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* Digital Twin
— Connected with real systems

— Modelling aspects: structural, visual, 1 it SRGE
informative, real time data sensors (context), i+~
POI, functional, resources, etc.

— Analytics: Al/XAl techniques, simulations,
users’ needs, etc.

e Easier to understand the context, review
from multiple points of view

e Useful to perform
— Discussion with city users
— Support decision makers

— By Case Experiments for analysing

* New solutions, impact of disaster (natural and
provoked)

* Reduction of costs in the analysis, in reduction of
mistakes
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* POI, IOT Devices, shapes,.. i—
* FIWARE Smart Data Models, ﬁ#i%‘* =
* |loT Device Models e g
e GIS, maps, orthomaps, WFS/WMS
GeoTiff, calibrated heatmaps, .. g
* Satellite data, any kind.. : iyl W

* traffic flow, typical trends,

* trajectories, events, Workflow, ..
* 3D Models, BIM, Digital Twins, .. |~
e OD Matrices of several kinds, .. | = ¥

4000

e Dynamic icons/pins, .. B - & :
* Synoptics, animations, .. 3 hmerigolggpuc
* KPI, personal KPI,.. -m
* social media data, TV Stream,
* routing, multimodal, constraints,
* decision scenarios, B,
° etc. o luenen | pineo st
10/22 FIRENZE | 5580w | RENGREL e
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New styles/themes can be developed by
specializing a few files from open source

https://www.snap4city.org/793
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FIRENZE

Smart City Control Room ﬂé ¢“SNAPLcry
g
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Florence Metropolitan City

* Multiple Domain Data -  Firenze Og|
* Thousands of Open/Private data, POI, |OT, etc. P — e ,g::f:f

* mobility and transport: accidents, public transport, | ‘..._,e
parking, traffic flow, Traffic Reconstructlon KPI, . —

* AND: environment, civil protection, gov KPlI, cowd 19,
soi:lal & social medla people flow, tourism, energy,
culture, .

* Multiple dash/tool Levels & Decision Makers
e Real Time monitoring, Alerting, quality assess.
* Predictions, KPI, DSS, what- |fanaly5|s* T

e Historical and Real Time data
* Billions of Data =
* Services Exploited on: [FE_==agi
* Multiple Levels, Mobile Apps, API o

Snap4cCity (C), November 2023 9 ;
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Snap4City What-If

* Decision support systems
* Improvement of life quality
 Sustainable Solutions

* Reduction of costs _
Data Analytics

e Risk Assessment

* Resilience System Modeling

and Simulation

|
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Models
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L 2

Scenarious

What-if Analysis

Anomaly Detection
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Disaster Recovery

l

Strategies and

Plans

Partial

Decision Support System: neuro-symbolic reasoning
targeting Indicators: Quality of Life, PUMS, SUMI, KPI, SDG, 15Minindex,...
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https://www.youtube.com/watch?v=le2XNF8Ftxo

SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES SNAD4cnv

TOP

\1"!&
‘Zﬁt ‘
O I 4
B ‘ B, 4
i 1‘ ; ! 5 0}
' % ‘ N l'
9 sm,' m&? \V )\ PR (V/
(‘ F“a ' X "’éﬂ ‘ l“ 1 % {}' \r‘;’/, )‘"" { l\" ll 4
2 5 AP N r V FE VIR
} | ARAC R .“" el s Xé‘ ks .,s‘: . W(
:\y“ > & Egr‘i, o e'«“l \‘v‘ ( 4»"4 ggé g . 4b : : 41 Appliances and Dockers .; f
.,-.( W ‘\, qu : . r*« / KIXIKL q A X i “ A | 5o
“é," . 5:"‘ :‘5044 'Mﬂ H 'A;’A!,“ “ M(V{}“ 4‘ ' ,"‘ ”;u‘ )‘,}vg ’:5.:‘ i »‘e-“ ;;\"’l’ t:‘\‘,'! 4:*\ a——a ",J |nSta"athHS S 04X
KA o XY vﬁ;\\ "‘; M%7 KPS I Y] N Rl B 0 3 : OGRS
' 0 6@)’4 E’\‘ ;()' \» t‘(«\“ é ;""z"';: 'A‘ ; ﬂ ‘g ‘4(‘ g‘%’é ::0 : ’aﬂ \?§g! E{‘a 4] )" “’){{ :ﬂ',,' 'f:,; : A 4 ‘E:“ 5’; '\(; ‘ ’ ‘ NF‘$ q’ 0 ',;‘; 'g:: s,‘;'
X , «V <D \'As S DAY JA( “‘ % £505 8 A rvﬂ) 0 X S DA K
R DA B B LR KA RV A HIROK ”‘ N mm Sflapd Qity{U]Nove ».«».@- P K A D !AV’AQ }'«‘A Wi N2 v in! ORI R Y




iy DINFO  DISIT :
4 fpEETOY | pSTeTRIEEar SN Ap4
s F I R-EN ZE DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE CITy § o€

Available Al Solutions on Sne
* 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 P
https://www. snap4C|tv 0

* Low level TeChniCIUGS rg/download/video/DPL
SNAP4SOLU.pdf

https://www.snap4city.org/download/video/course/p4/
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Predictions for: traffic flow, smart parking, smart bike sharing, people flows, etc. (ML, DL)

* What if analysis: routing, traffic flow, demand vs offer, pollutant, etc. (Simulation + ML)
» Traffic flow reconstruction from sensors and other sources (simulation + ML)
* Public Transportation: Ingestion and modelling of GTFS, Transmodel, NeTEx, etc. (DP)

* Analysis of the demand mobility vs offer transport of according to public transportation and multiple

data sources (Simulation)

* Assessing quality of public transportation (analysis)
* Accidents heatmaps, anomaly detection (analysis, ML)
» Tracking fleets, people, via devices: OBU, OBD2, mobile apps, etc. (DP)
* Routing and multimodal routing (multistop travel planning), constrained routing, dynamic routing (DA)
e Computing Origin Destination Matrices from different kind of data (analysis, DP, DP)
* Computing typical trajectories on the basis of tracks (analysis, ML)
* Computing Messages for Connected drive (DP)
e Slow and Fast Mobility 15 Minute City Indexes (analysis, DP, ...ML)
* Computing and comparing traffic flow on devices and at the city border (analysis)
* Typical time trends for traffic flow and loT Time series. (analysis, ML)
* Impact of COVID-19 on mobility and transport
e Computing SUMI, PUMS, etc. (mainly DP)

» Definition of Scenarios: traffic, road graph, conditions, etc.

Snap4City (C), November 2023
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* Making decision on mobility
and transport solutions =2
what if analysis

* Controlling pollution

* Dynamic Routing for
Firebrigade, Ambulances,
general public

* Planning Public
Transportation routing

i@  Firenze
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ACTION

Short-Term Prediction of City Traffic Flow
via Convolutional Deep Learning
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o Event planning, via what-if analysis
o Change in the graph structure of the city

o Impact on the flow of people and vehicles

o Adaptation: public transport, traffic, pedestrian management, etc.

o Immediate reaction to natural events or not

o Everything is ready and updated in real time

o Each view is contextualized in terms of data: descriptive and &[m‘

prescriptive

o Digital Twin

o More detail in the context integrated data

o Greater realism in deductions and representations

o Less fragmentation and non-uniformity in the views to support

decisions
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What-if Analysis on Pub Transport

* Definition of scenarious impact on
 Traffic, Pollutant, parking, public transport, private flows, etc.
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» Pollutant Predictions: short, long and very long term European Commission KPls
 NOX, PM10 pollution on the basis of traffic flow, 48 hours (ML, Al, DL)
 Cumulated NO2 average value over the year, ....... (ML, Al, DL)

e Computation of CO2 on the basis of traffic flows (DP), computing emission factor (DA)

* each road for each time slot of the day

 Prediction of MicroClimate conditions for diffusion (ML, Al)
* NO2, PM10O, PM2.5, etc.

* Prediction of landslides, 24 hours in advance (Al, DL)

* Heatmaps production, dense data interpolation (DP) for
 Weather conditions: temperature, humidity, wind, DEW

* Pollutants and Aerosol: NO, NO2, CO2, PM10, PM?2.5, etc.

* Impact of COVID-19 on Environmental aspects (DP)

e Optimisation of waste collection schedule and paths (DP, ML)
* Computing SDG, SUMI, PUMS, .. (mainly DP)

* Etc.

Snap4City (C), November 2023

- ﬁm-

18



"Gn“.m,

oot sopn DINFO - DISIT e 'SNAP ity
FIRENZE B poe  Domermcnoloatsise (2 [ /J ronment CITY =t

AND TECHNOLOGIES LAB

* Prediction Traffic Flow Manager on multlple c:|t|es
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Dataset Construction Previsional Model

Dataset Model training
Construction And validation
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Model] . E % %
Data

SNAPA4City]Advanced APIs

Snap4City Servers and Tools:
Dashboard manager, Heatmap
manager, GeoServer, Smart City API.

Field: rain,
weather, etc.
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E. Collini, L. A. I. Palesi, P. Nesi, G. Pantaleo, N. Nocentini and A. Rosi, "Predicting and Understanding Landslide Events with
Explainable Al," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.

https://ieeexplore.ieee.org/abstract/document/9732490 Snap4City (C), November 2023
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 Traffic Flow is one the main
source of CO2
e K1: Fluid Flow

* K2: Stop and Go WA, S
[Computing Traffic FIOW] * Dense estimation of CO2 into - Quii,;,-./?’}"fi\: SAE
into CO2 sensor area oy - R A T e B i |
the city is very useful toknow |~ L
to target EC’s KPIs o
Computing CO2 on the basis of O T
% 8 : traffic flow data . / S
M { Fon ) |

Traffic Flow data COZ2 estimation

S. Bilotta, P. Nesi, "Estimating CO2 Emissions from IoT Traffic Flow Sensors and
Reconstruction", Sensors, MDPI, 2022. https://www.mdpi.com/1424-8220/22/9/3382/
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KPl on NOZ2

Deep Learning Long Terms Predictions of NO2
mean values, From 30 to 180 days in advance

2020 values
+30

predictive models are:
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Air Quality Directive

Objective and legal nature and

WHOguidelines

Pollutant Averaging period ) Comments Concentration Comments
concentration
99" percentile
PM, One day 25 pg/m? (*)
{3 days/year)
oy Calendar vear o RVEIE. 55 e The target value has become a o i
2B y argetvalue, 2> pgim limit value since 1 January 2015 Hg/m
PM . Not to be exceeded on more 99" percentile
10 One day Limit value, 50 pg/m? than 35 d 50 pg/m? (*)
an ays per year. (3 days/year)
PM,, Calendar year Limitvalue, 40 pg/m?* (¥} 20 pg/m?
. ) Not to be exceeded on more
0 Maximum daily Target value, 120 pg/m? than 25 days per year, averaged | 100 pg/m?
’ 8-hour mean & ' Ke ys per year. 5 re
over three years
Not to be exceeded more than
NO, One hour imi 5o(* > (*
b Limitvalue, 200 pg/m* (*) 18 times a calendar year 200 pg/m? (*}
NO, Calendar year Limit value, 40 pg/m’ 40 pg/m>
22

Snap4City (C), November 2023



UNIVERSITA
DEGLI STUDI

FIRENZE

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

,,,,,

@Z]'CTTY

«*ﬁm_

U‘M

DISTRIBUTED SYSTEMS
AND INTERNET y
TECHNOLOGIES LAB CI T

Clty Users Behaviour, Safety, Security and Social Analysis

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, Al)
e origin destination matrices, hot places, time schedule,
e 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)

Snap4City (C), November 2023 23
Ete p4City (C)



UNIVERSITA
DEGLI STUDI

FIRENZE

INGEGNERIA

* Prediction of
people flows
on the basis
of Wi-Fi data

* Anomaly
detection

* Resolute
H2020

e (Classification
of city areas
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wiel I ]
pencll ol el .
Predicting City Areas Crowd level S . S
‘Wi-Fi based [ characterizing Users’ Behaviors Pl . ’“’
ey T T - et e
: Q ) T
% ) 3
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9
S
%

GuesﬂngrnnnberofusersdeVhFiAccessPohns

/Cluster confic’iz/ce
AP average and confidence,

Actual AP trend for today

Predictive

AP prediction for the next time slot in the Gay on the basis of past weeks
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Smart Buildings, Snap4Building

 Digital Twin for monitor, control and manage distributed infrastructures
» 2D/3D representations of the whole set of buildings, BIM modeling
e Entities (building, floors, rooms, parking, charging stations, gates, etc.)
with their shapes and descriptors, and data monitoring the allocation to
office, meeting, cafeteria, storage, stairs, elevator, etc.
* Monitoring and computing KPI on real time for
* energy consumed or produced (hot/cold), parking, logistic, presences,
cleaning, air quality, departments, subareas, maintenance, etc.
* allocation/designation, dispositions, heating, cooling, temperature,
equipment, etc.
* grouped in Zones

Snap4City (C), November 2023
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Ispra Floor, Zone And Room Details Fri 6 Oct 18:41:54

Floor PT of Building 58A

« Date Observed: 10/6/2023, 6:30:02 PM
« Capacity: 37
« Allocation: 31
= Occupancy: 1
o DAC: -6#

DOA: -30#

DOC: -36#

PAC: 83.78%

POA: 3.23%

POC: 2.7%

S CEWLL RN EIGTE Allocation v

Date Observed: 10/6/2023, 12:01:00 PM
. Zone Id: 58A_PT_B
BU||d|ng 58A PT Trends Mon 9 Oct 13:51:30 ~1=] Capacity: 1

Allocation: 0
mq: 12.16
Average hourly temp. Xi: 24.07°C

Capacity - Allocation - Occupancy Organization:Orion-1:Floor2_58A_PT - Occupancy Average hourly temp. Xs: 20.92°C

a - Average hourly temp. Xt: 6.00°C

| Heat Start temp.: 17.92°C

Y "‘_‘ : m - Cold Start temp: 23.92°C
NI A A AW

3.00 400 5.0 €0 1.0

4 ~ I M il B p M
SO AR MM A TR A RK LA

®Zo0eA-POA 4 ZoneA-POC  ZomA-PAC  wZonwB-POA  WZowB-POC & ZonsB-PAC

Occupancy Per Zones - Monthly Time Trend Comparison Stacked
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* Monitoring Energy Consumption in single building, area and per zone

* Matching Energy consumption with respect to the actual usage

* Computing Roof orientation for Photovoltaic installations

* Simulation of Photovoltaicc installations to identify the best parameters of
size and storage

 Smart Light management, unicast and multi cast management, smart light
controlled by traffic flow data

* Collecting and managing Communities of Energy

* Monitoring Energy provisioning on recharging station

e Optimization of battery life

* Computing KPI

* Etc.
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https://www.snap4city.org/944

On Line Training Material (free of charge)

¢“SNAPciry E::

Ist part 2nd part 3rd part 4th part 5th part 6th part 7th part 8th
g . Data Ingestion |System and Deploy| Smart City APl: |Design and Develop
O Dashboard IOT A IOT Network, Data Anal
ot Lol PP S AN aes processes Install Web & Mob. App Smart Solutions
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2023 booklets

* Smart City * Industry

https://www.snap4city.org  https://www.snap4city.org/d https://www.snap4city.o
/download/video/DPL SN ownload/video/DPL SNAPA4| rg/download/video/DPL
APACITY.pdf NDUSTRY.pdf SNAP4SOLU.pdf
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