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Introduction
� Air quality has a serious impact on public health, 

environment  and economy
� Poor air quality results in ill health, premature deaths, as well as damages 

to ecosystems, crops, and buildings

� The effects are clearly more serious in urban areas

� European countries have significantly reduced the 

emissions of several air pollutants 
� sulphur dioxide (SO2), carbon monoxide (CO), benzene (C6H6) , lead (Pb)

� Other pollutants still represent a serious threat
� particulate matter (PM)

� ozone (O3), 

� Nitrogen dioxide (NO2)

� some organic compounds
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EEA Report 2015

Premature deaths due to PM2.5, 

O2, and NO2 exposure in 2012  
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Motivations

� Air quality typically monitored through large and 

expensive sensing stations
� Located in (few) strategic locations

� Accurate monitoring, but limited to specific areas 
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� Air quality typically monitored through large and 
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� Accurate monitoring, but limited to specific areas 

� Sensing stations are managed by public authorities 

� pollution data are often not (promptly) available to citizens

� or they can be difficult to understand
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A Typical Report
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How data should presented

Air Quality Index
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MonIQA

http://anasim.iet.unipi.it/moniqa/ 
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MonIQA (December 2015)
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MonIQA for Mobile Devices

App available in

Versione Web: anasim.iet.unipi.it/moniqa/ 
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MonIQA for Mobile Devices

App available in
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Other Motivations

� Sensing stations are managed by public authorities 

� pollution data are often not (promptly) available to citizens

� or they can be difficult to understand

� People are really interested in knowing air quality in 

places where they live 

� street where their home is located

� school of their kids

� working place

� public gardens

� …
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uSense

� Based on low-cost sensor nodes

� equipped with appropriate gas sensors

� privately installed by citizens (group of citizens) 

� Balcony, Garden, …

� Sensor nodes are powered by batteries 

� flexible deployment and easy relocation

� Users can share their measurements

� through social networks (cooperative sensing)

� Real-time and fine-grained monitoring

� Many low-cost sensors 
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� Real-Time Air Quality Monitoing

� Where the users really live

uSense: Architecture
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� Through a web interface, a user can:

� View pollution map

Services to City Users
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Services to City Users

� …Check gas concentrations in real-time
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Services to City Users

� … and plots
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� Through a web interface, a user can:

� Search for the less polluted route

Services to City Users
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� A user with a private sensor can:

� Create an account

� Register his/her sensor to the system 

� Modify the sensor location

� Remove a sensor from the system

� View data taken from his/her sensor directly on a 

dedicated page

Sensor Registration
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U-Sense Registration Form

Beta version on http://anasim.iet.unipi.it
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Mobile Interface

� A mobile user can
� Visualize sensors in her/his proximity (GPS 

localization)

� Check pollution areas

� Check IQA (Air Quality Index) in real time

� Look for less polluted paths
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Mobile

� A mobile user can
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Hardware

� Libelium Waspmote
� 8-bit microcontroller

� WIFI Communication module

� Gas sensor board 2.0
� CO (carbon monoxide)

� CO2 (carbon dioxide)

� NO2 (nitrogene dioxide)

� O3 (ozone)

� VOC (volatile organic compound)

� Temperature

� Humidity
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Waspmote

� Waspmote

� 8-bit microcontroller

� Microcontroller: ATmega 1281 (low power consumption 

processor)

� Frequency: 14 Mhz

� SO: none

� SRAM: 8Kb

� EPROM: 4Kb

� FLASH: 128Kb

� Battery: 3,7 V – 6.600 mA/h

� Consumption: 

ON: 15 mA – Sleep: 55uA – DeepSleep: 55uA
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WIFI Module

� Protocol: 802.11b/g – 2,4GHz

� TX Power: from 0 to 12 dBm, variable via software

� Power Consumption
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Waspmote programming

� Programming:
� C language, procedural (non-object oriented).

� No threads, no multitasking

� Library for interfacing with sensors, WiFi/ZigBee module, and 

microcontroller.
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Gas Sensor Board

� GAS Sensor Board

� CO, CO2, NO2, O3, VOC

� All sensor need to be calibrated
� All sensors have different physical characteristics 

� From microcontroller we obtain an electrical measure
� Voltage or resistance value

� Calibration is not simple, it needs a gas reference
� We need an artificial air with known gas concentration 

� Sensors are energy hungry
� All sensors have a resistance to be heated up to 400 °C !!!

� Power consumption is about 100 mW (on average) !!

� Duty cycling required
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GAS Sensor Board

� NO2 Sensors (MiCS-2710)
� Specifications (from datasheet)

INPUT

OUTPUT
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Sensor Calibration

� We calibrated sensors in our lab
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External Box

� Packaging
� External PVC box

� Includes fan, activation buttons, led indicators …

� And an extra 12V battery to power the fan
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Experimental Setup

� 30-day in-site experimentation 

� May 1-31, 2014

� Three different sensor nodes

� Deployed in different locations

� with different traffic conditions

� and expected pollution levels

� Measurements 

� Gas concentration (every 30 min)

� CO

� CO2

� NO2

� O3
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Experimental Setup

� We considered 3 locations with different traffic conditions

Low Traffic 

Conditions

ZONE B ZONE CZONE A

Moderate Traffic 

Conditions

Moderate Traffic 

Conditions
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Experimental data
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Personal Air Quality Monitoring

•Low-cost devices based on open-platform hardware 

• Wearable sensing device connected to the SmartPhone

• Sensing device mounted on bikes/scooters/baby strollers

• Geo-localization and data sharing 

• through social networks

�Indoor Air Quality Monitoring

Next Steps

Activity Funded by University of Pisa in the 

Framework of the PRA 2015 Program
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Traffic-Air Pollution Correlation

� 2 monitoring stations

� Managed by ARPA

� 3 more low-cost stations

� UniPI-PisaMO project  
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Low-cost Stations
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Low-cost Stations


