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Data Driven Decision Support

•Decision Support system
•Assessment / Strategies
•Data Rendering, 

• visual analytics, business intel..

•Data Analytics, ML, AI
•Data aggregation, Storage, 

indexing
•Data Ingestion
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Snap4City-2023-D-Control-Planning-v9-3-a.pptx
Snap4City-2023-D-Light-Energy-Overview-v9-3-a.pptx
Snap4City-2023-D-Security-Safety-Tourism--Social-Overview-v9-3-a.pptx
Snap4City-2023-D-Environment-Overview-v9-3-a.pptx
Snap4City-2023-D-Security-Safety-Tourism--Social-Overview-v9-3-a.pptx
Snap4City-2023-D-Control-Planning-v9-3-a.pptx
Snap4City-2023-D-Control-Planning-v9-3-a.pptx
Snap4City-2023-D-Mobility-Transport-v9-3-a.pptx


Scenari

Main tasks
• Controlling Status: management, and 

operational

o Monitoring via KPI

o Computing predictions vs KPI

o Anomaly detection

o Neuro-Symbolic analysis 

o Risk assessment

o Early warning on critical conditions 

• Making plan: tactic and strategic, 
medium and long range, micro/macro

o Simulation & predictions

o Generative AI Prescriptions, scenarios

o Resilience to Unexpected unknows

o What-if analysis wrt scenarios
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Monitoring 

KPI 

Digital Twin
Models & 

Data 
Predictions,

Anomaly Detection,
Analysis, Assessment

Warning

Simulations
Generative AI
Reinforced AI 

What-If
Analysis

Decision
Support System



Standards and Interoperability (6/2023)
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Compliant with: 
• IoT: NGSI V2/LD, LoRa, LoRaWan, MQTT, AMQP, COAP, OneM2M, TheThingsNetwork, SigFOX, Libelium, IBIMET/IBE, Enocean, 

Zigbee, DALI, ISEMC, Alexa, Sonoff, HUE Philips, Tplink, BACnet, TALQ, Protocol Buffer, KNX, OBD2, Proximus, ..
• IoT model: FIWARE Smart Data Model, Snap4City IoT Device Models
• General: HTTP, HTTPS, TLS, Rest Call, SMTP, TCP, UDP, SOAP, WSDL, FTP, FTPS, WebSocket, WebSocket Secure, GML, WFS, 

WMS, RTSP, ONVIF, AXIS TVCam, CISCO Meraki, OSM, Copernicus, The Weather Channel, Open Weather, OLAP, VMS, ….
• Formats: JSON, GeoJSON, XML, CSV, GeoTIFF, OWL, WKT, KML, SHP, db, XLS, XLSX, TXT, HTML, CSS, SVG, IFC, XPDL, OSM, 

Enfuser FMI, Lidar, glTF, GLB, DTM, GDAL, Satellite, D3 JSON, …
• Database: Open Search, MySQL, Mongo, HBASE, SOLR, SPARQL, ODBC, JDBC, Elastic Search, Phoenix, PostGres, MS Azure, ..
• Industry: OPC/OPC-UA, OLAP, ModBUS, RS485, RS232,..
• Mobility: DATEX, GTFS, Transmodel, ETSI, NeTEx, ..
• Social:Twitter, FaceBook, Telegram, ..
• Events: SMS, EMAIL, CAP, RSS Feed, ..
• OS: Linux, Windows, Android, Raspberry Pi, Local File System, AXIS, ESP32, etc.

https://www.snap4city.org/65 

Snap4City (C), April 2024

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
https://www.snap4city.org/65


Ingestion, agg. → exploitation

• Snap4City efficient 
tools for
• Bidirectional data 

channels

• Any format, any 
channel, any data, any 
broker, any protocol, … 

• Km4City Knowledge 
base Ontology reasoning 
on geo, space, time, 
relationships
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Expert System semantic queries
• via:

• Smart City API for 
Apps and third 
party

• MicroServices 
data driven 
develop via visual 
language 
Node-RED
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https://www.snap4city.org/19

Linked Open Data

https://www.snap4city.org/19


High Level Types
• POI, IOT Devices, shapes,.. 

• FIWARE Smart Data Models, 
• IoT Device Models

• GIS, maps, orthomaps, WFS/WMS, 
GeoTiff, calibrated heatmaps, ..

• Satellite data, ..

• traffic flow, typical trends, ..

• trajectories, events, Workflow, ..

• 3D Models, BIM, Digital Twins, ..

• OD Matrices of several kinds, .. 

• Dynamic icons/pins, ..

• Synoptics, animations, ..

• KPI, personal KPI,..

• social media data, TV Stream, 

• routing, multimodal, constraints, ..

• decision scenarios, ….

• etc. 
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Ingestion, aggreg. → exploitation
• IoT App Visual 

Programming, no coding
• Data transformation

• Integration, Interoperab.

• Scripting Data Analytics

• Data ingestion

• Business logic Server side 

• Edge and Cloud

• MicroServices data 
driven develop via 
visual language 
Node-RED

Snap4City (C), April 2024 10



Solutions: reliable, secure and fast to realize

•Via Snap4City tools
•Dashboard Wizard
•Dashboard Builder
•Data/Visual Analytic

• Smart Solutions results to be
• Real time data drive

• Secure end-to-end

• GDPR compliant

• Reliable, interoperable

• Auditable, marketable
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New styles/themes can be developed by 
specializing a few files from open source

https://www.snap4city.org/793

Different Themes

https://www.snap4city.org/793
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Monitoring and control
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Monitoring 
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• Controlling Status: management, and 
operational
oMonitoring via KPI
oComputing predictions and KPI
oAnomaly detection, Early warning
oControl Rooms, situation rooms

oReacting: Computing in real time 
oChanging semaphore maps
oChanging Dynamic signage
oReal time Info Mobility
oUser engagement via Mobile Apps
oWhat-if analysis
o etc.,
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Smart City Digital Twin City Digital Model with…
• Intuitive platform

• Any Data TYPE, any data source, any protocol

• Data storage seamless

• Data analytics → artificial intelligence, AI/XAI

• Data Ethics, AI Ethics, GDPR

• Data Representation, any kind

• Key Performance Indicators, any kind

• What-IF analysis – Simulation, prediction, 2D/3D

• Micro, Meso e macro scales

• Operation, planning tactic and strategic

• Collaborative and shared representation

• Sustainable, shared, open source 100% 

Complex and heterogeneous information, interoperability

o GIS, ITS, AVM, IoT, BIM, CKAN, etc. 

o Satellite services

o MaaS, last-mile delivery HUBs

o etc.
Snap4City (C), April 2024
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Control Room



Key Performance Indicators, KPI
• United Nations Sustainable Development Goals, 

SDGs (for which cities can do more to achieve some 

of the 17 SDGs, https://sdgs.un.org/goals);

• 15 minutes cities (where primary services must be 

accessible within 15 minutes on foot);

• objectives of the European Commission in terms of 

pollutant emissions for: NO2, PM10, PM2.5 

(https://environment.ec.europa.eu/topics/air_en);

• SUMI: mobility and transport vs env
• https://www.snap4city.org/951 

• SUMP/PUMS: mobility and transport vs env.

• ISO indicators: city smartness, digitization, tech 
level. 

• Low Level/Real Time: global traffic, quality of 
service, betweenness, centrality, queue, time to 
travel, etc.Snap4City (C), April 2024 18

https://sdgs.un.org/goals
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What would support my neighborhood to 
become a 15-Minute City?

Good public 
transport services: 
bus,  new tram 
line, train stations, 
cycle paths.

Using the Open Data:
We developed a data analytic tool based on 
municipal and national open data to assess 
services adequacy for people living in each 15 
minutes areas of the city.

Careggi/Rifredi is a relevant district in 
Florence because of hosting the main 
Florence/Tuscany hospitals Careggi and 
Meyer, but also university headquarters 
and many other workplaces.

The tool supports the becoming of a 15-
Minute city evaluating the service level in 
various domains.

15MinCityIndex

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjkzOA==
Snap4City (C), April 2024 19
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15MinCityIndex on Bologna

Snap4City (C), April 2024
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• Smart City infrastructure: monitoring and 
resilience, long terms predictions

• Effective and Low cost smart solutions
• What-if analysis, Simulations
• Origin Destination matrices computation

Snap4City (C), April 2024 21

• Shortening justice time
• Anonymization and indexing legal docs.
• Prediction of mediation proneness
• Ethical Explainable Artificial Intelligence

• Monitoring and Prediction of energy 
consumption

• Stimulating: Bike sharing, e-bikes,  car charge, 
etc.

• Community of Energy, planning energy plant

• business intelligence tools for decision 
makers 

• Reduction production costs 
• Monitoring resource consumption
• Optimization of Waste Collection 

• 15 Minute City Index:
– 13 subindexes: energy, slow mobility, fast 

mobility, housing, economy education, culture 
and cults, health, entertainment, gov, food, 
security…

• Monitoring and Predicting: NO2, NOX, CO2, 
Traffic flow, pollutant, landslide, waste, etc.

• Traffic flow reconstruction

• Demand vs Offer of Mobility analysis

• Industry 4.0 integrated solutions
• Decisions Support Systems
• Process optimization, control 
• Predictive maintenance

10/22
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Decision Support System: 

Immediate response and Tactic and Strategic 

Plans, via What-if Analysis

Snap4City (C), April 2024 22
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Decision Support System: neuro-symbolic reasoning
targeting Indicators: Quality of Life, PUMS, SUMI, KPI, SDG, 15MinIndex,…

Snap4City What-If
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Short Term Predictions
Anomaly Detection

Early Warning

Disaster Recovery
Long Term Predictions,

Typical trends

Strategies and 
Plans

Recommendations & 
Prescriptions

System Modeling
and Simulation

Data Analytics

What-if AnalysisScenarious

• Decision support systems

• Improvement of life quality

• Sustainable Solutions

• Reduction of costs

• Risk Assessment

• Resilience

Knowledge 
Models

Partial graph
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Data Analytic

Artificial Intelligence, XAI, 

Machine and Deep Learning
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Available AI Solutions on Snap4City

• Mobility and Transport

• Environment, Weather, Waste, Water

• City Users Behaviour and Social analysis

• Energy and Control, Security, …..

• Tourism and People

• Security and Safety

• High Level Decision Support Solutions
• Asset management
• Resilience and Risks Analysis

•Low level Techniques

Snap4City (C), April 2024 31

https://www.snap4city.org/download/video/course/p4/

https://www.snap4city.o
rg/download/video/DPL
_SNAP4SOLU.pdf

https://www.snap4city.org/download/video/course/p4/
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
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https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf


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

Behaviour understanding and 

User Engagement

Security and Safety 
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City Users Behaviour, Safety, Security and Social Analysis

Snap4City (C), April 2024 33

• People detection and classification: persona, strollers, bikes, etc. (ML, DL)
• people counting and tracking, head counting, people trajectories (via thermal cameras, ML, DL)
• People flows prediction and reconstruction, (ML, DL) 

• Wi-Fi data, mobile apps data, Mobile Data, etc. 
• User’s behaviour analysis, People flow analysis from PAX Counters and heterogenous data sources (ML, AI)

• origin destination matrices, hot places, time schedule, 
• Recency and frequency, permanence, typical trajectory, etc.

• Computing User engagement and suggestions for sustainable mobility (Rule Based, ML)
• Social media analysis on specific channel, specific keywords: see Twitter Vigilance, 

• Reputation, service assessment: MultiLingual NLP and Sentiment Analysis, SA
• Tweet proneness, retweet-ability of tweets, impact guessing
• Audience predictions on TV channels and physical events, locations
• Prediction of attendance of events and on attractions

• Virtual Assistant construction, LLM, NLP, Sentiment Analysis (DL, NLP)
• Video management System integration for security
• 15 Minute City Index , etc. (modeling and computability)
• Computing SDG, etc., (DP)
• Etc.
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Characterizing City Areas
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Predicting City Areas Crowd level
characterizing Users’ BehaviorsWi-Fi based

Prediction
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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



Origin Destination Matrices
• computed from several kinds of data

– Census Data
– Cellular Mobile Data
– Mobile App Data trajectories
– OBU from vehicles trajectories
– Composition of multiple sources: ODM + Trj

• may represent:
– Demand of mobility
– Offer of transportation

• refer to different area kinds for Origin and of Destination
– Different kinds of OD areas
– Different kinds of temporal resolutions → animations

• Hourly, daily, weekly, monthly, etc… 
Snap4City (C), April 2024 38
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ODM, Traffic Flow

Snap4City (C), April 2024 39

https://www.snap4city.org/dashboardSmartCity/view/Gea-Night.php?iddasboard=Mzk3Nw==

https://www.snap4city.org/dashboardSmartCity/view/Gea-Night.php?iddasboard=Mzk3Nw==
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Cluster di Trajectories 



User Behavior Analyzer

Mobile App based

Snap4City (C), April 2024 48



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: NOX, NO2
• 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), April 2024 49
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The App is a Bidirectional Device

Snap4City (C), April 2024 51

• 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
• Cumulated Scores from Actions
• Requested information
• Routing performed
• ..…

Produced information
• Suggestions
• Engagements
• Notifications
• …

Produced information
• Viewed ?
• Accepted ?
• Performed ?
• …



To propose suggestions and Engage city user
we need to know how they are moving

Snap4City (C), April 2024 52

Artificial Intelligence 
Classification

Suggestions

By Car

By BUS

Walk

Run
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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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User Behavior Analyser for Collective 
Profiling
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Who

When

What

Where?
Why?

How move

Where they go ahead



Pont du Gard
• Tourism Domain

• KPIs
• Social Media
• People Flows
• Bike Flows

• Dashboards
• Monitoring KPI
• People and bikes flows
• Twitter Vigilance

• Historical and updated data

• Services Exploited on:
• Dashboard

• Since 2020
Snap4City (C), April 2024 55
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Pont du Gard: data analytics

• Prediction of the 
number of sold tickets 
24 hours in advance

• Using:
• Historical data

• Weather conditions

• Social Media

Snap4City (C), April 2024 56



Dubrovnik
• Tourism Domain

• Counting People

• TV Cameras and WiFi

• Social Media

• Dashboards
• Monitoring and real  time control

• People flow

• Twitter Vigilance

• Historical and Real Time data

• Services Exploited on:
• Dashboard

• Since 2020

Snap4City (C), April 2024 57
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Dubrovnik: Data Analytics

• Assessing impact of 
advertising 

• Prediction of presences 
on the basis  of

• Social Media Twitter 
Vigilance

• weather conditions

• Historical data

Snap4City (C), April 2024 58



Valencia, FSMLR
• Tourism Domain

• Counting People

• Environmental data

• Social Media

• Dashboards
• Monitoring and real  time control

• People flow

• Twitter Vigilance

• Historical and Real Time data

• Services Exploited on:
• Dashboard

• Since 2020
Snap4City (C), April 2024 59
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West Greece
• Tourism Domain

• KPIs: ODM, Flows, …

• Social Media

• People Flows

• Dashboards
• Monitoring KPI

• People flows

• Twitter Vigilance

• Historical and updated data

• Services Exploited on:
• Dashboard

• Since 2020

Snap4City (C), April 2024 60
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Monitoring Boats
AXIS Q6225

• Genova: Ocean Race, 2023
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Critical Conditions

 Monitoring

Snap4City (C), April 2024 64
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Floor Details
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Smart City / Smart Parking + Environment
Reverberi, Lonato del Garda

Snap4City (C), April 2024 71

reference

• Multiple Domain Data 
• Smart Parking, Environment, Wi-Fi

• Multiple Decision Makers
• City Officer, operators
• Data monitoring, alerting
• analytics

• Historical and Real Time data
• Dashboards

• Services Exploited on:
• Dashboards, API

• Since 2019
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A view and data from the Thermal Camera 
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People Counting

https://www.snap4city.org/dashboardSmartCity/view/Gea.php?iddasboard=MzM3Ng==
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People Counting and Tracking

Snap4City (C), April 2024 76

3X



People Counting In Barcelona Smart City World Expo
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Monitoring Passages
AXIS Q1952
• Genova: Ocean Race, 2023
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Venaria Reale
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p?iddasboard=MzI5Ng==

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MzI5Ng==
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MzI5Ng==


PaxCounter devices
• Fix PaxCounter LoraWan

– sniffing on: Wi-Fi, Bluetooth

– Sending data via LoraWan

• Mobile PaxCounter LoraWan
– sniffing on: Wi-Fi, Bluetooth

– Sending data via LoraWan

• Fix PaxCounter, multiple out
– Sending data via LoraWan and Wi-Fi

– sniffing on: Wi-Fi, Bluetooth
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Programmable PAX counting
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Safety Control
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Integration with 
VMS Milestone
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Snap4City →Milestone Integration

• Snap4City VMS Library on 
Node-RED

• Functionalities:
– Registering IoT 

App/Proc.Logic on VMS 
Milestone

– Receving event of VMS 
into Snap4City platform
via Node-RED, on cloud or 
on premise

– Sending Snap4City Events 
into VMS Milestone 
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Event Management
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Snap4City
Dashboards

Snap4City
Data

Analytics

Snap4City
Data

Interoperabil
ity
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VMS vs Snap4City: sending and getting events, AI solutions

Events + info



Cuneo Assets’ Monitoring, Safety
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Assets Management & Control
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Cuneo Assets’ Monitoring, Safety
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Social Media Analysis
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Social Media

• Prediction of 
Audience on TV 
programme

• Prediction of 
retweet 
proneness: RF, 
GBM, ..

• Project

– TwitterVigilance

– +NLP, SA
Snap4City (C), April 2024 96

Predicting at EXPO2015



http://www.disit.org
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 
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A Channel
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Reputation

• Prediction/estimation of 
Average Score of Trip 
Advisor as a function of 
Twitter Vigilance Metrics + 
other information

• Prediction/estimation of 
Negative Scores on specific
Museum or service as a 
function of Twitter Vigilance
Metrics + other information
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Training Suggestions
DISIT publications
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2023 booklets

• Smart City
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https://www.snap4city.org
/download/video/DPL_SN
AP4CITY.pdf

https://www.snap4city.org/d
ownload/video/DPL_SNAP4I
NDUSTRY.pdf

• Industry • Artificial Intelligence

https://www.snap4city.o
rg/download/video/DPL
_SNAP4SOLU.pdf

https://www.snap4city.org/download/video/DPL_SNAP4CITY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4CITY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4CITY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4INDUSTRY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4INDUSTRY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4INDUSTRY.pdf
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Development
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Brokers

IoT App
GISBIM

Gateways, satellite

External Services

Web Scraping
Tv CAM streams

Social Media

Brokers

IoT App

IoT App

KB, graph

IoT App
ProcLog.

storage

Data Analytics
Data AnalyticsData Analytics:

ML, AI, XAI

Business Intelligence CSBL

Entity Directory:
Smart Data Models

IoT Data Models
Digital Twins

Federation 
Smart City API

EntityInspector

Dashboard Bld & Mng

Synoptics

HLT Manager

Service Map

Smart Applications

Visual Analytics tools

On Edge 
On Cloud Event Driven

API Manager

Waste Park

Apps

Light

Energy

Maintenance ……

Market/Sharing  Place

A&A, SSO, Blockchain, Resource Managers and Sharing: IoT App, Data Analytics, …

3D Digital Twin

Mobile App

11/23

Environment

Data Managers

Third parties’ solutions

Tech Arch
Web and Mobile Apps
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Brokers

IoT App
GISBIM

Gateways, satellite

External Services

Web Scraping
Tv CAM streams

Social Media

Brokers

IoT App

IoT App

KB, graph

IoT App
ProcLog.

storage

Data Analytics
Data AnalyticsData Analytics:

ML, AI, XAI

Business Intelligence CSBL

Entity Directory:
Smart Data Models

IoT Data Models
Digital Twins

Federation 
Smart City API

EntityInspector

Dashboard Bld & Mng

Synoptics

HLT Manager

Service Map

Smart Applications

Visual Analytics tools

On Edge 
On Cloud Event Driven

API Manager

Waste Park

Apps

Light

Energy

Maintenance ……

Market/Sharing  Place

A&A, SSO, Blockchain, Resource Managers and Sharing: IoT App, Data Analytics, …

3D Digital Twin

Mobile App

09/23

Environment

Data Managers

Third parties solutions

Tools of Tech. Arch.
Web and Mobile Apps



Snap4City (C), April 2024

109

https://www.snap4city.org/944
On Line Training Material (free of charge)

https://www.snap4city.org/944
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Department of Information Engineering (DINFO)

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

http://www.disit.org

• Recall on Snap4City Architecture
• Dashboards Purposes and Uses
• Main Data Kinds: data vs representations
• Dashboards Main Concepts and simple

Widgets
• Creating a Snap4City Dashboard, wizard
• Multi Data Map Widget
• High Level Types, video, external services, 

synoptics
• Selector for the Multi Data Map Widget
• Data Inspector vs Data Processes Details
• Dashboard Management

Snap4City (C), April 2024 110

Part 2: Dashboard production and management



Visual Representations
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Dashboard Builder: Development
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Knowledge Base, 
Km4City

Create, save, load, 
delegate, grant access, 
change ownerhip

Public 
Dashboard 
Collection  

Dashboard Wizard

IOT Applications

Micro
Applicat
ions

External
Services

Dashboard Editor

Widget Collection

Knowledge and Storage
Data from the Field and 
City + MyKPI ++

My Own Dash/App

Custom 
Widgets/
Synoptics

Data Transformation
Business Logic
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Part 3: IoT App, process logic, server side BL
• Recall on Snap4City Architecture
• Node-RED
• IOT App = Node-RED + Snap4City

• IoT App === Proc.Logic
• Examples of IOT App for Smartening

Solutions
• Exploiting/Generating data by using: IoT 

App/Proc.Logic
• External Service <-> IoT App/Proc.Logic
• Dashboards <-> IoT App/Proc.Logic

• Server Side Business Logic
• training material
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Editing IOT Applications

Snap4City (C), April 2024 114

Data Adapation
Data Transformation, Conversion
Data Integration, Interoperability

Business Logic vs Dashboards
Data Analytics control

Everywhere: Cloud, on IoT Edge Devices



Part 5: Data Ingestion and Interoperability
• When Solutions and tools for Data Ingestion and 

Interoperability are needed
• Overview of Snap4City Data Storage and Stack
• Knowledge Base: Modelling and Setting Up
• High Level Types vs Ingestion Process
• Data Ingestion Strategy and Orientation
• Ingestion of Points of Interest with POI Loader
• Models vs Devices/Entities and Registration
• Verification of Data Ingestion

• Digital Twin Data Inspector vs Data Processes Details
• My Data Dashboard Dev to assess data on Open Search 

Storage
• An Integrated Example for Time Series
• Entities Ingestion with Data Table Loader
• High Performance Ingestion via Python
• FIWARE Smart Data Models on Snap4City
• Ingestion of MyKPI with Proc.Logic / IoT App
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Checking data/Entity ingestion results
• ServiceMap, SCAPI, SuperSM

– LOG / LOD viewer

– Super Service Map

– SCAPI: Swagger

– Last data

• Data Inspector (last data)

• IoT/Entity Directory

– IoT Brokers

• ServiceMap, SCAPI (last 
data), SuperSM

• My Data Dashboard, 
OpenSearchDash

• Data Inspector (last data)
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Knowledge base
Semantic reasoners

Indexing and aggregating
NIFI, OpenSearch

Data Inspector
Digital Twin view

ServiceMap or
Super ServiceMap

DevDash

Some functionalities are limited to certain roles

My Data Dashboard 

- All searches
- Metata
- Structure
- Last values of IoT Dev
- GTFS
- Only public IoT Dev

- Faceted search
- Geo search
- Time Series
- Private and Public



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

Part 4: Data Analytics
• Why and Where use DA, AI and XAI --> General 

Life Cycle
• Data Processing
• What is Data Analytics, DA and Artificial

Intelligence, AI
• List of the most relevant available DA and AI 

Solutions
• Predictions and Anomaly detections
• Computing: Higher Level Types Data and their

representations
• How AI/XAI, and Life Cycle
• Using DA, AI, XAI in Snap4City infrastructure

• Data Analytics <--> IoT App / Proc.Logic
• Decision Support Systems and What-If Analysis
• Routing, Multimodal Routing, Dynamic Routing
• Business Intelligence and Visual Analytics
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Data Analytics on Snap4City platform

Snap4City (C), April 2024 118

Sm
ar

t 
C

it
y 

A
P

I f
ro

m
 K

n
o

w
le

d
ge

 B
as

e
 a

n
d

 o
th

er
to

o
ls

Resource Manager

Creating
MicroServices

Saving / 
Sharing
reusing

Using them into
IOT Applications

Knowledge Base, 
Km4City

Ontology Schema LOG.disit.org

Swagger

Big Data 
Store 
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Parts 7 & 8: API, Mobil, Business Intelligence
• Smart City API: Internal and External
• Concepts and tools for using Knowledge Base, ServiceMap, API
• Federated Knowledge Bases and Smart City APIs
• Advanced Smart City API
• Access to Protected data
• Forging and managing: Mobile and Web Apps, MicroApplications
• Web and Mobile App Development Kit
• -------------------------------
• Developing in the smart city IoT/WoT context
• Smart Solutions Development Life Cycle
• Analysis for Innovation (Co-Creation and Co-Working)
• Design: Data, Data Models, Data Relationships
• Design & Develop: Data Processes Proc.Logic / IoT App
• Design & Develop of Data Analytics
• Design & Develop: user interfaces, visual tools
• Visual Analytic vs Data Analytics: Client Side Business Logic 

Intelligence
• Design and Control of Smart Applications
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Dashboards

Proc.Logic/IOT Apps

API, External Services, MicroApp

Dynamic Data:
ServiceURI, MyKPI,  

Req. ServiceURI, KPI

Events and Actions

GIS, HTTPs URLs

Event Driven Synoptics

Traffic Flow, MAPS, Heatmaps

API
ServiceMap

Brokers

Client Side Business Logic
in JavaScript (when needed)Server Side 

Business Logic

Storage 
and KB
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How the  Dashboards exchange data

Third Parties APIs
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Part 6: Platform Architecture, interop and Deploy
• Snap4City Architecture
• Interoperability of Snap4City Platform
• Interoperability with respect to 

Hardware staff
• Adding Features and Modules to 

Snap4City
• FIWARE and Snap4City
• Snap4City vs State of the Art Solutions
• Smart City planning with Snap4City 

Team Support
• The Role of the Living Lab Support
• Snap4City Platform: Administration 

Overview
• Snap4Tech: Smart Solutions as a Service
• Deploy Snap4Tech solutions: Docker 

Based
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Tech Overview
• https://www.snap4city.o

rg/drupal/sites/default/f
iles/files/Snap4City-
PlatformOverview.pdf  
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https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf
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- PCP Award

Roadmap
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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
- Origin-Destination

and trajectories

- Traffic Reconstruction

- Offer Analysis

- OBU, smart devices

- Weather Forecast

- Real Time Wi-Fi

- Entertainment

- 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

DISIT lab roadmap vs model and tools’ usage

Km4City 1.6.6

5G tech

Energy 

Industry 4.0

Synoptics

IOT/IOESII-MOBILITY SCN

(2016-21)

- 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

CEF
- Traffic and Mobility   

Impact on Pollution

- NOX predictions

(2018-21)

- Resilience

Decision Support

- Smart First Aid

- User Behaviour

Analysis, predictions

- Risk Analysis

- Smart Health

- Industry 4.0

- Smart Lonato

Winner of 
Select4Cities 
PCP
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roadmap

2022

2020

- Smart Tourism

- 6 Pilots

- Data Analytics

- Extended platform

- Smart Mobility

- PISA, PUMS

- Living lab

- Smart Light

- Sweden

2021

AMPERE (2021-22)

Industry 4.0

Smart

Ambulance

(2021-22)

Enterprise

(2021-22) 

Industry 

4.0
Almafluida

Industry 4.0

(2021-22)

Winner of Open 

Data Challenge of

PC4City (2020-21)

Monitoring Terrain

Km4City 

1.6.7

PRETTO 
Industry 4.0

UNI.SYSTEMS 
SmartCity, 2021-23

SYN-RG-AI 

SmartCityContract

AXIS collab

SmartCity

Asymmetrica
Smart City, 2022-23

Italferr, Smart City

Italferr
Security and Risk

SODA

Contract, 15min

2022-2023

Contract, 2022-23

Merano, smart light

2023

OceanRace, 
Genova, AWS

Contract, 2022-23

CN MOST, 2022-26

EI THE, 2022-26

2023-26

G. Agile, 2021-23

Cuneo, 
smart city

AMMIRARE

TOURISMO

Rhodes, 
smart city

2024

Contract

Contract
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