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architettura 

BIG DATA ANALYTICS: AI, MACHINE  LEARNING 



Standards and Interoperability 
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Compliant with: AMQP, COAP, MQTT, OneM2M, HTTP, HTTPS, Rest Call, SMTP, 
TCP, UDP, NGSI, 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, RS485, WFS, 
WMS, ODBC, JDBC, Elastic Search, Phoenix, JSON, XML, GeoJSON, Enfuser FMI, 
Android, Raspberry Pi, Local File System, etc. 

https://www.google.it/imgres?imgurl=http://www.researchtuscany.com/file/foto/logo_ecm_METODI PER LA PROGETTAZIONE E TECNOLOGIE PER IL SEGNALAMENTO FERROVIARIO.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 logo segnalamento&ved=0ahUKEwjKn_TMr6jSAhXKOBQKHdxWCbgQMwgbKAEwAQ&iact=mrc&uact=8
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Data and Knowledge  

Smart City API 

INDEX 

ARC 
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Km4City  in Tuscany Area 

Road Graph (Tuscany region) 
132,923 Roads , 389,711 Road Elements 

318,160 Road Nodes, 1,508,207 Street Numbers 

Info on: points, paths, areas, etc. 

Services (20 cat, 512 cat.) 

16 Public Transport Operators 

21.280 Bus stops & 1081 bus lines 

Dynamic/real-time as in Tuscany Region 
• Real time bus lines: 144 updates X day X line 
• 1081 Transport Pub Lines:  1-2 up per day, time-path 
• >210 parking lots status:  76 updates X day X sensor 
• >796 traffic Sensors: 288 updates X day X sensor 
• 285 weather area: 2 updates X day X area 
• >12 hospital Triage status: 96 updates X day X FA 
• 562 Environmental data: 20 updates X day X sensor 
• 39 Bike Sharing racks data: Pisa and Siena 
• 12 Pollination data, 37 air quality data 
• 177 recharging stations 
• Smart benches, waste mng, irrigators, lighting, … 
• Florence ent.events: about 60 new events X day 
• Different kinds of Florence traffic events,  
• [1600 Fuel stations: 1 update X day X station] 
• Wi-Fi: > 400.000 measures X day 
• App mobiles: >50.000 measures X day 
• more than 40.000 distinct users X day 
• From 600.000 to 4.5 M Tweets X day 
• + many IOT sensors personal and industrial … 



Viste helsinki e antwerp e Toscana/firenze 
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Helsinki Data 
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Dashboards:  

Smart City 

Control Room  

INDEX 

ARC 

https://www.snap4City.org   

https://www.snap4city.org/


Vista Helsinki 
 

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


Vista antwerp 
 

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQwNw== 
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTQwNw==
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Helsinki vs Florence comparison 

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc0MQ== 

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc0MQ==


Antwerp and Helsinki 
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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

Antwerp Helsinki Where
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTUzMg==
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Major of Florence City 
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http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
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http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
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Connected Dashboards  
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Infomobility Dashboard 

https://main.snap4city.or
g/view/index.php?iddasb
oard=MjE0  

https://main.snap4city.org/v
iew/index.php?iddasboard=
OTQw  

https://main.snap4city.org/view/index.php?iddasboard=MjE0
https://main.snap4city.org/view/index.php?iddasboard=MjE0
https://main.snap4city.org/view/index.php?iddasboard=MjE0
https://main.snap4city.org/view/index.php?iddasboard=OTQw
https://main.snap4city.org/view/index.php?iddasboard=OTQw
https://main.snap4city.org/view/index.php?iddasboard=OTQw


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

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

Dashbaords 

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


Tracking of Devices and Mobiles 
• Real Time Trajectories 

for Mobile and 
Moving IOT Devices 
– Multiple tracks 
– Day by day 

• Micro Application 

Snap4City, MajorCities, June 2019 22 
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GIS data connection exploiting WFS/WMS map 



Dashboard Wizard 
 

Snap4City, MajorCities, June 2019 

• Select the area of your interest: panning and zooming 
• Select the  

• graphic aspect of your interest, or 
• High Level Type of your interest, or  
• Make a search if you a have a precise idea or 
• Act on filters: nature, subnature, type, name, value, date, health, owner, … 
• Combine them as you like 

• Select the lines of your interest 
• Then click on Next and get the Dashboard by wizard 

24 
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Dashboard with intelligence App 
Dashboards with IOT Applications for enforcing data driven 
smart and intelligence into them 

Dashboards IOT and City data World   IOT Applications 

My IOT Devices 

Dashboard-IOT App 

Applications 
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User 
Story 
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Integrated Node-RED IOT App development 
Integrated Node-RED development 

Event Driven, real time data ingestion 
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https://flows.nodered.org/?term=snap4city
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Smart City API and  

Mobile  Apps 

INDEX 

ARC 
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Mobile Apps 



Users’ Engagement 

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 by a bus ticket 

Rules 

User 
context 

City 
context 

Snap4City, MajorCities, June 2019 32 



http://www.disit.org 
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Campaing on Sustainable 
Mobility 
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Advanced SmartCity API 
• Search data: by text, near, along, etc.  

– Resolving text to GPS and formal city nodes model 

• Empowering city users: contributions, suggestions, 
forum discussions, etc.  

• Events: Entertainment, critical and mobility 
• Public and Private Mobility & Transport, and 

predictions 
• POIs, Cultural and Touristic info 
• Health services and predictions 
• Environmental information, heatmaps; values  
• Profiled Suggestions to City Users 
• Traffic flow reconstruction 
• Personal Assistant: PAVAL 
• User Engagement: goal experiences, and assessment 
• Sharing knowledge among cities  see Knowledge 

base Management 
 

Swagger 
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Search  
along a line 

Search around 
a GPS point 

Web App HTML5 

Embed into Web pages 

http://www.disit.org/6873 
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Mobile Apps 

ServiceMap Dev Tool (knowledge & Map tool) 

http://www.disit.org/6873
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Data Analytics 

INDEX 

ARC 
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Predictions, Anomaly Detections, Analytics for 
Administrators & City Users 
• Aiming at improving  

– quality of service, distributing workload  

– early warning, anomaly detection 

• Data Analytics: ML, NLP/SA, Clust., … 
– Traffic Flows  multi-flow reconstruction 

– Environmental alarms 

– Parking Status  free slots 

– Origin destination Matrices 

– Prediction of Environmental values 

– 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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https://www.snap4city.org/dashboardSmartCity/view/index.ph
p?iddasboard=MTc5NQ== 

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==
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https://www.disit.org/dashboardSmartCity/view/index.php?iddasboard=MjQ2


Demand vs Offer of 
Mobility Analysis 
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Environmental data predictions: GRAL 
• GRAL pred.: PM10, NOX, …. 

– Comparison wrt real time values in Two 
Sensor Points 

– 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 
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User Behaviour Analysis 
• 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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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 



Snap4City, MajorCities, June 2019 45 

Characterizing City Areas 
Predicting City Areas Crowd level 
characterizing Users’ Behaviors Wi-Fi based 
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Twitter Vigilance 

• 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  

 

http://www.disit.org/tv
http://www.disit.org/rttv
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Multimodal routing  
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Living Lab on Snap4City 

Collaborative Work 

INDEX 

ARC 
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Your Level 

SLIDES 

News 
Flyer 

Exercises 

Full Search 

All Tools 

Personalized Suggestions 
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Validation with developers 
• 65 performed operational activities: 

– dashboards, IOT Applications, registering IOT devices, etc. 
– More than the 80% created both Dashboards and IOT Applications, thus validating 

the solution and the process of engaging them in working on the platform 
 

The 65 users left on 

platform 

Average per day 

over last 90 days 

Total activity  

90 days 

Number of IOT Applications 117 81,6 7341 

Number of private IOT devices  27 25,5 2296 

Number of public dashboards 11 6,2 562 

Number of private dashboards 173 135,1 12159 

Number of accesses to dashboards -- 33,9 3048 

Number of minutes -- 337,1 30337 
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Dashboard Development 
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Knowledge Base, 
Km4City 

Create, save, load, 
delegate, grant access 

Dashboard  
Collection   

Dashboard Wizard 

IOT Applications 

MicroApplications 

External Services 

Dashboard Editor 

Widget Collection 

Knowledge and Storage 
Data from the Field and  
City 

My Own Dash/App 
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R Studio integrated environment for Data Analytics 
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Snap4City projects/pilots 

INDEX 

ARC 
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Main Projects/Pilots 
• Sii-Mobility  DISIT (mobility and transport) 

• REPLICATE  DISIT (ICT, Energy, IOT) 

• RESOLUTE  DISIT (Resilience, ICT, Big Data) 

• GHOST  UNICA (strategies, smart city) 

• TRAFAIR  UNIMORE, DISIT (environment & 
transport) 

• MOSAIC  DISIT (mobility and transport) 

• WEEE Life  DISIT (waste, environment) 

• Smart Garda Lake  Castelnuovo del Garda 

• 5G  DISIT (Industry 4.0 vs SmartCity) 

• Green Impact  DISIT (Industry 4.0) 

• PISA Agreement  data aggregation Green Impact 
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Roadmap 

- Twitter Vigilance 

- Social Media 

Analytics, Sentiment 

Analysis 

- User engagement 

- Bike Sharing 

- Data Analytics ++ 

- Social Predictions 

GHOST SIR 

- Sardinia Region 

Smart City 

Strategies and plan 

(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 

(2016-21) 

- Tuscany 

  Road Graph 

- Mobility 

- culture, tourism 

- Events 

- Parking 

- Services 

- Linked open graph 

2013 

2014 

2017 

2018 

2015 

2016 

Km4City 1.4 

SII-MOBILITY SCN 

- Infomobility 

- Mobile App 

- Routing 

- Multimodality 

Km4City 

Ontology 1.1 

Km4City 1.6.2 

GREEN IMPACT 

- Industry 4.0 

- Critical Plant 

- Monitoring 

- Smart Waste 

- IOT/IOE, IOT App 

- Living Lab 

- Maker Support 

- IOT Edge 

- Smart City IOT 

- GDPR 

- Privacy & Security 

- Mobility  

  Demand / Offer 

  Analytics and  

  Strategy 

CEF 

- Traffic and 

  Mobility    

  Impact on  

  Pollution 

DISIT lab roadmap vs model and tools’ usage 

Km4City 1.6.6 

5G tech 

Energy  

Industry 4.0 

…2021 

IOT/IOE 

(2016-19) 

(2017-20) (2015-18) 

H2020 

H2020 

H2020 

(2018-21) 

(2018-21) 

(2018-20) 

Km4City 1.6.4 

(2017-19) 

POR FESR 2014-2020 

Km4City 1.5 

2019 

Snap4City, MajorCities, June 2019 
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