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2nd part

3rd part
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6th part

7th part

8th

what

Overview

Dashboards

10T App, IOT Network

Data Analytics

Data Ingestion
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System and Deploy
Install

Smart City API:
Web & Mob. App

Design and Develop
Smart Solutions

PDF 2022
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(2022)
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Course 2023: https://www.snap4city.org/944
— Introductionary course to Snap4City technology

Course https://www.snap4city.org/577
— Full training course with much more details on mechanisms and a wider set of
cases/solutions of the Snap4City Technology
 Documentation includes a deeper round of details

— Snap4City Platform Overview:
* https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf

— Development Life Cycle:
* https://www.snap4city.org/download/video/Snap4Tech-Development-Life-Cycle.pdf

— Client Side Business Logic:
* https://www.snap4city.org/download/video/ClientSideBusinessLogic-WidgetManual.pdf

* On line cases and documentation:
— https://www.snap4city.org/108
— https://www.snap4city.org/78
— https://www.snap4city.org/426

SnapA4City (C), September 2023
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Snap4City Platform

Technical Overview

From: DINFO dept of University of Florence, with its

DISIT Lab, Https://www.disit.org with its Snap4City solution
Snap4City:

*  Web page: Hitps://www.snapdcity.org

s https://twitter.com/snapdcity

w.facebook.com/snapdcity

Contact Person: Paolo Nesi, Paolo.nesi@unifi.it

Phone: +39-335-5668674
Linkedin: htt
Twitter: https:

FaceBook: https

8]

ww.linkedin.com/in/paolo-nesi-849ba51/
.com/paolones
www facebook.com/paolo.nesi2

0
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 https://www.snap4city.o
rg/drupal/sites/default/f
iles/files/Snap4City-
PlatformOverview.pdf
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* Powered by

5NAD4Tech

Development Life-Cycle

https://www.snapdcity /download/video/Snap4Tech-Devel Life-Cycle-v1-1.pdf

From SnapdCity:

=  We suggest you to read the TECHNICAL OVERVIEW:
o https://www.snap4city.org/download/video/Snap4City-
PlatformOverview.pdf
s htips apdcity.org

ebook.com/snapdcity
https://www.youtube.com/channel/UC3tAOO9EBNba8f2-udvandg

Coaordinator: Paolo MNesi, Paclo nesi@unifi.it

DISIT Lab, https://www disit org
DINFO dept of University of Florence,
Via 5. Marta 3, 50139, Firenze, ltaly
Phone- +39-3135-54AR474
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Register on WWW.snap4city.org I0TanddataWorld | o1 pppications _, Pshooards and Apes

— Subscribe on DISIT Organization

* You can:
— Access on basic Tools

— Access to a large volume of Data
— Create Dashboards

t
— Create |OT Applications e
— Connect your IOT Devices GVe/:\ ger
: : . Nalytics, m PMment, 4 ith fuy
— Exploit Tutorials and Demonstrations Chine Ja, SO for Dat,
rnj
’ etc.
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 Why and Where use DA, Al and XAl [ General Life Cycle

* Data Processing

 What is Data Analytics, DA and Artificial Intelligence, Al

* List of the most relevant available DA and Al Solutions

* Predictions and Anomaly detections

 Computing: Higher Level Types Data and their representations
 How AIl/XAI, and Life Cycle

* Using DA, Al, XAl in Snap4City infrastructures
— Data Analytics €2 loT App / Proc.Logic

* Decision Support Systems and What-If Analysis
* Routing, Multimodal Routing, Dynamic Routing
* Business Intelligence and Visual Analytics

* Training Material

SnapA4City (C), September 2023
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Agile Development Life Cycle by sprint

Smart Solutions
’f fr
Sprint

Sprint
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Development Life Cycle
Smart Solutions

Data Discovery
Data Modeling

D at
loT App,
Proc.Logic

ML, Al, XAl
Python, RStudio

Special Tools
Userinterface
Dashboards

N

i

)

A

1
A

Data Processes

Data Analytic

-
=

Userinterface +
Business Logic

P
«

Validation
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DIPARTIMENTO DI DISTRIBUTED SYSTEMS K]

FIRENZE | BS5ikumaone | FEENGSSEs e N Ap4c|'|'y e s0 €

1o e,

=

* Analyze
e Alerting, Early

Warning
* Support Decision

makers Smart City
* Plans Engine
* Prescriptions
* |Inform
* Suggest ¢ | P
* Engage \/_ ~7 “Linkealz)
e Research L ata: Public and Private, Static and Real Time ]

Snap4City (C), September 2023 14
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Data Driven Decision Support

* Decision Support system SR, O
* Assessment / Strategies = = |=fizie

* Data Rendering,
e visual analytics, business intel..

e Data Analytics, ML, Al

* Data aggregation, Storage, SR LS L :
indexing e

* Data Ingestion

Sk nj’%,o UNIVERSITA
2 | DEGLI STUDI

DINFO |DISIT
DIPARTIMENTO DI DISTRIBUT‘ED SYSTEMS
NNNNNNNN IA AND INTERNET

DELL'INFORMAZIONE TECHNOLOGIES LAB

FIRENZE

53
.
<
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Snap4City Analytics

* Decision support systems
* Improvement of life quality
e Sustainable Solutions

 Reduction of costs ,
Data Analytics

e Risk Assessment

* Resilience System Modeling

and Simulation

|

Knowledge

Prepare ¢“SNAP/crry
Absorb =By
Recover .
Adapt | e

damage |7 £ -

Anomaly Detection
Early Warning

Short Term Predictions

Long Term Predictions,
Typical trends

Recommendations &

Disaster Recovery

l

Models

Strategies and

Scenarious

Prescriptions / Plans
What-if Analysis /Partialv

Decision Support System

Targeting Indicators: Quality of Life, PUMS, SUMI, KPI, SDG, 15Minindex,...
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e Data Processing, definition
* Computing KPI & Indexes

* Traffic flow data
— Computing Traffic Flow In/out of the city

— Computing CO2 from traffic flow data

 Computing quality of Public Transportation

SnapA4City (C), September 2023

18



3 UNIVERSITA  IJINIFO x SuEgae
A5 FIRENZE RESUE©r  pemeimesmssn, o
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e e e e
Definition: Data processin
e

* Data Processing: transformation of data into meaningful information
through various operations and manipulations.
— make informed decisions, and support various business processes

— Via: collecting, data entry, organizing, analyzing, interpreting data to extract
insights, validation, sorting, filtering, aggregation, computing indexes,
calculation, and reporting.

— - convert data into a more usable and valuable form for further analysis or
decision-making purposes.

* Snap4City provides support for implementing Data processing:
— Proc.Logic / loT Apps: on cloud and on Edge
— Python processes in containers or on Edge
— R Studio processes in containers, on server, on premise

Snap4City (C), September 2023
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INT Rrnlker M
|OT Broker ©

FILAR

Big Data C

LD, LOD

Dashbods and Apps

7,642,593

L—E FI-UARE
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e POI, IOT Devices, shapes,.. '
* FIWARE Smart Data Models, C ‘
* |oT Device Models =
* GIS, maps, orthomaps, WFS/WMS,
GeoTiff, calibrated heatmaps, ..
 Satellite data, .. | o
* traffic flow, typical trends, .. ) ; —

° trajectories, events, Workflow, .. - o\
* 3D Models, BIM, Digital Twins, .. | ... :

* OD Matrices of several kinds, .. 3
 Dynamic icons/pins, .. =S |

s 3 ~ e A N 1 TS & .. ampacs [ - Xero}b(gg:ﬁ\vrenze
) SynoptICS, animations, .. 10 || it i = T ] o -merigofigepucct
40 fe C / A e oS, R 5 5

e KPI, personal KPI,.. L%
e social media data, TV Stream, S NGRS
* routing, multimodal, constraints, :

* decision scenarios, ....
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|
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Y £ NS
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ISYIN

o
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ﬂ-.@ift
gyuped

(838865
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Ingestion, aggreg. = exploitation

* loT App Visual

rogramming, no coding

e Data transformation

* Integration, Interoperab.

Data ingestion
Business logic

e Edge and Cloud

* MicroServices data ¢
develop via
visual language
Node-RED

Snap4City (C), September 2023
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Social Media
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Web Scraping
Tv CAM streams
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Entity Directory:
Smart Data Models
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Digital Twins

/ APl Manager

Federation
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/ Web and Mobile Apps

Smart Applications

Park

Waste

Light

Energy Environment

Maintenance

Mobile App

Apps

Visual Analytics tools

Business Intelligence CSBL

Data Managers
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oM - Not to be exceeded on more 99" percentile
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- ; Gt
indicators C¥SNAPLcry

e United Nations Sustainable
Development Goals, SDGs (for which
cities can do more to achieve some of
the 17 SDGs, https://sdgs.un.org/goals);

e 15 minutes cities (where primary
services must be accessible within 15
minutes on foot);

Global
Vs
Local

e 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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Sustainable Development Goals (SDGs) - Obiettivi di sviluppo sostenibile
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* Can be formally defined or not S FUAR\, SaSROPE
— Italian PUMS is not fully formally defined conemy N 5] AT S5 g
. .\\4 4 3 3//. Culture
— SUM I is formally defned e BV g e S
— SDG is not formally defined .

* In any case they are based on Sublindicators / Subindex

— They can and have to be evauated with some formulas and
compounded to obtain the general indicator, and the formulas should be
validated

— To use the Sublindicator/Index is a way to reduce the problem and
complexity
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Concept 15Minindex

] Functions subindexes
of the area (city or rural)
oo Gov
the capability of
providing services ad 15

Housing viability
Govern Services
Safety Services
Culture and Cults

Services
. . C Environment Quality
Mln Walkl ng dIStance fOr Roads Slow Mobility Services
1 Fast Mobility Services
the Clty USErsS [Medical] Sport Services
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approaches from early commerce
dining Food Services
Carlos Moreno concept healthcare medical Health Services
. education edu Education Services
- Several d|fferent entertainment entertainment Entertainment

Services
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»

|
/enhicle Flow

- Traffic Flow data can be used for a number of applications:

- Traffic Flow Analysis and reconstruction
- What-if-analysis

- forecasting of pollutants

- The main problem is the need of consistent data:
- Traffic Flow sensor are not 100% reliable

- There could be some problem in data acquisition process

providing PREDICTIONS can be useful to improve quality of service
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Day by day traffic flow, on the week data from 3 sensors
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Sensors: 150

Variables per sensor: 15 + datetime, etc.
— Bytes per sensor per message: 150 Byte

Days per year: 365

Hours in the day: 24

Samples for hour: 6, one each 10 minutes
- 150*365*150*24*6=1.127 GB

More: Platform factor: number of replicas, indexing, etc...
— May range from 100 to 2000 Byte per Variable
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Traffic Flow Monitoring - Firenze - Cloned?2?

# IN FLOW
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— 7 ewed =l | ¢ CO2sensors are very
: A e | expensive and thus few
e e Traffic Flow is one the main
source of CO2

* Most of the cities have many
sensors on traffic flow

* Dense estimation of CO2 into
the city is very useful to know
to target the EC limits/KPI

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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Computing Traffic Flow
into CO2 sensor area

A
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\ 7 - |

Traffic Flow data

DISTRIBUTED SYSTEMS AND
INTERNET TECHNOLOGIES LAB
DISTRIBUTED DATA INTELLIGENCE

AND TECHNOLOGIES LAB

[y Local COZ

raffic Flow is one the main
source of CO2

e K1: Fluid Flow

. Stop and Go

Dense estimation of CO2 into
the city is very useful to know
to target EC’s KPIs

Computing CO2 on the basis of
traffic flow data
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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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Computing Quality of Public
Transportation

o 13 CLIMATE 15 LIFE
ACTION ON LAND
~
P
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How much contident iIs the guess Tor bus arrival

30

Customer
satisfaction

Assessment and
prediction
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Qualita Trasporto Pubblico

Firenze - 6 linee

Andamento del ritardo medio sulle corse attive nei 5 minuti - line= =y sec) [EL 1

Andamento de | ritardo medio sulle corse attive nei 5 minuti - linea 17 (in Sec.)

Andamento del ritardo mudio sulle corse attive nei 5 minuti - linea 23 (in Sec.)

Cloned

Sat 22 Jun 07:45:48

—_ Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 31 (in Sec.)
2k

Andamento del ritardo medio sulle corse attive n=i 5 minuti - linea 36 (in Sec.)

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 6 (in Sec.)

Andamento settimanale - Line~7Z

R

16.Jun 17. Jun 18. Jun 19. Jun 20.Jun 21.Jun 16. Jun 17.Jun 18. Jun 18.Jun 20.Jun

+ndamento settimanale - Linea 31 Andamento settimanale - Linea 36

16.Jun T7.Jun 18.Jun 19 Jun, . . . 16.Jun 17. Jun 18. Jun 19.Jun

Andamento settimanale - Linea 23

18. Jun 18. Jun 20.Jun 21.Jun

And: mento settimanale - Linea 6

18. Jun 19.Jun 20.Jun 21 Jun

@ | | pee - ¢V 'snaPdery
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26976

Totale utenti WIFI

GENERAL METEO

MINIMO BASSO MEDIO

RISCHIO IDRAULICO

RISCHIO TEMPORALI

RISCHIO IDROGEOLOGICO

RISCHIO NEVE

RISCHIO GHIACCIO

RISCHIO VENTO

Firenze Oggl

SITUAZIONE VIABILITA =

O INCIDENTI

O TOT. EVENTI SULLA RETE

Nati Italiani

164

(Mom  Nati stranier{nem

ultimo mese

ultimo mese

SMN BINARIOlI6 FORTEZZA
216 43 19.2
% occupati su607 % occupati su 165 posti % occupati su 521 posti
posti
LEOPOLDA CALZA S.AMBROGIO
34 2392 PANS)
% occupati su 300 % occupatisu148 % occupati su 379 posti
posti
PARTERRE CAREGGI BECCARIA
311 4.4 2355
% occupati su 656 posti % occupatisu 406 % occupati su 210 posti
posti
Deceduti @ Matrimoni @ Unioni Civili @
ultimi 7 giorni

ultimi 7 giorni

Sun 20 Oct 23:35:33
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DELL'INFORMAZIONE DISTRIBUTED DATA INTELL\GENCE

Data Analytics

* examining data to
— uncover patterns, trends, and insights that can be used to make informed

decisions.
— extracting meaningful information from data and typically involves statistical
analysis, data mining, and visualization techniques.

* Data analysts use tools like tables, data base queries, and
programming languages to process and analyze data, identify
correlations, and create reports.

* Snap4City provides support for implementing DA on:
— Proc.Logic / IoT Apps: on cloud and on Edge

— Python processes in containers or on Edge
— R Studio processes in containers, servers, premise, etc.

Snap4City (C), September 2023 58



What don’t Y SNAP/arry

| know?
hat Cognitive/Self
should we Learning Analytics
O l v. Sentient and
s .
What will ; active processes
happen?

Why did it

happen? e Big Data Analytics

Analytics
* neuro-symbolic
What * Semantic Computing
Happened? Analytics _ @ * Machine Learning

* Deep Learning

Dttt * Explainable Artificial Intelligence
* Geo Spatial Reasoning
A * Text Analysis, Sentiment Analysis
L x| « What If Analysis
* Simulations, Optimization

* Visual Analytics
* Engagement Analysis

SnapA4City (C), September 2023 59
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YIS DELLINFORMAZIONE  DISTEIEUTED DATA INTELTIGENCE e rsn€

AND TECHNOLOGIES LAl

e cutting-edge technologies, techniques, and methodologies to solve
complex computational problems that are beyond the capabilities of
traditional computing approaches.

— optimization problems, pattern recognition, natural language processing

— Via: artificial intelligence (Al), machine learning, high-performance computing
(HPC), big data analytics, and cloud computing.

— On: massive volumes of data, complex simulations, computationally intensive
tasks

— —> accelerate problem-solving, and enable breakthroughs in scientific
research, engineering, business intelligence, and other domains.

* Snap4cCity provides support for implementing AC: o
— Python processes in containers, servers, etc. (G
— R Studio processes in containers, servers, etc. Data Analytic

Snap4City (C), September 2023 60
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UNIVERSITA x ST
DEGLI STUDI QF!FM\IEDIO DISTRIBUTED SYSTEMS AND e“' SNAp4 m
FIRENZE | BSfihunne | Drbmsiiageesue, CITY et
AND TECHNOLOGIES LAB ~
- / Web and Mobile Apps
Entity Directory: APl Manager ST
Smart Data Models / r - 1\ Smart AppllcatloPs
loT Data Models \ . A te?':m:Pl D — Waste || Park || Light
. : | Smart City ) 1
\_ DgHiEl Uil )\ o Energy || Environment
. Yy OpenSearch -
&F .
G@@ | Maintenance || ...
_ | = —
O cunirs | | b = — pps obile App
@e - i : Business Intelligen.ce
Q @ rokers j ¢y GeoServer | Entitylnspector Visual Analytics tools
2 siffem| Data Managers Dashboard Bld

| m

. Service Map
\ Node-RED t t a pgt On
Social Media ) 1 . o HLT Manager
av  os € (ToTA 1 (55ppdio .
PP Data Analytics: Synoptics
Gateways ProcLog. ML Al XAl
External Services On Edg e’ 3D Digita| Twin

Web Scraping
Tv CAM streams

On Cloud

Market/Sharing Place

\ Event Drive?

Third parties solutions

A&A, SSO, Resource Managers and Sharing: loT App, Data Analytics, ... J

N
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DA and AC

allow to create simple data processing as well as massive computing
solutions exploiting statistics, machine learning, operating research,
etc. for:

— predictions, anomaly detection, early warning, OD Matrix construction,
simulation, trajectories, typical trends, what-if analysis, smart routing,
heatmaps, etc.

can be developed in:
— R Studio / Tensor Flow, Java, Python, ETL, IOT Applications
— If HDFS/Hadoop/Hbase/Phoenix is installed: MapReduce, Spark, etc.

may be shared with other colleagues, and organizations via the
Resource Manager

Snap4City (C), September 2023 62
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* Artificial Intelligence usually also includes
— Code, learn and reasoning
— Semantic computing, Knowledge Bases
— Neuro-symbolic reasoning
— Decision Support Systems
— Problem solving

* Machine Learning usually includes datascience deep leaming
— Learn without coding
— Predictions, decisions (classifications)
— Supervised or not data
— NLP, vision, pattern recognition analytics

* Deep Learning usually includes

— Capability to learn complex patterns on huge
amount of data

— Specialized ML solutions

artificial
intelligence

machine learning

Snap4City (C), September 2023 63



Snap4 Solutions and Technologies

* Indexes, KPI, Indicators

Predictions: short, long, very long:

Y SNAP/ciry

traffic, parking, people flow, maintenance, land sliding, NO2, etc. to cope with

3D Flow prediction: Pollutant (NOX, NO2, ...)

Anomaly detections, critical condition detection:

early warning, recovery, etc.

Simulation and optimization

» Traffic Flow reconstruction

Routing, multimodal routing, constrained dynamic routing, etc.
Public transportation load

What-IF analysis (simulation + predictions + data + scenarious)
Al: technologies: operating research, ML, Al, XAl, DL, NLP:

Semantic computing, neuro symbolic

RF, XGBoost, BRNN, RNN, SVR, MLP, ...

DNN, LSTM, CNN-LSTM, Autoencoders, BERT, ...
Clustering: K-means, K-Medoid, ...

XAl: Shap, variations, Lime, ..

Based on several computational models:

* trajectories, OD matrices, Typical Time Trends, etc.

https://www.snhap4city.org/download/video/course/da/

any data, format

any channel,
protocol

any Al/ML
any place

online
development

multi-tenant
Secure, PENTest
GDPR, privacy

- low costs

- easy to evolve


https://www.snap4city.org/download/video/course/da/
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 Data identification and finalization:

— Collection of data, acquisition of data from provider, construction of data THUN®
* easy to use data or surrogated data ?

— Data quality ?
* To work and produce results any way even in presence of Missing and poor quality data
 Computation Models depending on the case
— Statistics, Optimisation
— Simulation and computation, or mixt

— Identification of the most effective ML/Al techniques to obtain:
* the best possible results with respect to the state of the art
e reasonable results with the accessible data
* the reasonable and cheers results compromise

— ML/AIl techniques: training and execution
* Data Representation Models and tools

* Before entering into how to do it, it is better to see some examples

SnapA4City (C), September 2023
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Available DA / Al 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
https://www.snap4city.org/download/video/course/da/

SnapA4City (C), September 2023
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https://www.snap4city.org/download/video/course/da/
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
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DlSTR|BUTED SYSTEMS
TECHNOLOGIES LAB

Mobility and Transport

Y SNAP/crry

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)

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)
Tracking fleets, people, via devices: OBU, OBD2, mobile apps, etc. (DP)

Routing and multimodal routing (multistop travel planning), constrained routing, dynamic routing (DA)
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)

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

Computing SUMI, PUMS, etc. (mainly DP)

Etc.

Snap4cCity (C), September 2023
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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.

Snap4cCity (C), September 2023
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Clty Users Behavior and Social Analysis

* People detection and classification: persona, strollers, bikes, etc. (ML, DL)
» people counting and tracking, head counting (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, Recency and frequency, permanence, typical
trajectory, etc.
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,
e 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
e Prediction of attendance of events and on attractions
 Virtual Assistant construction, LLM, NLP, Sentiment Analysis (DL, NLP)
e 15 Minute City Index, etc. (modeling and computability)
 Computing SDG, etc., (DP)

SnapA4City (C), September 2023
T paCity (C), Sep
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Energy and Control, Security

Smart Light Solutions: monitoring luminaries, profiling luminaries, managing
error conditions (DP)

Design by Simulation of Photoveltaic Plants: using real statistical data from the
area (ML, Dp)

Energy Community: Energy Districts (in Italy, CER) (ML, DP)
— Monitoring, design and simulation of energy community
Monitoring and controlling recharging stations, recharging poles

Monitoring energy production and consumption over: plant, building, floors,
offices, server rooms, etc.

Monitoring healthiness of Smart City Network of devices
Monitoring eritical areas for: people, traffic, boats, etc.
Etc.

SnapA4City (C), September 2023
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High Level Decision Support Systems

« Management and strategies
 Estimation of KPI and local indexes
Anomaly detection and Early warning computation
What-if analysis, dynamic routing, origin destination matrices production from a
large range of sources
Planning and Monitoring renovation works via objective KPls

Managing Maintenance and teams
* Predictive Maintenance and costs predictions: chemical plant, vehicles, boats

 Resilience and Risks Analysis
* Resilience analysis wrt European Guidelines on Resilience of critical

infrastructure, and transport systems
 Risk analysis: natural and non natural disaster

SnapA4City (C), September 2023 75



UNIVERSITA

= | FIRENZE

DINFO

IPARTIMENTO DI
lNGEGN RIA
DELL'INFORMAZIONE

ow level Techmques

* Time Series

e Time Series Anomaly detection: any kind

» Data quality assessment and control: any kind

e short and long term prediction: any kind

* Interpolation/extrapolation of Data on regular grid for calibrated heatmaps
« Semantic Reasoning

* Ontology Modelling and integration, expert system construction

» Knowledge modelling and reasoning on RDF stores: spatial, temporal, relational
« Matrices, Images, Maps and 3D Digital Models

e Conversion of Satellite data images into regular ground images

* Extraction information from Orthomaps, LIDAR, etc., regarding city structures

« 3D Digital Twin of Cities and Objects: pattern extraction, 3D model

reconstruction

Snap4cCity (C), September 2023
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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
consumption

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

o |

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

A4

LIy

~*.‘“”~T{|['~ [ ]
'>-e>- ” ‘

St e iminnd

Smart City infrastructure: monitoring and
resilience, long terms predictions

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

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
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DISIY .. Disappearing Data Analytics

TECHNOLOGIES LAB

e
/

Antwerp Helsinki Where
o
= —
=] >
= e = §—
£ =
2 = = =
; 2 5 8 = £ = =
= - = — s} = [ s = =
P =5} L =4 = = 2 <53 =] s (=]
o — [ (&) =2 = S +— [
_ = = Y < - = = = =2 S = <
< - P 3 S o © © = = o =_ o = +=
= S S = A = = =2 = 2 « a3 = = S S
E £ § g &8l 8 8 & g g 8 2| 2 B3 = = =
o D D = = D D = = a1 = — r— =
= 5 s =2 Zgl=E s = E =2 = 3 = (=] = = 2 ~
[ A R — S RT-- 1 I R o S s S = s S o S == = = =2 = =
Discovery near to me X X X X X X X X X X X X X X X POI, OS™M
Discovery along a path X X X X X X X X X X X POI, OSM
Discovery in an area, shape X X X X x X X X X X X X X POI, OSM
browsing Public Transport X x x X > X x x x X X X OSM, GTFS
Full Text search x X X X X x X X X X x X POI, OSM
Routing: pedestrian D x x x X X x OSM
Routing: pedestrian quite X x X X X X X OSM
Routing: private vehicles X x x X x x x X @ OSM
Routing: Multimodal Public Transport X x X x OSM, GTFS
heatmaps: weather (Temp, Humidity) x x X x x x x X %@/ x x Sensors data, OSM
heatmaps: environmental variables, PM10, ( @
PNM2.5 NO2, EAQI X X X X X X X x @ X X Sensors data, OSM
heatmaps: environmental variables, Noise x x X % x X Sensors data, OSM
heatmaps: safe on bike (Antwerp) x x x x x x Spec. Portal
heatmaps: Enfuser prediction, PM10, PM2.5,
AQl X % X x X X X X Enfuser data
heatmaps piking values any place x x x x X ><® x x Computed Heatmps
heatmaps: GRAL prediction, PNM10O /& \% X X X X X X OSM, Traffic, Weather
Comparsison: Enfuser, Gral, Real Time s x @ X Enfuser, Sensors, GRAL
Sensors Data Time Trends, & drill down X x X «vs & x x x Sensors data, OSM
Weather Forecast X X @( @ X X X X X X X Forecast Service
Origin Destination Matrices x x x @ x x x x x Snapd4cCity Mobile App
Typical trajectories X X >© x x X X x X X Snapd4cCity Mobile App
Hot Area in the city x X X X @ X X X X X X X X X X X Snapd4City Mobile App
Hot Places in Smart Zone X X X X % X X X Snapd4cCity PAXcounters
Services Suggestions on mobiles @ X X X x x Snapd4City Mobile App
Alerts on critical cases: several variables X % X X x x X X X Sensors data, OSM
The most used services x X X x X X x x X Snapd4cCity Mobile App
Twitter Trends Daily x x X x x x x X x x X Twitter Vigilance
The auditing of user and living lab X X X X Snapd4City Portal
Self assessment X x x x X X x x x x X X x X Snapd4City Portal
Trajectories reg from mobile PAX Counters X x x x x x X X PAX Counters
Engagement real time assessment X x X x X x x Snapd4City Mobile App
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78



SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES "';g‘:SNAplicnv @

TOP

_“

[ A-C

i 1

'
"‘\ }'As A" \‘(I‘

oot ‘ ‘““ "9‘1 \Vb A‘ A ,
N :
Wl Js «"’ *"‘4 JE (e

X n

B
Paw g

2

v
N
.

NAVAYZ

A%

s
\/
=PAVA

YA
X
s
',,

s

~ B
s N
7

\VA‘Q n'ﬂAV/(‘ é

X[/
NS

A
V)V
\éA
X
L/
=
&)

! S

" 'A' 1) ax s .

0 " i 1
l,'. \“\I ‘v'i’.&i "‘ﬂ .'"‘ ‘\'e "’v ( \v‘" ‘:“/‘ ‘ ':‘l“‘g g’g‘;} ’;“ j%‘l za!\‘“‘!{ b‘ “”‘ M' ' ' \‘;"‘i .'1"1
DR A (0 K a5 04‘ SN2 X\ h\’v a» RSN AR ‘p 4‘ A i Y il i ,.
:)": 's\"‘ "02:‘: Vii L’)“ VA;JO ‘ ( "l“ : ’ V‘ 4‘ ‘\‘ .,.;;: Q é ;:ég 1 db, \‘;ﬁ ""4 ;Q;A !A‘ \‘ ’ )‘ qv‘ w"‘ k\:‘yf \v"q ;‘ ,g \" ‘“
\‘i" 'ﬁ"r"' 4\‘:".’ “\ “ 4 4 ‘( ", '(‘ " 'A‘ p (‘ “%” ‘\n'i/ \;:"‘" \) < \\" 78 ‘ “ .) \‘ i A ‘;
R SRS «\ ""‘“ o ”“ ‘ IR "‘ iRt XUt K m WS 4 W:‘ : %
A DS RDA PR XORU KRK] BV 6N Z A '§ Vr & ﬂ 1 { ebEe 3 3 AL S DI b‘( VA W N)l KA : o
\‘ | A KX AKX G KOV DN N ) V‘ X RX ‘A\ K/ ‘ \" 4. 3. h\\" éq’a m 475. ,41* 3 NSVELES HUIv STOINA {22 e ,Ae\g (A\"" }"4\‘.\ N KM N KO VK ORI SR I Y




%, | UNIVERSITA
z | DEGLI STUDI

FIRENZE

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

DINFO

RTIMENTO DI
INGE RIA
DELL INFORMAZIONE

 Computing predictions
— Why?

— They can be always computed?
* Time series, time trends, seasonality, etc.

— Which data are needed?
— Precision needed and precision which can be obtained?
— Computational costs?

_ Management
* Technically: Tt
— Time range, in most cases they are defined such as: acti cs/strategy
e Short: 5-15 Minutes; Mid: 30-45 minutes;
* Long: 1 day, week; very long: weeks / months / years

— Computational Model needed ?

SnapA4City (C), September 2023
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DISTRIBUTED SYSTEMS
INTER

* if | know how many people will attend an event

— | can detect anomalies earlier if an unexpected event will occur, intervene
— | can organize better services, cleaning and preventive security

— | can inform, mitigate, plan, save money and time, etc.
 Other Cases:

— Traffic = pollutant, luminaries, city plan, be prepared critical conditions
— Parking = inform in advance the users, save money and time, ....

— Energy = be prepared for critical conditions

— Pollutant - to avoid taking taxes, planning trips, etc.

— Waste - save money and time,

SnapA4City (C), September 2023
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* For Cases:
— Free parking slots
— Free bikes, and free slots on bike racks
— Pollutant: NOX, NO2, CO2
— Land Slide
— People behavior
— Energy consumption
— Waste production
— Etc.

e = Anomaly Detections

SnapA4City (C), September 2023
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http://www.disit.org
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] \ r I ] r_} ] \ — —
WOUulIQ arrnive to St ) C 4 ‘1 Utes?y
= J - c J T \_J =
_/ — — — — ] ) — — - g o=d O J 4
C:::g Features Description of features variable
Free parking Real number of available slots recorded
= slots every 15 minutes
= Time Hours and minutes
= Month Month of the year (1-12)
E Day Day of the month (1-31)
= Day week Day of the week (0-6)
= Weekend 0 for working days. 1 else
E Previous Difference between the number of free
g observation's spaces at time { and number of free Parcheggio
i difference spaces at time (i — 15 minutes) recorded Stazione
] (POD) in the previous week o
= Subsequent Difference between the number of free Firenze
= observation's spaces at time i, and the number of free
/m difference spaces at time (i + 15 minutes) recorded
(SOD) in the previous week
] Temperature City temperature measured one hour
- £ g 5z P earlier than Time (°C) .
e <3 il = E . L. City humidity measured one hour earlier + Parcheggl x
= Humidity . o
[T = & S = than Time (%)
= = ket ¥ B o Rainfall City rainfall measured one hour earlier S G - R
£ 4 than Time (mm) Piu vicini © Pit vicini Q@ Posti liberi
I\ A 2,, o Average Average speed of vehicles on the road
S x, & = -4 . <2} Vehicle Sgpeed being closest to the parking, over one- Tempo reale
— W .-'?, ——— — é N hour period (km/h) :archegglo ?tszlone Firenze S.M.N. 527 0806 2000
¢ 32 =] Vehicle Flow M™Number of\_/ehlcles passing by clo_sest to Parcheggio auto ey
. = the parking, over one-hour period ®2546m Q263 m
i o = > - 537 08060015 |
= B Awverage Average of distance between vehicles,
S ) | = WVehicle Time owver one-hour period |
! . ‘i = Vehicle Number of vehicles per kilometer, over
B i S Concentration one-hour period = Parcheggio Stazione Firenze S.M.N.
€ Andamento Giornaliero
= 5 (1123 600
Artificial Intelligence |
g 400 | ‘ [
Predictions DR 8 e
S H A ‘ ‘
0 1 | !
) GO £ ACTIO 00 02 04 06 08 10 12 14 16 18 20 22
(y f icl Sabato
as 97% of precision
am 4
11/
an|Em
mmm=
Il |mm|mm
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/ POD -
freeParkSlots \
SOD - I
averageVehicleSpeed
vehicleFlow I
averageVehicleTime - I
vehicleConcetration - I
temperature 8
humidity : I
dayWeek I
Lean EXTEE R RPN K :
Step input . |
1
==l > Gradient I
A ]
\
~
_— e o mm mm mm s o Em e EE EE e EE O EE e O =
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— | Multi-step
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Predictions
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Weather Features I
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open data", IEEE Access, preprint, 2018, https://ieeexplore.ieee.org/abstract/document/8430514/

C : Forecasting Techniques M Baseline
omparison Error 20
BRANN | SVR | RNN . .
Careggi car park 18 B Baseline + Traffic Sensors
MASE Night 34.85 16.29 20.01 16 B Baseline + Weather + Traffic Sensors
MASE Morning 0.76 1.42 2.82 14
MASE A fternoon 1.89 4.34 3.66 12 MW Baseline + Weather
MASE Evening 1.99 1.51 2.33 10
MASE 1.87 2.34 3.16 8
Pieraccini Meyer car park
MASE Night 6.08 12.83 10.03
MASE Morning 0.86 1.27 4.90 g | Il “ |||| IIII I
MASE A fternoon 1.87 291 6.75 “ I IIII
MASE Evening 1.36 1.57 10.23 0 I II I II“ “II ““
MASE 1.37 2.06 6.67 © @© o = v O ~ © 5 O o .
S. Lorenzo car park O N - o - ‘61 C|>J__ = @ oo N =
MASE Night 10.33 11.81 18.34 r B &« 2 & 2 @ 8 ¢ o g =
MASE Morning 2.13 1.91 3.93 T S 5 I g © =2 9 S S &5 v
MASE A fternoon 2.70 3.15 2.37 N O O a = £ o € =2 g
MASE Evening 2.15 3.09 3.82 = = o 3 Lo
MASE 2.72 321 4.19 o o S © 9 =
Beccaria car park v '~ 2 'S
MASE Night 9.32 7.80 12.47 5 8 o S
MASE Morning 0.95 1.25 4.87 ~N N o~
MASE A fternoon 2.49 2.14 2.45 e ©
MASE Evening 2.96 4.75 501 ) »
MASE 2.13 2.67 4.85
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The best selected models for the purpose have been:

—BRNN/BRANN:

e Bayesian Regularized Artificial Neural Network

—SVR:
* Support Vector Regression

—ARIMA
* Autoregressive Integrated Moving Average

—RNN

e Recurrent neural networks

SnapA4City (C), September 2023
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Careggi car park
Model BRNN model results
features R-squared | RMSE | MASE
Baseline 0.974 24 1.87
Baseline + Weather 0.975 24 1.75 ——
Baseline + Traffic sensors 0.975 24 2.04 parcheqgio Statione Frenze SN, ™1

527 08-06 2000
= Parcheggio auto Previsione

ine + + ' 2546m © 208 g 1
Baseline + Weather + Traffic 0,975 ) - ® ;o )
Sensors

g’

. . 1 * Andamento Giornaliero
Active on Mobile Apps as: X cO (‘(\@

— «Firenze dove cosa» 365

— «Toscana dove cosa» Precision: 97,5% |

00 02 04 06 08 10 12 14 16 18 20 22

. A Parcheggio ¥
N Stazione
Firenze
S.M.N.

== Parcheggi xX

Sabato
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— Pros:
e Eco-friendly
* Prevent traffic congestions

* Reduce the probability of social contacts in
public transports

e Regular bikes or e-bikes
— Problems:
* Irregular distribution of bikes on racks/areas

* Difficulty of knowing in advance their status with a certain degree
of confidence

— available bikes at a specific bike-station
— free slot for leaving the rented bike

- providing PREDICTIONS can be useful to improve quality of

service
SnapA4City (C), September 2023
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Deep Learning for Short-Term Prediction of P
Avallable Bikes on Bike-Sharing Stations

60 minutes Clusterl Bi-LSTM

—— prediction

. groud_thruth
\ (31) F L { Bi-LSTM =]
C] 20
. @@ %] J )
s
4 (timesteps) . :“;: 15 |
@: [ )
.‘ Carraia Nord. A . . 10 4
= 2 ® ® O
“y - . ® o o |
o Gl o
B : T | R
2 ® ® O
- ([ ) e O
£
: o e e

. NEURON +
sigmoid

1st Layer 2nd Layer 3rd Layer Output Layer

E. Collini, P. Nesi and G. Pantaleo, "Deep Learning for Short-Term Prediction of Available Bikes on Bike-Sharing Stations," in IEEE
Access, vol. 9, pp. 124337-124347, 2021, doi: 10.1109/ACCESS.2021.3110794.
https://ieeexplore.ieee.org/abstract/document/9530580 SnapACity (C), September 2023
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* A clustering approach has been applied in order to \
classify Pisa and Siena stations based on their mean >
trend H24 of bikes availability =
— This is also correlated to the typical services in the
neighbourhoods L onEE B
* K-means clustering method has been applied to (2]
identify clusters " A -
— The optimal number of clusters resulted to be equalto = T Ptz
3, and it has been identified by using the Elbow criteria B, VR
Available Bikes Trend per Cluster (o7 (14 ) ;| -
10.0 2 San Giorgio
= e
;_f R N —;.h____ Trend e : % wr PiNee § -
% 5.0 T et i S T~—— i EIEE%SF% ; ﬂ = CH g essn
% L I B T Cluster 3 9 ' - Sara e
< TN\~ o e
: (13 )

o 9o Q9 [= =] [« o e o o o O o o © [= T -] o o o o © & 9
DDDDDDDDDDDDDDDDDDDDDDDD

g & A oMo oo W@ o~ @ @ & A & oM o< \o@d o~ 6 & 9 -4 & M
8 86 6 06 6 6 & B 0 B o A M H A H A A7 5 o & ™M N N
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r—l
FL

)

#Available Bikes
Time

month

Day Of The Week
Weekend

dP

Baseline-
Historical

Differences

Over Time =

PwWAB
Temperature
Max Temperature
Min Temperature
Humidity

Rain

Pressure

Wind Speed

Cloud Cover Percentage

Real-time
weather and
weather
forecast

Number of available Bikes

The observation time hh-mm-ss

Month of observation {1-12}

Day of the week {1-7}

1 if the observation day is Saturday of Sunday, O otherwise

the difference between the number of available bikes in the observation day (d) at
the time slot t and the number of available bikes during the previous time slot (t-1)
of the previous day (d-1)

the difference between the number of available bikes in the observation day (d) at
the time slot t and the number of bikes during the successive time slot (t+1) of the
previous day (d-1).

the number of available bikes of the previous week (d-7) in the same time slot (t).
Air temperature at the observation time, in °C

Forecast of max temperature of the observation day, in °C

Forecast of Min temperature of the observation day, in° C

Humidity of the hour prior to the observation time, in percentage

mm of rain registered in the hour prior to the observation time

Pressure at the observation time, in millibar (mb)

Average wind speed registered in the hour prior to the observation time, in km/h
Cloud Cover Percentage at the observation time
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TABLEI
COMPARISON OF RELATED WORK SOLUTIONS, WITH MAIN ATTENTION TO DEEP LEARNING ASPECTS AND BETTER RESULTS.

¢“SNAP/crry

citation | Target Features Diataset Model Raported Best Razutls
[25] 1h, Zh, 3h bike Bike rented, Bike returned, Avg temperature, Thez=Bike EF, XGBoost, GB, EF Eentals | raturns
rentals and Wind speed, Sky cover, DNN MAFE 0.83 0.82
returns Fain holiday or Sunday, time, MSE 2.77 2.7
weekday, month, year RMSLE | 046 0.46
E2 (.64 0.63
[24] Hourly Bike Usage features, spatial features, temporal Citi Bike XGBoost tree, RE, XGBoost tree
mumber change features dataset July — DNN MAFE 1.5159
in station August 2017 AP 0.7085
[26] 1h rental bikes Fental bikes rented, Weekend weekday, Seoul {South RF, SVM, k-Nearest | EF results:
rented Day of the week, Holidays, Functional/npn Korea) neighbours (KINN), E2 0.38
functional. Temperature, Humidity , Classification and EMSE | 116.01
Windspeed, Visibility, Dew Point, temperature, Fegression Trees I"{'L:'-E 13':'-23
Rainfall, snowfall (CART) EI"' 3“‘ EJ
[27] Hourly rental Temperature, Humudity, Windspeed, Visibility, Seoul (South LE, XGBeoost, 3VM, | XGBoost results:
bike demand Dewpoint, Solar radiation, Snowfall, Rainfall, Korea Boosted Trees, B2 092
mumber of bikes rented per hour, date XGBoost Trees EMSE 174 68
nformation. MAF 109.89
CV 24.92
[28] Long terms Timestamp, count of new bike shared, London LE. RF, XGBoost, EF results:
predictions temperature, humidity, windspeed, weather code, SVM, AB. BGR MAFE 0.04
is holiday, is weekend, season MSE 0.01
EMELE | 0.03
E2 0.95
[23] 1h number of Number of riders, Seazon, year, month, hour, Rental DNN 809 accuracy

ard A

Anrr mlidars amcaaledaa-

B s ta T

ammanT

Sna p4C|ty (C) September 2023

(o}



UNIVERSITA x ~Bgap
DEGLI STUDI :%?!’,Lg'f'f‘"o %R!?gsg!almds f“j Y V- r)] |/ 2 C o o f] o & é/SNAp4 =2
FIRENZE DELL'INFORMAZIONE TECHNOLOGIES LAB J - _r_l SJ D J N J IJ :J IJ Q CITy 8
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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 .
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- The clustering has been performed on the basis of S TN i
the time trend H24, considering the normalized BICE D N S ; 0
vehicle flow measures. ° AR =L

- The optimal number of clusters turned out to be 3 < %
and it has been identified by using elbow criteria b Yo e .

- K-means clustering method has been applied to
identify clusters Clggé

— The optimal number of clusters resulted to be equal p

to 3, and it has been identified by using the Elbow
criteria

104
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Category [Feature | :

. Traffic Flow Real number of vehicles recorded every 10 minutes
Traffic ,
Trafolus AverageSpeed Average speed of vehicles (Km/h)
P Concentration Number of vehicles in terms of road occupancy (%)
. timeOfTheDay Time of the day {1, 144}
Dat
dayOfTheYear Day of the year {1, 366}
dayOfTheWeek Day of the week {1,7}
LG ELAA Weekend 0 for working days, 1 else
Year The year of the observation

the difference between the number of vehicles in the observation day (d) at the time slot
t and the number of available vehicles during the previous time slot (t-1) of the previous

day (d-1)

the difference between the number of vehicles in the observation day (d) at the time slot
t and the number of vehicles during the successive time slot (t+1) of the previous day (d-

Previous observation’s difference of
the previous week (dP)

Subsequent observation’s difference
of the previous week (dS)

1).
Previous week observation (PWVF) the number of vehicles of the previous week (d-7) in the same time slot (t).
Air Temperature City temperature one hour earlier than Time (°C)
Humidity City humidity one hour earlier than Time (%)
Pressure City pressure one hour earlier than Time (millibar mb)
Wlnd Speed City wind speed one hour earlier than Time (KM/h)

Concentration of CO one hour earlier than Time
Concentration of NO2 one hour earlier than Time
Concentration of O3 one hour earlier than Time
PM 10 Concentration of PM10 one hour earlier than Time
PM2.5 Concentration of PM2.5 one hour earlier than Time 105



NEZRST,
Q> (/0/

A
. M\ \Z
=
G
iy i S
Hsines

2

UNIVERSITA
DEGLI STUDI

FIRENZE

N

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

ORg;

tl

e
\ |
DISTRIBUTED SYSTEMS '
AND INTERNET
TECHNOLOGIES LAB CI Ty

« With a temporal target of 1h, which is the most critical short-term prediction slot
ensemble learning techniques such as Random Forest (RF) and Extreme Gradient

Boosting Machines (XGBOOST) are powerful techniques that must be considered for
this type of problem.

« Regarding the deep learning techniques for this research project it has been proposed

a nhew architecture CO NV-B'-LSTM that will be compared to other solutions

as Deep Neural Network (DNN), Deep LSTM, Deep BI-LSTM Neural Network,
Autoencoder BI-LSTM, and an attention-based CONV-LSTM to assess the research
guestion of which will be the best Al architecture for the problem of short-term
prediction of vehicle flow based on this case study.
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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
Cc1l1 Y v N v N v 29 785 359786 45.451 44756 41.620 38,798 37,345 29 240 29240
CcCl2 | ¥ v N v N N 31262 35,792 36.040 37228 32.727 34,259 32,701 29363 29363
C13 Y v N N Y v 29431 35935 34.448 35 829 34.619 35,277 32,287 30,126 29431
Cl4 | ¥ Y N N Y N 259764 36.374 36.203 43.510 35.744 36,059 33,015 29827 25.764
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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Comparing pertformance
| e N

Prediction
Duration (s)  Max GPU execution (s)

14.681Y On CPU C
XGBOOST 4.352 On CPU 0.002

748.431 25% 0.056
LSTM 527.623 40% 0.017
BI-LSTM 681.874 42% 0.021
Autoencoder 3240.564 38% 0.033

BI-LSTM
Attention-based CONV-LSTM 2579.248 41%

CONV-BI-LSTM 39%
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 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 Al
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Traffic Flow Manager on multlple C|t|es

Sun 2 May 23:16:31

==

GRALheatmap

" Heatmap Controls: 24H
W4 MaxOpacity: ¢ e > 063 {
2021-05-02 23:00:00 :

FirenzeFIPILITrafficRealtime
Traffic Heatmap Controls: 24H

Max Opacity: ( onsssss—————l > 1

3]
2021-05-02 22:51:00
) iren: . /me‘ RN

- € SNAP4cn’v .,ym
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Weather_sensor
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PM25 Heatmap

GRAL Heatmap
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Accident Heatmap
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Traffic Flow Manager on multiple cities

Sun 2 May 231631
= \ N

GRALheatmap

\
]

Heatmap Controls:
Max Opacity: ¢ c——f > 063
|

<Prev | 2021-05.02 23:00:00 [ Next> |

Palazzo
loniatowsky
Staziene Froe stroet
Leopolda
Fhuid traffic

Heavy traffic

0-10 e A \ =0 34 oo : l—v:ey heavy i

11-25 O e G . B . -~ all 5 i : Sensor position ;&
26-35 : S : . |
36-60

61-75 ‘ : / ! FirenzeFIPILITrafficRealtime
76-90 Bt Traffic Heatmap Controls:

91-105 o o . " Max Opacity: ¢ c——{

106-125 [ <prev | 2021-05-02 22:51:00
126-150 —

= EEFIPILI Traf

METRO588 - averageS » (<]

5797

I I I I I I I I I [
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MzEyNg==

el | AN | e C"/S NAPcry &
How it works: NOX predictions

1 1% S8 vt
GRALheatmapHelsinki3mPM

Heatmap Controls: 24H

i MaxOpacity: ¢ H > o04s

2019-05-05 14:00:00 @

Road Graph 3D City Structure

Traffic Flow
Predictions
Particles Flow

Weather Forecast: Simulation

Temp, wind...

Heatmap

JSON JSON

TrafficFlow Manager

BEREEA B
BABEEA AR

SsntsgoDecomponss | ST

GeoServer
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B‘«*ém‘
- 4 . J s J Air Quality Directive WHOguidelines
I r T [ — — /
4 ( ( [ — / [ / e . . Objective and legal nature and .
J = O y ) y 2 N -, " Pollutant Averaging period N Comments Concentration Comments
J
99" percentile
PM, One day 25 pg/m? (*)
(3 days/year)
L] L] L] L]
* European Air Quality Directive
3 3
u r n I r u I I r IV PM, . Calendar year Target value, 25 pg/m limit value since 1 January 2015 10 pg/m
L Not to be exceeded on more 99™ percentile
PM *
. . P 10 One day Limit value, 50 pg/m?* than 35 davs per vear 50 pg/m? (*)
* Predicting critical days e
PM,, Calendar year Limit value, 40 pg/m® (%) 20 pg/m?

1 . . Not to be exceeded on more
- P M 10 Wlt h a n a CC U ra Cy Of m O re 9, Maximum daily Targetvalue, 120 pg/m?® than 25 days per year, averaged | 100 pg/m*

8-hour mean
over three years

than 90% and precision of 85%; onerour | uimialue.200pgint ("3 TSSO TR [200vsim

— PM2.5 with an accuracy of 90% 2 '
and precision greater than the -
95%.

* Simulating Long terms values

PM10

— For long terms predictions
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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
+io(l

g/m3

o 58 8 4883 8

lue of No 2 in m

mean progressive ya

KPl on NO2 monthns

¢“SNAPciry

-

in <

P

s
Ve U sty

gvance

2014
2015
2016
2017

2018
2019
2020
2021

150 200
day of the year

100 250

+30

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)
1 5 D oy Calendar vear o RVEIE. 55 e The target value has become a o i
+ 25 ¥ argetvalue, 2> pig/m limit value since 1 January 2015 Hg/m
PM . Not to be exceeded on more 99" percentile
+1H_I] 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?
CUMATE Maximum daily Not to be exceeded on more
0 3 3
13 ACTION 3 8 hour mean Target value, 120 pg/m? than 25 days per year, averaged| 100 pg/m
over three years
Not to be exceeded more than
NO, One hour imi 5o(* > (*
@ : Limit value, 200 pg/m”* (%) 18 times a calendar year DT ()
NO, Calendar year Limit value, 40 pg/m’ 40 pg/m>
117
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[ime Trend of the mean progressive NO2

IE 2014
L an -
- The data used refers to the £ ;gi:
£ 70 1
years from 2014 to 2020. N 2017
o = 807 2018
- Training set 2014 — 2017 5 ] 2019
) 2020
- Test set 2019 --- -E—#a - 1., T
E e
o
E 20 1
£ 10 1
E I] I I I I I I I I
0 G0 100 150 200 250 300 350
day of the year
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Very long term predicting Mean NO2:

— J
a, | - 2 hlilan * -
the 2019 the 2020
mean porgressive NO, of 2019 mean porgressive NO; of 2020

m .
I o

E{J -
2 Q
o =
3 507 E
s z B
E 40 1 metric model30 model60 model90 modell20 modellS0 modell80 5
e 2013 values MAE 121 13l 152 204 231 237 w 34— 2020 values
% 30 - +30 RMSE 2.16 261 418 6.77 7.83 7.93 ¢ +30
& — 160 MAPE  1.99 220 265 357 407 418 = — 160
& .| — 490 R 091 083 080 034 045 014 5 204 490
e 20 Table 4. Assessment of the predictive models with respect to the =
m e 41200 P D = — 4120
E actual values of the 2019. E 10 -

10 { — +150 — +130

+180 ‘ +180
D I I I I I I I I I I I I D 1 1 1 1 I I I I I I
30 60 90 120 150 180 210 240 270 300 330 360 0 B0 90 120 150 180 210 240 270 288
day of the year day of the year

_______ 1

Deep Learning Approach LEC ref value
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Landslide Prediction

Rainfall induced landslide is one of the main geological hazard in Italy and in the
world.

DINFO
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INGE NERIA
DELL'INFORMAZIONE

— Worldwide based on the study [1] of Natural Hazards and Earth System Sciences
* from 2004 to 2016, 55997 people were killed in 4862 non seismic landslide events worIdW|de

* The same authors identified rainfall as the main the triggering factore
landslides.

— In ltaly based on the ISPRA report:
* 19.9% of the Italian territory is at risk of landslides (59981km? )
* Tuscany is among the regions with the largest areas at risk (26%)
Accurate short-term PREDICTIONS (1 day in advance) of
landslides can be extremely important and useful, in order

to both provide local authorities with efficient prediction/
early warning and increase the resilience to manage emergencies.

[1] Froude, M. J. and Petley, D. N.: Global fatal landslide occurrence from 2004 to 2016, Nat. Hazards Earth Syst. Sci., 18, 2161-2181, https://doi.org/10.5194/nhess-18- 2161-2018
Snap4City (C), September 2023 121
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The solution and its validation have been
performed by using data collected in in the
area of the Metropolitan City of Florence with
— 41 Municipalities

— 3514 Km? of Surface Area

— altitude between 100-1000 above the sea level

— land predominantly of deciduous forests and
cultivated areas

— 1.5 M inhabitants
The data history covers the years 2013-2019
with a total of 341 landslide events

SnapA4City (C), September 2023
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per municipality

dynamic hazard
heatmaps
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Prediction

Useful for early
warning systems

static + dynamic
features

an be computed dail

(-d

Useful for long term
land usage planning

static features based

7~

or 2 times per year

Susceptibility
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gnd slides

Dataset Construction

24

J/_,

Dataset
Construction

SNA

landslide DB

Real Time

data from

Field: rain,
weather, etc.

LIFE
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Ingestion% EProcesses

A

Data
PACit

Model

Previsional Model

Model training
And validation
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MaxPocling2D
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8

1]

Advanced APIs

CUSNAP4CITV

nours in aadvanc

igher = lower

(a)

04311

MaxTemper:

WindSpeed Humidity LevelSIRIdr Day15

Big Data
Storage
and KB

Predicti

DNS

Model execution
Shap Assessment

Data Analytics IOT App
Management

))))))_—__l((((
e Humidity Day3 MaxTempSIR VelMaxSIR Temperature Day15 MinTempSIR

base value higher > lower
0.4311 1.00

P> > ) )

(b)

Day3 Temperature Day1 MaxTemperatu
) base value

0.00 0.4311 (c)
EEEEEEEEEEEEEEEECCecc«

Day3 MaxTempSIR MaxTemperature Temperature LevelSIRIdr Day15

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

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
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as Predictors: static + dynamic data

- .y V.
TECJEW E’J CJJ o O )

—

® _ [GETE Observation date, in the format YYYY-MM-DD Day 2013-01-14

%2 Saaama a Latitude of the area, EPSG:4326 format Deg 43.86239

i~ A - Longitude of the area in the EPSG:4326 format Deg 11.51586

RS A H o S A PO Altitude of the area m 467.204

| jamama A . (13 Easen T Acclivity of the area % 45.942

o AR AR AR A A AN an TS i Vegetation of the area % 0.262

tino (1 ARaraaaasaan A 2ELY NI soil type at the event site (class UCS) 223-Oliveti
2 - AR ARAN Rainfall on the day before the observation mm 12.453

E - - - ‘:Ciﬂh? ZEE;‘Z?‘EZ \I Rainfall on the 3 days preceding the observation mm 15.072

a - AT \ Rainfall on the 15 days preceding the observation mm 16.160

- ] A Rainfall on the 30 days preceding the observation mm 51.515

~= EE AMASAMAAN Mean Temperature on the observation day (lIMeteo.it) °C 6.965
o= - :452 A Minimum temperature on the observation day (IIMeteo.it) °C 2.99
- Ei" - A ASaaa Maximum temperature on the observation day (IIMeteo.it) °C 9.942

a an :é ~ hﬁfd;“’ i Humidity (average) on the observation day (lIMeteo.it) % 92.96
AR e aaAaaaalaqd WindSpeed Average wind speed on the observation day (lIMeteo.it Km/h 5.991

Szaaas Aaaafaanais ge wind sp y(lMeteoit) Kk

F'r:‘f'_ | 5"33: EE:,’Z‘E,’:Z:EEEE Average wind speed on the observation day (SIR) m/s 0.9
é\lj S D Maximum wind speed on the day of observation (SIR) m/s 1.8
“55 J 280 Eb phreatimetric data on the observation day (SIR) m -4.34
m 0.8

mDnt;::“r:H. e LevelSIRIdr Water (river) level recorded on the observation day (SIR)
[ - P PrecipSIR Precipitation on the observation day (SIR) mm 0
@ landslide events A rain gauges gl’ld MinTempSIR Minimum temperature on the observation day (SIR) °C 0.5
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® Aiming at creating an early warning can be traced back to the
estimation of areas presenting a high probability of landslide event

occurrence in the next day, as in this case.

. On the basis of the above-described dataset, a number of techniques to
predict landslide events has been tested:
Random Forest, RF
eXtreme Gradient Boosting, XGBoost
Convolutional Neural Network, CNN
Autoencoders, AE
decisional algorithm SIGMA
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TABLE Il COMPARISON OF RESULTS OBTAINED USING MODELS FOR
SHORT TERMS PREDICTION OF LANDSLIDES, BEST RESULTS IN BOLD.

e The considered dataset is composed

of about 9 million estimations,

among which 2342 positive events

(labeled with Value = 1)

e The dataset was divided into two

groups: training set (80%) and test

set (20%) —

Model % RF CNN Auto SIGMA
encoder
MAE 0.000173 | 0.000334 | 0.000600 | 0.009218 | 0.004169
MSE 0.000173 | 0.000334 | 0.000259 | 0.009218 | 0.004169
RMSE 0.0131 0.0182 0.0160 | 0.0960 0.064572
Accuracy 0.99 0.99 0.99 0.99 0.99
Sensitivity 0.79 0.36 0.24 0.19 0.06
Specificity 0.99 0.99 0.99 0.99 0.99
TSS 0.78 0.35 0.23 0.18 0.05
PfA 0.01% 0.02% 0.01% 0.11% 0.39%
Precision 0.63 0.35 0.33 0.64 0.003
F1 score C 0.70) 0.36 0.27 0.29 | C_ 0.007 |
w—“ 0.70 0.36 0.28 0.35 0.01 |
OA 2.40 1.72 1.55 1.64 1.02
Kappa 0.70 0.36 0.27 0.29 0.01
AUC 0.89 0.68 0.99 0.92 0.53
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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
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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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Local Explainable

The trends of the SHAP values of
the most relevant features have
been plot with respect to the
time/days.

It can be noted that in coincidence
of the day before the event, most of
the SHAP values of the relevant
features assumed a relevant value
at the same time. And in particular
for this event: LevelSIRIdr, Day3
and MaxTempSIR.

lerst

9~
L
-
;\
)

)

nding the single event
- -

— Day3
MaxTemperature
4{ = Humidity
——  LevelSIRFre
— LevelSIRIdr \
—  PrecipSIR [
MaxTempSIR Al

SHA%VaIues

|
~N

2500 2510 2520 2530 2540 2550

FIGURE 11. Time trend of SHAP values of most relevant features
around the landslide event of 21-12-2019: values estimated by using
data collected in the neighboring area of the event.
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The problem of landslide event prediction has been addressed, for early warning specific to
the case study in the Metropolitan City of Florence, using

— static land description,
— dynamic features as rain fall, temperature, wind, etc.
Numerous Al solutions has been compared
— the best performing architecture has been XGBOOST
XAl: based on Shapley additive explanation (SHAP), global and local, derived relevance:
— rain the last 3 days, max temperature in the previous day, lever of water in the river

— land static features are preconditions for landslide, while they are not efficient in creating an early
warning system.

Computationally: predictions can be assess every day,

— susceptibility map usually are computed 1 or two times per year.
Prediction models can prevent disaster

— susceptibility map are mainly used for taking decision on planning.
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Predicting Presences
to rmajor avents

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

13 v N9 oo

7.

Twitéer Vigilance
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/Vediterranean e

Pont du Gard: data analytics e

* Prediction of the ) ————
number of sold tickets T o forsst
24 hours in advance | — ™

|
* Using: 241
e Historical data 31
 Weather conditions |

e Social Media N
N

= 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
INDUSTRY, INNOVATION
AND INFRASTRUGTURE Ora predetta

Twitéer Vigilance
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Dubrovnik: Data Analytics o

B‘M

= -.. m,

people count vs predicted people count

@ people count

* Assessing impact of 2 e

advertising : .

E0000 4

* Prediction of presences - o

on the basis of . ' ’
* Social Media Twitter . . A, L
Vigilance LB T : A

e weather conditions e
e Historical data

INDUSTRY, INNOVATION

AND INFRASTRUCTURE

Twitter Vigilance &
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Anomaly Detection
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About the IoT Devices status g i - s
— Eventual problems on IoT Devices, ; o :
connections, etc. e ¥ s‘ 2
About People Flows and Density | ST o .09
— Early warning of the ineption of critical events | hig aL o e A
About traffic flow [ \ RS g
— Early warning on eventual incidents, or on the Accidents Density S =
inception of critical conditions on the traffic ‘
(e.g., a reduction in viability, a broken bus, ..) -  MERRI
About.... | ———
— Early warning, early detection of problems, NG -4 soronisanos s
Recurrence analysis e ”%3
Causal Analysis / O
People flows ]
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¢“SNAP/ciry

(P T

o - 'Pﬁm.
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Prediction and ldentiftica
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lion of Anomalies

#of Users

Guessing number of users o

I-Fi Access Points

/Cluster confidernce

AP average and confidence

Actual AP trend for today

AP prediction for the next time slot in the

Predictive precision of the 95%

ay on the basis of past weeks
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e POI, IOT Devices, shapes,.. '
* FIWARE Smart Data Models, C ‘
* |oT Device Models =
* GIS, maps, orthomaps, WFS/WMS,
GeoTiff, calibrated heatmaps, ..
 Satellite data, .. | o
* traffic flow, typical trends, .. ) ; —

* trajectories, events, Workflow, .. \ A\
* 3D Models, BIM, Digital Twins, .. | ... :

* OD Matrices of several kinds, .. 3
 Dynamic icons/pins, .. . =S |

\ - . T " " lampada N
; p 5 0 Nt == [TRAS Giepdit, G » : peroPSRtoe crze
* Synoptics, animations, .. il NS EERE SRR = ) bz
40 Hok : G X NS e o T A ey Gty Tremdcr. et
20 / A R 3y Bl 8

e KPI, personal KPI,.. L%
e social media data, TV Stream, S NGRS
* routing, multimodal, constraints, :

* decision scenarios, ....

N DINFO
|
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Y £ NS
etc [ ] g “2 I)r(}ll S ] lJ[)I DIPARTIMENTO DI DISTRIBUTED SYSTEMS
2 V= | FIRENZE | Doecnera AND INTERNET
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ISYIN
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gher Level Types

| " \ —

(o ol [ ) .

Vny computing HIg

 They are a more direct representations for the decision makers
— fast awareness of the situation

— fast reaction and decision making

* High Level Types and their representations
— Traffic Flow and animations
— Heatmaps and animations
— Origin Destination Matrices, ODM; and animations
— Trajectories, ....
— Digital Twin and 3D digital representation of the city
— User behavior representation
— Typical trends, different time spam
— etc.
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* Making decision on mobility
and transport solutions =2

N :
./  Firenze +FipiLi +H @ o i % |Last sensors measure
= 2019-10-23T716:40:00
Firenze —~
A 2019-10-23 17:00:04
A Pisa ) | == Free street
4 o~ |
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* Controlling pollution

* Dynamic Routing for R \
Firebrigade, Ambulances,
general public

# |woe | DINFO | D
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* Planning Public o
Transportation routing /Z

@
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How it works: Tratti

Historic Traffic
Flow Data Training

Road Graph

Road Graph
Model

Traffic Flow
Reconstruction
Real Time Traffic
Flow Sensor Data Traffic

Flow

JSON

TrafficFlow Manager
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iH

BEeE0a e

N )

¢“SNAPlcy i

low Managel

A

L

Traffic Flow Manager on multiple cities
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Heatmaps and animations
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T Data Analytlc
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e Air Quality sensors are

— Collected on scattered positions

— Not all sensors have sull set of data, complexity of computing AQ|
* AirQuality Services

— AirQuality indicators independent on the sensors’ position, in any GPS position of
the area

— Multiple data: PM,,, PM, -, CO, CO,, SO,, 05, H,S, NO, NO,, NO,, air temperature,
air humidity, velocity of wind speed, dew point, etc.

* Applications
— Control Room Rendering
— Alerting on specific personal GPS locations

— Constrained routing for: runners, walking with baby, people with pulmonary
problems,

— Mobile Phone Rendering, this means to have thousands of users active at the same
time, and a reasonable memory consumption in the server.

SnapA4City (C), September 2023
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Environmental Real Time Measures

A BusStop
. Noise: real time noise levels (measured in dBA). A Ticket sale

: L _ _ A Traffic Sensor
. PMao: real time pollutant levels in air in terms of PMw(measured in pug/ms) particles. | r sens

. PM.s: real time pollutant levels in air in terms of PM.s(measured in pg/ms:) particles
. NO:: real time pollutant levels in air in terms of nitrogen dioxide (measured in pg/ms).
- Air Quallty Index (AQI) real time air quality mdex of the Helsmkl area, prowded by

A NonseHeatmap

+/  PMIOheatmap
A PM25Heatmap
A NO2 heatmap
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https://www.snap4city.org/drupal/node/435
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AQJ Indexes estimation via R studio and IOT App
European Air Quality Index EAQJ

http://airindex.eea.europa.eu/

Pollutant Index level
{based on pollutant concentrations in pg/m3) . .
Good _Fair _ Moderate _poor _Very poor Common Air Quality Index CAQ
Particles less than 2.5 pm (PM2 5) 0-10 20-25 50-800 . .
Particles less than 10 pm (PMyg) 0-20 35-50 100-1200 htt p //WWW a I rq u a | |tVn OW e u
Nitrogen dioxide (NO2) e 1L LAY Qualitative name | Index or sub-index Pollutant {hourly) density in pg/m?
Ozone (D3) 0-20 120-180 240-600 NO, | PMyg O, | PMys(optional)
Sulphur dioxide (503) 0-100 200-350 500-1250 very low _ 0-50 0_25 0-60 0-15
Measurements of up to five key pollutants supported by -ow 25-90 90-100 | 25750 | 60-120 15730
. . . Iedi 50-75 100200 | 50-90 | 120180 30-55

modelled data determine the index level that describes the eaum

. . . . 4 . . High _ 200-400 | 90—180 | 180240 55-110
current air quality situation at each monitoring station. — 100 P o o
The index corresponds to the poqrest level for any of five The index is defined away from roads (a
pollutants according to the following scheme. "background" index). CAQl is computed on the

Legend of Environmental data: basis of NO,, PM, 5, PM;5and O;.

https://www.snap4city.org/435 n

SnapA4City (C), September 2023



http://airindex.eea.europa.eu/
https://www.snap4city.org/drupal/node/435
http://www.airqualitynow.eu/

| ~ AQl Indexes estimation Heatmaps |

Hourly pollutant concentration

Helsinki City Overview (H5a)

Please note that the data results are not always based on real data. Wed 11 Sep

BusStop
Ticket sale
Traffic Sensor

Cycling Paths

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

https://www.snap4city.org/dashboardSmartCity/view/index.p
hpriddasboard=MTUzMg==
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HeatiViap Manager (Area iVianager view

Snap4City HeatMap Manager

User: paolo.disit, Org: DISIT -
Role: AreaManager, Level: 3

el - n f Heatm
o] = mm Sequence ot Heatmaps
- Colormap used

Details

15Minindex_AbitantiPerPunto abperarea DisIT

15Minlndex_Averagelndex m 15minsubindex DISIT m m
dashboards (Public) s ainasE m Teminsubindes o m m
- 15Minindex_CultureAndCultsindex m EmimEasiTE s DISIT m m
My Dashboards EfrE e 15Minindex_CultureAndCultsindexBologna m 15minsubindex DISIT m m
My Data Dashboard Dev Kibana A e FEe v m T5minsubindex DISIT m m
Extr= Machhnard Wid 15Minlindex_EconomyindexBologna m TR DISIT m m

Data, my Data, OpenData = 15Minlndex_Educationindex m 15minsubindey

My Snap4(

Data Inspector 15Minlndex_Education|ndexBologna m I5minsubindey

: Heatmap Instances List: 1I5Minindex_AbitantiPerPunto
KPI, MyData, MyPOI

o 15Minlndex_EntertainmentSociallndex 15minsubindey
Groups of Entities m

lyPOI on Tuscany
Data Table Loader (Excel)
POI Loader (Excel)

Description Indexed | BBox

Harvest Satellite Copernicus Data

R oo 2020-08-26 Density In Florence Area Completed | Indexed {"rin_lat®"653401", "min_lon™"4840326" "max_lat":"687T183" 1740
BIM Server old 15-:00:00 "max_lon®"4862945"
BIM Server New
BIM Srv New: Add 2020-08-25 Density of People Living in Completed  Indexed {"min_lat*"e53401", "min_lon™*"4840326" "max_lat":"687183", 1740
BIM Srv new: View 16:00:00 Florence Area "max_lon""4862945"}
2020-08-25 Density of People Living in Completed | Indexed {"rin_lat®"Q", "min_lon":"0", "max_lat":"687T83", 1741
15:00:00 Florence Area "max_lon® 4862945

Editing Mode for
RootAdmin only
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15MinCitylndex Dashboard

This Dashboard contains data estimated by the Snap4City 15Min index on the b en Data accessible Tue 18 May 17:5821

15 minuti index — Bologna Citta Metropolitana (beta)

Sat 25 Sep 19:0130

15Min Economy Index
15Min Housing Index
15Min Health Index
15Min Food Index
15Min Education Index
15Min Slow Mob Index
15Min Government Index
15Min Safety Index

15Min Culture and Cults index

15Min Entertainment Index
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15Min Sport Index

FLORENCE metro city Bologna metro city

https://www.shap4city.org/dashboardSmartCity/v https://www.snap4city.org/dashboardSmartCity/v
iew/index.php?iddashoard=MjkzOA= lew/index.php?iddasboard=MzA10Q==
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* computed from several kinds of data E— Destlnatlon
— Census Data _
— Cellular Mobile Data = I

— Mobile App Data trajectories ,.

. . . 3
— OBU from vehicles trajectories Bo o
— Composition of multiple sources: ODM + Trj S T
* may represent: = e
— Demand of mobility Fiiiie _'

— Offer of transportation ;
* refer to different area kinds for Origin and of Destmatlon

— Different kinds of OD areas

— Different kinds of temporal resolutions = animations

* Hourly, daily, weekly, monthly, etc...
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Origins and destinations
— Any area of the zone
— From to
— To from

By inflow or outflow

By temporal slice

— Hour, day,...

— Series by hour, day, etc.
By user profile:

— Age, nationality,

— Commuter, citizen, etc.
By motivations
By travel means:

— car, bike, walk..

By extraction technique

By civic area VS segmented

GPS area
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* Get specific value
e Time window
 Opacity

* Animation

* Inflow/outflow

Sequence of OD
matrices: next/prev

shapes
* Shapes: city, region, territories, etc.
» GADM https://gadm.org/, and
ACE
* Squared MGRS:
* Im, 10m, 100m, 1Km, 10Km,
100Km
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* Digital Twin
— Connected with real systems

— Modelling aspects: structural, visual, I bt SRl ey
informative, real time data sensors (context), =~ = &
POI, functional, resources, etc. s

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

e 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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Thu 25 May 17:54:20

Traffic

FirenzeTrafficRealtime
Traffic Controls:
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https://youtu.be/JLzT9k3Xbc0
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Heatmap
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Heatmap Controls:
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* Real Time Rendering Maps with 3D City Digital Twin
— Full control:

* pan, zoom, tilt, rotation, etc.,

e simulation of light conditions: over the daylight and night
 Plus Full control with right button and wheel of the mouse

— Full control of pre-setting for direct show specific condition when
loading

— Section modality to pick the single Building or part of it, and to start a

navigation towards other views, via relationships managed by an loT App
of reference

e 3D City Construction is an comprehensive and scalable process
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Additional
3D entities

Multiple images
., from several
¥ points of views

GIS Building
plant shapes
and positions
Building heights
(at the eaves)
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\ 4

3D format

conversion

A 4

3D design of High

Value Buildings (HVB)

HVB model with patterns

\ 4

GIS orthomap -

_H_ ‘

A\ 4

Facades patterns
extraction

weammnny  ——— Facades’ patterns

Sy

YV

Roof patterns
extraction

3D model tiled grouping

_u Roof patterns

‘L v W

Create 3D building

with flat roofs
(by extrusion)

A 4

3D building

AA A 4

Create 3D buildings
with 3D roofs’ shapes

texturing

A 4

DTM encoding

A 4

Digital Twin Storage

PROCESSING
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Interacting with 3D City Digital Twin

* You can see in the 3D model —

— Terrain m_odel defining the level of the terrain and of
the building

— Generic Buildings, high value buildings, HVB (e.g.,

(experimental)

Dome, Palazzo Vecchio, etc.), facades, roofs, etc. o0
— Sky pattern: sun, cloudy, etc. O Bl
— Orthomaps below the buildings, by selection Q sir st
— Heatmaps, over orthomaps, and below buildings: OO e

* temperature, traffic, pollutant ——

— Cycling paths and other shapes, polylines =
— Traffic Flows: as crests shaping the traffic flow density _

in high and color according to color map Tuscany Buitigs (Volamerc Units)
— POI, Sensors: PopUps to see real time data ittt Gt g 50

Tuscany Boundaries

— Pillars reporting in 3D the values of specific sensors:
temperature, traffic flow, people counting, pollutant,
etc.

Tuscany Provinces
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Buildlng shapes

Input Deep network Rooftop texture
P alignment extraction and warping

Final textured 3D map
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Computational steps of the pipeline to obtain building model with 3D roof from
LiDAR based DSM data. (a) input DSM with superimposed the building shape
polygon in red, (b) initial output of the region growing clustering, (c) an
intermediate step of the plane-cluster expansion, (d) the final plane-clusters, (e)
rooftop planar patches, (f) planar roof segments obtained after fusion of the
planar patches.
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IconLayers: array of layers used to show PINs for loT sensors, POI, SVG.

Sensor3DLayers: array of layers composed by Scatterplotlayer,
ColumnlLayer, and TextLayer . Used to represent 3D pillars.

CrestLayers: array of layers used to represent the 3D Traffic Crests

WhatlfLayer: used to show the results of a What-If analysis. It includes a
PathLayer, a GeoJSONLayer, and an IconLayer.

Treelayer: used to present the trees (and eventually other additional 3D
entities). It is implemented with the same layer structure of the
BuildingLayer.

yll| yll|

Cached Cached Cached
GLB Layer GLB Layer GLB Layer

Tile Tile Tile |4 BuildingLayer: to show the Realistic Buildings. As for the 3D terrain a tiled
solution is adopted using CachedGLBLayers instead of TerrainMeshLayer .
When using the monolithic approach, different layers are used (see text).

Cached Cached Cached
GLB Layer GLB Layer GLB Layer

Tile Tile Tile

BusLayers: array of layers. Each one is composed by a PathLayer and an
IconLayer. Used to represent the bus lines

PathLayers: array of layers used to display cycling paths

ManagedTerrainLayer : used to display the 3D terrain with Orthomaps,
Heatmaps, etc. In the case of flat terrain, this layer is substituted with a
series of tiled BitmapLayers (see text).

' eckGL Layered Structure
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User Behaviour Analysis:

Trajeciorias, rlezimzo, 1Y olc:l...

o)',w

E

Data Analytic
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ff 2 App IS a Bidirectional Device

Derived information
* Trajectories

* GPS Positions — * Hot Places by click and by move

) Sglecno;\s on menus Z,: e - * Origin destination matrices
X'GWSOt PI;)' . o * Most interested topics

* Access to Dashbogrds : B -

_ . : | * Most interested POI

) searrjhed information B »'\.,N'- Delegation and relationships
ROUEng L & Accesses to Dashboards
Ranks, votes . (, SEN : Cumulated Scores from Actions
IComments 3 A Requested information

* Images A Routing performed

 Subscriptions to ngtifications  |* “"°°E'"' _ﬁi,: f =’

[ ] DM:O ] b‘mm

10.962,5, yduced information

Produced informagion .
Suggestions

* Viewed? —— Engagements
* Accepted ? an | g_ g .

r o ¢ 20190508 > * Notifications
° Pe rformed ? Show 10 -+ entries

° Values DataTime ¥ Latitude Longitude

08/05/2019, 43.792 11.25

& ¢° =Q 2
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To propose suggestions and Engage city u
we need to know how they ar moving

Speed distance T
Previous median speed e
Previous speed |
Sport Facilities
UserType I
Green Areas |
Rail Line [
Linear acceleration of Y-axis |
BDs EEEETS

Cycle Paths
Linear acceleration of X-axis I
Time Slot  —
Linear acceleration of Z-axis EEE———
Non-Working.. T
Bus/Light-rail Line |I—
= Average linear magnitude of .. i —
Tourist Trail T
Phone Year s
Accuracy
Location Measure kind e

0 20 40 60 80 100

B PublicTransport

M PrivateTransport B Walk M Stay

Artificial Intelligence
Classification

Suggestions

Snap4City (C), September 2023 201



UNIVERSITA DlNFO DISIT Py -
DEGLI STUDI PARTIMENTO DI DISTRIBUTED SYSTEMS m“
FIRENZE | BERER . | SENERELT, CITY =t

Automated Classification of Users’ Transportation Modality
in Real Conditions

Variables taken into account: Dataset:

*  Day/Time Baseline and GPS:

. Accelerometer e 30K observations

e 25variables

» 38 different users

* 30 different kinds of devices

* 4 classes (Stationary, Walking,
Private Transport, Public Transport)

*  Proximity
Temporal window

5. ng‘tm%\ 1\‘ ‘? T g v " . q

Four combinations of the different categories of data ' Note that, each user have used the mean of
transport of his/her own preference.

When the mode of transport is changed,
the user was asked to notify the change to
the App for creating the learning set and for
validation.

Baseline features and distance feature

Baseline, distance feature and accelerometer features
Baseline, distance feature and temporal window features
Baseline, distance, accelerometer, temporal features together

=y OB
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Speed distance B C onomd Y. - o = on B =
Previous median speed |[— N :) SJ E LJ f f f ﬁ j \_/SJ IJ C :)
Previous speed |
Sport Facilities |—
User Type [
Green Areas Extra Tree Model results
Rail Line I —— Model
Linear acceleration of Y-axis [ — features categories Precision
DS = Accuracy % % Recall %  F; Score
| Cycle Paths Baseline and GPS 91.0 68.2 75.1 0.714
Linear acceleration of X-axis TS Baseline and GPS + proximity 92.4 73.9 69.1 0.715
Time Slot | Baseline and GPS + proximity +
Non-Working... Baseline and GPS + proximity +
Average linear magni.tude ?f'" e Baseline and GPS + proximity + 95 3 o e 0.847
Tourist Trail Accelerometer + Temporal window '
Phone Year [,
Accuracy |
Location Measure kind [ —

=]
[
]
=Y
o
=)
=]
[0.0]
]
2

B PublicTransport M PrivateTransport ™ Walk M Stay
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* They: Ig

— need to be computed in advance on the
basis of a Time Serie variable, and a
reference period of computation.

— represent typical trends of: min, max,
average, median

— You can change the data on view

* Formats:
— DayHour: 7 time trends, one for each day
of the week, each hour, 24 values.
* As DayView or WeekView, start monday

— MonthDay: a value per day, 30 values of
the month.

— MonthWeek: a value per day aligned to
week days: 28 values, 4 weeks.
e 15t Monday of the month
* 3rd Friday, etc.

«*ﬁm_

U‘M

¢“SNAP/ciry

2000

1750

1500

1250

1000

1500

1000

500

dayHour: 2019-10-14 -—= 2019-11-24(median)

16. Now

dayHour: 2019-09-22 ——= 2019-10-27({median)

WeekView

A f\f’r\\-‘f\‘ \1L \ A
Vo

7.0ct 9. 0ct 10. Oct . Oct 12 Oct 13. Oet 14. Oct

Monday Tuesday W Wednesday Thursday Friday @ Saturday + Sunday

https://www.snap4city.org/dashboardSmartCity/vi
ew/index.php?iddasboard=MzA4NA==
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monthDay: 2020-07-01 --= 2020-08-31(average)
(a1}
@ s
04
* MonthDay:
onthDay:
03
2 Jul 4. Jul & Jul 8. Jul 0L Juil 12. Jul T Jul 15. Jul 18. Jul 200 Jul 22 Jul 24 Jul 26. Jul 28. Jul 30 Jul
- a Va I u e pe r d ay; ARPAT_QA_FI-GRAMSCI_SV - CO

— 30 values of the month.
— Aligned from the first day of the month

— computed on the basis of a Time range: from-to including that date
* e.g.: 2 months
* As min, max, average, median
* You can change the data on view
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monthWeek: 2020-07-01 --= 2020-08-31(average)

06

i

0.4

03

b-a* dé?b* b-a"li 1."-"" b-a* Gd?f\ b-a"i *5’! b-a* da&f\ b-a"'i 15"" ap"l ,55 (_Ps" o ds?f) b-a‘li ‘_39*55 \ap"'i {‘b‘ﬁﬁ
* MonthWeek: L% L% FEL LS s

— a value per day, ARPAT QA FLGRAMSELSV -0
— 30 values of the month.
— Aligned from the first Monday of the first week of the month

— computed on the basis of a Time range: from-to including that date
* e.g.: 2 months
* As min, max, average, median
* You can change the data on view
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* B = & 9 00N G

TypicalTimeTlrend Example

METRO730 - vehicleFlow - dayHour: 2019-09-22 --> 2019-10-27(median)

7.0ct
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averageSpeed dayHour Trend
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DINFO

: Powered by https://www.snap4city.org/d
NAP4Tec

- SNAPdTech ownload/video/Snap4Tech-
Development-Life-Cycle.pdf

Development Life-Cycle

https://www.snapdcity /download/video/Snap4Tech-Devel Life-Cycle-v1-1.pdf

From SnapdCity:

=  We suggest you to read the TECHNICAL OVERVIEW:
o https://www.snap4city.org/download/video/Snap4City-
BlatformOverview.pdf
snapdcity.org
4solutions.org

industry.org

» https://www.facebook.com/snapdcity
»  https://www.youtube.com/channel/UCtACOIEbNba8f2-udvandg

Coaordinator: Paolo MNesi, Paclo nesi@unifi.it

DISIT Lab, https://www disit org
DINFO dept of University of Florence,
Via 5. Marta 3, 50139, Firenze, ltaly
Phone: +39-335-5668674
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Using them into
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Smart City APl from Knowledge Base and other tools
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Development Life Cycle
Smart Solutions

@ Deploy

@ Deploy
@ Deploy
@ Deploy

Data Discovery
Data Modeling

D at
Proc.Logic/
loT App

ML, Al, XAl
Python, RStudio

Special Tools
Userinterface
Dashboards

N

i

)

A

1
A

Data Processes

Data Analytic

-
=

Userinterface +
Business Logic

P
«

Validation
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* Problem analysis, business requirements
* Data Discovery, Data Licensing, ingestion, and acquisition

* Data set preparation, transformation, identification of features,
normalization, scaling, imputation, feature engineering, etc.

* Target Assessment Model Definition
— |dentification of metrics for the assessment, KPI

* Screening on Models/Techniques, for each Model/Technique or for
the selection Model/Technique perform the

* Best Model selection among those tested
— If needed reiterate for different parameters, features, etc.
— Comparison with state of the art results on the basis of KPl/metrics
— Needs of Explainable Al solutions: global and local

* Deploy best Model in production, monitoring in production

SnapA4City (C), September 2023
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Simplitied Training and Deploy process

Supervised
Unsupervised

Historical Training o
bata Prediction

Prescriptions

Real Time Results

Data Execution Anomalies

l_lmm)vcineu streams

Classifcation
Detection
Etc.
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Identification of Process goals and Planning

Data Discovery and Ingestion (from the general life cycle)
Data Analysis: feature engineering, feature selection

NIVERSITA

DINFO ) L)

EGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
[RENZE = [DSEGNERA e | NIERNETTECHNOLOGES LA CITY ==
AND TECHNOLOGIES LAB U‘M

Which goals Model Assess. Models
How to compute, which language & Selection Identification
Which environment, which libraries ‘! “

Data review

Model Deplo )
Data review and preparation for the model pioy and preparation
Model Identification and building: ML, Al, etc.... x "\
— Training Data Analvsi
. . inal ysis,
— Tuning hyperparameters when possible Fina Feature
Model Assessment and Selection Validation Engineering
— Validation in testing !‘ F
— Assessment on a set of metrics depending on the goals: global Soluti :
relevant and feature assessment 0 utlon.on Data D'SCOV‘?W:
— Assessing computational costs Production Data Ingestion
— Impact Assessment, Ethic Assessment and incidental findings e
— Global and Local Explanation via Explainable Al techniques Identification of
Model Deploy and Final Validation Process Goals

Solution on Production (security, scalability, etc.)

Optimisation of computation cost for features, if needed
reiterate
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Simplified Deploy of Transfer Learning Mode!

Real Time
Data

Historical Training
Data

LImprovement

Model

Execution

Results
streams

New Real
Time Data

New Enriched

Historical .
Trainin
Data S

LImprovement

Enriched
Model

New Model
Execution

Transfer Learning
and Fine Tuning

Results
streams
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AI/ML Requirements
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* Reliable: capable to produce results in reliable manner, repeatable in operative conditions
* Trustworthy: capable to behave such as your best expert, that you can trust

* Not Biased: not influenced by some preconcept neither based on some data that can structurally for
definition influence the decisions/results!

— ldentified Goals of the model can be biased (e.g., approach the solution logistically or predicting a value)
— Data Set for training can be biased (e.g., including variables which can discriminate wrt law/regulations)

— Al architecture can be biased (e.g., selecting one that can see only a specific aspects, reducing the solution
space, not addressing non linearity, preprocessing data losing a part of information),

e Ethical:
— Data Ethics: to address the ethical non bias aspects on data

— Al Ethics (DA Ethics): to address the ethical non bias aspects on Data Analytics process from training,
to model selection and assessment

— Incidental Finding: what happen if the results or partial results provide hints on unexpected aspects
— Etc....

= 2 Al Regulation of EU Act, Al Act:

— https://digital-strateqy.ec.europa.eu/en/policies/european-approach-
artificial-intelligence
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* Respect Data Sovereignty:
— data are subject to the laws and governance structures of the nation (Jurisdiction) where they were

collected
— Specific licenses can be modelled and the development tools enabling the development of Al must
guarantee
* Privacy, Respecting GDPR in Europe, other Acts on other countries: a set of guidelines and
techniques

— Anonymization: several kind of approaches, from drastic to those that preserve the: statistical validity,
semantics, etc.

— Encryption: of personal data
— Decoupling of data and personal identification data
— Channel protection: SSL, TLS, etc.

— Signed Consent: not any more of Informed Consent, signed per data type
* Usage of data have to be provided by the user, for each single data type

— Data Types: any kind of user’s data, which could be exploited , reused, sold, etc.
— Any data start as private data.
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* Global Explainability, GE

— Given the features adopted in some ML/AI solution, the GE is a description of relevance or important
of those features in the production of all the results.

— The Relevance/Importance is estimated by taking into account the typical impact/incidence of
features values on the estimation of results (prediction, classification, etc.)

* Local Explainability, LE

— Given the features adopted in some ML/AI solution, the LE is a description of relevance or important
of those features in the production of a specific result, by case.

— The LE Relevance is estimated by taking into account the specific impact/incidence of a feature value
on the estimation of a specific result (prediction, classification, etc.)

A number of tools can be used for example:
— SHAP, Shapley Additive Explanations
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Explainable artificial
intelligence
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Data Analytic
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Explainable artificial intelligence (XAI) is a set of
processes and methods that allows human users to

comprehend and trust the results and output created
by machine learning algorithms.

Training data

A

Machine
Learning
Process

Learned
Function

XA

Explainable

Model

Improve prediction models
Increasing productivity
Building trust and adoption

Ethical

Explainable
Interface
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A white-box model is explainable A black-box model is not

by design. Therefore, it doesnot  axplainable by itself. Therefore, to
require additional capabilities to be make a black-box model

explainable: _
P . explainable, we have to adopt
e Linear regression, .
5 several techniques to extract

e Logisti lon, : : :
ogistic regressio explanations from the inner logic or

* Decision Tree, the outputs of the model.
e Naive Bayes,

- CNN, DNN,
LS . LSTM
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with tf.device('/device:GPU:8"):

explainer = shap.TreeExplainer(MODEL)
shap values = explainer.shap values(X train)

SHA

Day3 .
MaxTempS R NG
LevelSIRIdr |
Latce
Humidity |
MaxTemperature ||
PrecipSIR [
LevelSIRFre |
Dey's |
Day! [
Longitude. |
Temprerature [
Day30 [
VeltedsIR G
vevaxSR [
WindSpeed [N
MinTempSIR I
Atituce |G
Vegetation [INREGNGING_
MinTemperature [ NNREREEE

00 02 04 06 08 100 _
Mean(|SHAP value|)

Day3 High
MaxTempSIR
LevelSIRdr
Latitude .
Humidity ~— se—p— - -
MaxTemperature @
PrecipSIR —p— -
LevelSIRFre o
Day15 T:u
Day1 >
Longitude ~~ » seee—— - g
Temprerature —.— w
Day30 e e - - e
VelMedSIR e
VelMaxSIR ¢ e e e
WindSpeed B i S
MinTempSIR B el
Atttude et
Vegetation . -—.—'
MinTemperature + . Low

6 4 2 0 2 4 6
SHAP value (impact on model output)

shap.summary_plot(shap_values,
features_names, plot_type="bar")

shap.summary_plot(shap_val

ues, X_train,features_names)
STTEPEFCITy (T, SEPEMuer—Z0Zs

*Feature importance: Variables are
ranked in descending order.

eImpact: The horizontal location shows
whether the effect of that value is
associated with a higher or lower
prediction.

*Original value: Color shows whether
that variable is high (in red) or low (in
blue) for that observation.

*Correlation: A high level of “Day3” or
“PrecipiSIR” content has a high

and positive impact on the classification.
The “high” comes from the red color, and
the “positive” impact is shown on the X-
axis.
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SHAP: Local interpretability

with tf.device('/device:GPU:8"):
explainer = shap.TreeExplainer(MODEL)
shap _values = explainer.shap values(X_ train)

higher — lower
base value g

0.4311 1.00 ’ (a)
) )y )y ) {{{{&

MaxTemperature Humidity Day3 MaxTempSIR VelMaxSIR Temperature Day15 MinTempSIR

higher = lower
S R
))))-__((((( |
WindSpeed Humidity LevelSIRIdr Day15 Day3  Temperature Day1 MaxTemperatu
f(x) base value
0.00 0.4311 (c)
B EEEEEEECeecc««

Day3 MaxTempSIR MaxTemperature Temperature LevelSIRIdr Day15

shap.force_plot(explainer.expected_value,
shap_values([7,:],fields)

Snap4cCity (C), September 2023

The ability to explain each prediction, is a very

important promise in an explainable Al.

(a) value of VelMaxSIR, MaxTempSIR, Day3
and Humidity contributed significantly to the
classification of the observation as a
landslide event.

(b) values related to rainfall in the last days,
LevelSIRIdr and Humidity given a relevant
contribution to the landslide event prediction.

(c) the value of features: Day3, MaxTempSIR,
MaxTemperature, Temperature and
LevelSIRdr have been determinant for the
classification of the observation into a no
landslide event.
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* Node-RED Proc.Logic = see Part 3 and 5
—On Cloud and/or on Edge

* Python or R-Studio = see this Part 4
— On Cloud

—On Premise on special hardware with NVIDIA boards, HPC
infrastructures, etc.

—On Edge is needed also with Node-RED

SnapA4City (C), September 2023
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- Entity Directory:

Smart Data Models
loT Data Models
Digital Twins

4—?[(_n

Brokers

‘\'\

)

\_

600
DQ
060
1= han g
©

/ APl Manager

Federation
| Smart City API |

Yy OpenSearch

&8

KB, graph

ﬁ

& GeoServer | Entitylnspector

o/ ST
CvSNAPiciry

/ Web and Mobile Apps

Smart Applications

Park

Waste

Light

Energy Environment

Maintenance

Mobile App

Apps

Visual Analytics tools

Business Intelligence CSBL

Data Managers

—

kO) BlMserver.center

Social Media

BIM GIS -

Gateways, satellite

External Services

Web Scraping
Tv CAM streams

t\ t f' python’

] ) Studio
Data Analytics:
ML, Al, XAl

Event Driven

Dashboard Bld & Mng

Service Map

HLT Manager

Synoptics

3D Digital Twin

Market/Sharing Place

Third parties solutions

09/23

A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ... J

N
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¢“SNAP/crry
DISTRIBUTED DATA INTELTIGENCE
AND TECHNOLOGIES LAl <
o -
01 App / Proc.LogIc
. - 9 ._J — —

* Storage = loT App / Proc.Logic
* External Service €< -2 |loT App / Proc.Logic P@[ﬁg 3

* Dashboards €-> loT App / Proc.Logic Node RED

* Data Analytics € loT App / Proc.Logic P@ﬁ [A}
* Broker = Storage

* |oT App / Proc.Logic > Broker
* Broker = loT App / Proc.Logic P@ﬁ 5

* |oT App / Proc.Logic > Storage
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Studio
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Swagger

| Saving /
Sharing
reusing
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MicroServices
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Using them into
|OT Applications

Smart City APl from Knowledge Base and other tools
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@ python & ¢“SNAPLciry

Big Data @ docke
Store Facility

-
On Server | 70 rmmemm e 7
On PC ey On PC as File.py e
Anaconda Once Al Model Lgad L python data |J‘|
finalized Mapping 2':ezf)g '|' analytic '|'
Data.. '
To make the .PY usable as MicroService you need
to adapt it to get and send data in/out with
Node-RED from a Container.
If you provide a .zip file the main .py inside has
o | ; to be called doScript.py
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FIRENZE | NS cone | ABNGEELS as CITY

al\V /] - r 1 ‘ L . ‘ - - -
peveloper in R otudlio + iensor riow

Flles  Plots  Packages  Melp  Viewer
Q. Newrolder O Upload (O Delete o Bename | (G Moes +
/.\ Home | SeapdCity  SatmtcsOutput

Snap4City R Studio Developme

@ Fle Edit Code View Plots Session Build Debug Profile Tools Help apdaiy [ @)

[N = Go to file/functior « Addins + X Project: (None)
A Nave
shapécity Console  Terminal ©'| AnomalyDetection R
=0 =0
AreaManager | Idap Sna ® Source onsave | (| /' HRun | S| fSource -
[1] "carpark” N 118 anomalieshatr[, “timestamp"] <- as.character(dataFinal[res$anoms$index ,"alignDateTime"]) a b Loee T
@ Dashboards Warning in statisticsResult[indfolder]3statisticsOutputiame = unbox 111 anomaliesMatr[, “anoms"] <- as.numeric(res$anoms[,"anoms"]) i 0DaTrend ong
("Predictions") : 112 o} "
8 Notificat number of items to replace is not a multiple of replacement length 113 #table with anomalies = CarParksDasyTread png
otificator warning in statisticsResult[indfolder]$statisticsOutputiiame = unbox 114 5 ComelationMatrix
S — ("MachineLearningPredictions") : 115 setwd(outhD) 3 cl.ck one Ch n f.le to . a|,ze the tat. t.c W tab -" be one ed
T Applications nunber of items to replace is not a multiple of replacement length 116 options(digits = 1) =5 | nea o | visuall S ISUICS. a4 ne wi n
“geom_smooth()" using method = 'loess’ 117 tBtable <- tableGrob(anomaliesMatr, rows = NULL, cols = c("Date and Time", "Anomaly”), theme=ttheme_default(base_siz PredicteF teeParki p g p
= 0T Directory and Devices [1] "carpark” 118 grid.drau(tBtable) - _—
- Warning in statisticsResult[indfolder]$statisticsoutputiiame = unbox 119 h <- convertHeight(sun(tBtableSheights), "in", TRUE) = SangorsMeanierDayMomend. ooy
¥ 5 ("Anomalies”) : 120 W <- convertiidth(sum(tBtableswidths), "in", TRUE) .
N Knowiedgeand Maps ~ nunber of items to replace is not a multiple of replacement length 121 =4 StatisticsBySensons png r
e [L] "NO ANOMALIES ON THE SENSOR -CarParkBeccaria free-" 122 plot <- resgplot - "
Micro Applications [1] "PRESENCE OF ANOWALIES ON THE SENSOR - CarParkCareggi free-" 123 =4 StatisticsB/SenorsAndOnyMoment png
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkPieracciniMeyer fre 124 plotMix <- grid.arrange(plot, tBtable, - . p
W External Services e-" 125 ncol = 2, = VehicleFlowOailyTrend png
[1] "NO ANOMALIES ON THE SENSOR -CarParks.Lorenzo_free-" 126 heights-c(5,1),
o ~ _ [1] "NO ANOMALLES OM THE SENSOR -CarParkStazioneFirenzeS.M.N. free-" 127 as.table=TRUE)
Data Set Manager Data Gate 1] “carpark” bt cotud out0)
Warning in statisticsResult[indfolder]3statisticsOutputiiame = unbox 129 ggsave(paste(columnsame[1], "Anomalies.png”, sep=""), plotMix, width=22, height=h:5)
< Resource Manager: Process Loader ¥ ies" 130
nunber of items to replace is not a multiple of replacement length 31 %, finally = {
[ Development Tools ¥ [1] "NO ANOMALLES ON THE SENSOR -CarParkBeccaria_free-" 132
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkCareggi free-" 133 i)
) MEEETTIR O [1] "PRESENCE OF ANOMALTES ON THE SENSOR - CarParkPieracciniMeyer fre 134 statisticsResult[[indfolder]]$resultFiles|indResult]$sensor=NULL | 1
¢ 2nagy e- 135 statisticsResult[[indfolder]]SresultFiles|[indResult]]$sensor-unbox (as. character (columnshiame[i] o o
[1] "NO ANOMALIES ON THE SENSOR -CarParks.lorenzo_free-" 136 statisticsResult[[indfolder]|$resultFiles|[indResult]|$png-unbox(paste(outlD, paste(columnshame[i], “Anomalies.png”, s .8 |
Helpand Contacts ¥ [L] "NO ANOMALIES ON THE SENSOR -CarParkStazioneFirenzeS.M.N. free-" 137 indResult = indResult + 1 {
138
[J Documentation and Articles ¥ 139
Files Plots Packages Help Viewer 0 e Jelse! ) i
& My Profile ¥ 141 print(paste("NO ANOMALIES ON THE SENSOR ", "-", columnsName[i], "-", sep="")) .
My Profile ©7) New Folder | G Upload | @ Delete 4 Rename | i More - 142 )
= 143 .
@ SnapACity portal & Hone PR
A Name Size Modified 145
nohup.out 728 Mar 30, 2018, 9:47 AM 146 setwd("~/SnapdCity")
R 147 write(jsonlite::to)SON(statisticsResult[[1]]), "JsonStatisticsResult.json”)
148 return(statisticsResult[[1]])
Snap4City 149} .
SnapdCityDEMO g? )
Snap4CityOld 144:4 anomalyDetectionfanomalyDate) + R Script &
Environment  History Connections =0 By
# [ | 7 import Dataset - | § List g -
) Clobal Environment « &
0 dataFinal 2794 abs. of 18 variables -
O dataset 35539 obs. of 12 variables v
O dataTest 97 obs. of 15 variables
O dataTestFinal 97 obs. of 3 variables
) dataTrain 2793 abs. of 15 variables
O neltDataTest 97 obs. of 4 variables
Op3 Large gtable (784 elements, 9.2 Mb)

)plt List of 9
0 statisticsResult List of 1 .
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bransron | DINFO IDISIT  [)ata Analvtics In R Studio

R Studio Development

@ File Edit Code View Plots Session Build Debug Profile Tools Help snapdcity [ 5 @
K| Project: (None) -

LERRAR -3 | S Go to file/function - Addins -
roottooladmini Conscle  Terminal ==l @ | RunRestApi.R @ | 00Index.htm| INDEX ==
RootAdmin | Idap ~/Snap4City/Snap4cCityStatistics -] I [«|Source on Save | (4 A - +Run | =+ Source -
» source('~/SnapaCity/SnapacitysStatistics/RunRestapi.R") 1 setwd("~/SnapaCity/Snap4CityStatistics™)
Dashboards Starting server to listen on port 2888 2 source(’'~/SnapdCity/SnapdCityStatistics/Stat4CityFunctions.R")
Running the swagger UI at http://127.8.@.1:888@/_ swagger_ / 3  api <- plumber::plumb("Stat4CityFunctions.R")
shibe I 4  apifrun(host = "9.0.8.@", port=8888)
by BE=EEEEE » setwd("~/SnapdCity/SnapdaCityStatistics") &
» source('~/SnapaCity/Snapacitystatistics/StatacityFunctions.R") 2 §‘
Notificator > api <- plumber::plumb("Stat4CityFunctions.R") £ % 3 N T |
> apigrun(host = "e.e.9.8", port=20868) F s g £ ¥ OE %
10T Applications Starting server to listen on port 2888 T 8 & § § & $ % g 2
Running the swagger UL at hittp://127.8.0.1:8088/__swagger_ [ 2 2 ¢ 2 £ g g 8 E § & g
My Personal Data F 5 8§ 5 8§ § § % 5 § & 7] N
o OO0 00O® -0
IOT Directory and Devices ~ becoifree | o7e | 2 .. . . X X ‘ ® 0.8
Knowledge and Map . il - 0@ o ®e oe
riols free o | os1 oes 1 . o [ T X X X o
Micro Applications iMN_free o6 | 0.5 o.ms o931 [ X ] C X ] @ o.a
I : bagespeed o7 s @ o0 e s
External Services ¥ Bricieriow | 0.65 | 0.2 | 0.6 | 077 | 067 |02
! ®@ecoco0000
Data Set Manager: Data Gate = : " B o . o e 2 @ L L XK J @ °
v ¥ P 3 > fehicleFlaw - ¥ -
Resource Manager: Process Loader ~ fragespeed . o | oss e N X o
beicleriow - - ese | 050 0mr | 0| 2 .. . 0.4
EzselbprmzmiTeels = Files Plots Packages Help Viewer ==l Fecespeed a7 | oss | 057 o7 | s 073 oss 074 | a2 | o6a 2 . [ ]
r -0.6
R Studio Development @] New Folder | @ | Upload | © Delete | Rename = {JF More + p— aes R o7 wes ams | ose| on | w3s| 1 @)
B ETL Development Y Home B Bocspecd 073 (072 | 0es | o8 |07 078 | 063 | 01| 0 |65 | 077 | 078 [ ] 0.8
& Knowledge Base Graphs = LEmE Size Modified ! = fsiclesiow 0.8 0.81 oss | st oen | 061 0.1 072 073 71 2 .
. | nohup.out 72B Mar 30, 2018, 9.47 AM
=2 Knowledge Base Queries
R
«2 Smart City API Docs: Swagger )
4 ; Snap4City CarParkCareggi Average Trend
Internal API Docs: Swagger SnapdCityDEMO
[# Testing API by Postman Snapaciryold a0 [
& Source Code Access 5 /
p R Script
Management ¥ 204 \ ) : 7 —0
& settings ~ List ~
Legend
, g X b,
User Management and Auditing 5 / 1588 obs. of 2 variables -
\ .
Help and Contacts ~ // . .. . P
5 <0Object containing active binding>»
\ // "CarParkBeccaria”
\ // "http://192.168.0.206:8898/sparql ?default-graph-uri=&query=SELECT+DISTINCT+%3Fdate+¥2Ffre..
i N I (I, L i . function (sensorTypelList, anomalyDate)
2 s 2 2 = 8 3 % 2 8 s 2 function (anomalyDate)
Lime ol the 42y ey function (sensorTypelList)
rlma
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: ! ¢“SNAP/
Data Analytic Container O~

loT App / Node-RED .

G
E ’. v S4CDataAnalytic @
@ £ - plumber data Use Snap4City Data Analytic

IOT Apphcatlon e Node, and load in the code
python data you developed.

analytic

i pgthon Jupyt;r

Develop .py or .r program on (i) Snap4City

platform online, or (ii) your Development

Machine.
The code has to respect the guidelines @ Deploy the IoT App = Snap4City Container Manager based on
provided for creating API. =t Marathon/Mesos is creating a Container for your Data Analytic code
The API are called as a MicroService Q) ocker |
For example see: E d’docker
https://www.snap4city.org/641 R s
https://www.snap4city.org/645
Data Analytic Data Analytic
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UNIVERSITA | DINIFO | DISIT , s Yo L
Dol STUD! | o | pomaererme XIS AL SNAPiary &

YY)

loT edge on
TV Camera

¢“SNAP/crry

Data Inspector

Data Inspector

e . 5 e
. XX VN ), Fei|

'VALUE NAME: CROSSVENARIAZ B_l! E Q & ° .(4\ g L
te: 2022-07-04 233653 7750200 ) Mp!

Big Data .:‘ ‘::‘..' 3 tcusi :Nn ,lv a oy ‘ sl m-mwm-:mhm“:whw o
Store O p— ol
Facility

show data = ——— L =

zzzzzz
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UNIVERSITA INFO |DISIT AXIS 7~ Yoo,
D EG LI STU Dl DIPARTIMENTO DI DISTRIBUTED SYSTEMS ‘.
FIRENZE | REEER ™ | RENRer ons CoMMUNICATIONS CiITY

loT edge on
& TV Camera

, ¢YSNAP/criry
Devices:

- CrossVenaria2VehicleFlowTrajectoriesV-
[0):176] I - VenariaConteggio

@ Save Counting per Cluster

Monitoring Cross Road Venaria - (AXIS Camera)

Number of Trajectories. ()

Get data Big Data

Activate

S —_- m Store
e (c) Facilty
@ analytic From Trajectories Device:

to clusters. CrossVenaria2

Counting in/out with
and flows trajectories

show data
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S

enda and synoptic

Legenda Synoptic with real time data
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FIRENZE | Betongan | S nieaner AN @Xaim J —

Monitoring Cross Road Venaria - (AXIS Camera)

Number of Trajectories T Ll |lIl

\. . & UiFan
(4 (15, '_} :“:z’_’ N
A . bl =4 x4 ]
s A Tk AXISa
. |

Wed 10 Nov 18

COMHMUNICATIONS
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UNIVERSITA D|NFO DISIT ) i | Py F
Fikinz: | B (@9 Managing TV Cam ¢“SNAP/crry 2

AXIS a

COMMUMNICATIONS dSNApACITy
0 ° triples j
KM 4| CITY
ema Reasoners ..o
10T DEViCGS | =] Monltorlni-cliss Road Venaria .(AXIS Car:’:fral)'
Registration I
SURI Link
| €—
‘ |
° ° @
push AR subscription ngte
<€
>
Real Time NIFI, OpenSearch

(—T T

10T

>
>| App |€
Real Time data in Pull, Push Processing if needed
Any gateway, server

Data Analytics
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UNIVERSITA DISIT . £
oot sont | DINEO | 2ESET aws AXIS
FIRENZE | BSfiSimaone | FEENGSSEs ae a8 CITY

COMMUMNMICATIONS

— I

iVionitoring Passages

-

\

Monitoring AXIS CAM Q1952, Genova Mon19un 183855 @@

Pedestrian RT Stroller RT Pedestrians 10 Min 9m Stroller 10Min 9m Bikes 10 Min
) 0 5 0 5 Access Q1952

Real Time Counting Numbers Of Passages Every 10 Minutes, Last 7 Days 4m @

ety

al
08:00 . 8 o 16:00

number of Strollers @ number of Pedestrians @ number of Bikes number of Strollers

Total Number Of Passages Per Day Number Of People Passing Avery 10min Compared With Yesterday

w ——M—M M M¥M¥M¥M
e 0T
17.Jun 18. Jun 19. Jun

® Total in a day

Privacy Policy ~ Cookies Policy ~ Terms and Conditions ~ Contact us
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Z 'Inw
et SNAP/ciTy L

Pedestrian RT 9m Stroller RT 9m Bike RT 9m
0 0 0
Real Time Counting 4m @
30
il
0 ikl [T I 1 I i ul.im.
16:00 25. Jun 08:00 16:00 26. Jun 08:00 16:00 27. Jun
@ number of Pedestrians + number of Bikes number of Strollers
Total Number Of Passages Per Day 4m @

@ Total in a day

o Monitoring AXIS CAM Q1952, Genova

Mon 26 Jun 23:56:21 — =)

Pedestrians 10 Min 9m Stroller 10Min 9m Bikes 10 Min 9m
0 0 0 Access Q1952
Numbers Of Passages Every 10 Minutes, Last 7 Days 4m ©

200
RNV T W w
12:00 21. Jun 22. Jun 23. Jun 24, Jun 26. Jun 12:00 27. Jun
@ number of Pedestrians @ number of Bikes number of Strollers

Number Of People Passing Avery 10min Compared With Last 24 Hours 9m ©

161.2

7\
1209 g L\ fV\/\
e mﬂvvw\\ﬂ(m TR Y ::
RIS

o T T | T T T
03:00 06:00 09:00 12;00 15u00 18:00 2100 27. Jun

Privacy Policy  Cookies Policy Terms and Conditions  Contact us
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QARCA

'lm?

aws AXISa CUSNAPlIcnv

COMMUMNMICATIONS

Monitoring Ocean Race Via PTZ, Genova Thu22an164228 @

Reset 4m Shifts 4m Zooms 4m Last 60 Sec 4m Last 10 Min 4m Mean Number Of Boaths Traked In The Last 10 Min, Compared Last 4 Ho..4m ©
Access

Control Count In The Last 10 Min Cumulated Actions Of Today By Hour

17:00 1730 18:00 1830

Number Of Boaths Tracked In The Last 1 H, Compared Yesterday

Privacy Policy ~ Cookies Policy  Terms and Conditions ~ Contact us Fr i ISWM s E‘,NApdc”y
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Monitoring Ocean Race Via PTZ, Genova Mon26 un2357.01 @@

Reset 9m Shifts 9m Zooms 9m Last 60 Sec 9m Last 10 Min 9m Mean Number Of Boaths Traked In The Last 10 Min, Compared Last 24 H..9m @

Access
Q6225 A 0 0 2 5

135 N\
. ol \ |

@ Cument
Control Count In The Last 10 Min 4m © Cumulated Actions Of Today By Hour 4m » U e '
50 1000 U
‘ mlino DﬂlDO |z;|00 'Iﬁxloﬂ 20100 27, IJun
40 800

Number Of Boaths Tracked In The Last 1 H, Compared Last 24 Hours 9m ©

| —Y S\

fhAS e s i 1 o 158 -
0 i} I| ! i A!ll Ak | | | | 1 | | 0
21. Jun 22, Jun Z3. Jun 24, Jun 25, Jun 26. Jun 27. Jun
I
; o ;

@ PTZ_Genova - shift + PTZ_Genova - reset PTZ_Genova - zoom 4 Max Number of boats @ boats Zoom @ reset @ shift

Privacy Policy Cookies Policy Terms and Conditions  Contact us
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Data Analytic
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DELLINFORMAZIONE | TECHNOLOGIES LAB e

R e R dataretrieval from a public sensor
in a specific window of time

> Min - Mean - Max
computing

p e Python data retrieval from a private sensor
in a specific window of time

https://www.youtube.com/watch?v=axAR6u4suQU
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R data retrieval from a public sensor
in a specific window of time

Python data retrieval from a private sensor
in a specific window of time
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e You can choose between a multitude of Devices inside the Snap4City Platform
e A useful online user interface is available at http://servicemap.km4city.org/WebAppGrafo/
e Oryou can of course use your devices created in the platform

For this workshop we have identified two sensors:

- a public one whose service_uri (the link identifier of the resource) &.

iShttp://www.disit.org/km4city/resource/iot/orionUNIFI/DISIT/METRO762

- aprivate one accessible through an authentication procedure @

whose service_uri is
http://www.disit.org/kmdcity/resource/iot/orionUNIFI/DISIT/118907.682 485819.390-

Plastic
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e The Snap4City API allows you to formulate requests to get different
results based on your needs

e The documentation is accessible at:
https://www.km4city.org/swagger/external/index.html

e Under Services it is possible to retrieve data from a specific device

- identified by its service_uri

- specifying the temporal windows fromTime - toTime

e regarding the public traffic sensor it is reported below the GET request
https://servicemap.disit.org/WebAppGrafo/api/vl/?maxResults=10000&lang=en&geometry=Ffal

se&format=Json&serviceUri=http://www.disit.org/kmdcity/resource/iot/orionUNIFI/DISIT/M

ETRO762&realtime=truesfromTime=2021-04-14T00:00:00stoTime=2021-07-13T08:04:21
3
1010
& 10001
1100
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1) for accessing a private
device data you’ll need
to have an

ACCESS TOKEN &

(P T

o - 'Pﬁm.

¢“SNAP/ciry

2) to get the access _token you’ll to
make a POST request specifying the

username and password of the owner of
the resource or the delegated ones.

url "https://www.snapdcity.org/auth/realms/master/protocol/openid-connect/token/"
data = {"client_id": client_id,"grant_type”:"password”,"username”:utente, " password”:password}
r=reguests.post(url, data)

s_token”:"eylz93a...kdlalww",
ype":"Bearer"”,
es_in":86480

3) same get request for the one of the traffic sensor, but with the
additional header with the access_token

o

1010}

> {0001

1100
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"toTime": "2021-07-13T08:04:21",
"fromTime" :"2021-07-
01T08:04:21",

"start date" : "2021-01-21T00:00:00",

"end date" : "2022-03-09T00:00:00",
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* |oT App / Proc.Logic

— https://www.snap4city.org/download/video/course/p4/flussoWorkshop
-DA-AI-2023.zip

 Example in Python

— https://www.snap4city.org/download/video/course/p4/PythonScriptPri
vateDataRetrievalAndStatistics.zip

* Example in RStudio

— https://www.snap4city.org/download/video/course/p4/RscriptPublicDat
aRetrieval AndStatistics.zip
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Data Analytics on Snap4City platform — _C¥sNAPlany
Dev on Premise, Custom 1 TensorFlow B python e |

Swagger | | o Studio

1 5

1 TensorFlow

Ontology Schema  LOG.disit.org
~—_ Knowledge Base, —~ —
N Km4City __—1 ~—
$ )= Big Data
iR, || e
8 .pe
@ O mm T () = 9 Facility
(((= ﬂﬁ % (= O] E:_ = N~

$§ £ 8

Re ¥
> Python file.py ...... Resource Manager _—’

» Rscript file.r ....... ' l
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gggys??llj.g} DR'TlﬂNTEDlo EBR!B§E! ;!;TEMS | I+
FIRENZE | Bttt | RBNEREL Jev EJ DK D ment SNAP4CITV

EXECUTION

1F TensorFlow

Big Data
Store Facility

&4 NVIDIA.
CUDA.

» Python file.py........
» Rscript file.r.......

: Jupyter claffProgr3 Last Checkpoint: a few seconds ago (unsaved changes)
File  Edit  View Inset  Cel
OnServer| «..cc...n
pl
th:
or
On PC as
On PC il cluster” + thisi

. Local Environment

nnnnnnn

Process: file .R or .Py (+ the Al/ML
Once finalized model, data) can be put in execution
with local scheduler or Cron

*, index = False!

DEVELOPMENT
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TOP

&"{ A P’ ’ \‘u
‘7" ‘““ "m \Vb ‘\ Hiozz §9

i D S
,; VAV Yﬁ'“ lg‘
M) ‘! W e A AR :f
4 AN KT RS AN Z
2 2 X 2 '4“‘(‘ e\ avA A i
fn SISOy @i
/

1 4;\4'4
‘ “’AW 1 o ’\» S e e <t ‘p b';"l " rgb )

B L 3 @,
; "\ O.Sv \‘I‘ g . \‘r,‘,’ |

Wems
2]

\J
FAYA

%
“

X

N
)‘
EAVA
a

,'l.-

LN
N

74
'».

2T
==
A,
Dz
3

7
N

=X
%

AVADE
i

1l
)

=1
=,

N

421K
ﬁ‘ )

N

1

]
N%

DRD SR Sthr N SV B
A % Q ey i AR KX 0% mr\ 7N «\‘hv Y « 3=
PN A 7D P'G" SN N | N “'4‘ =SB S A"\o' N N i N7 N & "‘ .s\
Sk 'ﬁ% a2 S RS 4\ “/ (y \ﬁ ‘4(‘ BB Z R A KA R ‘l’l X ﬂh’ﬁ h.v«\,‘ &"’4‘)} )“ : ,{;‘s ‘ P
|t . 0 ‘2. wle s 'A‘ t\r«“ ' ﬂ éé} > F{E)Sentembe AR . pesikase ‘y,o; Vo k |7 Sty
P K K G Sra QN QB N £ ar A K/ 4. .‘ Vo AT L300 G RN, RIS SIS SASEANS TR /0 PAER el NS AR U T NN/ ‘V.m_\\l i 4» m VIA\ ).::‘.1 N (o




&\\3‘ o
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S
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e 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
e Aggregation areas
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e Controlling Status: management, and operational
o Monitoring via KPI
o Computing predictions vs KPI
o Anomaly detection
o Early warning on critical conditions
e Making plan: tactic and strategic, medium and long range
o Simulation vs predictions
o Prescriptions
o Risk assessment
o resilience
o What-if analysis on scenarios
o Unexpected unknows
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CYSNADP ity
Control Room
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Snap4City Analytics

* Decision support systems
* Improvement of life quality
e Sustainable Solutions

 Reduction of costs ,
Data Analytics

e Risk Assessment

* Resilience System Modeling

and Simulation

|

Knowledge

Prepare ¢“SNAP/crry
Absorb =By
Recover .
Adapt | e

damage |7 £ -

Anomaly Detection
Early Warning

Short Term Predictions

Long Term Predictions,
Typical trends

Recommendations &

Disaster Recovery

l

Models

Strategies and

Scenarious

Prescriptions / Plans
What-if Analysis /Partialv

Decision Support System

targeting Indicators: Quality of Life, PUMS, SUMI, KPI, SDG, 15Minindex,...



DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

DISIT et
WWiat-If Anal VSIS
What is | What is

a scenario occurs
Available data and techniques in the future

Historical Data, HD Yes @ @ @
Real Time Data, RTD @ Yes ® ®
- (%

HD + RTD + Short term Predictions, STP(.) Y Yes Yes
HD + RTD + Analytical Model, AM(.) + Yes Yes Yes (Yes)
Scenario Model, SM(.)

HD + RTD + Short and Very Long Term Yes Yes Yes Yes
Predictions, SVLTP(.) + AM(.) + SM(.) +

Simulation, S(.)

HD + RTD + SVLTP(.) + AM(.) + SM(.) + S(.) + Yes Yes Yes Yes Yes
KPI(.) based Decision
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Issue:

— Detection of critical
condition

Impact:

Prepare
Absorb

— Not easily detected with Recover
other means Adapt

— Early warning, faster
reaction

— Increased resilience [ gamage

Several metrics related to:

— Volume of retweets
— Sentiment analysis

Crticalfunctionality
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bt sron | DINFO [ DISIT C‘{s NAD 4 iy
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esilience Management Guide

FIRENZE | 06ENStuazone | TEGNGLOGIES Las
—t

(e
fi
(e

Q

tRVIG: European F

CRAMSS
Collaborative Resilience
Assessment and Management

MONITORING Support System LEARNING

http://www.resolute-eu.org/

| i
l'”llf

ANTICIPATING

-Human Behavior Analysis

-Predictive Analytics

-Urban Transport System Dynamic
Analysis

-Resilience Quantification

-Network Analysis

- Big Data Platform
-loT/IoE/Open Data
-Real Time Dashboard

- Resilience Control Room
- Data Analytics

- Early Warnings

-Urban Traffic Manager Data Exchengée

-Smart Decision Support Systems (DSS)

- Evacuation Decision Support
-Smart Intelligent Transport Systems
-Emergency Support Smart App

»Resilience DSS

-European Resilience
Management Guidelines

-Game Based Training
285
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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, ...

¢“SNAP/ciry

(P T

o - 'Pﬁm.

& C | [J smartds.disit.org:8080/dss/home jsp;jsessionid=F5523F87F3603F98CEDFF2587B7D78F4#

=@HVR@O

Model: Open Restaurant

Process:via san gallo
Process:via santa marta 3
Add New Process

Model: Change position of a bus
stop

PO | =

Process:line 14 in viale
morgagni 10

Add New Process

Model: Change position of a bus
stop_cloned

Cinema

Process:line 14 in viale

morgagni 10_cloned

Model: TestGP

Process:Istanza Test GP2

eeeeeee

Model: TestGP_cloned Name Model ~ Open Restaurant Date creation ~ 15-06-2015 16:45:08
Process:Istanza Test Name Proc san Date last modify 15-06-2015 17:01:13
Start 15-06-2015 17:01:19

End 15-06-2015 17:01:20

g

http://smartds.km4city.org
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DEGLI STUDI DlPARlI’IMEN‘IEDI DISTRIBUTED SYSTEMS

FIRENZE | BSfiSimaone | FEENGSSEs ae CITY

~ - w . r
al ad l «

, | o N L _a °f

Jecision 3 ,IJQJU DIl 2 / LI, //f L=l

o Event planning, via what-if analysis
o Change in the graph structure of the city

Traffic Flow

Aerbyorto Firenze

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 Digital Twin 754
o More detail in the context integrated data RO Utl ng . .

o Greater realism in deductions and representations

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

SnapA4City (C), September 2023




HALNS | BAMEC | DASIT-- ¢YSNAP/cry i
Computation of Traffic Flow Evolution,
cascade effects

= : 7 %
A A\l o,
\ﬁ st | DIMEO | DISIT \ Last sensors measure %
RGNzE | Fo | BN 2020-09-29T10:41:00 '
| SFS T
=
@ [2020 09-29 10:49:15 — &\ .
DRSS == Free street
AN : g
- Aerbpgro Firemse ~ Fluid traffic
Amefige 'Vgguccl
- Aq — | == Heavy traffic
T — - L — ‘ - :
CATTAN, VIA ARTURY ‘ LS : —_— Very heavy
1/5 :
Vig = 4
2 Peretolagwor™™
Quaracchi \.9“5 T canse WIADE! "”’Uq\,
VIA Dy a"o?e, A5 v!“‘c\}
NA DS |ROZZ\ 5
=
getens =}
< 3 &
ROIA E - & VIA 'WMO"“ SR
: 2 : s
el g il—‘i:t == | Urspl.gg‘a‘

7p VIALE DEC 4
: g
ONAY

Y
4
37

T
—Cciabie dei RE®

VIA DELL lso\oﬂoco

> dme Muﬁna'
Bis
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Nhat-It Anal /SIS

What is going to happen at
Services if certain
conditions/cases are going to
occur

Formalize: Conditions/cases,
Services

Scenarios of Cases+Services Vs
Solutions are Studios

You can define, save, load: Gaia =
— Scenarios and Studios Scenario

Snap4City (C), September 2023 R
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Dy | s | s HOW TO RESPOND/REACT SNAPicarry s

| -

What-if: what is going to happen if .... this and that

=

 What is going to happen at:
— People, Economy, Society, .. Decision support System

. . KPI, Optimization
— Traffic, Pollutant, Parking, structures Visual Analytic: animations
— Equipment, .. ...

Calartinn
* if certain unexpected events Scenario Selection
would occur Criteria
— Scenario definition I l \ I

— Guessing future data...
Anahtircal

. . Historical
e Taking into account Data PR il

—
— Historical Data —— : e
eal Time

— Real Time Data Data
— Contextual data

Predictions Models
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Accidents and elements blocking 7
: : LNEEE A
Points and Shapes taken into S ——

! Viale Fratelli Rosselli, San lacopino, Quartiere 1, Fire

32 R, Via Luigi Alamanni, San lacopino, Quartiere 1

account for:

+
| 29km, 4min30s
L]
— RO l l t I n | 4 Continue onto Viale Fratelii Rossell 25m
| P Tumn right onto Via Jacopo da Diacceto 500 m
4 Keep right onto Piazza della Stazione 150 m
r® Tumn right onto Via della Scala 600 m
M . 4 Keep right onto Piazzale di Porta al Prato 400 m i
— Irattic FIOw reconstruction *
. + = = |
\ H
— Evacuation paths Yy |

HNUIU T (v Uwin)

u\_‘

— Rescue team paths

Assessment on the basis of
changes:

| 23/A, Viale Fratelli Rosselli, San lacopino, Qua
|

\ Viale Fratelli Rosselli, San lacopino, Quartiere

Fratelli
Rosselli

2787m.30s

‘ \ 4 Continue onto Viale Fratelli Rosselli 70 m

\ 4 Keep left onto Viale Fratelli Rosselli 150 m
) r Tumn right onto Viale Fratelli Rosselli15 m

\,[1 4 Tum left onto Viale Fratelli Rosselli 40 m

\\ B Arrive at destination om

— Mobility demand assessment
— Mobility Offer assessment

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE5M

JlIapp=tLiiLy \), ITPLTIIINTI £UL0 293

P AL DU T R



https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE5MA==

UNIVERSITA | INIFO | DISIT 6+SNAP4CITY

DEGLI STUDI l\iPAERTIMENTO DI Eﬁgm?ggﬁ%SYSTEMS
FIRENZE {)EGLL$NFORMAZIONE TECHNOLOGIES LAB —\ ‘ r » ) F
INPact O ROUtinig
_/

uto ViaeRs g

e Scenario with multiple shapes

* Conditional Routing

— avoiding areas or
— reducing traffic in those areas

— Multiple stop points

= Via
] ey oy
b 2 Oy, S S1 A,
4 § LR 3 ok & 40
= .3 Viadel Corse. - Borgo degli Albizi a Via Pretrapiana
S E i * & o
iz Via dei Pancoiy, &3 Crag, Bione’s |
> Via P ’
| D L Yia Vineeis;
i 5 ; 3 8 a
s g 3
L SULTR : g
I : &
o > 3
> £
b =
>
anni 4.
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What-if: Simulation for Traffic Flow
At the same color corresponds the same area:
Data / information

- Data Analytics Data Driven
- Selection Criteria KP1 & Decision
- Predictions / imputation Criteria EP' —%,

| "

R

=

- Simulation
Default
RoadGraph

Traffic Flow
Reconstructi ~Nence
on, TFR Jense
Estimating TFR
TDM

>
X

Computing RoadGraph, R, R*

R s i ) i - A8 o ' Traffic Flow
e e Sensors History & [ESEETEEEEENY
. . Predictions
; mml Historical and —
Real Time Data

Visual Analytics, for decision makers
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Analysis of

 Demand of Mobility
— Action Based

— Via OD matrices,
several kinds

— POI, city structure, etc.
With respect to

e Offert of Transportation:
Public services

— Private services
— Multiple agencies
— GTFS

Critical Busses, busstops,
paths, rides, etc.
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warghe The public transportation system has heen analyzed in the City, considering the e offer vs. mobility demand. The top-th |

irty most

Daily Pick-ups

Daily Vehicle Trips

Had 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 | & Indipendenza Xxvii Aprile = ps ;ick-un;
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&0 11 10 1
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RAM] CUSNApllCITV

Action based
using
Snap4City
Knowledge Bas

e

Citizen Mobility demand

and habits, real time
traffic

DORAM - Demand OffeR Analyzer for Mobility

City Moblllty Operator(s)

Planned
Bus/Tram/Train/ etc.

stops/trips and - -

timetables (GTFS)

analysis of the GTFS variation to improve the
offer vs demand efficiency of the service
(DORAM)
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|dentification of critical Bus Stops over time
ldentification of critical courses of bus lines, over day and week

Effects of changing the position of Bus Stops, courses and line
schedules, bus size, etc.

Effects of changing the contextual conditions:

— The opening of shopping centers, cinemas, schools, etc..

— Changes on city structure and paths

— Size of the buses

https://www.shap4city.org/odanalyzer/#b
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Mobility 4.0 for Smart City

(MOSAIC)
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~ _:_':__7_ 7_,_,.1 ':_,_7_7 o s == == e il
Pf;r,‘i',;c:rs Parking Flow / data
o .0 ) .
Wik R @) R DORAM Modeling
Tourist || Celler ]| WiR ]| Onboard Snap4City tools for City data
| Scenario 1 Scenariol | scenarion S
i ffer | | Service | Moability | Service Mobility ‘ Service | || | Mobility (o
- | SenviceCE e, ) | offer | | | Demand | Offer Demand | | .. [Q_ﬁerj
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= - > Scenario Production < - B —
GTFS Editor and browser

https://www.shap4city.org/odanalyzer/#b

Snap4cCity (C), September 2023

303


https://www.snap4city.org/odanalyzer/#b

UNIVERSITA
DEGLI STUDI gﬂ!lumfmo DIER!B§E! J;nsms f (- » J / \
F I RE N Z E g‘eu?usonmlons TEC?ANBEL%G%S LAB f _X Vas

‘ X 5isid o T
¢ Services: 36 on 36 available | parco di 8@* 5 b, % t"o\%" ~
w10 FabbIICOTt {ayy. 090' % « Y,

) . A | A f : N
mm The publlc transportarlon system has been analyzed in the Clly, considering the service offer vs. mobll/ty demand The top- zh/rty most

Hacl = 2 % 75 = @ Pick-ups 1
crm;/ded 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 : & Indipendenza Xxvii Aprile = @/ Drop-ofts |
5 ./ analysis. A
. ey g e . R — — e e T : &) P.Za Indipendenza - L/ I
Type the stop name 1 8 ‘ 4 !
25 ]
|
o 1
1
|
R @ Pick-ups/Vehicle Arrival I
\ 317 s @ Drop-offs/Vehicle Arrival |
< 1
© DailyDropoffs -
Z os |
\ 407 3 I
3 |
[} 1 Q
Daily Vehicle Trips g I | I l HHH | I | |
|ty z < It I I || il 1
| 979 2882253233882383838382882883 |
m\.on\t:)oo—-mrh’:’mal\coa\o-—mm:-—
OO0 OO0 = = = = = o= ———— NN NNO O l
‘ de"’& amvia \A:"\' G 1
Ly A RSS
= - 50 = @ Pick-ups I
| Scenarlo Selector 1 3 stazione Nazionale ® Dropofts |
3 = l.m Al > % . 2 / I " ‘ I
S T/~ B s T o B BN Ll g 2 | I
B V;‘,,," Ponte 4 ' o l ‘ l
frnu”nn A1 | |
l"' | Choosea sc;narlo: Actual scenario vl Load f 1 | ] I | ‘ d | | | J| ‘l | J 1
1 patd busin, : : 1 o ALIEIEIAENAE WL ..
= = R LD S = < b S i ' 2282385283852883538823838 |
[ Actual scenario: Describes the current status of the public transportation network. (More lnfo) } § ;l S88 88 SRS N0 AN NN Moo I
o a0 s RATTRRSS o = § 4 7 7 155 et PP N RS F o= N F RT SR e %mg : |
',‘-—--------~\ ‘_--'a':v-.-.----~‘ ’,--:-----_,\ '_--—-------~‘ P bbbkt X prmmmmmm——— 4 — @ Pick-ups/Vehicle Arrival
’ [ | / ) [ | [ § [ | s
: 3‘4 : [ ? g i 1 3 o ; : X x'l“’ ; " ﬁhf GE‘[.T i ‘ Ig‘ i ! | 2 3 ® Drop-offs/Vehicle Arrival !
! 1 3 I ' ) 1 = i ) (=
; {>s20001 ¢ |7 g%? >19005 ! \""n‘>31ooo. s “Xe {>320005 ' of ww i 100 ! y =3 ;1 ey Dropofis : !
] 1 X / r . ] [] T (] S
’ L [ ' T 1 e S T 1 b T O [ ' o A ‘ E 2 !
: Daily Individual ! : ! : vResidenhaI ! : ' : ' : 3 ! ‘ ! l ‘ 358 g I
ool N N S (@8] N S Nemowswn | N e 2 | : I 1 | |
L Daily Vehicle Trips S | I | Ll I | | ||
P htt 4 t d I #b - Em mm EE Em E E E e we S — - — _
Ao S: www snap4city.org/odana zer =



https://www.snap4city.org/odanalyzer/#b

SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES "';g‘:SNAplicnv @

TOP

[11eGd

»M \

[ ROULIN!

—
l
\
)

Dynaimy

L

QQ

;c
gy
*X
lVA‘

NN
by

Al
V}
'1. Iﬂ . !
S \nr ' & rb"‘E ] 4)»‘}\
i A

<]
(v \‘()" } '\‘ \‘" ('/P
Y K :' A % 0
F o s e A B ==K}

[/ / Wi " ;s N7 \,/v ':", Vll‘ NS
A y uv . l 5,4 \!ﬁ ;«‘A‘A b J‘: sl %E
)’V“l w"“ (':‘t/l "" 1 ':l\;:! avv{ i (v;,‘ \\V é‘ m «vr K -
'Ab a4 ‘ 'r. X e P\ ,.w J) 9 .(L £ »v, Vé; ,A\I}
‘} ‘ 4 < (4 < "" / ;0;\ r "'L\q 27) AN \V H "‘ ""
""‘: 'm V ‘ ‘ .:.4» N ‘\‘ A \"‘( (’f ;qé: ‘\ )‘ / ’,"‘ \‘\'i N\

Data Analytic

4. S —

‘
7
=

5!
A%

\J
STA

QAN
"t

ZRNVAY;

XX
L/

o
X g

AN
%
P
.V/A\ NN
"_'

s

X/
=,

Ay =
S
7

5
o~
Ay

L7
%
N

)
-
VA

,4 \;*‘
et
TH] \"4

A

VD

AVaNE, 3 i
N

B
AL

A%
KD

»’A'A
o
N
=
&

"” /i > "’@ AT ’ .' \;:‘ b \, \ “ ' “

s PRIV «» 1‘ DRI m i ARSI AT v Sl

\y 0 “\"4 . A\r @,« ,ﬂ /) éq’ i eq V.\\ \'\‘ =l STAV ‘, 'dm 5’) : 0‘ A 01!
S NCNVNKD 4. H Vm\/ a GRSV, It S TR PR Fekbt N A DS TN S NAEAN K]



> | UNIVERSITA
=z | DEGLI STUDI

, DINFO
« | FIRENZE

PARTIMENTO DI
INGEGNE
DELL INFORMAZIONE

e
\ |
DISTRIBUTED SYSTEMS '
AND INTERNET
TECHNOLOGIES LAB CI Ty

* Routing: From XX to YY, Travel means:
— private as cars, bike, pedestrian, ..
— Public: busses, tramway, train, etc.

 Multimodal routing: public travel means (busses, train, metro, etc.),
pedestrian, etc.

* Taking into account:
— Multiple intermediate points

— Constraints/preferences:
* size of roads, pollutant, traffic, obstacle/barriers, noise
* Limitations on paths per vehicle kind

* Dynamic Routing enabling the addition of constraints on the user
interface. For example: barriers

SnapA4City (C), September 2023



Snap4City

User: roottooladmini, Org: DISIT
Role: RootAdmin, Level: 7

Dashboards

My Dashboards

Naotificator

10T Applications

My Personal Data

10T Directory and Devices ~

Knowledge and Maps =
W service Map

Loading WKT on Service Map
Creating WKT
Service Map 3D
Helsinki Service Map
Antwerp Service Map
My Annotation on Services/Data
Mapping Services Data
ArcGlIS DISIT Service

Micro Applications
External Services ¥

Data Set Manager: Data Gate

** Resource Manager: Process Loader ¥

Development Tools -
Management *

Settings *

User Management and Auditing ~
Help and Contacts ~
Documentation and Articles

My Profile =

Snap4City portal

Km&City portal

BT

Select an agency:

- Select an Agency - v
Select a line:

- Select a Line - ¥

Select a route:

- Select a Route - ¥

Select a bus stop:

- Select a Stop - ¥

Position of selected Busses

05 1303

- Hide Menu

:l Public transport i Municipalities IT&xt Search i Address Search i Events ]

Actual Selection
Coord: 43.7130,10.0272
Address: VIA DI PRATOVECCHIO, 58, EMPOLI

| Path from here | | Pathto here | Search geometry |

Vid

| —Path
From: VIA DELLA PERGOLA, 39, FIRENZE
To: VIA DI PRATOVECCHIO, 58, EMPOLI
Route via: | public_transport ¥

Start date&time: [today now

Search Path

. [5] 32 : Montespertoli (V. Risorgi
Fr.157 Sn 17534m (07:16:00)
1: Via Sanzio Fr.157 - \li

(08:08"
12. Via Raffaello Sanzio 45m (08:10:00)
13. nd 33m (08:10:35)

nto) Sn - Viasanzio

anzio Fr. Coop 5n 1002m

Cang

o
(8]
via pys

[a1]
7
& N
R

o
=

San Paolola
Mosciano

- Hide Menu

&
o “q ) NGO
o ADADELSOLE.
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Service Map

b
i 4‘%¢
b }‘?O

Parco delle .,
Cascine “‘Q ,

Soffiano

Giardino di
Boboli

Don
Ihi

00 At @

U :
NS = ey - *
Lohies . Rty X el

Cascinedel A
Riccio i

g
h

- Hide Menu |

| Regular Services i Transversal Services

Services Categories
De/Select All
E Accommodation +

E Advertising +

ﬁ AgricultureAndLivestock +
E CivilAndEdilEngineering +
E CulturalActivity +
EducationAndResearch +
+ +

& +

D Environment +

E FinancialService [+ i
u GovernmentOffice + '
@ HealthCare + |
IndustryAndManufacturing +
[J IoTDevice +

E MiningAndQuarrying +
ShoppingAndService +

u TourismService +

ﬂ TransferServiceAndRenting +
E utilitiesAndSupply +

E Wholesale +

m WineAndFood +

T

Filter:

search text into service

Service providing value type:

select value type v
N. results: | 100 v

Search Range | 100 mt v
Search Area
select... v

Qg0 =i

al routing

(sR22

oo =

Leaflet | Map data © OpenStreetMap contributors, CC-BY-SA. Imaagery & Mapbox
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Modes:
Pedonal, Vehicles

— Public Multimodal

— Multi Point for
Delivering

— Constrained: quite,

blocked, etc.

Test it on our:
Mobile Apps
MicroApplication
Dashboard

’l

.| Public transport I Municipalities | Text Search | Address Search | Events

Ag}

DISIT

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

al (10

| Select an agency:

- Select an Agency - v
Select a line:
- Select a Line - v

| select a route:

- Select a Route - v

| Select a bus stop:
- Select 3 Stop - ¥
|

Il Position of selected Busses

| —Actual Selection
|| coord: 43.7600,

ServiceMap service on
Tuscany in Snap4City

|—Path

- Hide Menu |

Wiz,

11.2420
Address: VIA SENESE, 1, FIRENZE

| Path from here | | Path to here |

/

From: VIA SAN GALLO, 203, FIRENZE

|| To:VIA SENESE, 1, FIRENZE
|| Route via: | public_transport ¥
(| start datestime today now

| | Search Path

1. nd 121m (18:21:05)

I 2. Piazza della Liberta 137m (18:22:36)

3. Viale Don Minzoni 62m (18:24:21)

4. \lia Leonardo da Vinci 9m (18:25:10)

5 @ 13 : Leonardo Da Vinci - || David 5388m (158:30:00)
6. E 13 : Il David - Petrarca 3772m (18:48:00)

| 7. Viale Francesco Petrarca 74m (18:56:00)

{ 8. Piazzale di Porta Romana 42m (18:56:56)

9. Viale Niccold Machiavelli 7Tm (18:57:26)

10. nd 19m (18:57:31)

v lanath: 124%m arrival fimma-410-N12-20 [AN-A2-4 A

- Length: 8637m arrival time:18:57:46 (00:36:40) -

Due Strade

| e

Muiltimoda

B
i Firenze

Giardino di
Bobaoli
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Piugorto QLfi“eto X
22:13

=

03/11/2018

Q@ ® VIAGIANDOMENICO ROM 8¢ Tii] —~
L

Q@ (® VIADELLATORRE DEL G/ % Tii]

.
Calcola

4 Percorso ®

VIA GIANDOMENICO ROMAGNOSI, 8 FIRENZE

Distanza: 10637m
Durata:00:57:41
Arrivo Previsto: 23:11:09

§ 777m

20 : Romito Richa - Beslan T1 Fortezza
= 3 Fermate
22:28:00 - 22:33:.00

13 : Beslan T1 Fortezza - Il David
o 18 Fermate
22:34:00 - 22:53:00

13 1l David - Erta Canina
M A Cocmata
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UNIVERSITA | DINIFO | DISIT b
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | NS cone | ABNGEELS as CITY

Predictive Maintenance

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

E

N/, .
e -~ JfEEYEE Data Analytic
- > |IEE | 22 X

7N

@0 e
7 @; = _ 5%

"
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LLELECRCLERRLELRLN
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*
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* ALTAIR SODA-4.0 project

— maximize the efficiency and
productivity of plants, reducing
downtime

— in order to improve
competitiveness in the market

(3 -..m.
put70] ]

¢“SNAP/ciy 2

e Goals and drivers:

— Business intelligence tools on
maintenance data

— predictive maintenance approach
into the whole control and
management systems Predictive
models for engagement

— predict plant failures 60 minutes
before it happens

— Provide indications on the area of
failure via XAl
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J : ) - —~ (r r r’r‘f I = B ‘f‘l I
Complex cause-efrect realtionshij
* Elements: o —~

— Machines: A...C Q@—.

— Storage: silos...

— Flows:... @@

 Dependencies

— Cascade effects Q@

* Early warning
— Reduction of costs |

— Recovering from failure is more expensive
than correcting in advance

— Possible advanced replan and reschedule:
secondary solutions

Al

Plan Adapt

X
-z
o
o
L=

Critical functionality

System
resilience

Time
Snap4City (C), September 2023 314



., | UNIVERSITA
z | DEGLI STUDI

FIRENZE

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

DISIT

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

Data acquisition
Production - Maintenance

Worktiow

Vol BT
Ly

[knjafciry]

¢“SNAP/crry

e

AT

Business Intelligence for

Feature selection,
Feature engineering

CNN-LSTM Training

A

Validation Al
Model

CNN: Convolutionary NN

Maintenance

CNN-LSTM
Engine

Explainable/XAl
(Shap)

F/NF

{features (t)}

LSTM: Long Short-Term Memory

(deep learning model)

Classification
Model

integration of workflow management system for
maintenance with general control systems and
data flow

Structure of the plant

Decision making
on more cases

Snap4City (C), September 2023
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Status

Plant -

Real Time™ =

Production Synoptic

Control
e w Supervisor

j !

loT App

Open Malnt

loT App

‘m m;* ‘VT* = %

Dashboard for. . ™
Production Control

=a|

1,865

#%
~ Bustess Intelligence

Business
Logic 2
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Production:
« 1-minute observation from 2020-04-28 to 2021-01-
04 Example of a failure

« 343.183 observations for 147 features/variables
 production, storage, status, several temperatures of
elements, gear plants, process/safety parameters,

chemicals compounds produced 4%

60

hloride load

Fault: § 28

 List all the details: event datetime, Permission List,
Plant, Signature, Specialty, Status, Job Type, Air
Temperature, air humidity and rain

 Ticket and stop classification as "GENERAL PLANT
STOP", "ORDINARY", "PLANT STOP" and ‘ - =
"EMERGENCY "

potable ferr
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Jverview reatures

°C

TempreactoreR4001 - chlorine paraffins (CPS) reactor temperature indication

TempreactoreR4002 -
TempreactorR4003
Potable Ferric std Storage level indication %
chlorine paraffins (CPS) Storage level indication %
Potable Ferric std flow rate measurement and totalization m3
Potable Ferric Chloride flow rate measurement and totalization m3
Potable Ferric Chloride Storage level indication %
NaOH KOH flow rate measure and totalization It —m3
NaOH KOH electrolysis load adjustment (production) KA
NaOH KOH flow rate measure and totalization m3
NaOH KOH Storage level indication %
sodium hypochlorite quantity of material produced m3
sodium hypochlorite Storage level indication %
HCI Storage level indication %
Ferric Chloride std potential measure redox Ferric Chloride mV

Snap4City (C), September 2023 320
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Preditive capabilities

Deep Learning: LSTM, CNN- He
LSTM approached 08

0.6 -

Explainable Al: Identification
of possible causes of fault

e o 0.2 1
_ Precision % | Recall % |F; score % - e Sl

0.4 A

Tue Positive Rate

weighted avg 0.90 0.92 0.90 004 ! - | | | - Model l_frTr:l

0.0 0.2 04 0.6 0.8 10

higher = lower
base value f(x)
0.2428 0.2528 0.2628 0.2728 0.2828 0.2928 0.3(0.30 0.3128 0.3228 0.3328

B re——————

S904C S871 KOH_2_charge KOH_1_charge RedoxFeCl3Pot diff S904B potFerricChloride diff S484 S484  diff S857 diff S4304 S851 S$S487 diff_S904D

SnapA4City (C), September 2023
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Explainable/XAl - CNN-LSTM (SHAP)

Explanation of prediction generated by model for fault

[7 722

<—I'

SZash :4"'

higher — lower

base value f(x)
0.8809 0.8814 0.8819 0.8824 0.8829 0.8834 0.8839 0.8844 0.8849 0.88540.89 0.8859 0.8864
>>))»/)/_,!~_—g((
S4304 3S871 S854 RedoxFeCl3Pot diff _S904B diff_ S854 S484 S851

Explanation of prediction generated by model for normality

higher — lower
base value f(x)
0.2428 0.2528 0.2628 0.2728 0.2828 0.2928 0.3(0.30 0.3128 0.3228 0.3328

B ————————— e

S904C S871 KOH_2 charge KOH_1_charge RedoxFeCI3Pot diff S904B potFerricChloride diff _S484 S484 diff_S857 diff _S4304 S851 S487 diff _S904D

= shap history

Mon 23 Aug 09:54:43

Organizationiotobsf:MaintPredHistory - prediction e o

0s ﬂ M

0
5 2 30 3.Dec 1Jan 2Jan 3Jan 4Jan S5Jen 6Jan 7.Jan SJan 9Jan 1Jan Tlan 12Jan T3Jan 14Jan 1SJan 15Jan 17.Jan 18.Jan 19.Jan 20.Jan 213
O O

Time trend comparison (Gm) ©

AW, 0 WL
1 [ S T A
“m o ‘ RS HFI!» “ e

L W w v‘(} g .} LI i'v*‘ J

@)

mic)

26.Dec 30.Dec 13an 330 5.3an 7.3an 220 Taan Wan 15,320 .3an 12330 230 23320 25.3an 2n.3an 22,020 3an
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Digital Twin Local, 3D vs Real Time Data P FiRing: | B, |@mT - - - -

,ﬂOR[N)

- / ALTAIR Adm Office —
Valve 786 with trend v
..._/ Altair Production Line
T lﬁﬂ BNy 7 Tl .
+ |5 g e v i ]
3 ‘ n ‘f 4 .’F
Saline!diVolterra - ¥ £
i ;
169/ 317 . Y
oy EEENTT CORPISA
2/ o QR B VALUE NAME: CORPISA
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\'-.\\'\ \ \, Last Value Time Trend Chart: totale_casi - 6 months
higher — lower
base value f(x)
0.8809 0.8814 0.8819 0.8824 0.8829 0.8834 0.8839 0.8844 0.8849 0.88540.89 0.8859 0.8864
e — — - | \
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* results shown an average Accuracy of 91.8% and an average F1-
score of 90%, which are very satisfactory results

Explanation of the predictions provides suggestions for the
maintenance teams in terms of areas of intervention.

Large renovation of the production infrastructure.

SnapA4City (C), September 2023
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ML, UNIVERSITA
‘;;?.,"“';;_ pralisunl DINFO

* Detecting and Counting People https://www.snap4city.org /577
e Recommendations for retail

* Predictive Maintenance

* Time Series Analysis and Characterization

* GeoTlFF management vs Heatmaps

 Heatmap modeling and generation

* User Engagement

* Decision Support Systems, SmartDS, System Thinking

* Decision Support System, FRAM

e Social Media Analysis: Twitter data (prediction, early warning, reputation)
* |Impact of COVID-19

SnapA4City (C), September 2023


https://www.snap4city.org/577

¢“SNAPciry

https://www.snap4city.org 5%
On Line Training Material (free of charge)

Ist part 2nd part 3rd part 4th part Sth part 6th part 7th part 8th
< . Data Ingestion |[System and Deploy| Smart City APl: |Design and Develop
T T I
what Overview Dashboards IOT App, IOT Network| Data Analytics DrGCassas — Web & Mob. App Sriart Sl EORE

PDF 2022

Interactive
(2022)

with video
and
animations

Videol

WViden?

\Wideos3

\WVideos
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FROM CITY
DASHBOARD TO
APPLICATIONS

DATA GATHERING gNu:p:gm, AND
AND CITY DATA ADMAP
KNOWLEDGE WHATIF AND DECISION SUPPORT
MANAGEMENT SIMULATION SYSTEM AND CITY

RESILIENCE

o TWITIER _
. VIGILANCESSOcIAL

Bummalige, 0 : .WW‘"&'-Y"S 0, , I
MANAGING OPEN Bkl o ®. i .
AND FLEXIBLE WEB = _ /SNAPACITYFOR ot
AND MOBILE APPS " BEGINNERS 3 SNAPACITY %
‘ 7 ARCHITECTURE AND
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o
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SNAPACITY THE
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TY API,
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Data Ingestion |System and Deploy| Smart City APl: |Design and Develop
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N AL - INT NS N 1A T A B I\ ST

A AL A BN RA KN LA



* SATELLITE paya,
* TRAFFIC FLOW,
* TYPICAL TRENpS
+ TRAJECTOJE

+ 3D MoDY;!

+ 0D MATR

20 MAP GLQ&P\\.Q\(.\\" PO =

G

CAPELON | ] =5 - | ’ .

& Nov 17 .03:\0

a0 MAP

/

ng
008 Py o

-
-
-
- - ‘
( -
-
3% >
™
; -
¥
™
|
|
> ‘
_d |

Play (k)



DINFO {; Pl i
DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND " '
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AND TECHNOLOGIES LAB

Course 2023: https://www.snap4city.org/944
— Introductionary course to Snap4City technology

Course https://www.snap4city.org/577
— Full training course with much more details on mechanisms and a wider set of
cases/solutions of the Snap4City Technology
 Documentation includes a deeper round of details

— Snap4City Platform Overview:
* https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf

— Development Life Cycle:
* https://www.snap4city.org/download/video/Snap4Tech-Development-Life-Cycle.pdf

— Client Side Business Logic:
* https://www.snap4city.org/download/video/ClientSideBusinessLogic-WidgetManual.pdf

* On line cases and documentation:
— https://www.snap4city.org/108
— https://www.snap4city.org/78
— https://www.snap4city.org/426

SnapA4City (C), September 2023 334
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Snap4City Platform

Technical Overview

From: DINFO dept of University of Florence, with its

DISIT Lab, Https://www.disit.org with its Snap4City solution
Snap4City:

*  Web page: Hitps://www.snapdcity.org

s https://twitter.com/snapdcity

*  https://www.facebook.com/snapdcity

Contact Person: Paolo Nesi, Paolo.nesi@unifi.it

o Phone: +39-335-5668674
o Linkedin: http
o Twitter: https

w.linkedin.com/in/paolo-nesi-849ba51/
am/paolones
Jiwww facebook.com/paolo.nesi2
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* https://www.snap4city.
org/drupal/sites/default
[files/files/Snap4City-
PlatformOverview.pdf
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( * Powered by https://www.snap4city.org/d
S ONAP4TeC .

SNAPdTect ownload/video/Snap4Tech-
Development-Life-Cycle.pdf

Development Life-Cycle

https://www.snapdcity /download/video/Snap4Tech-Devel Life-Cycle-v1-1.pdf

From SnapdCity:

=  We suggest you to read the TECHNICAL OVERVIEW:
o https://www.snap4city.org/download/video/Snap4City-

PlatformOverview.pdf
snapdcity.org

4solutions.org

» https://www.facebook.com/snapdcity
»  https://www.youtube.com/channel/UCtACOIEbNba8f2-udvandg

Coaordinator: Paolo MNesi, Paclo nesi@unifi.it

DISIT Lab, https://www disit org
DINFO dept of University of Florence,
Via 5. Marta 3, 50139, Firenze, ltaly
Phone: +39-335-5668674

S
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https://www.snap4city.org/d
owhnload/video/ClientSideBusi
" SNAP4Tech nessLogic-WidgetManual.pdf

Client-Side Business Logic
Widget Manual

From Snap4City:
« Ve suggest you read

Development-Life-Cycle.pdf
» We suggest you read the TECHNICAL OVERVIEW:

o https://www.snap4city.org/download/video/Snap4City -

PlatformOverview. pdf

slides go to https://www.snap4city.ora/577
https://www.snap4city.org
https://www.snap4solutions.org
https://www.snap4industry.org
https.//twitter.com/snap4city
https://www.facebook.com/snap4city
https://www.youtube.com/channel/UC3tAOO9EbNbasf2-udvandg

Coordinator: Paolo Nesi, Paolo.nesi@unifi.it
DISIT Lab, https://www.disit.org
DINFO dept of University of Florence,
Via S. Marta 3, 50139, Firenze, Italy
Phone: +39-335-5668674
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Qverview

— https://fiware-
foundation.medium.com/snap4
city-fiware-powered-smart-app-
builder-for-sentient-cities-

acfe24df49d5
S City:
Efy?ziﬁtgower:a smart app — https://www.snap4city.org/drup
S S al/sites/default/files/files/FF Im
&= pactStories Snap4City.pdf
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