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* The City is a system of systems for city users [«
— Cascading effects
* Transport networks
— Main means for rescue teams, food, water, etc.
« Communication, ICT infrastructure
— TV cam, switches, cyber,
* Energy networks

— power supply for health, cyber systems, etc.
* Hospitals networks g
* Aggregation areas o S |

(—

https://www.snap4city.org/download/video/DPL SNAP4SOLU.pdf

Snap4City (C), November 2023 2



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

L J

)
o= Firenze - Trafair - AirQuality Heatmaps - é SNAp4CITy
AT e N T ==\ g i T\
o W ey viel [P
A 7 i

Data Driven Decision Support

* Decision Support system

* Assessment / Strategies = lmSizam

* Data Rendering, L oREEEe
* visual analytics, business intel.. Friisns =

e Data Analytics, ML, Al

* 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

High Level Types

Snap4City (C), November 2023
. / |OT Devices, shapes,..

 FIWARE Smart Data Models,
e |oT Device Models

(*)GIS, maps, orthomaps, WFS/WMS,

GeoTlff calibrated heatmaps, -
e Satellite data, ..
. trafflc flow, typical trends, ..
/trajectorles events, Workflow, ..
3D Models)-BIM, Digital Twins, ..
/OD Matrices of several kinds, ..
e Dynamic icons/pins, ..
* Synoptics, animations, ..
* KPI, personal KPI,..
* social media data, TV Stream,

* routing, multimodal, constraints,

e decision scenarjos, ....
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Standards and Interoperability (6/2023) "’s"“"

Compliant with: Bereus

* loT: 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, ..

* |loT model: FIWARE Smart Data Model, Snap4City loT 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, gITF, 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, .. https://www.shap4city.orq/65

e Social:Twitter, FaceBook, Telegram, ..

 Events: SMS, EMAIL, CAP, RSS Feed, ..

 OS: Linux, Windows, Android, Raspberry Pi, Local File System, AXIS, ESP32, etc.
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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
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https://www.snap4city.org/19

Ingestion, aggreg. = exploit

* loT App Visual

rogramming, no coding

e Data transformation

* Integration, Interoperab.
e Scripting Data Analytics

Data ingestion
Business logic

e Edge and Cloud

* MicroServices data
driven develop via
visual language
Node-RED

Snap4City (C), November 2023
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Available Al 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 P
https://www. snap4C|tv 0

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

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

Snap4City (C), November 2023
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Different Themes
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PARTERRE 7m PARTERRE - ANDAMENTO NUMER
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=

PSNAD

#Users Engaged Trend

New styles/themes can be developed by
specializing a few files from open source

https://www.snap4city.org/793
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3D MULTI DATA MAP - DIGITAL TW
FIRENZE - NEWGUI

R Tue 3 May 14:31:42

Snap4City User Engagement - Newgui

Users Interests

om @ Total Active Days On App

847
days.

Total Days On App

E o HE L ]

&)

minutes

Mean Active Time g

17.5 o
— 240

Mean Active Time Trend

minutes
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AND TECHNOLOGIES LAB

* Real Time: control room, monitoring, acting
— H24 Video Wall representation of the status:

* Quasi Real Time, short term monitoring and

management/acting

— Situation Rooms: interactive data representation with
visual analytics and business intelligence, What-if analysis

by scenario
— Operational management, real time What-if analysis by

scenario
* Mid and Long term, for tactic and strategic
planning/restructuring
— Visual Analytics and in deep Business Intelligence

— Long term What-If analysis

Snap4City (C), November 2023
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° Coﬂ@l@ 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 s
. . [ Support System
e Making plan: tactic and strategic,
medium and long range, micro/macro
o Simulation & predictions natIf <
o Generative Al Prescriptions, scenarios Analysis <

o Resilience to Unexpected unknows
o What-if analysis wrt scenarios

(

,,,,,

@Z]'CTTY

«*ﬁm_

U‘M

¢“SNAP/ciry |

Monitoring
KPI
Digital Twin
Models & Predictions,
Data Anomaly Detectio
nalysis, Assessmerjt
Warning
Simulations

Generative Al

Snap4City (C), November 2023
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SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES napder B
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Smart City Control Room ¢“SNAPLcry
> : FIRENZE m
Florence Metropolitan City
* Multiple Domain Data . Firenze Oggi
* Thousands of Open/Private data, POI, 10T, etc.
obility and transport: accidents, public transport,
arking, traffic flow, Traffic Reconstruction, KPI, . -3
- AN D enwmmwon gOV KPl COVld 19 — T ?g ..,;;.m 3957 = '
social & social media, people flow, tourism, energy, : (S el (i) S (i
culture,
* Multiple dash/tool Levels & Decision Makers

e Real Time monitoring, Alerting, quality assess.
e Predictions, KPI, DSS, what- |fanaly5|s* :

Historical and Real Time data
* Billions of Data_

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

Since 2017

Snap4cCity (C), November 2023 7
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*  Mobility:
* Smart City Control Room «  quality of public transportation service

(mean delay on bus-stops)

* public transport operators schedule and
paths, routing, multimodal routing

* traffic flow reconstruction

* Smart parking: predictions

* Dashboards and Services
* Mobile App: Firenze Where What

Total Traffic Count per hour for Firenze

= 4597

> ¢YSNAP/crry

IR - * Accidents and events, Log, heatmaps
i *  Environment: I
« smart irrigators = s
- *  smart waste \
* Sensors: PM10. PM2.5,..... et 8
*  Heatmaps: PM10, PM2.5, .... -
* NOX predictions e . Tas

* Energy:
* recharging stations (fast and reg.)
* consumption meters (smart info)
~ * smart light, street lights
L _;; Weather
Sr e Forecast and actual

R N

L Energy .
T o ' .

45 196177
u wn

ors

Qualita Trasporto Pubblico - Cloned
a1

(P T

o

e
B Témg

Social:
* smart benches
*  Twitter monitoring, Sentiment analysis,
NLP text
* TV camera streams
People Flows:
*  Wi-Fi, people flow
* Origin destination matrices
* Governmental and Communications:
* KPI of the City
* Digital Signage
* Civil protection, Resilience (Resolute)
*  Tourism and Culture:
* POI, etc.

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

Citizens Engagement

VCTTTOTT ravyas )




FIRENZE
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 |Key performance indicators
R h United Nations Sustainable Development
 Food T Goals, SDGs (for which cities can do more to G ] O b a ]

Economy

®  Housing

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

Ernvironment

Entg

1SMin I

} ;x

SUS AINABLE
" DEVELOPMENT

» ALS

Pollutant

Averaging period

Air Quality Directive

Objective and legal nature and

N Comments
ncentration

WHOguidelines

Concentration Comments

99" percentile

PM, One day 25 pg/m? (%)
(3 days/year)
The target value has become a
5 3
PM, . Calendar year Targetvalue, 25 pg/m Jimit value since 1 January 2015 10 pg/m
PM One d imit val - Not to be exceeded on more - 99" percentile
1o ne day Limit value, 50 pg/m' than 35 days per year. 50 pg/m?® (*) (3 daysiyear)
PM, Calendar year Limit value, 40 pg/m®  (*) 20 pg/m?
) Not to be exceeded on more
O Maximum daily Target value, 120 pg/m? than 25 days per year, averaged | 100 pg/m?®
’ 8-hour mean 8 1e0ke ! He
over three years
Not to be ded th,
One hour Limit value, 200 pg/m® (¥} o110 be exceeded more an 545 pg/m® (*)

18 times a calendar year

=

Calendar year

Limit value, 40 pg/m®

40 pg/m®

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);

PUMS: mobility and transport vs wnv
SUMI: mobility and transport vs env

ISO indicators: city smartness, digitization.
Tech level

VS

Snap4City (C), November 2023
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Traffic Flow Monitoring - Firenze - Cloned?2

Mon 13 Nov 09:32:42
# IN FLOW Firenze IN Traffic Flow (umber of vehicles) (<] Inc Daily Inp...7m) Daily Inputs (monthly) (last value is incremental, real time) (<]
22584 2561752
16938 1921314
nz292 128 0876
. Current - Current
22584 #ofvehicles .- Previous 53726 #ofvehicles -, ;.z5 Previous
0 0
04:00 ogfoo 1200 16:00 20:00 16. Oct 23 Oct 30.0ct 5. Mov 13 Nov
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Tue 3 May 20:14:59
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Green factor

Civil factor

Industrialization
factor
Environment
Index

15Min Economy
Index

15Min Housing
Index

° 15Min Health
Index
o 15Min Food Index

15Min Education
Index

o 15Min Slow Mob
Index

THE PICKED POINT 9m
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Address: Via Casadio N. 1
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Snap4City Analytics

* Decision support systems
* Improvement of life quality

e Sustainable Solutions
I
D@Analyti}

e Risk Assessment

 Reduction of costs
 Resilience sys mMo mg
Slmulat

Prepare
Absorb

Recover
Adapt

\
Crilica\funclmﬂaliw

damage

Y SNAP/ciry

Short Term Predictions

Long Term Predictions,
Typical trends

Recommendations &

Prescriptions

L 2

What-if Analysis

Anomaly Detection
Early Warning

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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DEGLI STUDI QRITM\IEDIO DISTRIBUTED SYSTEMS AND I
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FIRENZE S5 azone DISTAIBUTED BATA INTELLIGENCE

AND TECHNOLOGIES LAB

smart ity Digital Twin City Digital Model with...

D

Intuitive platform

Any Data TYPE, any data source, any protocol
Data storage seamless

Data analytics = artificial intelligence, Al/XAl
- Data Ethics, Al Ethics, GDPR

Data Representation, any kind

Key Performance Indicators, any kind
What-IF analysis — Simulation, prediction, 2D/3D
Micro, Meso e macro scales

On, plg.nnin-g-taet—iean.d;@/egic
Collaborative and shared representation
Sustainable, shared, open source 100%

o A *\ehb;(cgrenze ,)

Ameri pucci

Complex and heterogeneous information, interoperability
o GIS, ITS, AVM, loT, BIM, CKAN, etc.
o Satellite services

o (Maas, last-mile delivery HUBs
o eftc.

Snap4City (C), November 2023
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Ciao roottooladmint

Fri 2 Sep 19:13:07

Enable Lights ¥
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https://www.youtube.com/watch?v=le2XNF8Ftxo
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AND TECHNOLOGIES

UNIVERSITA DI IT
DEGLI STUDI QRITM\IEDIO D|STR|BUSTED SYSTE \f’y SUSTAINABLE
FIRENZE S 8umzoe  Diraeuroiaial S+ DEVELOPMENT

<:ALS CUSNAplICITV 2

GOOD HEALTH
AND WELL-BEING

QUALITY
EDUCATION

e 15 Minute City Index:

— 13 subindexes: energy, slow mobility, fast
mobility, housing, economy education, culture
and cults, health, entertainment, gov, food,

security...

 Monitoring and Prediction of energy
e Stimulating: Bike sharing, e-bikes, car charge,

Community of Energy, planning energy plant

consumption

etc.

o |

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

A4

1

b

Ay ';._“‘
SIIST i - h §

Mot cominirny

S
o

e Smart City infrastructure: monitoring and

e Effective and Low cost smart solutions
* What-if analysis, Simulations

- ¢ Origin Destination matrices computation

resilience, long terms predictions

business intelligence tools for decision
makers

Reduction production costs
Monitoring resource consumption
Optimization of Waste Collection

1

CLIMATE
ACTION

itoring and Predicting: NO2, NOX, CO2,
c flow, pollutant, landslide, waste, etc

c flow reconstruction
and vs Offer of Mobility analysis

1 PEACE, JUSTICE
AND STRONG
INSTITUTIONS

o';:

Shortening justice time

Anonymization and indexing legal docs.
Prediction of mediation proneness
Ethical Explainable Artificial Intelligence

Snap4City (C), November 2023
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UNIVERSITA
DEGLI STUDI QRIT,QTED,O

FIRENZE | &N Savazone

(1) S CUSNApl'CITV
I\/Ioblllty and Transport

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)
e 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
* Computing SUMI, PUMS, etc. (mainly DP)

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

Snap4City (C), November 2023
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DIPARTIMENTO DI
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* Making decision on mobility

and transport solutions =2 T s
what if analysis
* Controlling pollution
* Dynamic Routing for
S >

Firebrigade, Ambulances,
general public

heropoct ze
qerop(\‘%i\rren &

13 foron

<

* Planning Public

Transportation routing
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==
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FIRENZE

DISIT

DISTRIBUTED SYSTEMS
AND INTE!
TECHNOLOGIES LAB

DINFO

RTIMENTO DI
INGE
DELL INFORMAZIONE

SUSTAINABLE CITIES 1 3 CLIMATE

ACTION

Short-Term Prediction of City Traffic Flow
via Convolutional Deep Learning

o= s ; / Q INPUT Convld + Max Pooling 6 BI-LLSTMs layers FullyConnected
= o9 2= ; ~
T 9 16
g “"‘”:,9 8 B @ i I’4..|‘l"l‘ i \t"\. | Wi -'}" """I""..TI“L '\ -
2 G T . =7 =| | £99999
S el e o o us o3 S| & & 2 s
' 5 \ ‘9 I" - ®« | 7 | e e s & 4 @
- e | (999893
Urban data: RF CONV-BI-LSTM -
N Date'tlme — XG BOOST 3000 A
* Traffic DNN - |
e Temporal LSTM £ 2000 |
e Seasonality BI-LSTM £ oo
e L allltion Autoepcoder BI-LSTM i
e Weather — Attention CONV-LSTM
CONV-BI-LSTM .

0 100 200 300 400 500
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¢“SNAP/ciry

«*ﬁm_

U‘M

Chose the best model and/or the best compromise

Quite good
model, RF
1 data source
Easy to compute
and manage

Best model
1 data source
CONV-BI-LSTM

Features adopted in the model Median value of MIAPE for prediction results by technigue min
D Autoenco Attention CONV-

Date Traf Temp | Season weath XGBO der BI- CONV- BI-

time plus oral ality Air poll | er RF O8T DNIN LSTM BI-LSTM LSTM LSTM LSTM
C1 Y v v v Y W 29342 34.552 42.754 49 407 34.865 34,708 37,059 31.365 29.342
c2 Y v v v Y N 29 682 35545 43.400 49 832 35.870 35,707 39,506 35.613 25682
c3 Y Y Y Y N Y 28.782 34441 35.465 36.824 31.555 32,998 33,179 30.854 28.782
C4 Y v v v N N 30.935 35373 38.942 35383 30.564 32,969 35,713 32.485 30.564
C5 Y b b N b b 29.776 34.469 33.425 42301 39.865 37,167 35,161 36.897 259.776
Cé Y Y Y N Y N 29.598 35.547 33.865 36.792 35.097 35,322 29,923 25.981 25.981
c7 Y b b ™ N w 29421 33.711 31.377 34736 40.510 37,110 30,741 30.106 259421
C8 Y X X N N N 31.245 34414 32.026 37.823 40.662 37,538 31,263 30500 30.500
CS Y v N v v W 29.626 36.919 42 187 37.068 [38] 34297 35,608 36,651 31.115 29.626
CcCl0 | ¥ v N v v N 29964 35 802 47.201 41.334 34.743 35,272 40,658 34.116 29.964
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Cl5 Y v N N N W 29972 35423 31.526 46.201 37.209 36,316 32,919 34.313 29972
Cle | ¥ b N N N N 30.960 [14] 34235 30.338 37.068 [23] | 38.082 [39] | 34,235[45] 29,455[46] 28.573 28 535
Cl7 | ¥ N Y Y b w 29281 34.503 72.909 64.557 48 685 41,594 51,026 29.144 144
Cl8 | ¥ N v v Y N 30.184 35350 59458 68.127 46 874 41,112 44,8510 3 30.163
Cls | ¥ N b b N b 28711 34316 45.679 46.211 33.404 33,86 3?,1&/28_5?1 28.571
C20 | ¥ N v v N N 31.211 34.784 51.603 45188 48.643 41,713 )0?%2 30,122 30,122
c21 b N v N v b 30.689 35774 36.428 48 608 40.092 3?,933‘/ 34,8501 33.175 30.689
C22 | ¥ N v N Y N 30.505 36.165 37.337 61.168 34.420 2 34,385 31.434 30.505
C23 Y N v N N W 30.036 34.779 37.583 64341 51.063 42,921 33,455 29328 29.328
C24 | Y N v N N N 32.629 34312 36.849 53854 M 38,112 33,257 29.665 29.665
Cc25 Y N N Y Y Y 28.766 35.906 71.829 65.565 54.403 45,154 52,023 32.218 28.766
CcC26 | Y N N v Y N 30.008 37317 67.870 49 46880 42,098 53,256 38.642 30.008
cC27 | ¥ N N b N b 28 986 35218 57.938 A}_EES 59.419 47,318 43,2598 2B8.658 28.658
C28 | Y N N Y N N 31.068 35.878 66.@34’, 50.957 55.096 45,487 47,057 27.561 27.561
c29 | ¥ N N N Y W 29301 37.532 325 40677 50.303 43,917 35,554 32.784 29
C3i0o | ¥ N N N Y N 29 323 3 37.145 48801 55.064 46,174 34,721 32_294‘4.323
C31 Y N N N N W " 36.331 34.638 56.157 450186 40,673 35,293 = 29964
C3i2 | ¥ N N N N N (29.28;5 34.574 33.028 57.961 44.977 39,775 29,320 (25_612 ) 25612
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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 [L@@‘
prescriptive )

o More detail in the context integrated data RO utin

o Greater realism in deductions and representations

4

o Digital Twin
o

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

Snap4City (C), November 2023




UNIVERSITA
DEGLI STUDI DINFO Dl

d & DIPARTIMENTO DI DISTRIBU ED SYSTEMS
F l RE N Z E INGEGNERIA AND INTER!
DELL'INFORMAZIONE TECHNOLOGIES LAB

What-if Analysis on Pub Transport

* Definition of scenarious impact on
 Traffic, Pollutant, parking, public transport, private flows, etc.

= = 7

. . -
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e KPl analysis o PR . (g e o s ge MFE " nid Ay
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arohe The public transportation system has been analyzed in the City, considering the service offer vs. mobility demand. The top-thirty most
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crowded stops are presented on the right panel and on the map. Please, select your desired scenarios or a stop on the map to perform other
. analysis.
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Environment and Quality of Life

Air Quality Predictions

Firenze - Trafair - AirQuality Heatmaps

Y SNAP/crry

e Multiple Domain Data =
* Traffic Flow data, Pollutant: NOX, CO2, |i
PM10, PM2.5, O3, ....
e 3D City structure, weather, ... — ’M
* Multiple Decision Makers -
e Pollutant Predictions: NOX, NO2, ..
 City officers, energy industries
e Dashboards, What-IF analysis
* Traffic Flow Reconstruction
* Historical and Real Time data =
« Billions of Data 2 A
* Services Exploited on:
* Dashboards, Mobile App
* Since 2020 ¥

Snap4City (C), November 2023
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DELL'INFORMAZIONE

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

FIRENZE

Enwronment and Weather

 Pollutant Predictions: short, long and very long term European Commission KPls

¢“SNAPLcrry s

 NOX, PM10 pollution on the basis of traffic flow, 48 hours (ML, Al, DL)
 Cumulated NO2 average value over the year, ....... (ML, Al, DL)
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)
Optimisation of waste collection schedule and paths (DP, ML)
Computing SDG, SUMI, PUMS, .. (mainly DP)
Etc.

Snap4City (C), November 2023
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* Prediction Traffic Flow Manager on multlple c:|t|es
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* Project:
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Dataset Construction Previsional Model

Dataset Model training
Construction And validation

1 y

= = =
g g 3
2 4 2
= = =
g g g
- £ =
= = =

Model] . E % %
Data

SNAPA4City]Advanced APIs

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

Field: rain,
weather, etc.

(%)
@
(%)
0 . ,
landslide DB S Big Data Model execution
& Storage | Predictipns Shap Assessment
, :: > and KB Data Analytics 10T App
Real Time Management
data from 5
2
(%p]
)
0
£

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

Wir

) SHAF;VaIues'“

~

¢“SNAPciry ;}:

higher = lower
1.00 1 (a)
J BRI N T N &

MaxTemperature Humidity Day3 MaxTempSIR VelMaxSIR Temperature Day15 MinTempSIR

base value
0.4311

base value higher = lower
0.4311 1.00 1 (b)
ppoo o > {{{(
ndSpeed Humidity LevelSIRIdr Day15 Day3  Temperature Day1 MaxTemperatu

base value
0.00 04311 (c)
AEEEEEEEEEEEEELEECaew«

Day3 MaxTempSIR MaxTemperature Temperature LevelSIRIdr Day15

— Day3

MaxTemperature
—— Humidity 21-12-2019
— LevelSIRFre

LevelSIRIdr

PrecipSIR
MaxTempSIR \

2500 2510 2520 2530 2540

predictions

N

g 7 . P
2% b
94 Bas/ ) .
\{b ;D(D gilas:

o - o GE.J. O\ 0 U e
. Dashboards an
. Mobile Apps

64


https://ieeexplore.ieee.org/abstract/document/9732490

Comparing Predictive Model/ar

et e 0
encoder

I3 0.000173 0.000334 0.000600 0.009218
0.000173 0.000334 0.000259 0.009218

0.0131 0.0182 0.0160 0.0960

Accuracy 0.99 0.99 0.99 0.99
Sensitivity 0.79 0.36 0.24 0.19
Specificity 0.99 0.99 0.99 0.99
TSS 0.78 0.35 0.23 0.18
0.01% 0.02% 0.01% 0.11%

0.63 0.35 0.33 0.64

0.70 0.36 0.27 0.29

0.70 0.36 0.28 0.35

2.40 1.72 1.55 1.64

0.70 0.36 0.27 0.29

0.89 0.68 0.99 0.92

Global Explainable Al
-  Feature relevance
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Local Explainable Al - understandin

The local explanation puts in
evidence the features which
provided major contribution to the
prediction

For example considering
FigurelOa, the value of
VelMaxSIR, MaxTempSIR, Day3
and Humidity contributed
significantly to the classification of
the observation as a landslide
event

L N
ci

(e

0Q

single event

base value higher = lower
= /alue
0431 1.00 . (a)
DD D N N N € (((

MaxTemperature Humidity Day3 MaxTempSIR VelMaxSIR Temperature Day15 MinTempSIR

base value higher = lower
0.4311 1.00 ; (b)
W)y ) ) ) (({
WindSpeed Humidity LevelSIRIdr Day15 Day3 Temperature Day1 MaxTemperatu
f(x) base value
0.00 0.4311 (c)
(S @@ @ @A AL

Day3 MaxTempSIR MaxTemperature Temperature LevelSIRIdr Day15

FIGURE 10. Local feature relevance via SHAP, as interpretation of
events in terms of feature values: (a) and (b) are events with predictions
of landslide. (¢) a no landslide event.
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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 or - 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
S : traffic flow data . / S
M { Fon ) |

Traffic Flow data CO2 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 NO2 monthns

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

predictive models are:
Month
dayOfTheYear
NO2

Tmean

Humidity «::
windMean
NoxDomestic
numberOfVehicles
NO2cumulated

NO2progresseveMean

/|
A = .

[ —
mmmm

numberOfVehiclesCumulated

47 SUSTAINABLE CITIES
11 A MMUNITIES
| B}
| B} /
. 1/
A b }
ntk DD\DD‘

2020 values

+30
+&(
+30
+1.20
+150
+180

CLIMATE
ACTION

13

<
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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
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Not to be exceeded more than
NO, One hour imi 5o(* > (*
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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 70
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* Prediction of
people flows
on the basis
of Wi-Fi data

 Anomaly
detection

* Resolute
H2020

e (Classification
of city areas
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DIPARTIMENTO DI
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Predicting City Areas Crowd level S . S
‘Wi-Fi based [ characterizing Users’ Behaviors Pl . ’“’
ey T T - et e
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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

SnapdCity (C), July 2021
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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

e Collecting and managing Communities of Energy

* Monitoring Energy provisioning on recharging station

e Optimization of battery life

* Computing KPI

* Etc.
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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.
e grouped in Zones

Snap4City (C), November 2023
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SNAP/city

Mon 23 Oct 12:42:28 1)

ISPRA Site

Via Jralla

Date Observed: 10/23/2023, 12:30:01 PM
Capacity: 2936 #
Allocation: 1995 #
Occupancy: 883 #
« DAC:-941 #
DOA: -1112 #
DOC: -2053 #
PAC: 67.95 %
POA: 4426 %
» POC: 3007 %
Energy Hot: 4473978 kWh
Energy Cold: 916361 kWh
Power Hot: 36 kW
Power Cold: 0 kW
Outdoor Temperature: 14.07 °C
Total Number of Buildings: 76 of 304 #
Total Number of Floors: 104 #
Total Number of Zones: 139 #
Total Number of Parking Areas: 4 #

—See Trends

I T Parking Overview
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Occupancy Weekly Time Trend Compare Office Mg 9m

100

=

= 803.9

. i 5

\ Temp. 9m

N A U e U A W
3. bet 4. bet 5. Dct 6. bet 7.bct

- i -

DOA - DOC - DAC

l
]\

bt 5. bot : ) ) 206

]

|

|
3,&)«( 4

Percentage POA - POC - PAC 4am o

100

o

*m}

\

A
/U M
bet 4. bet

o

Ve =
S B ERETER
3. bcl 4. bﬂ 5. bﬂ B J)Ct 7. J)ct

® DOA + DOC m DAC

5. bet

Occupancy Per Zones - Monthly Time Trend Comparison Stacked

3. 5.

75

N ,,_,WM"L_.MH L,M

14. Sep 16. Sep

@ Zone A - occupancy

Percentage Per Zones - Monthly Time Trend Comparison

LW

24.'scp 30. Sep

@ Fone B - occupancy @ Zone mf_C_P1_P2 - occupancy Zone D - occupancy

. [
I\ R A

14. Sep 16. Sep

24. ISW 26. ISI:D 28. ISI:I'I 30. Iﬁl‘l

® Zone A - POA + Zone A - POC Zone B - PAC + Zone mf_C_P1_P2 - POA = Zone mf_C_P1_P2 - POC Zone mf_C_P1_P2 - PAC

Heat Power Heat Energy 9m Energy Trends

Average Hourly Power

0 KW 1931279 kWh 8

2‘" 0 kWh
1

Cold Power Cold Energy 9m 4.bet

Heat Power (

kW)
0 kw 888311 kWh Cold Energy (KWh)

En./Pax

&6cl o >
W Heat Energy (kWh) o Kvuh




LTS

UNIVERSITA DINFO . ~ o LB

DEGLI STUDI | ppapmivento ol DISTRIBUTED SYSTEMS ) ) Km/4[CITY)

FIRENZE | BSitEimaone | SERGEEs e ‘ ) CITY L=
__ _J - N B e

Ispra Floor, Zone And Room Detalils Fi6Oct18:4154 @@

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%

SO ERLLCRN T Allocation v |

Date Observed: 10/6/2023, 12:01:00 PM

Zone Id: 58A_PT_B

Capacity: 1

Allocation: 0

mq: 12.16

Average hourly temp. Xi: 24.07°C

Average hourly temp. Xs: 20.92°C

Average hourly temp. Xt: 6.00°C

Heat Start temp.: 17.92°C

Cold Start temp: 23.92°C
e
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