
DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

1

LIVING LAB

Be smart in a SNAP!

X Roma



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

Snap4City (C), January 2020 2

Paolo Nesi, paolo.nesi@unifi.it
https://www.Km4City.org
https://www.disit.org

https://www.Snap4City.org

scalable Smart aNalytic APplication builder for sentient 
Cities: for Living Lab and co-working with Stakeholders

Powered by

X Roma

mailto:paolo.nesi@unifi.it
https://www.km4city.org/
https://www.disit.org/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://www.snap4city.org/


DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

Overview

Snap4City (C), January 2020 3

TOP

Scalable Sentient Cities Builder



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

Snap4City: Builder of Sentient Cities Solutions
Dashboards with data driven IOT Applications enforcing intelligence

Dashboards and AppsIOT and data World IOT Applications

My IOT Devices Big Data Analytics, Artificial Intelligence

Snap4City (C), January 2020 4
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• Open Data: 

– Data gate, federation of Open 
Data Portals

– ETL processes (PULL)

– IOT Application processes

• IOT Networks:

– IOT Application processes, data 
driven or PULL

– IOT Brokers (Push) → IOT 
Shadow

• Web Pages:

– Web scraping, crawling 
processes

• Social media: Twitter, Facebook,..

– Twitter Vigilance, IOT App 

• Mobile Apps

– Smart City API

• Files upload: CSV, Excel, etc.

– IOT Applications, ETL

• REST API, WS, FTP, LD, LOD, etc.

– IOT Applications, ETL

• Data base accesses

– GIS: WFS, WMS

– ETL, IOT Application Snap4City (C), January 2020 6

My Files

IOT App
ETL

IOT Broker

IOT Device

IOT Broker

Web Scraping

DataGate

API, External Services

Rest Call …….MS

GIS data, Maps, …

Sensors/
Actuators IOT Edge

IOT Device

External Data Stores

Any kind of data  and flows

LD, LOD
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Standards and Interoperability

Snap4City (C), January 2020 7

Compliant with: AMQP, COAP, MQTT, OneM2M, HTTP, HTTPS, TLS, Rest Call, 
SMTP, TCP, UDP, NGSI, LoRa, LoRaWan, TheThingsNetwork, SigFOX, DATEX II, 
SOAP, WSDL, Twitter, FaceBook, Telegram, SMS, OLAP, MySQL, Mongo, HBASE, 
SOLR, SPARQL, EMAIL, FTP, FTPS, WebSocket, WebSocket Secure, ModBUS, OPC, 
GML, RS485, WFS, WMS, ODBC, JDBC, Elastic Search, Phoenix, XML, JSON, CSV, 
db, GeoJSON, Enfuser FMI, Android, Raspberry Pi, Local File System, ESP32, 
Libelium, IBIMET, OBD2, SVG, XLS, XLSX, TXT, HTML, CSS, etc.

https://www.google.it/imgres?imgurl=http://www.researchtuscany.com/file/foto/logo_ecm_METODI%20PER%20LA%20PROGETTAZIONE%20E%20TECNOLOGIE%20PER%20IL%20SEGNALAMENTO%20FERROVIARIO.jpg&imgrefurl=http://www.researchtuscany.com/intoscana/progetto_dett.asp?lingua%3D%26idlink%3D18%26id_progetto%3D104%26cat%3Dcat_1&docid=vFPdD5YwwTg3VM&tbnid=Uz2QphfA7MQ5nM:&vet=1&w=340&h=80&safe=off&bih=1019&biw=1633&q=ecm%20logo%20segnalamento&ved=0ahUKEwjKn_TMr6jSAhXKOBQKHdxWCbgQMwgbKAEwAQ&iact=mrc&uact=8
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https://www.snap4city.org/501

https://www.snap4city.org/501
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Florence
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Major of Florence City

Snap4City (C), January 2020http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/ 11

http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/


Snap4City (C), January 2020

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQzOA==

12

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQzOA==


Smart City Control Room 
a set of dashboards and tools

Snap4City (C), January 2020 13
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What-If Analysis

Accidents and elements blocking 
Points and Shapes taken into 
account for:

– Routing

– Traffic Flow reconstruction 

– Evacuation paths

– Rescue team paths

Assessment on the basis of 
changes: 

– Mobility demand assessment

– Mobility Offer assessment

DISIT Lab (DINFO UNIFI), (c), 11/01/2020 for Master (Pisa) 15
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE5MA==

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE5MA==


Smart City Control Room (Data View)

• Mobility:  
• quality of public transportation service (mean 

delay on bus-stops)
• public transport operators schedule and paths, 

routing, multimodal routing 
• traffic flow reconstruction (Sii-Mobility)
• Smart parking: predictions 
• Accidents and events, Log, heatmaps 

• Environment: 
• irrigators
• smart waste (are coming)
• Sensors: PM10. PM2.5,…..
• Pollination
• Heatmaps: PM10, PM2.5, …. 
• NOX predictions (TRAFAIR CEF)

• Energy: 
• recharging stations (fast and reg.)
• consumption meters (smart info) 
• smart light, street lights

• Weather
• Forecast and actual

• Social: 
• smart benches
• Entertainment events
• Twitter monitoring, Sentiment analysis, NLP text
• TV camera streams
• Triage status of some Hospital

• People Flows: 
• Wi-Fi status 
• Origin destination matrices, people flow (RESOLUTE) 

• Governmental and Communications: 
• KPI of the City
• Digital Signage
• Civil protection, Resilience (Resolute)

• Tourism and Culture: 
• POI, etc. 

Analysis: 
• what-if routing, scenarios, 
• traffic flow, environmental predictions

Snap4City (C), January 2020 16
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Snap4City (C), January 2020 17

Early Warning
Predictive models

Hot flows

Attendance at long lasting events: EXPO2015

Attendance at recurrent events: TV, footbal
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Resilience Dashboard

18https://main.snap4city.org/view/index.php?iddasboard=MjMw
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ERMG: European Resilience Management Guide

Snap4City (C), January 2020 19
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Tuscany Region
Firenze, Pisa, Livorno, Prato, etc.
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Tuscany Region
• Dashboards & Services:

– Mobility: public transport operators 
schedule and paths, traffic Fi-Pi-Li main 
road, parking status and predictions, 
traffic sensors, Origin Destination matrix, 
routing, multimodal routing, etc.

– Social: Hospitals and triage, etc. 
– Environment: sensors, 

heatmaps, alerting, 
• Pollution Forecast
• Weather Forecast, 

– Culture and Tourisms
– Etc.

• Mobile App and 
MicroApplications:
– Tuscany in a Snap (all stores) 
– Tuscany where what… km4city (all stores)

• Numbers: 1.5 M complex events per 
day Snap4City (C), January 2020 21
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Pisa
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Livorno
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Helsinki
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• Dashboards & Services:
– Environment & Weather, PM10, 

PM2.5,NO,  SO2, CO, noise, etc.
• Sensors values, Heatmap & Alerts on critical
• FMI Enfuser prediction: PM10, PM2.5, ..
• GRAL predictions PM10, validations
• Private sensors in Jätkäsaari area 

(personal dashboards)

– Mobility: Traffic Sensors, Operators, 
routing, multimodal routing, whatif

– Social: Twitter Vigilance, early warning
– Life in Helsinki: OD matrix people flow, 

Twitter Vigilance SA, hot places, etc.
– Tourism and Culture

• Mobile App and MicroApplications:
– Helsinki in a Snap (all stores)

Snap4City (C), January 2020 26
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQwNg==

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQwNg==
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Vista Helsinki

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQwNg==
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Data Analytics: Enfuser predictions
• Enfuser predictions: AQI, 

PM10, PM2.5

– Data gathering, data processing 
for Piking 

– Delta Estimation Predictions vs 
Actual: on 12 points/sensors via 
R-Studio and IOT App

– API for accessing data of 
Heatmaps in real time 

Helsinki
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Helsinki

https://www.snap4city.org/dashboa
rdSmartCity/view/index.php?iddasb
oard=MTc1Mg==

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc1Mg==
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Environmental Data Predictions: GRAL
• GRAL predictions: PM10, NOX, ….

– Comparison wrt real time values in 
actual value of Sensors

– Graz Lagrangian Model. 

• GRAL model takes into account: 
– pollution sources (for example the 

vehicles, their distribution on the 
streets, the about of pollution they 
produce according to their distribution 
over time and space, etc.), 

– structure of the city (streets and shape 
3D of the buildings), 

– weather forecast (wind intensity and 
direction), etc. 

• GRAL can be applied on NOX, PM10, 
PM2.5, … or any other particles

Helsinki



Environmental Devices hosted by Citizens

Snap4City (C), January 2020 32

Helsinki
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Mobile Apps



https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc2OA==  
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Dashboard 
created to monitor 
in real time the 
answers to the 
survey provided
on the Mobile  
App directly by the 
Engagement tool

Helsinki

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc2OA==


https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc1OA== 
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Dashboard monitoring the 
Mobile App:
• Collecting the clicks
• Describing the 

community of users in 
terms of the profile 
aspects

• Measuring the time 
spend, and topics of 
interest of the users, etc.

Helsinki

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc1OA==
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Antwerp
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQwNw==

Antwerp

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQwNw==
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Unique Dashboard builder Multiple Styles

Snap4City (C), January 2020 39

Antwerp

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjMyMQ==
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Unique Dashboard builder Multiple Styles
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Antwerp

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjMyMQ==
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Antwerp Case
• Dashboards & Services:

– Environment & Weather: PM10, 
PM2.5,NO,  SO2, CO, etc.
• Heatmap & Alerts on critical

– Mobility: public transport Operators 
schedule and path, monitoring of river 
crossing, routing, what-if

– PAX Counters: museum and public 
services, mobile PAX Counter for events

– Social: Twitter Vigilance, early warning
– Life in Antwerp: OD matrix people flow, 

Twitter Vigilance SA, hot places, ...
– Tourism and Culture

• Mobile App and MicroApplications:
– Antwerp in a Snap (all stores)

Snap4City (C), January 2020 42

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQwNw==
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• Fixed PaxCounter LoraWan

– Based on Wi-Fi- Bluetooth

• Mobile PaxCounter LoraWan
• Based on Wi-Fi- Bluetooth

• Fixed 
PaxCounter(LoraWan+Wifi
out)
– Based on Wi-Fi- Bluetooth

Snap4City (C), January 2020 43

https://www.snap4city.org/drupal/node/456

https://www.snap4city.org/drupal/node/456
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Programmable PAX counting

Snap4City (C), January 2020 44

Antwerp
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Antwerp
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Dashboard 
created to monitor 
in real time the 
answers to the 
survey provided
on the Mobile  
App directly by the 
Engagement tool

Antwerp

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc2OQ==
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Dashboard monitoring the 
Mobile App:
• Collecting the clicks
• Describing the 

community of users in 
terms of the profile 
aspects

• Measuring the time 
spend, and topics of 
interest of the users, etc.

Antwerp

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc1OQ==
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https://www.snap4ci
ty.org/dashboardSma
rtCity/view/index.ph
p?iddasboard=MTcw
Ng==

Antwerp

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTcwNg==
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Prato
Smart City vs Industry 4.0



GIDA set up

ModBus to 
Snap4City 

Gateway Edge

5G network 
devices

Smart City 
data from 
many sources

Dashboards and Apps
IOT Applications

Big Data Analytics, Artificial Intelligence

IOT Data 
Shadow 

Snap4City

Telemonitoring
Telecontrol



https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjIyNg==

Dashboards & Services:

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjIyNg==


Snap4City (C), January 2020 52

Santiago di Compostela
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Santiago di Compostela

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==
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Lonato del Garda
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• Scenario: Energy Monitoring

• Scenario: Multipurpose User Engagement Tools

• Scenario: 5G Enabled Water Cleaning Control (smart 
city, industry 4.0)

• Scenario: High Level Control of Industrial Plant (industry 4.0)

• Scenario: Vehicle Monitoring via OBD2

• Scenario: Events and Museums Monitoring in Antwerp

• Scenario: High Resolution Prediction of Environmental Data

• Scenario: Mobility and Transport Analyses in multiple cities

• Scenario: People Flow Analysis via Wi-Fi

• Scenario: Antwerp Pilot on Environmental Data

• Scenario: Helsinki Pilot on Environmental Data

• Scenario: Firenze Smart City Control Room

• Scenario: Mobile & Web App: Toscana Where What … Km4City, 
Toscana in a Snap

• Scenario: Helsinki Pilot on User Behaviour

• Scenario: Antwerp Pilot on User Behaviour

Snap4City (C), January 2020 58

• Data Analytic: Origin Destination Matrices, 
Algorithms and tools

• Data Analytic: Traffic Flow Reconstruction
• Data Analytic: in general, and the cases of Antwerp 

and Helsinki
• Data Analytic: Predicting Air Quality
• Data Analytic: Analyzing Public Transportation Offer 

wrt Mobility Demand

https://www.snap4city.org/4

https://www.snap4city.org/drupal/node/555
https://www.snap4city.org/drupal/node/548
https://www.snap4city.org/drupal/node/547
https://www.snap4city.org/drupal/node/369
https://www.snap4city.org/drupal/node/546
https://www.snap4city.org/drupal/node/369
https://www.snap4city.org/drupal/node/545
https://www.snap4city.org/drupal/node/532
https://www.snap4city.org/drupal/node/530
https://www.snap4city.org/drupal/node/533
https://www.snap4city.org/drupal/node/540
https://www.snap4city.org/drupal/node/526
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MORE data in other locations that we manage
• Mobility:  

• Underpasses (real time)
• Ferry and railways (real time)
• tracking of busses (real time)
• Delay at bus-stops (real time)
• ODB2 monitoring vehicles data and trajectories 

(real time)
• Mobile trajectories (real time)
• Bike sharing (real time)
• Connected Driving (real time)
• Fuel station prices (real time)

• Environment: 
• Sensors: Noise, distance, water flow, gas, …
• Heatmaps: Noise, …. 
• Mobile sensors: PAX, environment
• FMI predictions: PM10, PM2.5, EAQI
• Quality index: AQI, EAQI, CAQI, ..

• Energy: 
• …..

• Weather
• Forecast and actual, several sources

• Social: 
• PAX Counters, Mobile PAX Counters
• Engagement data collected from mobile Apps
• Clicks on Mobile Applications
• Ranking, comments and images, from Apps (web and mob)
• Entertainment events: different kinds

• People and People Flows: 
• Mobile Applications
• Origin destination matrices, people flow

• Governmental and Communications: 
• Emergency, risk analysis and resilience
• Notification of events, CAP, ..

• Tourism and Culture: 
• POI, many many kinds

Many data analytics, for example: 
• what-if routing, scenarios, 
• traffic flow, environmental predictions
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Smart City Functional Architecture
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Public Services, 
Govern, events, …

Sensors, IOT Cameras, 
Wi-Fi ..

Environment, Water, 
energy

Social Media

Transport systems
Mobility, parking

Shops, services, 
operators

Social Media 
Crawler and 

Manager
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Dashboards with data driven IOT Applications enforcing intelligence

Dashboards and AppsIOT and data World IOT Applications

My IOT Devices Big Data Analytics, Artificial Intelligence
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Snap4City: Builder of Sentient Cities Solutions
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All MS

BASIC
ADV 2019

https://flows.nodered.org/search?term=snap4city
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The Back-Office Data Flows (selection) Exploiting 
the Snap4City Node-RED MicroServices
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Data Analytics
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Predicting at EXPO2015

Early Warning Water Bomb

Early Warning Hot in Tuscany

Predicting City Users on Areas

Predicting Pollution

Traffic Flow Reconstruction/prediction

Peopl Flow prediction

What-IF Analysis
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Connect
IOT/IOE

Upload context  
Open Data

Connect external 
Services

Advanced Smart 
City API, 

MicroServices

Manage
Apps & Dashboards, 

User Engagement 

Monitor
City Platform

experiments

workshops

tutorials

networking
agreements

events

Start-ups

Research 
groups

City 
Users

Large 
Industries

collaborations

Licensing, 
Gold services

personal
services

Case 
Studies

Inhouse 
companies

Resource Operators

Tech 
providers

partnerships

documentation

Help 
desk

Category 
Associations

Corporations

Advertisers

Community
Building

subscription to 
applications

Produce City 
IOT Applications & 

Dashboards 

Promote 
Applications & 

Dashboards 

Produce Apps and 
Dashboards for City 

Users

Data Ingestion and 
Analytic algorithms

Early Adopters
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Collaborative    
Platform

hackathons

GO!
City Operators

Living Lab Accelerating
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70

- Twitter Vigilance

- Social Media 

Analytics, Sentiment 

Analysis

- User engagement

- Bike Sharing

- Data Analytics ++

- Social Predictions

- OBD2

- Sardinia Region

Smart City 

Strategies and plan

GHOST SIR

(2016-19)

- Smart Energy

- Sustainable Mobility

- Control Room 

- Dashboard

- Resilience

Decision Support

- Smart First Aid

- User Behaviour

Analysis, predictions

- Risk Analysis

- Origin-Destination

and trajectories

- Traffic Reconstruction

- Offer Analysis

- OBU, smart devices

- Weather 

Forecast

- Real Time Wi-Fi

- Entertainment

- Events

- LOD

- Tuscany

Road Graph

- Mobility

- culture, tourism

- Events

- Parking

- Services

- Linked open graph

2013

2014

2017

2018

2015

2016

Km4City 1.4

- Infomobility

- Mobile App

- Routing

- Multimodality

Km4City 

Ontology 1.1 Km4City 1.6.2

- IOT/IOE, IOT App

- Living Lab

- Maker Support

- IOT Edge

- Smart City IOT

- GDPR

- Privacy & Security

CEF

DISIT lab roadmap vs model and tools’ usage

Km4City 1.6.6

5G tech

Energy 

Industry 4.0

Synoptics

…2022
IOT/IOE

SII-MOBILITY SCN

(2016-19)

- Smart Waste

(2017-20)

(2015-18)

H2020

(2016-21)

H2020

(2018-21)

- Mobility

Demand / Offer

Analytics and 

Strategy

(2018-20)

Km4City 1.6.4

H2020
(2017-19)

GREEN IMPACT

- Industry 4.0

- Critical Plant

- Monitoring

POR FESR 2014-2020

Km4City 1.5

2019

- Traffic and Mobility   

Impact on Pollution

- NOX predictions(2018-21)

2020
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Urban Platform 
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• ENOLL: https://www.openlivinglabs.eu/
– European Network of Living Labs

• EIP-SCC: European Innovation Partnership on Smart 
Cities and Communities
– https://eu-smartcities.eu/

• Select4Cities: Pre-Commercial Procurement Project 
to develop a data-driven, Internet-of-Everything 
(IoE) platform for large-scale urban co-creation
– https://www.select4cities.eu/
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Snap4City has been Created to satisfy requirements of:

https://eu-smartcities.eu/
https://www.select4cities.eu/


1° place award to

for

DIGIPOLIS

FORUM VIRIUM HELSINKI

CITY OF COPENHAGEN

Buyers GroupSnap4City (C), January 2020 73
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DASHBOARDS: 
FROM CITY DASHBOARD

TO APPLICATIONS
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TOP



DISIT Lab, Distributed Data Intelligence and Technologies

Distributed Systems and Internet Technologies

Department of Information Engineering (DINFO)

http://www.disit.dinfo.unifi.it

http://www.disit.org

Major of Florence City
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Smart City Control Room 
a set of dashboards and tools
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Vista Helsinki

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQwNg==
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Unique Dashboard builder Multiple Styles
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Helsinki vs Florence comparison

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc0MQ==
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3D view on Dashboard

91https://main.snap4city.org/view/index.php?iddasboard=MTY2
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Operator Dashboards 

at different levels
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Chemical Plant Dashboard 
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Green Impact 
Capacity (GIC)
Altair Control room



Technical Selector: TECH MultiDataMap
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Resilience Dashboard

98https://main.snap4city.org/view/index.php?iddasboard=MjMw
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First Aid dashboard in Tuscany
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https://main.snap4city.org/view/index.php?iddasboard=MTIy
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City Dashboard

https://dashboard.km4city.org/view/index.php?iddasboard=MjY3
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City Dashboard
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Custom Dashboards and Widgets (interactive, 
Animations, etc.)
-- SVG for graphic design
-- MyKPI for collecting data

Custom Widgets



Demo UC5 GIDA
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https://main.snap4city.org/view/index.php?iddasboard=NjQ=https://main.snap4city.org/view/index.php?iddasboard=Nzc= 

https://main.snap4city.org/view/index.php?iddasboard=ODM=https://main.snap4city.org/view/index.php?iddasboard=MTAw

https://main.snap4city.org/view/index.php?iddasboard=NjQ=
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Operator Business Analysis 
Dashboards: DevDash, AMMA
• Dynamic Filtering, Adaptable, …
• Full data details, drill down,…
• Synergic with Data Inspector which 

addresses data relationships, processing 
and information
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DevDash by Elastic Search + Kibana
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AMMA by Elastic Search + Kibana
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External Services
• Twitter Vigilance: 

– Daily and real time
– Volume and sentiment analysis 

• Services on Maps, GIS, ArcGIS
• Real time sensors on 3D
• Web HTML5 Applications
• Origin Destination Matrix
• Real Time fleets
• Routing, Multimodal tools
• IPCAM connector
• Synoptics
• Third party tools!
• …..
• Other tools also internal

– Traffic Flow Reconstruction
– User behaviour monitoring 
– Tracking tools
– Heatmaps tools
– Trajectories tools
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Trajectories and 

Real Time Tracking
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MyKPI: Tracking of Devices and Mobiles
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• Real Time Trajectories for 
• Mobile Phone
• Moving IOT Devices
• OBU, Vehicular Kits
• Multiple tracks
• Day by day

• Micro Application

OBU

Mobile 
PAX Counter

OBD2

Apps
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Real Time Tracking
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From mobile app:
– Resolving GPS location: GPS, cells, 

wifi-network, … mixt
– Noisy, different kind of devices, …
– Smart algorithm on devices for location 

acquisition
– Anonymized data, terms of use on mobile

Filtering:
– GPS Accuracy, kind of measure (GPS, mixt)
– Jump in time, space, velocity
– General noise (diff. devices)
– Knowledge of precision map

Clustering: 
– time, space, user kind, etc. 

• X area, x user type
• Velocity,, Direction
• Time, acceleration
• Vehicle kind ??
• Record and Replay, …
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Dashboards’ Intelligence 

on Web and Mobile Devices
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Dashboards with data driven IOT Applications enforcing intelligence

Dashboards and AppsIOT and data World IOT Applications

My IOT Devices Big Data Analytics, Artificial Intelligence
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Snap4City: Builder of Sentient Cities Solutions
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City Dashboard + IOT App
Control Room Operator
Would like to:
- Monitor traffic flow, 

Environment, Car parking, 
Cycling, First aid, temp., …

- Act and monitor Dynamic 
Plates

- Act and monitor red lights

Driver, Policeman
Would like to:
- Monitor traffic, 

Parking, env., speed
limit, …

- Act and monitor red
lights
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IOT Application with City Dashboard
Simple development
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-Virtual Sensors and Virtual Actuators
-From Dashboard to IOT App and viceversa
-From Dashboard to IOT Brokers/Devices and viceversa
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Smart City Control Room
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https://www.snap4city.org/511

https://www.snap4city.org/511
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Chemical Plant Dashboard 
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Green Impact 
Capacity (GIC)
Altair Control room
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Operator Business Analysis 
Dashboards: DevDash, AMMA
• Dynamic Filtering, Adaptable, …
• Full data details, drill down,…
• Synergic with Data Inspector which 

addresses data relationships, processing 
and information
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Reports and Dashboards

Anomaly detection
Early Warning
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Critical Events: ticket management

Personalised
Workflows
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Web and Mobile App with Open 

Development Kit
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Km4City APP
• Smart Parking, in Tuscany
• Smart First Aid in Tuscany
• Smart Public Transportation 

in Tuscany
• Smart Fuel pricing in Tuscany
• Bike Sharing in Pisa
• Weather condition in Tuscany
• Environmental data
• Pollution and Pollination in 

Tuscany
• Traffic Sensors in Tuscany
• Smart Routing in Tuscany
• Smart Transportation in 

Florence
• Events, traffic, …

• Entertainment Events in 
Florence
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Understanding how City Users are 

using the City Services
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The App is a Bidirectional Device

Snap4City (C), January 2020 131

• GPS Positions
• Selections on menus
• Views of POI
• Access to Dashboards
• searched information
• Routing
• Ranks, votes
• Comments
• Images
• Subscriptions to notifications
• ….

Derived information
• Trajectories
• Hot Places by click and by move
• Origin destination matrices
• Most interested topics
• Most interested POI
• Delegation and relationships
• Accesses to Dashboards
• Requested information
• Routing performed
• ..…

Produced information
• Suggestions
• Engagements
• Notifications
• …

Produced information
• Accepted ?
• Performed ?
• …
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User Behavior Analyser for Collective 
Profiling

Snap4City (C), January 2020 133

Who

When

What

Where?
Why?

How move

Where they go ahead
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Scalable multiresolution OD matrix
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Scalable OD Matrix
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Hot places, trajectories, heatmap
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User Behaviour Analyser
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Engaging City Users Towards  

Virtuous Behaviours (real time)
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Profiled Engagements to City Users
• The users are profiled to learn habits:

– Personal POI, paths, Mobility habits

• Information and engagements sent to the users 
are programmed according to the context and 
user behavior to:
– Stimulate virtuous habits

– More sustainable habits

– More healthy habits, etc. 

– Get feedbacks

– Provide bonus and prices, …..

– Send alerts, ….
Snap4City (C), January 2020 137
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Users’ Engagement
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Inform
Air Quality forecast is not very nice 
You have parked out of your residential 
parking zone
The Road cleaning is this night
The waste in S.Andreas Road is full

Engage
Provide a comment, a score, etc.

Stimulate / recommend
Events in the city, services you may be 
interested, etc..

Provide Bonus, rewards if needed
you get a bonus since you parked here
We suggest: leave the car out of the city, 
this bonus can be used to buy a bus ticket

Rules

User 
context

City 
context
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Campaing on Sustainable
Mobility
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Engagement Manager
• Definition of Rules for 

campaigns

• Monitoring and 
follow-up for each City

• Segmented for user 
kind and interest
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Validation of user Engagement
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Months Msg Sent Msg Viewed Msg Executed

1-January 3888 380 12

2-February 4319 489 22

3-March 4739 450 25

4-April 6567 918 67

5-May 7594 972 61

6-June 6437 695 55

7-July 9432 697 69

8-August 6988 429 73

9-September 5885 345 49

Total 55849 5375 433

#Msg
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DATA ANALYTICS,
Big Data Science
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• Big Data
• Semantic Computing
• Machine Learning
• Geo Spatial Reasoning
• Sentiment Analysis
• What If Analysis
• Text Analysis
• Simulations
• Visual Analytics
• MicroServices
• Scalability
• Engagement Analysis
• …. 

Sentient and 
active processes
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• Traffic flow reconstruction from sensors and other sources: parking predictions: wi-fi people flow prediction and
reconstruction

• What-if analysis, dynamic routing, origin destination matrices production from a large range of sources
• Analysis of the demand vs offer of mobility according to public transportation and multiple data sources
• Resilience and risk analysis
• Early warning computation
• Accidents heatmaps
• Traffic flow predictions
• NOX pollution prediction on the basis of traffic flow, 48 hours see
• Pollution prediction at 48 hours, every hour
• User engagement for sustainable mobility
• User’s behaviour analysis, data reconstruction and calibration
• Tracking fleets, people, devicesOBD2 support
• People flow analysis from PAX Counters
• Social media analysis on specific channel, specific keywords: see Twitter Vigilance, for NLP and Sentiment Analysis, SA
• Data quality assessment, prediction, anomaly detection
• Maintenance prediction and costs predictions
• ReTweet proneness, retweet-ability of tweets
• Audience prediction to TV channels and physical events

DATA ANALYTICS
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Discovery near to me X X X X X X X X X X X X X X X POI, OSM

Discovery along a path X X X X X X X X X X X X POI, OSM

Discovery in an area, shape X X X X x X X X X X X X x X X POI, OSM

browsing Public Transport X X X X x X X X X X X X x X X OSM, GTFS

Full Text search X X X X X X X X X X X X X X POI, OSM

Routing: pedestrian X x X X X X X x X X OSM

Routing: pedestrian quite X x X X X X X x X X OSM

Routing: private vehicles X X X X X X X X X X X OSM

Routing: Multimodal Public Transport X X X X X X X X OSM, GTFS

heatmaps: weather (Temp, Humidity) X X X X X X X X X X X X X Sensors data, OSM

heatmaps: environmental variables, PM10, 

PM2.5, NO2, EAQI X X X X X X X X X X X X X Sensors data, OSM

heatmaps: environmental variables, Noise X X X X X X X X X Sensors data, OSM

heatmaps: safe on bike (Antwerp) X X X X X X Spec. Portal
heatmaps: Enfuser prediction, PM10, PM2.5, 

AQI X X X X X X X X X Enfuser data

heatmaps piking values any place X X X X X X X X X Computed Heatmps

heatmaps: GRAL prediction, PM10 X X X X X X X X X OSM, Traffic, Weather

Comparsison: Enfuser, Gral, Real Time X X X Enfuser, Sensors, GRAL

Sensors Data Time Trends, & drill down X X X X X X X X X X Sensors data, OSM

Weather Forecast X X X X X X X X X X X X X Forecast Service

Origin Destination Matrices X X X X X X X X X X Snap4City Mobile App

Typical trajectories X X X X X X X X X X X X Snap4City Mobile App

Hot Area in the city X X X X X X X X X X X X X X X X Snap4City Mobile App

Hot Places in Smart Zone X X X X X X X X Snap4City PAXcounters

Services Suggestions on mobiles X X X X X X Snap4City Mobile App

Alerts on critical cases: several variables X X X X X X X X X Sensors data, OSM

The most used services X X X X X X X X X Snap4City Mobile App

Twitter Trends Daily X X X X X X X X X X X Twitter Vigilance

The auditing of user and living lab X X X X Snap4City Portal

Self assessment X X X X X X X X X X X X X X Snap4City Portal

Trajectories reg from mobile PAX Counters X X X X X X X X PAX Counters

Engagement real time assessment X X X X X X X Snap4City Mobile App

Antwerp Helsinki Where
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Data Analytics: Predictions
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Predicting Models for Administrators & City Users

Snap4City (C), January 2020 147

• Aiming at improving 
– quality of service, distributing workload 
– early warning

• Predictions: Short (15 min, 30 Min) and 
mid Term (1 week)

• Data Analytics: ML, NLP/SA, Clust., …
– Traffic Flows →multi-flow reconstruction
– Parking Status → free slots
– Environmental Alarms
– Air Quality parameters and indexes
– People Flows (Wi-Fi, Twitter)
→ crowd , #number of people

Predicting at EXPO2015

Early Warning Water Bomb

Early Warning Hot in Tuscany

Predicting City Users on Areas
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Smart Parking: predictions
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Free Parking Predictions
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Active on Mobile Apps as:

– «Firenze dove cosa»

– «Toscana dove cosa»

Careggi car park 

Model  
features 

BRNN model results 

R-squared RMSE MASE 

Baseline 0.974 24 1.87 

Baseline + Weather  0.975 24 1.75 

Baseline + Traffic sensors  0.975 24 2.04 

Baseline + Weather + Traffic 
sensors  

0.975 24 1.87 

 

Precision: 97,5%
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User Behaviour Analysis

via Wi-Fi, OD Matrices, Trajectories
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User Behaviour Analysis
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• Monitoring movements by traffic 
flow sensors

– Spires and virtual spires

• Monitoring movements from 
Mobile Cells

– Unsuitable for precise tracking 
and OD production

• Monitoring movements from Wi-Fi

• Monitoring movements and much 
more from mobile Apps
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Real Time Monitoring of Wi-Fi network
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Origin Destination Matrix Estimation

Wi-Fi based
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User Behaviour Analysis Distinct APs: 343
Distinct APs (last 24 hours): 311
Distinct Users (last 180 days): 1102098
Distinct Excursionists (last 180 days, < 24 h): 687025 

Recency

Where

Ex
cu

rs
io

n
is

ts

New City Users 
VS
Returning

First Day actions
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Characterizing City Areas
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Predicting City Areas Crowd level
characterizing Users’ BehaviorsWi-Fi based
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Prediction and Identification of Anomalies

Cluster confidence

AP average and confidence

Actual AP trend for today

AP prediction for the next time slot in the day on the basis of past weeks

Guessing number of users of Wi-Fi Access Points

Predictive precision of the 95%



Recognition of Used 

Transportation means
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Automated Classification of Users’ Transportation Modality 
in Real Conditions 

Variables taken into account:
• Day/Time Baseline and GPS:

• Accelerometer

• Proximity

• Temporal window

Snap4City (C), January 2020 161

Dataset: 

• 30K observations 
• 25 variables
• 38 different users 
• 30 different kinds of devices
• 4 classes (Stationary, Walking, 

Private Transport, Public Transport) 

Four combinations of the different categories of data:

1. Baseline features and distance feature
2. Baseline, distance feature and accelerometer features 
3. Baseline, distance feature and temporal window features 
4. Baseline, distance, accelerometer, temporal features together

Note that, each user have used the mean of 
transport of his/her own preference.
When the mode of transport is changed, 
the user was asked to notify the change to 
the App for creating the learning set and for 
validation.
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Traffic Flow Reconstruction 

from Traffic Sensors Data
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Traffic Flow Tools
Spire and Virtual Spires (cameras), Bluetooth, ...

Specifically located: along, around, on gates, on x…

Tuscany
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Toscana traffico analysis tool

165https://main.snap4city.org/view/index.php?iddasboard=MTE5MQ==   

https://main.snap4city.org/view/index.php?iddasboard=MTE5MQ==
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Quality of Public Transport
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Origin Destination Matrices
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Scalable multiresolution OD matrix
Mobile App based
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Traffic and People Flow Assessment
• Origin Destination Matrix

– Specific Sensors, vehicle Kits, mobile App, 
Wi-Fi Access Points, etc.

– Data from Taxi in San Francisco  

• Assess people and traffic flows to
– improve services
– predict critical conditions on Crit. Infra.
– take real time decisions and sending 

messages in push to population
– Increase city resilience
– optimize traffic flow
– take decision of routing 

http://www.disit.org/6694
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Demand of Mobility vs 

Offer of Transportation
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Demand vs Offer of Mobility Analysis
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What the Analysis tool produces
• Identification of critical Bus Stops over time

• Identification of critical courses of bus lines, 
over day and week

• Effects of changing the position of Bus 
Stops, courses and line schedules, bus size, 
etc.

• Effects of changing the contextual 
conditions: 
– The opening of shopping centers, cinemas, 

schools, etc..

– Size of the  buses

– Etc.

Snap4City (C), January 2020 176

Area and Bus stops considered for the Validation

Parameters Value

Morning interval 05: 00 − 13: 59

Afternoon interval 14: 00 − 23: 59

Time interval size 60 (𝑚𝑖𝑛)

Morning outbound trips

( ෪𝑂𝑢𝑡𝑚𝑛𝑔)
42393

Afternoon outbound trips

( ෪𝑂𝑢𝑡𝑎𝑓𝑡)
52798

Radius (r) of circle 𝑐(𝑠, 𝑟)

around each stop 𝑠
250 (𝑚)



Bus Stop Analysis: identification of criticalities
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Modal & Multimodal Routing for 

Navigation and Travel Planning
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Multimodal routing 
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Routing and Multimodal Routing
Modes:

– Pedonal, Vehicles
– Public Multimodal
– Multi Point for 

Delivering
– Constrained: quite, 

blocked, etc. 

Test it on our:
– Mobile Apps
– MicroApplication
– Dashboard
– ServiceMap service on 

Tuscany in Snap4City
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Environmental Data 

Predictions
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Data Analytics: Heatmaps
• Over the Gaussian Heatmaps

• Calibrated heatmaps on the 
basis of Interpolated data 
for:

– From 200x200 to 4x4 mt

– PM10, PM2.5, SO2, NO2, Noise, NO, O3, Enfuser, GRAL,….

– Any programmed Color map

– Animations over H24

– Picking values in any place, values on their position.

– On Web and Mobile App

Helsinki
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Data Analytics: Enfuser predictions
• Enfuser predictions: AQI, 

PM10, PM2.5

– Data gathering, data processing 
for Piking 

– Delta Estimation Predictions vs 
Actual: on 12 points/sensors via 
R-Studio and IOT App

– API for accessing data of 
Heatmaps in real time 

Helsinki
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Data Analytics: AQI estimations 
• Legenda of Environmental data:

– https://www.snap4city.org/drupal/node/435

• AQI estimation via Rstudio and IOT App: 

– EAQI, European Air Quality Index

– Enfuser AQI for Delta, 

– CAQI

– Their corresponding Heatmaps

https://www.snap4city.org/drupal/node/435
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Environmental Data Predictions: GRAL
• GRAL predictions: PM10, NOX, ….

– Comparison wrt real time values in 
actual value of Sensors

– Graz Lagrangian Model. 

• GRAL model takes into account: 
– pollution sources (for example the 

vehicles, their distribution on the 
streets, the about of pollution they 
produce according to their distribution 
over time and space, etc.), 

– structure of the city (streets and shape 
3D of the buildings), 

– weather forecast (wind intensity and 
direction), etc. 

• GRAL can be applied on NOX, PM10, 
PM2.5, … or any other particles

Helsinki
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Florence, Pisa, Livorno

https://main.snap4city.org/view/index.php?iddasboard=MTUzMg==
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Prediction of Air Quality
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Predicting Air Quality

• European Air Quality Directive

• Predicting critical days

– PM10 with an accuracy of more 
than 90% and precision of 85%; 

– PM2.5 with an accuracy of 90% 
and precision greater than the 
95%. 

• Simulating Long terms values

– For long terms predictions
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Anomaly Detection
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Prediction and Identification of Anomalies

Cluster confidence

AP average and confidence

Actual AP trend for today

AP prediction for the next time slot in the day on the basis of past weeks

Guessing number of users of Wi-Fi Access Points

Predictive precision of the 95%
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Accidents vs Traffic

Accidents Density
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https://www.snap4city.org/dashboardSm
artCity/view/index.php?iddasboard=MjE4
Nw==

Florence
Accidents Density

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE4Nw==
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WHAT-IF Analysis
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What-If Analysis

Accidents and elements blocking 
Points and Shapes taken into 
account for:

– Routing

– Traffic Flow reconstruction 

– Evacuation paths

– Rescue team paths

Assessment on the basis of 
changes: 

– Mobility demand assessment

– Mobility Offer assessment
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE5MA==
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Social Media Analysis
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Prediction/Assessment
• Football game results as related to the volume of Tweets
• Number of votes on political elections, 

via sentiment analysis, SA
• Size and inception of contagious diseases
• marketability of consumer goods 
• public health seasonal flu 
• box-office revenues for movies 
• places to be visited, most visited
• number of people in locations like airports
• audience of TV programmes, political TV shows
• weather forecast information
• Appreciation of services
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• http://www.disit.org/tv
• http://www.disit.org/rttv
• Citizens as sensors  to

– Assess sentiment on services, 
events, … 

– Response of consumers wrt, … 
– Early detection of critical 

conditions 
– Information channel
– Opinion leaders 
– Communities 
– Formation
– Predicting volume of visitors for 

tuning the services 
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http://www.disit.org/tv
http://www.disit.org/rttv
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Twitter Vigilance RT: sentiment analysis
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Real time 
Early Warning
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Early Warning
Predictive models

Hot flows

Attendance at long lasting events: EXPO2015

Attendance at recurrent events: TV, footbal
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SNAP4CITY AND
KM4CITY PROJECTS
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- Twitter Vigilance

- Social Media 

Analytics, Sentiment 

Analysis

- User engagement

- Bike Sharing

- Data Analytics ++

- Social Predictions

- OBD2

- Sardinia Region

Smart City 

Strategies and plan

GHOST SIR

(2016-19)

- Smart Energy

- Sustainable Mobility

- Control Room 

- Dashboard

- Resilience

Decision Support

- Smart First Aid

- User Behaviour

Analysis, predictions

- Risk Analysis

- Origin-Destination

and trajectories

- Traffic Reconstruction

- Offer Analysis

- OBU, smart devices

- Weather 

Forecast

- Real Time Wi-Fi

- Entertainment

- Events

- LOD

- Tuscany

Road Graph

- Mobility

- culture, tourism

- Events

- Parking

- Services

- Linked open graph

2013

2014

2017

2018

2015

2016

Km4City 1.4

- Infomobility

- Mobile App

- Routing

- Multimodality

Km4City 

Ontology 1.1 Km4City 1.6.2

- IOT/IOE, IOT App

- Living Lab

- Maker Support

- IOT Edge

- Smart City IOT

- GDPR

- Privacy & Security

CEF

DISIT lab roadmap vs model and tools’ usage

Km4City 1.6.6

5G tech

Energy 

Industry 4.0

Synoptics

…2022
IOT/IOE

SII-MOBILITY SCN

(2016-19)

- Smart Waste

(2017-20)

(2015-18)

H2020

(2016-21)

H2020

(2018-21)

- Mobility

Demand / Offer

Analytics and 

Strategy

(2018-20)

Km4City 1.6.4

H2020
(2017-19)

GREEN IMPACT

- Industry 4.0

- Critical Plant

- Monitoring

POR FESR 2014-2020

Km4City 1.5

2019

- Traffic and Mobility   

Impact on Pollution

- NOX predictions(2018-21)

2020
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Main running projects
• Sii-Mobility →mobility and transport, sustainability
• REPLICATE → ICT, smart City Control room, Energy, IOT
• RESOLUTE → Resilience, ICT, Big Data
• GHOST → Strategies, smart city
• TRAFAIR → Environment & transport
• MOSAIC →mobility and transport
• WEEE Life → Smart waste, environment
• Smart Garda Lake → Castelnuovo del Garda
• 5G → Industry 4.0 vs SmartCity
• Green Impact → Industry 4.0, Chemical Plant
• SmartBed (laid → smart health
• Green Field Peas (soda) → Industry 4.0, Chemical plant
• PISA Agreement → data aggregation
• Lonato del Garda → smart parking, environment
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Snap4City: IOT/IOE smart city www.snap4city.org

Trafair: CEF project con varie Città

Mosaic: Mobility and transport model

Km4City: http://www.km4city.org

REPLICATE H2020, SCC1, EC flagship
http://replicate-project.eu/

Sii-Mobility SCN MIUR: http://www.sii-mobility.org

Feedback: reail and GDO Big Data analytics

5G with 3-Wind Open Fiber Estra

Coll@bora Social Innovation, MIUR:
http://www.disit.org/5479

RESOLUTE H2020, EC:
http://www.resolute-eu.org

TRACE-IT, RAISSS, TESYSRAIL, …

Mobile Emergency:
http://www.disit.org/5404

Snap4City (C), January 2020

Trace-IT

RAISSS 
205

http://www.snap4city.org/
http://www.km4city.org/
http://replicate-project.eu/
http://www.sii-mobility.org/
http://www.disit.org/5479
http://www.resolute-eu.org/
http://www.disit.org/5404
http://www.disit.org/5485
http://www.disit.org/5481
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