 9, 251.



http://smartcampus.prefeitura.unicamp.br/

http://smartcampus.prefeitura.unicamp.br/


Smart Parking based on IoT and Deep Learning
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Smart Waste Collection System using IoT



Real Time Bus Tracking



Over-the-air (OTA) Software Update
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CTGCIn- Câmara Técnica de Gestão de Campus Inteligente

Objetivos: 

-



HIDS ICT Architecture (?)



HIDS ICT Architecture (?) Indicadores de sustentabilidade



Smart City vs Smarter City

"The goal line of what it means to be smart moves continuously"

- André Corrêa d'Almeida - Columbia University 
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Thank you!
Questions?

Contact: juliana@ic.unicamp.br


