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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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Challenges vs Technologies
• DSS, Decision Support Systems, with multiple objectives:

• Quality of life for citizens, improvements of services, cost reduction, 

innovation, attractiveness for tourists and/or industries and/or commercial 

activities, etc.

• provide the decision-making process with simulation tools integrated with 

short-, long- and very long-term prediction algorithms 

→ what-if analysis

• Analyse incipient events to cope with events;

• Analyse future situations for structural planning:  tactics/strategic.

• Opportunities and needs

• exploit huge amounts of heterogeneous data (Big Data) that come from the 

territory, from the structures and services of the city and from the stakeholders;

• flexible, dynamic and interoperable models and analysis tools;

• accessible for:

▪ Operators, decision-makers, stakeholders;

▪ In some measure also for citizens: as a tool for illustrating and discussing 

possible solutions and development plans with them: cowork
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• Digital Twin

– Connected with real systems
– Modelling aspects: structural, visual, 

informative, real time data sensors (context),  
POI, functional, resources, etc. 

– Integration: AI/XAI techniques, simulations, 
users’ needs, etc.

• Utility to
– Experiment via simulations and analysis by 

case
• Reduction of costs to experiments new solutions
• Share the possibilities with city users

– Virtual Representation 
• Easier to understand  the context, review from 

multiple points  of view 

– Who
• Discussion with city users, decision makers
• Support: decision makers, proposers of solutions
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3D representation of the city with…

• geomorphological, hydrogeological aspects,

• private and public transport networks, 

• waste recovery systems, 

• weather conditions, climate and microclimate,

• events, emergencies, ..., parking, sharing, ... 

• tourist and city user flows, origin destination matrices, 

• commercial activities, urban decorum, public lighting,

• green areas, cleanliness, safety on the road and in pedestrian areas, 

• places for entertainment events, cultural activities, attraction and
aggregation points of the city,

Complex and heterogeneous information, structured and
unstructured, historical series and in real time data, public/private and
sensitive data for security aspects.

o → Reuse of legacy systems

o GIS (Geographical Information System), 

o ITS (Intelligent Transportation System), 

o AVM (Automatic vehicle monitoring),

o from IoT (Internet of Thing) systems and networks. 
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Main tasks
• Unexpected unknows

• Controlling Status: management, and operational

o Monitoring via KPI

o Computing predictions data from the field and KPI

o Anomaly detection

o Early warning on critical conditions 

• Making plan: tactic and strategic, medium and long range

o Prescriptions

o Risk assessment

o What-if analysis on scenarios
o Simulation and predictions

o Resilience
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Available DA / AI Solutions on Snap4City
• Mobility and Transport

• Environment, Weather, Waste, Water

• City Users Behaviour and Social analysis

• Energy and Control, Security, …..

• High Level Decision Support Solutions

– Management Strategies

– Resilience and Risks Analysis

• Low level Techniques
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Public Spaces as Critical Infrastructures
• City is a system of systems

– Cascading effects

• Transport networks
– Main means for rescue teams, food, water, etc.

• Energy networks
– Communication, power supply for health, cyber 

systems, etc.

• Hospitals networks

• Aggregation areas
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Early Warning, Detection

Snap4City (C), September  2023

City Resilience 

damage

Prepare
Absorb
Recover
Adapt
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ResilienceDS Tool

• FRAM Model
– Macro FRAM processes

– Metrics for Process complexity assessment 

– Operational Semantic for executing FRAM 
model

– Connection with SmartDS

– Connection with BigData open to multiple 
sources of data and workgroup results, 
Km4City

• Collaborative work, web tool

• Open for all

• Validated on ERMG: European Guidelines
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• Smart Decision Support System 
based on System Thinking plus

• Actions to city reaction, 
resilience, smartness, ...

• Enforcing Mathematical model 
for propagation of decision 
confidence..

• Collaborative work, …
• Processes connected to city data: 

DB, RDF Store, Twitter, etc.
• Production of alerts/alarms
• Data analytics process
• Twitter Processes
• reuse, copy past, …
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Risk Assessment
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Assessing Risk
• hydraulic
• Seismic

Risk Assessment
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• 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/topic
s/air_en);

• PUMS: mobility and transport vs wnv
• SUMI: mobility and transport vs env
• ISO indicators: city smartness, 

digitization. Tech level

• ….
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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), September  2023 20
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Florence Digital Twin
https://digitaltwin.snap4city.org
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Smart City Control Room 
Florence Metropolitan City
• Multiple Domain Data 

• Thousands of Open/Private data, POI, IOT, etc.
• mobility and transport: accidents, public transport, 

parking, traffic flow, Traffic Reconstruction, KPI, …
• AND: environment, civil protection, gov KPI, covid-19, 

social & social media, people flow, tourism, energy, 
culture, …

• Multiple dash/tool Levels & Decision Makers
• Real Time monitoring, Alerting, quality assess.
• Predictions, KPI, DSS, what-if analysis

• Historical and Real Time data
• Billions of Data

• Services Exploited on:
• Multiple Levels, Mobile Apps, API

• Since 2017

reference
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Major of Florence City
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Connected Dashboards 
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Dyamic Routing in 3D space
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OCULUS
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Data Analytic

Artificial Intelligence, XAI, 

Machine and Deep Learning
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Decision Support System 
targeting Indicators: Quality of Life, PUMS, SUMI, KPI, SDG, 15MinIndex,…

Snap4City Analytics
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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



• 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), September  2023 31

• 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



What-if Analysis on Pub Transport
• Definition of scenarious impact on 

• Traffic, Pollutant, parking, public transport, private flows, etc. 

• KPI analysis

Snap4City (C), September  2023 32
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Users’ Engagement

Snap4City (C), September  2023 35

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
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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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A view and data from the Thermal Camera 
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Environment 
• Prediction 

– NOX Pollutant 
diffusion on the 
basis of Traffic 
Flow (prediction), 
weather and 3D 
structure

– NO2 progressive 
average (Long 
term) 

• Project: 
– Trafair CEF EC

– Mixed solutions 
of Fluidinamics 
modeling and AI

Snap4City (C), September  2023 39
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SNAP4City
background

Data Analytics IOT App 
Management

Snap4City Servers and Tools: 
Dashboard manager, Heatmap 

manager, GeoServer, Smart City API.In
ge

st
io

n
   

   
   

P
ro

ce
ss

e
s

Real Time 
data from 
Field: rain, 

weather, etc.

Model training
And validation

Predictions

Dashboards and 
Mobile Apps

Dataset
Construction

Previsional Model

landslide DB

Dataset Construction

Model execution
Shap Assessment

SNAP4City Advanced APIs

Big Data 
Storage 
and KB

Data

Model

predictions

Predicting Land slides

E. Collini, L. A. I. Palesi, P. Nesi, G. Pantaleo, N. Nocentini and A. Rosi, "Predicting and Understanding Landslide Events with 

Explainable AI," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.
https://ieeexplore.ieee.org/abstract/document/9732490 Snap4City (C), September  2023 40
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Be smart in a SNAP!
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