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Smart city concept
• Refers to “places where Information Technology is combined with
infrastructure, architecture, everyday objects, and even our bodies
to address social (health, safety and security), economic (energy
monitoring and control), and environmental protection
problems”.

Sustenability (development)
o “Development that meets the needs of the
present without compromising the ability of
future generations to meet their own needs.”
(Brundtland Commission of the United Nations on March 20, 1987)

oBy comparison with the human body, the
sustainability consists in arteries carying
Oxygen going to the heart and which risk to be
clogged and generate coronary heart diseases.
oSimilarly, the Earth risk to be vey quickly
overwhelmed by gas emissions (CO2, NOx, etc) if
we do not take corrective measures to reduce these.
•

A general goal of smart cities is to improve sustainability with
help of technologies.

• These technologies need to be smart, lean, integrated, cost‐
efficient and resource‐efficient, and they should have an
impact not only on environmental sustainability targets but
also on citizens' wellbeing and financial sustainability.

Smart city unstoppable
challenges
• Energy consumption
 IT sector by Communication
& Data Centres
• Air / Water Pollution
 Transport sector & Industry
• Climate change & Global Warming
• City crowding

Air pollution: why should we monitor our
environment?
 Poor air quality and noise is unhealthy, especially for children,

older people or people with heart disease
 Traffic

pollution

directly

influences

the

incidence

of

cardiorespiratory diseases
 The exposure to traffic‐related air pollutants and noise produces a

bad impacts on cognitive and behavioral development of children

 Pollution is not the same everywhere, it builds up in places like

busy roads or near industries.
 If we know which zones are heavily polluted we can temporarily

close them so that people won’t have access to them or we can
apply regulatory solutions for decreasing the pollution.

Smarter future ideas (I)
•
•

•

•

Air cleaner
Parking simpler (parking
information sharing)
Cities more responsive
Streetlight perceptive
(smart lighting – the backbone of a
smart city infrastructure)

Smarter future ideas (II)

Make mobility smarter
• Finding new ways to drive
• People safer

HW‐SW approaches
• Automotive devices
• Driving assistent for people safety (Mobileye, Blinking detection)
• Mobility as a services (MaaS) – providing very accurate, real time,
customized, wireless mobility information services regarding travel planning,
journey time, air quality, online booking and payment facilities

Make mobility cleaner
• Starting with 2000, the transportation
became the major source of carbon
emissions worldwide, contributing to
about 26% of all CO2 emissions and
road transport causes about 65% of
those emissions.
• In 2016 European Environment’s
Agency identified transport as the
single biggest GHG emitter.
• !!! Political decisions of reducing
taxes on importing second hand
cars (registrations of second‐hand
vehicles in Romania increased by
over 74% ‐ Q1 2017)
• Paris 2015 agreement intend to limit
the greenhouse gas (GHG) emissions
on global warming.

HW/SW solutions to make mobility cleaner
• Implementing new heuristic
algorithms in order to measure,
evaluate and minimize CO2, NOx,
and CO emissions in multi depot
Green Vehicle Routing problems.
• Developing inexpensive mobile
hardware‐software ES for
monitoring air quality which provide
useful data for governmental agencies,
like environmental and traffic
management
• Correlate traffic, pollution, noise and
the incidence of respiratory, renal and
cardiovascular or neurological diseases

Implementing the “GAMIFICATION” concept to solve
the Crowd Cities’ Problems
•

“The 19th century was a century of empires, the 20th century was a century of
nation states. The 21st century will be a century of cities.” – Wellington E. Webb,
former mayor of city Denver, Colorado
• Operationally, cities are based on six core interconnected systems: people,
business, transport, communication, water and energy.
• The innovation challenge that started the project was “how can we get more
people to travel by public transport, in a region where most people prefer to
travel by car?”
• Trafpoint App: solution applied in Southeast
Norway based on “implicit participation”
• The system consists of four elements:
 A mobile app using Bluetooth technology to
automatically register when people board and
leave the bus. Users earn miles for each trip,
and can share their position on social media.
 Video and a motion‐detection algorithm for
counting people
 Cloud for storage and back‐end analytics.

M. R. Johannessen, L. Berntzen. Smart cities through implicit
participation: Using gamification to generate citizen input for public
transport planning, Electronic Government and Electronic Participation
H.J. Scholl et al. (Eds.), 2016, doi:10.3233/978-1-61499-670-5-23.

Other possible IT solutions for smart city
sustainability
o Using or implementing intelligent innovative devices /
applications for improving the quality of life (by protecting the
environmental resources for the next generations, monitoring
and reducing energy consumption and keeping the carbon
footprint within an acceptable range, etc.)
o Applying machine learning algorithms in solving
Ridesharing problems to reduce vehicle emissions
o Developing like Breath Journey software applications that
combine GPS track with air quality for travel planning which can
show alongside distance information, data regarding the pollution
levels on the respective routes.

Background and air quality monitoring solutions:
Motivation:
 Official

authorities use to monitor and publish air quality

data collected by networks of static measurement stations.
 This

approach is often costly, hard to maintain and not

scalable in the long term.
Mobile solutions of monitoring


Hand‐held units connected to smartphones



Units equipped with GSM

Related work compared to our platform (ULBS‐USN)
Shared characteristics of monitoring platform networks

Air quality improvement solutions
 Traffic optimization
 The cities have implemented regulatory measures to reduce the emission

of pollutants.
 The mayors of Paris, Madrid, Athens and Mexico City have announced
that starting with 2025 will not allow trucks to enter the city.
 Diesel cars will be banned and the city councils are considering
raising tolls on days with high pollution levels.
 Encouraging walking and cycling and providing incentives for the use
of electric or hybrid vehicles.
A Mobile Platform for Environmental Monitoring. Goals:
 Give citizens a real image of the air quality in cities by using
embedded technologies.
 Improve the quality of environmental monitoring by designing and
developing a low cost "proof of concept" prototype for use in cars.
 Cars can be used as mobile sensing unit by embedding our mobile
environmental monitoring platform. Whenever the car is parked, it
will start monitoring the environment around itself, and forward this
information to a server.

Previous measured by ANPM
 In Romania, air quality from ambient environment is legislated in

accordance with European laws by the Air Act (no. 104/2011).
 4 fixed stations in Sibiu County, which continuously monitor the air

quality (2 are located in Sibiu, 1 in Mediaş and 1 in Copşa Mică)
• The results might be pseudo true.
• SB1 is placed in an area where the

traffic is relatively low and,
• SB2 is placed in an area which, on its
deployment, in 2007, was heavily
industrialized.
• Today, most industry has relocated
(outside the city)
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A Mobile Platform for Environmental Monitoring (I)
 Embedded System components:






LinkedIt Smart Duo 7688 processor
combined GPS/GSM unit for location and communication
SainSmart MQ135 Sensor Air Quality (for measuring CO2 and NOX)
Grove Dust Particle Concentration Detection Sensor (for PM10)
DS18B20 Temperature Sensor

A Mobile Platform for Environmental Monitoring (II)
 Advantages:




By mitigating long term cost and recording just of important data not
of all data that might produce overflow with redundant information.
Built on sharing economy idea: excess being represented by cars
owned by the city parked in different locations throughout the city.

 Description:
 Use of parked cars for high accuracy.
 Focused on creating a cheap platform for collecting data.
 Tested in Sibiu (Romania) in February 2017.

Collected data with our embedded system
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Measurements were also made in
an densely populated area close
to a major road, and results CO2
varied between 200 to 500,
depending on the time of the day.
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960

900

840

780

720

660

600

480

420

Highest‐ever daily average
360

300

240

180

120

60

0

50

CO2 concentration

540

100

The picture is the covered route
(data collected at 5 pm), the red
color shows heavy traffic in the
city. Similar information at 8 am.

Our project conclusions






Largely the obtained results are consistent with measurements
from fixed stations
However, our solution provides much higher granularity of the
measurements
Results are very important for decision making related to
environmental issues

Next steps




Collecting enough data and store in databases in order to apply
data analitycs tools to forecast further the environment
conditions.
Integrate our platform as part of a system for smart‐cities with
the purpose of providing insights about people and
environmental conditions, and disseminate such information
to the public through multiple channels

Potential of Ridesharing to Reduce Vehicle
Emissions (I)
 Description:
 Solution tested in Changsha, China based on analyzing of 8900 cars.
 A key area for improving city operation and spatial layouts is the
transportation of people and goods.
 Conventional transportation systems (fossil fuel based) struggle, are
an environment threat.
 Ridesharing is a solution to reduce emission of carbon, particulates,
ozone.
 Advantages:
 Has the potential to reduce total driven km by about 24% for trips
under 10km.
 Even less trip (few km) reduce the CO2 emissions with few tons.
 Reduce the number of cars in the city: 43% decrease in the number of
cars in Boston; 70% decrease in Madrid – statistics from 2015.
 Less cars in the city could result in less car accidents.
 Ridesharing also provides more social interaction between people.
Khalil El‐Khatib, Faculty of Business and Information Technology, University of Ontario Institute of Technology,
Oshawa, Ontario L1H 7K4, Canada
Urban Planning (ISSN: 2183–7635) 2017, Volume 2, Issue 2, Pages 26–40, DOI: 10.17645/up.v2i2.937

Potential of Ridesharing to Reduce Vehicle
Emissions (II)
 Research goal: identify ridesharing potential among drivers by

grouping vehicles by their trajectory similarity based on Big data
analytics
 The approach includes 5 steps:






data preprocessing
trip recognition
feature vector creation
similarity measurement
clustering

 Factors affecting the adoption of ridesharing (Disadvantages):
 Passenger safety, in example riding with strangers.
 Privacy, disclosure of home and work address.
 Users may want to ride only friends or friends of friends .

Hand‐held units connected to smartphones
Description:
 These units communicate with an App installed (usually) in an Android

smartphone through Bluetooth.
 Citizens can monitor directly the quality of the air by combining the
environmental sensors with their own mobile sensors.

Advantages:
 In comparison with the static measurement stations, this method

provides more accuracy in the intra‐urban air pollution maps.
 Excluding the fact that you need a smartphone, in rest is a cheaper
solution.
 More scalable in the long term.

Disadvantages:
 The problem with hand‐held units is that someone must carry them
 Several solutions require Android smartphones, that means that the

iPhone users will be excluded.
 Users may also be reluctant to provide access through their own phones
(Controversies over data privacy issue).

Hand‐held units connected to smartphones Apps
SecondNose:
 Collected data from 80 persons in Trento, Italy.
 It measured temperature, light, humidity, CO, NO2.
 The system is composed by:

an air pollution sensor
 an Android mobile phone application
 a backend with analytics components
 a web app to visualize the data
 The sensor used was the portable multi‐sensor Sensordrone
 The sensor connects to a user’s mobile
phone wirelessly via Bluetooth
 The unit weighs only 28 grams, and has
a battery capacity of five days (low power)


C. Leonardi, A. Cappellotto, M. Caraviello, B. Lepri, and F. Antonelli,
“SecondNose: an air quality mobile crowdsensing system,” In Proceedings
of the 8th Nordic Conference on Human‐Computer Interaction: Fun, Fast,
Foundational (NordiCHI '14). ACM, New York, NY, USA, 1051‐1054. DOI:
http://dx.doi.org/10.1145/2639189.2670273, 2014

Hand‐held units connected to smartphones Apps

AirSense (I):
 Developed and applied in Jadavpur University, Kolkata, India
 4‐tier architecture
 Tier 1

constitutes of crowd who is providing data to AirSense and
also responsible for consuming the services provided by AirSense.
 Tier 2 deals with data, and formatting of data for efficient
transmission through the Internet.
 The communication between smartphones and cloud is handled
in Tier 3.
 Tier 4 deals with storage, aggregation and analysis of data.
 Finally, the result computed in Tier 4 is sent back to Tier 1 through
Tier 3.
J. Dutta, C. Chowdhury, S. Roy, A.I. Middya, and F. Gazi, “Towards Smart City: Sensing Air Quality in City based on
Opportunistic Crowd‐sensing,” In Proceedings of the 18th International Conference on Distributed Computing and
Networking (ICDCN '17). ACM, New York, NY, USA, 6 pages. DOI: https://doi.org/10.1145/3007748.3018286, 2017

Hand‐held units connected to smartphones Apps
AirSense (II):
 Based on Arduino Nano
 Consists of 3 key components: ‐ AQMD (Air Quality Monitoring

anaement

Device)

‐ Mobile application
‐ Cloud service

Architecture of AirSense

Circuit Diagram of the AQMD

Hand‐held units connected to smartphones Apps
CITI‐SENSE:
 EU‐funded project targeted people living in 9 participating cities –






Barcelona (Spain), Belgrade (Serbia), Edinburgh (UK), Haifa (Israel),
Ljubljana (Slovenia), Ostrava (Czech Republic), Oslo (Norway), Vienna
(Austria) and Vitoria (Spain).
Measures NO, NO2, O3 using electrochemical sensors.
Provides information about the temperature and humidity.
Also called “Little Environmental Observatory”, it connects to an Android
smartphone through Bluetooth.
It ran from 2012 until 2016.

A. Bartonova and the CITI‐SENSE team,
"CITI‐SENSE Citizens´ observatories and
what they can do for you", 2016
http://www.citisense.eu/.

Hand‐held units connected to smartphones Apps
AIRALERT:
 Launched by the Romanian NGO CivicAlert.
 Obtains data from a handheld sensor platform “AirBeam”.
 Connects to an Android smartphone through Bluetooth.
 Collecting data by issuing units to volunteer bicyclists.
 Using an existing visualization package to display results.

AIRALERT website. [Online].
Available from: http://www.airalert.ro

Hand‐held units connected to smartphones Apps
AirTick ‐ Smartphone cameras to detect air pollution
 Research done in Singapore (used by National Environment Agency)
 Uses artificial intelligence techniques to determine particle pollution.
 Requires humans to actively do measurements.
 Uses Adaptive Transmission Map (ATM).
 How does it work: the user takes a picture and then the ATM extracts

the haziness component (left) from the image and pass it to the Deep
Neural network quality estimator (middle) in order to produce an
estimated PSI (Pollutants Standard Index) value for the user.

Z. Pan, H. Yu, H., C. Miao, and C. Leung, “Crowdsensing Air Quality with Camera‐Enabled Mobile Devices,”
Proceedings of the Twenty‐Ninth AAAI Conference on Innovative Applications (IAAI‐17), pp. 4728‐4733, 2017.

Units equipped with GSM communication
OpenSense
 Description:
 Deviced are equipped with GSM ‐ open, digital cellular technology
used for transmitting mobile voice and data services.
 Integrates air quality measurements from heterogeneous mobile and
crowdsensed data sources, in order to understand the health impacts
of air pollution exposure
 Provides high‐resolution urban air quality maps
 Collected data in Zürich and Lausanne (Switzerland).
 Advantages:
 Having air pollution sensors on things like bikes, buses to increase
the area that is being monitored.
 High data transfer speed, up to 9.6 kbps.
 Disadvantages:
 High amount of users is needed for the system to work properly, only
volunteers are not enough. (also available for SwarmBike)
 Platform collects data from buses on the move and this brings some
uncertainty caused by trucks being too close to the measurement
platform (OpenSense)
OpenSense website. [Online. Available from:
http://opensense.epfl.ch/wiki/index.php/OpenSense_2

Units equipped with GSM communication Apps
SwarmBike
 Tested in Capitol district from Torino (Italy)
 IoT air pollution monitoring system based on a sensing device purchased by

users and mounted on their bicycles. It exploits bikes as mobile sensor nodes
(using anti‐theft system) which can gather data from the environment.
 Components:
 GSM and GPS module: Adafruit FONA808 (left)
 Accelerometer and environmental sensors: temperature, humidity, pressure
 Electrochemical CO with potentiostat sensor (right)
 Prototyping board: STM32 Nucleo L476RG (middle) – ARM microcontroller
 BLE 4.1 shield: ST X‐Nucleo‐IDB05A1 (middle)

Architecture of SwarmBike system

Prototype of the device

From Crowdsourcing to Crowdsharing: The
Smart Environmental Sensing Web of EPA (I)
 Description:
 Is developed and test in Taipei (Taiwan).
 It includes continually expanding Micro Environmental Sensors

(>2100), an Environmental networking platform, Environmental Info
Push app (for smartphones) and an i‐Environment website.
 Used to design graphical dashboards and interactive maps so that
users can access real‐time local environment information (Breath
Journey that combine GPS track with air quality).
 Also used for sending alerts when needed.
 The network collects data from Micro
Environment Sensors operated by:
‐ Individuals
‐ Enterprises
‐ Local governments
‐ Educational institutions
Shuenn‐Chin Chang et. al, Environmental Protection Administration, Executive Yuan, R.O.C(Taiwan)
SMART 2017, The Sixth International Conference on Smart Cities, Systems, Devices and Technologies, Venice, Italy, 2017.

From Crowdsourcing to Crowdsharing: The
Smart Environmental Sensing Web of EPA (II)

Structure of Environmental Sensing Web of EPA
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Shared characteristics of monitoring platforms
 Description:
 Create another layer in the city map.
 Transparent for citizens (like layers showing networks of water, gas,
telephone).
 Platforms can identify the city’s pollution hotspots.
 Advantages:
 Can be easily implemented in a GIS system.
 Increased transparency, sustainable regional development.
 Real‐time monitoring based on crowdsourcing
 Platforms equipped with particle detectors may warn citizens about
increasing levels of pollen or dust (producing allergies).
 It may advise people to avoid areas that could be dangerous for health
conditions and choose another detour and locate the closest
pharmacies where antihistamine pills can be bought.
 Provide useful data for:
1) governmental agencies, such as environmental and traffic
management and making the proper decisions according to the
level of pollution reached;
2) medical institutions and researchers who can make correlations
between traffic, pollution, noise and the incidence of respiratory,
cardiovascular or neurological diseases in children / adults;

Conclusions
• Air / noise monitoring and the improvement of quality of life is a
desideratum of all the inhabitants of the planet
• Encourage crowdsourcing and crowdsharing to make the public
more concerned with the quality of their living environment
• The population is constantly growing, consuming more resources
and generating more problems (waste, pollution, health & social issues)
 Common solutions and projects are needed that merge all decision‐
makers including citizens. A holistic strategy that addresses all
factors, problems and feedback mechanisms related to smart
cities.
• Think revolution, not evolution such that cities must adapt and
respond to changes quickly and accurately, and get better results by
predicting and optimizing for future events.
• Continue to maintain the concept of open data and innovative
applications (ICT) to serve society with public, diversified, and
convenient information services to facilitate people’s decision‐making
that involves environmental aspects.

FURTHER WORK colaboration LBUS + USN + APM
1.

Continuation of the mobile air quality monitoring platform project:
• Massive data collection from units installed in cars owned and operated by
the municipalities.
 Goal: Better measurements through better granularity.
 Challenges:
 Compliance with protocols and standards used by monitoring
agencies
 Quality assurance of measurements: Are low‐cost sensors good
enough?
 Privacy concerns: Regulations to make sure location data is not used
for other purposes
 Technical design: Making a robust unit for large scale deployment
2. Traffic and air pollution quantification and correlation with cardio‐
respiratory, neurologic and renal diseases
• Goal: Counting traffic by image analysis. Using a camera to detect the
traffic on roads and highways. Would be a supplement to air quality
measurements to find correlations.
3. Implementing evolutionary algorithms in order to solve difficult tasks
from transport sectors especially minimize CO2, NOx emissions in GVR
problems

