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* The Snap4xxxx solution is released in Open Source, VM and Docker
with fully support of MultiTenant/multiple-Organizations
— Each Organization may be configured for a separate environment with a set of

Maps, Menus, Users, Data, Dashboards, |IOT Apps, MicroApplications, Custom
Widgets, Models, resources, open data, etc.

e Https://www.Snap4City.ORG is the main instance of Snap4xxxx
solution managed by DISIT Lab. The main documentation is located

and updated on Snap4City.org, GitHUB, dockerHub and Node-Red

Library. Snap4City.org is where the last tools are tested and news
published.

— Organizations on Snap4City.org have been created with contracts as for
Platform as a Service, for testing and for providing SmartCity as a Service as
well as Industry 4.0 as a Service

Snap4City (C), November 2020
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Main Organizations/areas
* Antwerp area (Be)

* Capelon (Sweden: Vasteras, Eskilstuna, Karlstad)
* DISIT demo (multiple)

* Dubrovnik, Croatia

* Firenze area ()

* Garda Lake area ()

* Helsinki area (Fin)

* Livorno area (l)

* Lonato del Garda (l)

* Modena (l)

* Mostar, Bosnia-Herzegovina
* Pisa area (l)

* Pont du Gard, Occitanie (Fr)
* Roma (I)

* Santiago de Compostela (S)
* Sardegna Region (l)

* SmartBed (multiple)

* Toscana Region (l), SM

* Valencia (S)

* Venezia area (l)

* WestGreece area (Gr)

Snap4cCity (C), November 2020


https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Antwerp&fromSubmenu=false&sorts%5btitle_header%5d=1
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=DISIT&fromSubmenu=false&sorts%5btitle_header%5d=1
https://dubrovnik.snap4city.org/
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Firenze&fromSubmenu=false&sorts%5btitle_header%5d=1
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Garda&fromSubmenu=false&sorts%5btitle_header%5d=1
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Helsinki&fromSubmenu=false&sorts%5btitle_header%5d=1
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Livorno&fromSubmenu=false&sorts%5btitle_header%5d=1
https://lonatodelgarda.snap4city.org/
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Modena&fromSubmenu=false&sorts%5btitle_header%5d=1
https://mostar-bosniaherzegovina.snap4city.org/
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Pisa&fromSubmenu=false&sorts%5btitle_header%5d=1
https://pontdugard-occitanie.snap4city.org/
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Roma&fromSubmenu=false&sorts%5btitle_header%5d=1
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==
https://sardegna.km4city.org/smosm/
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Toscana&fromSubmenu=false&sorts%5btitle_header%5d=1
https://servicemap.snap4city.org/
https://valencia.snap4city.org/
https://www.snap4city.org/dashboardSmartCity/management/dashboards.php?queries%5bsearch%5d=Venezia&fromSubmenu=false&sorts%5btitle_header%5d=1
https://westgreece.snap4city.org/
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Most of Organizations on Snap4City.org also
correspond to companies or institutions that

have an installation of Snap4City tools on their
Premise,

— such as: Pisa, SmartGarda Lake, Snap4, ALTAIR,
etc.

This double way allows them to:
— test the news,
— share experiences with other groups,
— get visibility,
— work in the collaborative environment, and

— be better supported by Snap4City.org and DISIT
Lab personnel.

Each instance of Snap4xxxx solution can decide
to join the federation of SmartCity API to
exploit shared data.
— This allows to exploit regional data for city
installations applications (web, mobile,

dashboards, etc.) without reloading them for
example.

CUSNAPlIcnv

gustry Community

Main Organizations/areas
Antwerp area (Be)

Capelon (Sweden: Vdsterds, Eskilstuna, Karlstad) = 11 _—

DISIT demo (multiple h)

Dubrovnik, Croatia -
Firenze area (|

Garda Lake area (I

Helsinki area (Fin)

Livarno area (|

Lonato del Garda (1)

Modena (1) y
Mostar, Bosnia-Herzegovina i T
Pisa area (| |
Pont du Gard, Occitanie (Fr)
Romai (1)

santiago de Compostela (5

Sardegna Region (1)

SmartBed (multiple)
Toscana Region (1), SM
Valencia (5)

Wenezia area (I

WestGreece area (Gr)

SnapdCity (C), Betober 2020
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Register on WWW.snap4city.org 0T anddata world

— 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
. . . Malytics, o PMent, g V1th fu
— Exploit Tutorials and Demonstrations dChjnea la SO for Dat,
rnj

SnapA4City (C), November 2020 8
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On Line Training Material (free of charge)
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e 1st part: General Overview
* 2nd part: Dashboards Creation and Management
* 3rd part: I0T Applications development, IOT Devices, I0OT Networks

* 4 part: Data Analytics, in R Studio, in Python, how to Exploit and Manage
Data Analytics in 10T Applications

* 5th part: Data Ingestion, Data Warehouse, Data Gate, IOT Device Data
ingestion, 10T App for Data Ingestion, etc.

e 6th part: Snap4City Architecture, How To Install and Manage Snap4City

e 7th part: Smart city API (internal and external) Web and Mobile App
development tool kit

A number of the training sections include exercitations
Updated versions on: https://www.snap4city.orq/577
See also courses in ITALIANO: https://www.snap4city.org/485
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GO * Data Analytics: Examples from Snap4City

GO — Smart parking: Predictions

— Smart Bike Sharing
GO — User Behavior Analysis, via Wi-Fi, OD, trajectories
GO — Recognition of Used Transportation means

— Traffic Flow Predictions,
GO — Traffic Flow Reconstruction, from Traffic Sensors Data
GO — Covid-19 vs other data: traffic and environmental
GO — Quality of Public Transport Service

— Origin Destination Matrices from: Wi-Fi, Mobile Apps, etc.

GO — Demand of Mobility vs Offer of Transportation

GO — Modal and Multimodal Routing for Navigation and Travel Planning
GO — Environmental Data Analysis and Predictions, early Warning

GO — Prediction of Air Quality Conditions

GO — Anomaly Detection

GO — What-IF Analysis

GO * Data Analytics: Enforcing and Exploiting
— Real Time Data Analytics: using R Studio Exploitation in IOT Applications
GO  « Engaging City users Towards a Virtuous behavior
GO e« Decision Support Systems, Smart DS and Resilience DS
GO . Twitter Vigilance: Social Media Analysis: Early Warning, Predictions
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evels ofr Difriculty
* Easy. 'ad non programmer level
e Moderate.  |¢t%¢v Some JavaScript rudiment coding
+ Good. ebebel JavaScript programming
* Golden. crebehed Programming in R Studio
* Professional. |¢vevevebeY|  Exploiting Smart City AP
* Excellent. cvevebebebe Developing Full IOT Applications,

Dashboard and Mobile Apps

SnapA4City (C), November 2020 14
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* Public Transportation and mobility activated services in some where with Snap4City

Smart parking
Smart Fuel pricing
Routing

(parking locations and real time parking data) ... predictions
(fuel station locations and real time prices)
(detailed GIS information, text indexing of streets, POI, etc.)

e Quite routing, perfect shopping, etc. etc. (more data in needed....)

multimodal routing

Info traffic

Dense info traffic
Car/Bike/Scooter Sharing
Smart Biking

E-vehicles

Smart river crossing
Quality of Public Transport
Early Warning vs Resilience

(detailed GIS information, Public transport time schedule)

(traffic flow sensors, real time Traffic events, their localization, etc.)
(traffic flow sensors and traffic flow reconstruction algorithm)
(position and availability of Cars/Bikes, Scooters) ... predictions
(cycling paths, environmental data) ... predictions on bike racks
(position, status of recharging stations,. ...) ... predictions vs booking
(position and status of Underpass, Ferry) ... prediction

(actual time of arrival at the bus stops, wrt planned time schedule)

(combination of several data including mobility, events,
Social to perform early warning...)

Snap4City (C), November 2020

16



UNIVERSITA DlNF
FIRENZE | REsuso 0 R YSTEwS
F I RE N Z E DELLINFORMAZIONE TECHNOLOGIES LAB

e Social and Users Behaviour
* Smart First Aid
* search for POl and public transport services
* Social Media Monitoring and acting
* Information to Tourists
e Early Warning, prediction of audience
* Improvement of services for Tourists

* Weather and environment, quality of life
* Weather forecast/condition
e Air quality Pollution
* Pollination
e Alerting on Air quality for multiple parameters
* Information Heatmaps for weather and air quality
e Air quality indexes, and forecast

¢“SNAP/ciry

(Location of First AID, real time status of triage)

(POI geolocalized, spatial queries, along paths)
(Identif. of dysfunction, quality of service perceived)
(Entertainment Events)

(Twitter data, social media)

(people flow, usage of services)

(Origin Destination Matrices, trajectories, heatmaps)
(People Monitoring, via App, Wifi, PAX Counter)

(Twitter Data, social mea,....)

(Weather forecast)

(pollution sensors, PM10, PM2.5, NOX, etc.)
(Pollination sensors)

(Prediction of parameters time slots, notification)
(air quality sensors, heatmaps, prediction)

Snap4City (C), November 2020

17



DATA ANALYTICS ¢

* Early warning computation
* What-if analysis, dynamic routing, origin destination matrices production from a large range of sources ®
Mobility and transport
 Traffic flow reconstruction from sensors and other sources
* Predictions for: traffic flow, smart parking, smart bike sharing, etc.
* Analysis of the demand vs offer of mobility according to public transportation and multiple data sources
* Accidents heatmaps
* Tracking fleets, people, via devices: OBU, OBD2, mobile apps, etc.
* Routing and multimodal routing
Environment and weather
* NOX, PM10 pollution prediction on the basis of traffic flow, 48 hours
* Long term prediction of European Commission KPIs on NOX, PM10, etc.
* Heatmaps production, dense data interpolation
User and Social
* People flows prediction and reconstruction, via Wi-Fi, mobile apps, etc.
* User engagement for sustainable mobility
* User’s behaviour analysis, origin destination matrices, hot places, time schedule, Recency and frequency, permanence, etc.
* People flow analysis from PAX Counters
» Social media analysis on specific channel, specific keywords: see Twitter Vigilance, for NLP and Sentiment Analysis, SA
* Tweet proneness, retweet-ability of tweets, impact guessing
* Audience prediction to TV channels and physical events

Generic
* Data quality assessment, prediction, anomaly detection
* Maintenance prediction and costs predictions 18

« Estimation of KPIl and local indexes for: quality of life, 15 minutes, etc. SnapACity (C), November 2020
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Disappearing Data Analytics

Antwerp Helsinki Where
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Discovery near to me X X X X X X X X X X X X X X X POI, OSM
Discovery along a path X 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 X X POI, OSM
browsing Public Transport X X X X 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 X X POI, OSM
Routing: pedestrian X x P X X X X x X X OSM
Routing: pedestrian quite X x X X X X X x X X OSM
Routing: private vehicles X X X X X X X X X X X OSM
Routing: Multimodal Public Transport X X X X X x X X OSM, GTFS
heatmaps: weather (Temp, Humidity) X X X X X X D X X X X X X Sensors data, OSM
heatmaps: environmental variables, PM10,
PM2.5, NO2, EAQI X X X X X X X X X X X X Sensors data, OSM
heatmaps: environmental variables, Noise X X X 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 X X Enfuser data
heatmaps piking values any place X X X X X X X X X Computed Heatmps
heatmaps: GRAL prediction, PM10 X X X X X X X X X OSM, Traffic, Weather
Comparsison: Enfuser, Gral, Real Time X X X Enfuser, Sensors, GRAL
Sensors Data Time Trends, & drill down X X X X X X X X X X Sensors data, OSM
Weather Forecast X X X X X X X X X X X X X Forecast Service
Origin Destination NMatrices X X X X X X X X X X Snapd4cCity Mobile App
Typical trajectories X X X X X D 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 X Snapd4cCity Mobile App
Hot Places in Smart Zone X X X X X X X X Snapd4City PAXcounters
Services Suggestions on mobiles X X X X X X Snapd4cCity Mobile App
Alerts on critical cases: several variables X 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 D X X X X X X X X Snapd4cCity 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 ISNnapd4cCity Mobile App
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e Structural:
— Data Ingestion, Quality Control on data: data mining, anomaly detection, etc.

— Typical Time trends: traffic flow, people flow, sensors data, etc.
— Indexing for fast search and retrieval: Geospatial, textual, temporal, mixt
 Dynamical:
— Analysis: heatmap, hot places, distribution, statistical analysis
— Predictions to inform and plan (e.g.: parking, people flow, )
— Anomaly detection for Early Warning, Alerting
» Special Analytics and Tools > What-IF Analysis:
— Routing for navigation: modal, multimodal, constrained
— Typical Trajectories of: people flows, vehicles, etc.
— Traffic Flow reconstruction
— Origin Destination Matrices: people and vehicles, ...
— Simulations: demand vs offer, etc.

Snap4City (C), November 2020
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Data Analytic

* allows to create simple data processing as well as massive computing
solutions exploiting statistics, machine learning, operating research,

+SLOREy,
=
SaH Yot
a@/‘qi
2 S

T

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

heatmaps, etc.

e 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), November 2020
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Predlctmg Models

* Aiming at improving

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

— quality of service, distributing workload

— early warning
* Predictions:

— Short (15 min, 30 Min), mid Term (1 week),

long term (months)

* Data Analytics: ML/AI, NLP/SA, Clust.,

'Img
«?ém'

¢“SNAP/cny:

0 Utenti attivi (giorno)

44

Precedente
Attuale

Predicting City Users on Areas

2. Nov

200000

Expo 2015 Visitors

000

pro—o
Train SARIMA
Train SARIMAX \
—— Test SARIMA \
- — Test SARIMAX I \
_ » | \ L/
: f\ A\ \’\/ Y ’V
W

IESWWiAY

Predicting a

tEXPOZOlS agc125 I selTOB I selT22 I ottTOG I ott 20

2015 2015 2015 2015 2015

— Traffic Flows = multi-flow reconstruction

— Parking Status = free slots
— Environmental Alarms

— Air Quality parameters and indexes

— People Flows (Wi-Fi, Twitter)
- crowd , #number of people

Figure 5: Comp
Tables 2 and 3]

Training: 01-08-2015/02-10-2015 63 DD
Test period: 03-10-2015/25-10-2015 22 DD

2]

Early Warning Water Bomb

Estate 2015

Snap4cCity (C), November 2020
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* R Studio Development
* TC7.2 - R Studio for Analytics, exploiting Tensor Flow

 TC7.4 - From R Studio process to MicroService for I0OT
application, data analytics, machine learning

 TC7.5 - Developing Data Analytics Processes
 US7. Data Analytics and related integration aspects

Snap4City (C), November 2020
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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:
* Bayesian Regularized Neural Network

—SVR:
* Support Vector Regression

—ARIMA
* Autoregressive Integrated Moving Average

—RNN

e Recurrent neural networks

Snap4City (C), November 2020
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BRNN: Bayesian Regularized Neural Network

yi = g(xi) + e .
- * P . alkl _ -
Ui = z.& | WEGk (b;;-l—zj 1&:;;,.,8]- )-I—e,, t=1,...,n .

ei ~ N(0,02);

& is the number of neurons;

W} is the weight of the k -th neuron, k=1, ..., 8 ;

by is a bias for the k -th neuron, k =1,...,8:

,ﬂ}kl is the weight of the j-th input to thenet, j = 1,...,p;

gi(-) is the activation funection: in this case

e 1
e ]

gi: ()

The objective funetion consists of minimizing F' = aFEw + SEp . where Ew 1s the sum

of squares of network parameters (weight and bias), and F'p is the error (sum of

squares), & and /J are the objective funection parameters.

Snap4City (C), November 2020
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Cate . e -
ﬂf}’g Features Description of features variable
») . Bam B ) - Free parking Real number of available slots recorded
3 1= / rJ fJ (=2 Q JJ / r U ) = slots every 15 minutes
R - i - o = Time Hours and minutes
= Month Month of the yvear (1-12)
100 E Day Day of the month (1-31)
) Day week Day of the week (0-6)
90 -~ :
30 = Weekend 0 for working days, 1 else
§ Previous Difference between the number of free
70 % observation's spaces at time { and number of free
60 22 difference spaces at time (i — 15 minutes) recorded
50 ) (POD) in the previous week
= Subsequent Difference between the number of free
40 3 observation's spaces at time i, and the number of free
30 M difference spaces at time ({ + 15 minutes) recorded
20 (SOD) in the previous week
Temperature City temperature measured one hour
10 5 @ P earlier than Time (°C)
0 E‘Et' E Humidity City humidity measured one hour earlier
O =3 than Time (%)
v Q cC T W > X T > C —
£ E S 0 O 5 8 8 E 0O c © L2 5 :—; e . City rainfall measured one hour earlier
== 05 0 2 38T 9 o0 £« Rainfall han Ti
FFo ® 2% E S o O c than Time (mm)
L 9 sV 5 S >0 = © Average speed of vehicles on the road
O 5 © @ o Q o Average . .
=9 g5 2 T A = @ Vehicle Speed being closest to the parking, over one-
o S 2 € g 2 o P hour period (km/h)
> o v = O i i
5 > S > = % L Vehicle Flow Number of\_.!ehlcles passing by clqsest to
o0 v - E the parking, over one-hour period
o o ,%D =2 Average Average of distance between vehicles,
S _QCJ o = Vehicle Time over one-hour period
< > é’: = Vehicle Number of vehicles per kilometer, over
Concentration one-hour period

Snap4cCity (C), November 2020
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. . Forecasting Techniques
Training
BRANN SVR RNN | ARIMA
Average
Tramning 76.3 9.1 598.7 9.2
processing
time (sec)
Re-Training Daily Daily Daily Hourly
frequency
Tranpmg 3 months 3 months | 3 months | 3 months
period
Estimation | BRANN SVR RNN | ARIMA
Average
Estimation 0.0031 0.0052 0.034 0.0015
time (sec)
?I_S;lnl::;ls; Hourly Hourly Hourly Hourly
Estimation
predicted 1 hour 1 hour 1 hour 1 hour
period

Snap4City (C), November 2020
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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 renpores

Parcheggio Stazione Firenze S.M.N. 527 08-0620:00
= Parcheggio auto

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

== Parcheggi X

Baseline + Weather + Traffic ®@2546m © 263 m e
0.975 24 1.87
SENS0rsS 4 Parcheggio Stazione Firenze SM.N. %

Andamento Giornaliero

Active on Mobile Apps as:
— «Firenze dove cosa»
— «Toscana dove cosa» Precision: 97,5%

—

,—- == \ 00 02 04 06 08 10 12 14 16 18 20 22

& Su Moblllty 7, B
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1 Binario 16 Daily Trend 4 S.M.N.
: 150 S
‘ : 100 ‘ ‘ {1 Ji.ﬁ. - ,
U R ] g
o y ) 7 : 50 ] e RS Santar N
: : f r il 4 Maria gt

R S o ¢ L] Uonail] o , Pl A
T, — oF ¢ ER, : Q0 o2 of 0 02 AD AZ 4K AB 4B 90 7] “y : a -

! ‘/\TY:?::}:I 7 \ | : &, Z =H
o ﬂ Lorato _ ‘ , . pérge i
e s - ‘ \ £ ‘ B /G 1

N . i // - /
RN Z = # - 3 / .

g ' b ' @) ' ’ X

2 Voot 220 onamenti: - Tessera a scalare dal \ //
& ' v/ » - y : i .
<N\ NER i g ¥ valore di ? 120,00 Euro al co i ,
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b 1
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Real time
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Predictions
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Daily Trend
1000
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IEEE

Predictions on Parkir

U Q

. C. Badii, P. Nesi, I. Paoli, AcCcess

"Predicting available parking
slots on critical and regular
services exploiting a range of
open data", I[EEE Access,
preprint,

2018, https://ieeexplore.ieee.o
rg/abstract/document/843051

4/
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* For each Bike Rack, Prediction of the number of S =SS TSI

Le Talfe

— available bikes in sharing i

" petriccio -
2%

— free slots for leaving the bike

* Machine Learning Model -
61 I:I Predicted values ; Around Here

— Recurrent NN B Real vales e
— MASE 3-4.5 5‘
- MAE <0.7-0.8

01-31-2020 1514
Available Bikes Predictions
01-31-2020 15:30

01-31-2020 16:00

5
1
3
2 01-31-2020 15:45
2
2

01-31-2020 16:15
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£

Daily Trend - Available bikes

0 25 50 75 100
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Monitoring movements by traffic

flow sensors
— Spires and virtual spires

Monitoring movements from | -

Mobile Cells

— Unsuitable for precise tracking o

and OD production

Monitoring movements from Wi-Fi
Monitoring movements and much

more from mobile Apps

T
¢ sii-Mobility )

- by ) :._{é’

D AT Recommender - Interactive People Flow Maps
:, DISIT - Dustributed Systems and internet Technologies Lat

Heer
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Hf dicting City users movements

* |ssue:

— How they move: vehicles,
pedestrian, bike, ferry, metro,

— Where they go....

* Impact:

— Tuning the services: cleaning,
police, control, security

 Several metrics related to
— Knowledge of the city

— Monitoring traffic and people
flow

150

* Daily trends 100
* OD matrices
* Trajectories

Prediction models

00:00
02:00
04:00
06:00
08:00
10:00
12:00
14:00
16:00
18:00
20:00
22:00
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P. Bellini, D. Cenni, P. Nesi, I.
Paoli, "Wi-Fi Based City Users’
Behaviour Analysis for Smart
City", Journal of Visual
Language and Computing,
Elsevier,

2017. http://www.sciencedirec
t.com/science/article/pii/S104
5926X17300083
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‘) ::,‘ T Recommender - Real Time City Users - positions and movements
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(] F ro m m o b i I e a p p : D “.\)’;\}/ DISIT - Distributed Systems and Internet Technologies Lab

— Resolving GPS location: GPS, cells,
wifi-network, ..mixt =

— Noisy, different kind of devices, ..

— Smart algorithm on devices for location
acquisition

— Anonymized data, terms of use on mobile
* |ssues and Filtering

— Gps Accuracy, kind of measure (GPS, mixt)

— Jump in time, space, velocity

— General noise (diff. devices)

— Knowledge of precision map

* Clustering: time, space, user kind, etc.

X area, x user type
Velocity,, Direction
Time, acceleration
Vehicle kind ??

Record and Replay, ... Poszslaico
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Heat Map from Mobile: users as sensors

Firenze - Sunday January 8 2017 13:57:00
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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

T,,yg;o“w y g 3 A ? T x : . f 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

Snap4City (C), November 2020
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Automated Classification of Users’ Transportation Modality
in Real Conditions

Note that:

* Large discontinuities samples of data (from sensors and sporadic communications to the central computation modules)
* Relevant differences due to the different kind of mobile phone features in terms of sensors and precision.

In the state of the art experiments the devices have been asked to keep the application running in foreground to get more precise GPS
data, the device in a proper position/orientation during the usage and to use specific devices.

In the proposed solution no restrictions on the 12000
modality of mobile device usage have been imposed. 10000

‘ 8000

» Most of the data was collected in the background because the phones

were kept in pocket or bag. 1000
* There is a non-conformity in the Sampling Period frequency distribution *°
Of the Collected data 0 H il HH‘ ‘HM MH il MM li \‘\ HH‘ ‘H i \‘\mh umm o e HHH

\
nw N oo S
— ™ n o

D FRSTRIIRNISARSAD S
In details, the frequency average is equal to 180 seconds and the variance is equal to ~ QNN M oo i 0

E S
13240 seconds. s

Sampling Period (Seconds)
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Automated Classification of Users’ Transportation Modality
in Real Conditions

Classifier TR m Recall
Models ¥ —

Sensitivity 0.978 0.869 0.917

Model o Transport Transport
0 988

One-Step machine learning approach:

- 0.901 0.987 0.996
xtreme . 0.947 0.773 0828  0.800 I 0.977 0.770 0.827 0.936
Gradient Boosting

0.904 0.985 0.990 0.994

Accurac 0.940 0.859 0.928 0.956
Super Learner sta Private Public
Model o Transport Transport

0.990 0.662 0.857 0.927

SPEC'f'C'tV 0.892 0.993 0.990 0.996

LA CLAETTY 0.975 0.831 0.865 0.953
Neg Pred Value JVEE 0.982 0.989 0.994

Accurac
- Super Learner approach: identification of the multi-class problem into binary " o 0024 0981
classification sub-problems to estimate the risk on future data and select the < In Super Learner, Binary Classification
optimal learner based on the One-Step machine learning approach candidates. Models results have been combined on

the highest probability estimation.

Forest

- Random Forest (RF
( ) Extra-Trees 0.953 0.827 0.869

- Extremely Randomized Trees (Extra-Trees)
- Extreme Gradient Boosting procedure

(XGBoost) swpertcamer | sy | rcon | vt | o

Binary Classification
Models

0.960 0.865 0.857 0.861

Combination

- Four binary classification models have been constructed:
1. stationary vs walking, private transport, public transport
2. walking vs stationary, private transport, public transport
3. private transport vs stationary, walking, public transport
4. public transport vs stationary, walking, private transport

Snap4City (C), November 2020
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Automated Classification of Users’ Transportation Modality
in Real Conditions

Two-Steps Hierarchical approach:
combination of the Extra-Tree multi-class classification and the Super learner algorithm.

Two-Steps

Hierarchical Private Public

> First Step: Extra-Tree multi-class classifier to select the two

transportation means with higher probability - 4 different training Approach iR Transport Transport
models. Stay
A threshold has been used to decide which class can be considered directly 025000 .0 e
correct at the first step: if the probability of the class is higher respect the Walk 0.01 0.60 0.02 0.01
considered threshold (0.90), the transportation modality is regarded correct B
without proceeding to the second step. Transport 0.01  0.07 0.87 0.07
Public
> Second Step: Super learner approach to discriminate between the two Hlianizpond RY00R E0:0° DL Lbs
transportation means selected in the first step - 24 different training Accuracy = 0.940
models Precision= 0.786
Recall = 0.869
(6 transportation modality pairs combinations per 4 categories combinations) .
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Spire and Virtual Spires (cameras), Bluetooth, ...

Specifically located: along, around, on gates, on x...
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Day by day traffic flow data from 3 sensors
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Traffic Flow Monitoring - Firenze
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Traffic Flow Reconstruction for the cities

i g " v, ViAg, - e o7y
+ 3932 Gy, o
- / Firenze + FiPiLi + v | DINFO | DISIT 3 4 Ceig Gar [ Last sensors measure
FIRENZE | BERREL.. | R Loz o ¥/ /8 12020-04-06T15:01:00 | *
' ~ ‘ p AR p 0w Il T
A Firenze - 3 \Y d - R 1148 R -
2020-04-06 15:14:55 6 2/ /4 > 15138 4
s 6B \ ¥ RR 5g L i a )
Pisa 31 i = \ KR e/ JAf s == Free street 37
'] 135 b i Rampy 17 | 4R 10 2ri? -
A P \
. )%4 . s 2 £ B 'P‘“‘)\‘f‘.t - 1 4
A Santiago b 4 H.r'ﬁi_fap “1\‘&-.\ "RF ?lg.r' o \Oa 27 — F|UId tl‘afﬁc 31 il
N AL Gl
pMce &
Ny G " S 18
A Modena KNG | == Heavy traffic &
WY \ 14R @ago““ Vi h 16
i 16 43 MR — \E] ea
A Liverno X f"gﬂ LR ry heavy »
7 i
18R ags
e () Sensor position 1
5 L. -
B
z T 12
2
21
1?9 L/ Lt
G
&'EJ 20 "y kY
&l 9 < -
“? &7 Impresa Rossi ~ ~ 13
= g Luigi srl 4
g a5 &
3:_* 14 3 A,
1 % S8
(2] % 5 e
0 ) o.i?'
£4
?%’ / '$ -
&
13& oy = ; 40 5,
7R 4
A T Yy {1ar g 13R : 24 » |
ENR.'C - | y -—
o - LI : : 23
5 7 _&b N
o e O 2 ¥
5 A VIA R,
,9 __i‘ 4 ffk Leaflet | Map data @ OpenSireetiap contributors, COBY SA, Imagery @ Mapbox
Privacy Poli Cookies Poli Terms and Conditions ~ Contact us DIS'T d
- - @ [ e | 882 € sNAPAcr

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ== 2

Snapality (C), November ZUZU



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

= Toscana Traffico

Thu 1 Nov 14:15:47

Traffic Events 9m Multi Map Selector
74 = 2 > 2 ~a e 2% ez e
| A 4 | BIRR e Air Quality
| v ¥ i % } Ghiacciaia g/’Oz,
@ ® E m | & * a2 delle (asclr:e L
| | = L (Piramide)
L - Ly ’ Last update: 2018-11-01 14:11:00+01:00 Bus Stops
i 16 00 iy () _
- B - [Bescrpuon [ave [T ouens . i
TEMPORARY TRAFFIC LIGHTS Yer; & ] Last TEet — Last Last AN Cycle Paths Geometry
us ‘ Avg Time  59.28916 as as 25 i ¥R,
”‘ 05/11/2018 00:00:00 5 9 & | value 4hours 24hours 7days 30 days | Corsini %%
! g g ‘ ; Last Last Last Last Last B % :
mm_ ISTITUZIONE DI SENSO v,:”ed@;.g" 3 Concentration 10.46809 value 4hours 24 hours 7days 30days ’ A Cyde paths Pins
UNICO ALTERNATO REGOLATO DA IMPIANTO i, rre,%s LT 3 < >
X £ - s Last Last Last Last Y
SEMAFORICO MOBILE E/O MOVIERI, OLTRE e o ; Vehicle Flow 9840 \aiie  4hours 24 hours - 30 days %
ALLA LOCALIZZATA LIMITAZIONE DI VELOCITA' A =% v . ‘ 2 A Hot places heatmap
- 4 A rerage - %
30 KM/H IN PROSSIMITA’ DEL CANTIERE, PER IL «= LaMontagnola’ || 8ec., gtz a0 [ELEEN LN BRI ELEN RS 3 +
RESTRINGIMENTO DELLA CARREGGIATA, SULLA o Y15 ey i ey
S.P. N.56 'DEL BROLLO E POGGIO ALLA CROCE' e B, o ’a""abiqm /
AL KM 16+600 CIRCA, IN LOCALITA" ) %y 2 N,
CAPANNUCCIA E SULLA S.P. N.34 'DI ROSANO', & %’?o = "'7:"?)/,8
PER INTERVENTI PUNTUALI, DAL KM 3+440 AL & e § 5
KM 5+500 CIRCA, IN LOCALITA" VALLINA, NEL 5 x 5
COMUNE DI BAGNO A RIPOLI (FI), DAL GIORNO P §
05/11/2018 AL GIORNO 16/11/2018 CON ORARIO g
08:00/17:00. g x

Montrmento
aiGaribaldiss.
= ia Bronzind s

ﬂ,‘ TEMPORARY TRAFFIC LIGHTS
05/11/2018 00:00:00

Via del Chiesing

UNICO ALTERNATO REGOLATO D =< = Yarn Sensors
SEMAFORICO MOBILE E/O MOVI| : o VAT DEGTTAST 7S
ALLA LOCALIZZATA LIMITAZIONE N 7 . > ) .
30 KM/H IN PROSSIMITA' DEL CAN - ] < / Traffic Flow Density
/ = Free siroet
RESTRINGIMENTO DELLA CARREC J - -
S.P. N.56 'DEL BROLLO E POGGIO / il Elorence Events
AL KM 16+600 CIRCA, IN LO (SR bl buim b RN
CAPANNUCCIA E SULLA S.P. N.34 ") T i
PER INTERVENTI PUNTUALI, DAL K) 5 B ‘ 2 2 A
KM 5+500 CIRCA, IN LOCALITA" VAL & = { ©) sensor postion
COMUNE DI BAGNO A RIPOLI (F), DAL s 8 —z———5, CAMBIO DELLA GUARDIA A PALAZZO VECCHIO
05/11/2018 AL GIORNO 16/11/2018 CON O 8+ © OpenStreetMap contributors
08:00/17:00. 1 — A
TEMPORARY TRAFFIC LIGHTS 9 2 PER GRANDYE CiNt
A 05112018 | 000000 | 5 | 1692 ‘ . N8 | nd b L . M 1 ul. wdls b
ORD. 2018-002375 - ISTITUZIONE DI SENSO n2 M FaAA A W\ PR\ A -
UNICO ALTERNATO REGOLATO DA IMPIANTO A | AR ‘ oy - [o "y ‘ L, -
ALLA LOCALIZZATA LIMITAZIONE DI VELOCITA' A . i N 2 [E i) E € [ A
30 KM/H IN PROSSIMITA’ DEL CANTIERE, PER IL 1800 26 ) 18:00 0600 1200 1800 28 18:00 0600 1200 1800 30. 0600 1200 1800 3. 060 1800 1.Nov 0600 1200 “GLI STRUMENTI DI GALILEO" - A TUTTA
RESTRINGIMENTO DELLA CARREGGIATA, SULLA Oct Oct Oct Oct SCIENZA!
S.P. N.56 'DEL BROLLO E POGGIO ALLA CROCE' ~ - ~
WAL | FIRENZE

“https://main.snap4city.org/view/index.php?iddasboard=MTE5MQ==



https://main.snap4city.org/view/index.php?iddasboard=MTE5MQ==

UNIVERSITA
DEGLI STUDI

FIRENZE

DINFO

IIIIIIIIIIIII
O MAZO

The vehicular traffic flow is propagated in the city graph according to a fluid
dynamics model which 1s based on the conservation law of the vehicles. In a
single road, it 1s described by the following partial differential equation:

op(t,x) | of (p(t,x))
ot 0x

where p(t,x) denotes the vehicular density and the function f(p(t, x)) 1s the
vehicular flux which 1s defined as the product p(t, x)v(t, x), being v(t, x)
the local speed of the vehicles.

A discretization scheme 1n terms of finite differences 1s considered to obtain a
numerical solution of the above equation. The traffic flow is then distributed
through the junctions in the city.
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Andamenti Nazionali e Regionali infezione COVID-19 b = i B

Sulla base dei dati della protezione civile, elaborazioni DISITLab Sun 19 Apr19:21:39

per evidenziare gli andamenti di vostro interesse: eliminare le curve che non interessano selezionandole in legenda.
Alcuni dati in passato non sono pervenuti alla protezione civile

Andamento Cantagio Coronavirus in Italia variazione percentuale giornaliera Decessi (in alcune Regioni) Decessi (in alcune regioni)

108257

Attualments positivi

47055

dimessi_guariti

Guariti (in alcune regioni)

totale_attualmesnte_positivi
@ ricoverati_con_sintami
W nusviattualmente_positivi & dirmessi_guariti

variaziona percentuale giornaliera dei Casi (Nazionale)

2 Mar . Mar 16 Mar 23 Mar 0. Mar . Apr 3. Apr 200 Apr
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Andamento Regione Toscana e Province, COVID-19

Sulla base dei dati della protezione civile, elaborazioni DISITLab Sun 19 Apr 19:19:56

Totale Casi, province della regione Toscana Totale Casi, province della regione Toscana, cumulati 28m Alcune province allineate a partire da 100 casi

Friday, Mar 27, 2020

® Lucca: 481
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= No range defined on this field
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per evidenziare gli andamenti di vostro interesse: eliminare le curve che non interessano selezionandole in legenda.
Alcuni dati in passato non sono pervenuti alla protezione civile
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* Origin Destination Matrix

7 Sii-Mobilit

— Specific Sensors, vehicle Kits, mobile App,

Wi-Fi Access Points, etc.
— Data from Taxi in San Francisco

* Assess people and traffic flows to

— Improve services

— predict critical conditions on Crit. Infra.
— take real time decisions and sending

messages in push to population
— Increase city resilience
— optimize traffic flow
— take decision of routing
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|dentification of critical Bus Stops over time
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Mobility 4.0 for Smart City
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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..

— Seize of the buses
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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

W ArcGIS 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

Turs

2

L=}
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wn

o

m

Service Map

- Hide Menu

gl i s

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

Parco delle
Cascine
Select an agency:

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

{ Select a route: i Ore,
- Select a Route - ¥
Select a bus stop:

- Select a Stop - ¥

Position of selected Busses

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

‘”P‘PHSP«NP’

vin Pl

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

Soffiano

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

Start date&time: [today Don

Ihi
Search Path

Piazza della Santissima Annunziata 49m (14:40:13)

Via Cesare Battisti 148m (14:40:52)

Piazza San Marco 126m (14:42:47)

Via Camillo Cavour 1m (14:44:17)

11 : Arazzieri - Volterrana 7800m (15:06:00)

D 37 : Galluzzo Via Volterrana - Montespertoli (V.

Risorgimento) Sn 26620m (18:52:00)

9. Viale Risorgimento 207m (19:45:00)

10. D 32 : Montespertoli (V. Risorgimento) Sn - Viasanzio
Fr.157 Sn 17534m (07:16:00)

1. B 1: Via Sanzio Fr.157 - Via Sanzio Fr. Coop Sn 1002m
(08:08:00)

12. Via Raffaello Sanzio 45m (08:10:00)

13 nd 33m (08:10:35) e
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- Hide Menu

Regular Services | Transversal Services

Services Categories
De/Select All
E Accommodation +

E Advertising +

ﬁ AgricultureAndLivestock +
E CivilAndEdilEngineering +
E CulturalActivity +
EducationAndResearch +

+ +

& +

D Environment +

u FinancialService +

u GovernmentOffice +

@ HealthCare +
IndustryAndManufacturing +
[J IoTDevice +

E MiningAndQuarrying +
ShoppingAndService +

u TourismService +

ﬂ TransferServiceAndRenting +
E utilitiesAndSupply +

E Wholesale +

m WineAndFood +

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

Q&0

S

]

modal routing
oo s

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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ﬂ snavt

Sun 20 Oct 23:50:38

Mobility and Environment What-IF Analysis

This dashboad contains data derived from actual sensors and predictive values under validation

3.4 km, 6 min

4 Continue onto Via Fra

% v ‘
\VEivenzety \

\Sanm

Maria
\vella
Ne—

it

/') ——
na | {ia BrONZINO
Ponte

qiale Piombinge EUA o mbinoViale Etruria oanfi AT
e 5 pisand Vi

i Amerigo

Vespucci

——jale BV
Monticell oy
J.a" onticelli Via dél Corso. — Borga deg ave

N

ap contributors

Via dei Calzawoli

Firenze Oggi : Sl 9 ,/
S ': (.‘l: SS67 );L 2 Via P 20l

Air Temperat...(3m)

airfemperature

06:00 1200 18:00 18. Oct 06:00 1200 18:00 19. Oct 06:00 12:00 18:00 20.0Oct

10
14.Oct 06:00 12:00 18:00 15. Oct 06:00 1200 18:00 16.Oct 06:00 1200 18:00 17.Oct

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



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

= %ﬂ

gEN‘VERTS”D’} DINFO DISIT Z > L
GLI STU DlPARTIMENTODI DISTRIBUTED SYSTEMS @

FIRENZE | Btz | 285 NGIEEEs Lae CITY Lz

environmental Daiz:
Predictions, Early Warning
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BusSto 3 | § 7 R '

0P i I | ‘ ; i S T LAeqAveragezHourHelsinki ¥

Ticket sale _ r4 l D ey \\r Heatmap Controls: 24H

P { 3 \_L:; VL E Kalasatam: Max Opacity: ¢ > 025

&
- il . u S| <prev 2019.05.05 13:00:00 ‘
1 L B, Musikkgirtaansit,
Da 0 S
N

Over the Gaussian Heatmaps

LAegAverage2HourHelsinki

HEATMAP DETAILS

Calibrated heatmaps on the
basis of Interpolated data

for: ——

A Enfuser pred. AQI 535 5.1

>>_>‘\'\*\>>'\>>M>
b -
3
Q
L
p
3
hel

A Enfuser pred. PMI0 |
L A N
Enfuser pred. PM2.5 "

— From 200x200 to 4x4 mt e

| pred. PMI10 (6m)

— PM10, PM2.5, SO2, NO2, Noise, NO, 03, Enfuser, GRAL,....
— Any programmed Color map i,

TRAFAIR

— Animations over H24

12.0 ug/m3 17:5 ug/m3

Helsinki PM2_5 Helsinki AQI
3.2 ug/m3 1.0

— Picking values in any place, values on their position. A =as
— On Web and Mobile App |
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i | FIRENZE
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Environmental ENFUSER Predictive Measures

ENvironmental information FUsion SERvice:

Air quality model that combines dispersion modelling techniques, information fusion algorithms
and statistical approaches. The operational modelling system provides both real-time and
forecasted, high resolution information on the urban air quality.

BusStop 1
........
Ticket sale l Heatmap Controls:
: N T eenor - Max Opacity: ~ ¢ > on
» Data gathering, data processing |
EnfuserHelsinkiEnfuserAirQualityindex )
f P . k . Air Temp heatmap ‘ HEATMAP DETAILS

O r I I n g Humidity Heatmap Description Value

s . | Date & 5/5/2019 14:0:0

Air Quahty Sensors N | Metric Name: EnfuserAirQualityindex

Noisesensors T ™ - Mgill]  HeatmepVale 1.70000

QISCSCOSOISEE R W ot ) ™= Coordinates 0.16202, 24913

Noise Heatmap
PM10 heatmap

PM2.5 Heatmap
NO2 heatmap

» API for accessing data of
Heatmaps in real time

ndex heatmapgl

i“;‘>>>'\'\>>‘\>>;}
%!%m
k.

'
i/ Enfuser pred. AQI

(A Enfuserpred. PMI0  § ’E"'-'- g
=« A Enfuser pred. PM25
| A Gral pred. PMI0

I A Gral pred. PM10 (6m)

Snap4City (C), November 2020 120



- ﬂ
UNIVERSITA | IJINIFO | DISIT 2~ Yol
D EG Ll STU DI DIPARTIMENTO DI DISTRIBUTED SYSTEMS W
FIRENZE | BERtE ™ | RENEReL ong CITY |

Data Analytics: Enfuser predlctlons

5 =8 il ItiEnIns;tAl ualityindex 1
* Enfuser predictions: AQ|, e B e e
I IR seneor (ool | i el | maE {lh oy =1 - [,
FA z’frTe[\wpheatmap j [R——— \‘ — i e, >
P M 1 0 P M 2 5 FA ﬁ Jumidity Heatmap \ ; Description Value i“ e —‘J \ ’ l,,__,//’ A @;@
) o +/  AirQuality Sensors B M weroume e [ : < .
~f Noise sensors L g (a '\“ el 6207203009 s | 3 A ; 2 Hietalah //
A Noise Heatmap ‘| l & %
1 H A PMI0 heatma - 2
— Data gathering, data processing & ===, T =
A NO2 heat <= ; sl g
. . o pr . Al @
for Piking — 0
\j Enfuser pred. AQI nfuserAQl
¢A Enfuser pred. PMIO f ,: Teo d !
: : : : A"'ﬁﬁser pred. PM25 2. satisfactory 5 NS % e M
— Delta Estimation Predictions vs R o R
AWMO (&m) B 5. very poor X L e : | € CotnSecostan Ssta e
ACtuaI: On 12 p0|ntS/SenSOrS Vla (] Enfuser VS ReaITime Comparison -
e . W T W e I T s

R-Studio and IOT App S — R

Hobiokioio-Gn)  SEETRTERSOTS-shualpHiOrallinedsta (52

26 e .. [____
— API for accessing data of Sl R ——

_information
Mw

DetaEnfuserP20190420 °
7STT5207ESI0N8 - PM25
M‘M pean_
— .
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- Delta Estimation Predictions vs Actual on 1

Helsinki:orio... (3m)
15

6.3

pg/m3

Helsinki:orio... (3m) 373773207E330M8 - airQualityPM2 SAveragelLastHour, [am]|  Helsinkiorio.. (5m) 373773207E330T8 - airQualityPM2_SEnfuser eBm)]  Helsinkiorio... om)

22

pa/m3
7.3

ug/m3
2.5

pg/m3

unversia | DINFO | DISIT 2 s
DEGLI STUDI | ppagmiventooi DISTRIBUTED SYSTEMS K
F I RE N Z E E‘S&?ﬁ'ﬁé‘#‘ms PECHNOLOGIES LAB CI Ty q o€

Com aratlve Dashboard

Enfuser vs RealTime Comparison (H4)

Please note that the data results are not always based on real data. Wed 11 Sep 15:34:58

373773207E330T18 - RealTimeAQI (am) Helsinkizorio.. (am) 373773207E330118 - EnfuserAQl (m) Helsinki:orio... (am)

3 -03
- -
0.996 06 -15

18:00 . Sep 06:00 12:00 18:00 . Sep 06:00 1200 1800 M. Sep 06:00 1200

Helsinki:orio... (am] 373773207E330118 - airQualityPMIOEnfuser em)| Helsinkiorio... om) 373773207E330118 - airQualityPMIOrealTimeDelta (om)

SN S A iy AR gDt s @ 4-2 . M 2-1 ) W‘+ —-—
Bl

o
pg/m3 18:00 1.5ep 06:00 1200 ug/m3 18:00 1.Sep 06:00 1200

Helsinkizorio.. (om) 373773207E330718 - airQualityPM10Gral Bm)| Helsinkiorio.. om) 375775207E330TI8 - airQualityPMIORealTimeDeltaGral  [om)

: 8 12
1800 . Sep 0800 12:00 .I 6 '__w 4 7 W
- -
0

-dy
pa/m3 18:00 n.Sep 06:00 12:00 pg/m3 18:00 1. Sep 06:00 1200

373773207E330118 - airQualityPM2 SRealTimeDelta,  [5m)

12 W 05 1: M‘M 1.7 : —————— .

1200 .5ep 05:00 1200 pg/m3 1800 1.Sep 06:00 1200 ug/m3 1800 1 Sep 06:00 1200

ﬁrum Discu&sio‘
WF u Survey

373773207E330T18 - PMIO

32

18:00 1. Sep 06:00 12:00

373773207E330M8 - PM2.5

32

(o)
18:00 M. Sep 06:00 1200 H o
‘& OpenSireetMap contributors

2 points/sensors via R-Studio and 10T App

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTczMg==
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Data Analytics: AQl estimations

* Legenda of Environmental data:
— https://www.snap4city.org/435

* AQI estimation via Rstudio and IOT App:
— EAQJ, European Air Quality Index
— Enfuser AQI for Delta,
— CAQI
— Their corresponding Heatmaps

Snap4cCity (C), November 2020

¢“SNAP/crry

M Alr Quality Sensors

M Noise sensors

o | Noise Heatmap

A PMIO heatmap
A PM25 Heatmap

A NO2 heatmap

‘ Enfuser pred. AQI
A Enfuser pred. PMI0
"A Enfuser pred. PM25

A Gral pred. PM10

A Gral pred. PMIO (6m)
T —
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https://www.snap4city.org/drupal/node/435
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KM C
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brartsrupt | DINFO | DISIT 2
FIRENZE | St oo | RBNEREL e SNAP4CITY
Environmental Heatmaps

Calibrated heatmaps based on Interpolated data:

— Real time measures (PM,,, PM, ., NO,, SO,, Noise, NO, O,, AQ,..)
— Predictive measures (ENFUSER, GRAL)

Helsinki PM10 Helsinki NO2
— Hourly concentration S m— LA O
— Any programmed Color map 4 i = RN
./ Noise Heatm & 3 S — ‘ Korkeysaaren
— Animations over H24 A s B v
A

— Picking values in any place

sita Utasppiia VROSAT - armenivt
3 1 \ By Palosoari
NO2 heatma P . Noise | N 3 = D
i E A0 | X e Lo s (EEREEEE A R Porkevsaori
atmap dsa ( il y o= 1
.4-48.8 \ A\ —__Helingln g
g \ M (Eyiee isto 1 &
— 48.9-53.3 \ — - A |
- Ws3s57.7 \ 3 o
62.1 \\
66.6 ;

e

EN -\fmﬂ,
. A Enfuser pred. AQI 7355 D B 0 ;
— On Web and Mobile App A o oo T G
o ‘ : : A
A Enfuser pred. PM25 e Wt 175 oS Y Helsinki o \f\ RS,
A Gral pred. PM10 e Ws679958 Q D >1 N33 \"/
A Cralpred oMo (6m) ot W70 /! s // et L) :

https://www.snap4city.org/snap4cityWebAppHelsinki/
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FIRENZE | 558 hoe | RERESL e

Environmental Real Time Measures

BusStop
Ticket sale

. Noise: real time noise levels (measured in dBA). L
rarric sensor

. PMao: real time pollutant levels in air in terms of PMw(measured in pug/ms) particles.
. 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). v
- Air Quality Index (AQl): real time air quality mdex of the Helsmkl area, prowded by : - =
the FMI. The resulting index from 1 to 10. B iy e R ”pwdheatmap:
=N | me % HET T T A PM25Heatmap
A N

Cycling Paths
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AQl Indexes estimation via R studio and 10T App

European Air Quality Index EAQI

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

Index level

Pollutant
{based on pollutant concentrations in pg/m3)

Good Fair Moderate Poor Very poor

Particles less than 2.5 pm (PMa2 5) 0-10 20-25 50-800
Particles less than 10 pm (PMyg) 0-20 35-50 100-1200
Mitrogen dioxide (NO3) 0-40 100-200 400-1000
Ozone (Oz) 0-20 120-180 240-600

200-350 500-1250

Sulphur dioxide (503) 0-100

Measurements of up to five key pollutants supported by
modelled data determine the index level that describes the
current air quality situation at each monitoring station.

The index corresponds to the poorest level for any of five
pollutants according to the following scheme.

Legend of Environmental data:

httpS//WWWSﬂa p4C|tvorg/435 Snap4City (C), November 2020

Common Air Quality Index CAQ

http://www.airqualitynow.eu

Qualitative name | Index or sub-index Pollutant {hourly) density in pg/m?

NDz PM-“] 03 PM2.5{Dptional}

wyor  EEE oo | 02 | o | o1

Low 25-50 50100 | 25-50 | 60120 15-30

Mediurm 50-75 100-200 | 50-90 | 120180 30-55

High 200-400 | 90-180 | 180240 55-110
Very high =400 | >180 | =240 =110

The index is defined away from roads (a
"background" index). CAQl is computed on the

basis of NO,, PM, s, PM,yand Os.
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AQl Indexes estimation Heatmaps

Hourly pollutant concentration
Helsinki City Overview (H5a)

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

BusStop
Ticket sale
Traffic Sensor

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

https://www.snap4city.org/dashboardSmartCity/view/index.p

hpriddasboard=MTUzMg==
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UNIVERSITA by
prir st | DINFO | DISIT 3 oem
FIRENZE | BEiemzone | NGRS 1 CITY

Environmental Data PredlctlonS' GRAI. -

* GRAL predictions: PM10, NOX, .... wnt  wp SR AE S S

Max Opacity: < 4] > 044

— Comparison wrt real time values in B S ¢ D e
actual value of Sensors ) ' : R W7

— Graz Lagrangian Model.
e GRAL model takes into account:

— pollution sources (for example the
vehicles, their distribution on the
streets, the about of pollution they
produce according to their distribution
over time and space, etc.),

— structure of the city (streets and shape
3D of the buildings),

— weather forecast (wind intensity and
direction), etc.

e GRAL can be applied on NOX, PM10,
PM?2.5, ... or any other particles

TRAFAIR

Snap4cCity (C), November 2020
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Selector
Air Quality Sensors

PM10 Heatmap
PM2.5 Heatmap
CO Heatmap
SO2 Heatmap
NO2 Heatmap

H2S Heatmap

A
A
A
A
A
A
A Benzene Heatmap
A
A
A
A

[ | |

DIPARTIMENTO DI DISTRIBUTED SYSTEMS
INGEGNERIA
TRAFAIR
Heatmap Firenze - trafair
different data Fri17 May 12:49:34
Multi Map b4
Yo § : = ; o 1 AT
!T: £ i GRALheatmap I/‘
& %" Heatmap Controls: 24H |
Max Opacity: <€ B > 064

)L}ﬂcch‘ 2019-05-17 16:00:00 @ "
\ 42 ) y ‘?4"\:

\@L«; ;

3

Cintoia

mamﬁ
(75)

+ Caserma /

:ﬁm

Firenze |
ovezzan

Air Temperature Bolognese

5.4

-1 23

Termperature Bolgonese

543

0100 02:00 03:00 04:00 05.00 06:00 07:00 08:00 09:00 10:00 n:00 12:00

https://main.snap4ci

ty.org/view/index.php?iddasboard=MTUzMg=
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e oo | DANEO | e C"/S NAP/carry &z
Environmental Devices hosted by Citizens

\

My Sensor 373773207E330118 - Helsinki

Please note that the data results are not always based on real data. Sun 3 Nov 23:39:19

Weather Sensors

Air Quality Sensors

30.Oct

LA

Helsinki:orio...Em) Real Time PMIO Em ' : ‘ o pruor exatanis

15

pg/m3

il

| Helsinkiorio...Em)

== i 5 Y < : = ‘ 8 z - \ \ ; W - ek e = .
ug/m3 5 R T izl FRS T Sy, (g = ’ A e, e : :

Helsin

v L B B AR E R
1200 * i 1500
: W8 L

Helsinki:orio...

o5 8 | 0.4

Temperature

@5 |oaee | 22 €VsNAPAcry
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Environmental Data Network and
Automated Analysis and Representation

Goal:

Real time aggregation, integration, assessment of data independently on the number of
sensors, on their position.

Real time analysis and representation of environmental data automatically in dedicated
Dashboards on Snap4City platform.
The target has been to:
»  Provide informative view of the city users regarding Environmental data via some mobile App.
» Provide detailed information about the Environmental data to city officials for decision

making, as comparison between predictions and real time in specific point of the city.

Data have been collected from:

> 10T Brokers included IOT Devices
hosted by city users.
» Data Providers.
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DISIT

oroirsrupt | DINFO | DESIT ;
FIRENZE | Btz | RSNGTEELs ae C(' SN Ap4c|'|'y
Environmental Data Network and
Automated Analysis and Representation

Bivariate interpolation onto a grid for irregularly

Remove

. e N X/?—w g s oo
spaced input data. i I 5 \@a@ Bt ecion = o
) W Rather sensor s N esEag e 20150505 13:0000
. A AirTemp heatmap r—— &
> Resolution from 200x200 to 4x4 m & TR s . ;
./  ArQuality Sensors
. 9 Noise sensors Musilkkomaa.
» Hourly concentration = e
A PM25 Heatmap < Air Quality
> Any programmed Color map A *
. . ; Helsinki PM10 Helsinki NO2
» Animations over H24 : Eua“ty Heatm = 12.0uwm  17.5ums E

Enfuser pred. PM25

» Picking values in any place, values on their position R 7 e 3.20ms 10| b
A Gral pred. PMIO (6m) i ‘ g EQ; i
» On Web and Mobile App A
; hoee |
Environmental Real Time Measures: m—— N
A Cuiped rMNOXEm) B
. Noise: real time noise levels (measured in dBA). A .
. PMo: real time pollutant levels in air in terms of PMw(measured in ug/m:) particles. 3
. 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 ug/ms).
. Air Quality Index (AQl): real time air quality index of the area, provided by the FMI. The resulting index from 1 to 10.
. European Air Quality Index (EAQI): measurements of up to five key pollutants supported by modelled data determine the index level that describes

the current air quality situation at each monitoring station.

. Common Air Quality Index (CAQl): is defined away from roads (a "background" index). CAQl is computed on the basis of NO,, PM, 5, PM,5and Os.
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Environmental Data Network and
Automated Analysis and Representation

Environmental Predictive Measures: N =)
Enfuser pred. AQl: heatmap of Air Quality Index hourly Enfuser predictions, every 12 mt. :/ A,w*m: . i —— - E
the Heatmap Controls widget you can see the forecast. F—— |
Enfuser pred. PM1wo : heatmap of PMuwparticles hourly Enfuser predictions every 12mt in Y ‘
ug/m. Pl Jon
Enfuser pred. PMzs heatmap of PMsparticles hourly Enfuser predictions every 12mtin A ) 9
ug/ms. E §

Gral pred. PMuo (h 3m): heatmap of PM1o particles hourly predictions in pg/m3 measured lA’ s o il
3 meters on the ground and computed using Gral model every 4mt. is ——— e @

Gral pred. PMuo (h 6m): heatmap of PMuwoparticles hourly predictions in ug/msmeasured

6 meters on the ground and computed using Gral model every 4mt. > Data gathering, data processing for Piking

» API for accessing data of Heatmaps in real time

= - s
e | » Delta Estimation Predictions vs Actual: on 12
63 - e points/sensors via R-Studio and IOT App
R e O T 47

22 7 05 7o / -

’ 73 e - i ’ : \/1 “; \Week view] \Forum Discussion) —a o~ DettaEnfuserPI20190420

ug/m3 - - - - e et | </ e ‘Documentation' \ survey | 1 7 detay 2m /

- —
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Praciction of Air Qualjty
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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

Snap4City (C), November 2020 135



UNIVERSITA DlNFO DISIT /> ML D
DEGLI STUDI | SpartimenTo DI DISTRIBUTED D SYSTEMS m
FIRENZE | 08\ S kmazione | TECHNOLOGIES LaB CI Ty s ol €

Anoraly Detaciior)

SnapA4City (C), November 2020 137




UNIVERSITA DlSlT
D EG L I S TU D I I%RIFIMEB{\TEDIO DISTRIEEUTE?:_?YSTEMS
F l RE N Z E bEGLLCI;NISORMAZIONE TECHNOLOGIES LAB

-

Prediction and ldentiftica

¢“SNAPciry %E

lion of Anomalies

Guessing number of users o

f Wi-Fi Access Points

#of Users

/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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PM10 Heatmap
PM25 Heatmap
CO Heatmap
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A Cycling Paths
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~/ Accident Heatmap 2

What-IF analysis test

This dashboad contains data derived from actual sensors and predictive values under validation
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WrIAT-IF Analysis

SnapA4City (C), November 2020 141




iy

Snap4City (C), Novemben2020 s



UNIVERSITA

DINFO |DISI? Y

DEGLI STUDI PARTIMENTO DI DISTRIBUTED SYSTEMS Al -
FIRENZE INGEGNERIA AND INTERNET A
DELLINFORMAZIONE | TECHNOLOGIES LAB

Accidents and elements blocking
Points and Shapes taken into
account for:

— Routing

— Traffic Flow reconstruction

— Evacuation paths

— Rescue team paths

Assessment on the basis of
changes:
— Mobility demand assessment
— Mobility Offer assessment

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE5MA==
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This dashboad contains data derived from actual sensors and predictive values under validation
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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), November 2020 145



UNIVERSITA | INIFO | DISIT
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | 08E\Foimazione | TECHNOLOGIES Lag - ' » al
— J - P
INPaci Ol ROULINg

uto Ve ps g

e Scenario with multiple shapes

* Conditional Routing

— avoiding areas or
— reducing traffic in those areas

— Multiple stop points
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Ontology Schema |

~—_ Knowledge Base, — —

LOG.disit.org

Big Data
Store
Facility

N—

Smart City APl from Knowledge Base and other tools

c“ & c“ CV CV

Jupyter Hub - Python

Coding
Testing

Creating
Micro Services

Using them into
|IOT Applications
Snap4City (C), November 2020
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Python proces
l"

python-data-analytic

Develop Python
code exploiting
Flask calls

Edit python-data-analytic node

v node properties

Test on local for

Name ScriptBelio
the Call T
AN Relative Un ScriptBetio
@B ScnptR X Upload  FirstTest3 py

Test on Cloud for < sy
API

Deploy via IOT App

Snap4cCity (C), November 2020

¢Y“SNAP/ary =

—— i) o

Info debug dashboa
Node
Type python-data-analyt

D "420521da. 632"
Information

In order 10 make the best use of this node
foliow the guices

Dala Analylic general interactive descripbon
Detailed Descrption YWarning, if the script
{akes longer than 2 minutes to execute, a

nodered tmeout error may be shown even i
10T Applications

()
<)
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MicroServices collections

= an ] . m,

DISIT ,+ ST
L SNAPciry

ons Development
10T Applions | |o

ServiceMap Discovery

< Knowledge Base, Km4City

Sharing/saving
reusing 10T App

Dashboard Collection,
Editor and Wizard
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Snap4City IOT Applications

User: paolodisit, Org: DISIT )
Role: AreaManager, Level: 3 Prev 1 Next Q .
® coronaR ® prova APP SVG diretto

009 009

le o © le o ©

My own

® ROMA varie @ tramline multi

O_6 O _6
le 690 le 690

More information
e HOW TO: develop DataAnalytic in Python and manage them via
|OT App
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i<

Ontolog;Scher'ﬁVa'

LOG.d
~— Knowledge Base, —
S~ Km4City

isit.org

Y
S

Big Data
Store
Facility

N—

P O

Data
sources

Process
Distributed Back Office
Snap4City (C), November 2020

Smart City APl from Knowledge Base and other tools

ray(..)
Function of numpy.core. muiarray modde.

8 x| aray(oblect, dtypestone, copy=Trus, crder=None, suboksFalse,
Pdmev=0)

Resource Manager
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Jata Manipulation using @Studio

1. How to download Real-Time data using APlIs
2. How to manipulate data
3. organiz athnd’scrip =

zzzzz

How to create Staiu tl;CS

SnEpapAL ) (QloRemibz0 2020
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Real Time Data Analytics
using R Stuclio, Exolojtation in IOT

A‘,r)‘,ohc‘:v tons

{[[1]]]]
[[[[[{]]}
®
o .
\d [y
N 0| I
d .
A /I
. ] "
’
)
(¢
..' " I;/y

[T
LLECLCLETRELRRELELEY

d
y
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Heatmap Visualization

I:I Heatmap Testing Florence/Tuscany

Irene Fri 19 Jul 12:04:21
Selector Multi Map
5 ) e Iy Pdvia -~

=

Node-RED

o _ \ \ '
+ :-\’*”Tfonno
St

qu airTemperatureTuscanyTest
Heatmap Controls: 24H
Max Opacity: € |7 > 025
| <prev 2019-07-19 09:00:00 Next ;[
A  Wind Speed Florence :

FA Alr Humidity Florence

FA - Air Temperature Florence

Pare naturel

AbruzZ0
Foaoih N <mrm~mmnalr
TN A\ della Mojelip
N YN

© OpenStreetMap c !nb:'s

s DISIT
? [ FIRENZE g‘%”r:gl ! - f SNADACITY

https://www.snhap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTI20
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1. How to create a plumberized R script:

> How to download Real-Time data using APls
> How to save heatmaps using APlIs

2.  How to create an IOT Application for Real-Time Data Analytics:

> How to upload the R script and create a plumber instance

3. How to visualize the created heatmap in a dashboard
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PLUMBER is an R package that generates a web APl from the R code you already
have.

**In order to send a response from R to an API client, the object must be serialized into
some format that the client can understand (JSON format).

Note that, @get and @serializer annotations must to be put on the top of the code.
Any comments must not be inserted before the annotations or between them and the R function.
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Analytics using R Studio
a plumberized R script - 2

= Step 2 - Create an R function with the same name of the @get parameter:

TuscanyHeatmap) <-

heatmapName = “airTemperatureTuscanyTest”

sensorCategory = “Weather sensor
varName = “airTemperature

toDateTime = “2020-04-14T10:00:00”

n

fromDateTime = “2-hour”

‘ ﬂ Bus Stops

[ n Tram_stops

{ u Subway_station
\

\

|

4 IBIMET Weather Sensor -

|

L E People_counter
0@

[ u First_aid

|

@ Police_headquarters

Address: VIA BERNARDO PASQUINI B Fuel_station

DBpedia: "Bernardo_Pasquini”
City: FIRENZE

m Charging_stations

Property/Value Type E Air_quality_monitoring_station

VIA BERNARDO PASQUINI E Train_station U ﬂ Pollen_monitoring_station
Yj - g Ferry_stop J E} Smart_waste_container
LINKED OPEN GRAPH o @l car_park O [ smart_irrigator
Name: weather_IBIMET_SMART09 B e Shutlon: s v U Weather_sensor
Nature: Environment 2 T .
@ RTZgate g Noise_level_sensor
Subnature: Weather_sensor

function(sensorCategory, varName, fromDateTime, toDateTime, heatmapName){

[
|
[
{ @ Underpass
{
|
|

iy 33 - u Pollen_monitoring_station Filter:
Stagrﬁ S EJ & 3 & i |search text into service |
g mart_waste_container
Fomgra"a 8 E §J ) 2o N. results for each:
) Y. | U Smart_irrigator
‘ ,'.';I: v B WeatherfIsensor Search Range —
N [ R Noise_level_sensor Q o) ( = )
,' [ g People_counter = A
2 , Q (Y 7 —(=~
¥ Pac(;'odelle & e : ) i u First_aid %
s:me - 4 N !
i N\ | i
\ ( \ LV \.\ } J @ Police_headquarters
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= Step 3 - Upload All Service Uris (sensor stations) from service map
in the area of interest:

query <- paste(" : ] 1S] i 2

/] A7) L 0 ARG9 * & OCQMAAMRT O « A/

&categories=",sensorCategory,

"&maxResults=0&maxDists=0.1&format=json",sep="")

)
[
-t

8
4
o
)

sensorCategorylson <- fromJSON(query) #jsonlite package

suri <- sensorCategoryJlsonf$Services$features$properties$servicelri #serviceUri
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https://servicemap.disit.org/WebAppGrafo/api/vl/?selection=42.6789
7316354954;9.954032295814045;44.00523270268637;12.063407295814045&
categories=Weather sensor&maxResults=0&maxDists=0.1&format=json

"http
"http
"http
"http
"http
"http
"http
"http
"http
"http

[...]

:/ /WwWw.
/ /Www .
/] /WWW .
:/ /WWW.
:/ /Www.
/ /Www .
/] /WWW .
:/ /WWW.
:/ /Www.
/ /Www .

disit
disit
disit
disit
disit
disit
disit
disit
disit
disit

-

.org/kmdcity/resource/IBIMET SMART11"
.org/kmdcity/resource/IBIMET_SMARTO4"
.org/kmdcity/resource/IBIMET_SMART13"
.org/kmdcity/resource/IBIMET_SMARTO6"
.org/kmdcity/resource/IBIMET_SMART17"
.org/kmdcity/resource/IBIMET_SMART33"
.org/kmdcity/resource/IBIMET_SMART33"
.org/kmdcity/resource/IBIMET_SMART25"
.org/kmdcity/resource/IBIMET_SMART24"
.org/kmdcity/resource/IBIMET_SMART30"
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" Step 4 - Upload data related to a specific time interval

(fromTime/toTime ) for each Service Uri:

sensorData <- vector("list", length(suri))
for (1 in 1:length(suri)){

temp=c()
#apl to upload the realtime data
— apl <- paste("https://servicemap.disit.org/WebAppGrafo/api/vl/?servicelUri=",

suri[i],"&fromTime=",fromDateTime,
"&toTime=",toDateTime,sep="")
sensorCategoryData <- fromJSON(api)

_, https://servicemap.disit.org/WebAppGrafo/api/vl/?servicel
ri="http://www.disit.org/kmd4city/resource/IBIMET_SMART11"
RfromTime=2-hour&toTime=2020-04-14T10:00:00

Snap4City (C), November 2020
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= Step 5 — Data manipulation and data Interpolation...

... After data manipulation and interpolation we obtain something
like this:

long | lat value | r
11.24686 42.76616 (39.87238 Jlnterpo ate
11.30287 42.76616 39.54115|\Vvalues

11.35888 42.76616 (39.20993
11.41489 42.76616 (38.87870
11.47090 42.76616 (38.54747
11.52691 42.76616 (38.21624

%%.58292 42.76616 37.88501
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|lOW {0 save heatmaps using AP

= Step 6 - Create a R list:

interpolatedHeatmap=1ist()

interpolatedHeatmap$attributes=vector("list"”, dim(interpolatedData)[1])
interpolatedHeatmap$saveStatus=1ist()

for(i in 1:dim(interpolatedData)[1]) {

#list

lat = as.numeric(interpolatedDatali, "lat"])
long = as.numeric(interpolatedDatali, "long"])
meanObs = interpolatedDatali, "value"]

listAttribTemp = list("mapName"=heatmapName, "metricName"= |metricName
"description”= paste("Average from",fromDateTime,"to",toDateTime,sep=" "),
"clustered”= @, "latitude"=lat, "longitude"=long,
"value”= meanObs, "date"= paste(toDateTime, "Z", sep=""), "org"="DISIT")

interpolatedHeatmap$attributes|[i]]=1istAttribTemp
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Real lime Data Analytics using R Studio
How to save heatmaps using API - 2
Note that, the "metricName" identifies the

legend for each heatmap and the colour
scale to be used.

It corresponds to the varName of the R
function except for PM10 and PM2.5

measurements: mry

" 62.3-67,8 I

+ "HighDensityPM10" Igg;;i;f’,
+ "HighDensityPM25"

Snap4City (C), November 2020
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" Step 7 - Transform the R list in a Json and save heatmap data using API:

request _body json <- toJSON(interpolatedHeatmap$attributes, auto unbox = TRUE, digits = 10)

resultPOST <- POST(url = "http://snap4city:disit2019@192.168.0.59:8000/insertArrayv",
body = request_body json,
encode = "json"”, add headers("Content-Type" = "application/json"))

[..]

apiFinal <- paste("http://192.168.0.59/setMap.php?mapName=",heatmapName,
"&metricName=",metricName,
"&date=",paste(toDateTime, "Z", sep=""),
"&completed=", completed, sep="")
resultPOST <- GET(url = apiFinal)
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JSON Array
Format »
example

¢“SNAP/cry EE

alytics using R Studio
eatmaps using ArF 4

[

{

"mapName": “airTemperatureTuscany”,

"metricName": "airTemperature",
"description”: " Air Temperature heatmap ... "
"clustered": 0,

"latitude": 43.1,

"longitude": 11.1,

"value": 16.5,

"date": "2020-04-14T710:00:00Z"
"org": "DISIT"

bALT]]
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) DP TOrr Keal |Iime Uata AnalyliCs

Node-RED

low to create a Data Analytics |O1 Application

What we need:

inject @3» To insert the R function parameter

0 p'”;}i?;tiata%n» To upload the R script and create a plumber instance
C@ function ﬂ)’ To visualize strings/numbers/html on a dashboard

® To execute JavaScript code on output messages
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|OT App for Real Time Data Analytics -

How to create a Data Analytics |IOT Application

HeatmapDemo

@ connected to ws://dashboard kmdcity. org:8080/server

Snap4City (C), November 2020 181



[ [pmeo i aladade ¢YSNAPLcry B
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Nodes LONNHGguUratlio lj’f;dJJ,lf
How to configure the inject node:
@r AirlemperatureHeatmap Tuscany The JSON Format of the Payload
it inject node ‘.7 property has the same notation of the
. Sl .. R function parameters:

~ node properties

{ "varName": "airTemperature”,

®Payload  ~ {} {varName" airTemperature” "heatmapN il "heatmapName":

= Topic N "airTemperatureTuscanyTest",

CRepeat  interval " "fromDateTime": "2-hour",
every[2 |*| hows "sensorCategory": "Weather sensor”
& Inject once at start? }

% Name AirTemperatureHeatmap Tuscany
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Node-RED

jodes Con JUl allU Jnction Node ror Date anc =

< Before configure the plumber data analytic node is necessary to execute a
JavaScript code to dynamically update the date ("toDateTime" parameter):

[5 ToDateTime QJ
¥ Name ToDateTime l

&~

#* Function

1 msg.payload.toDateTime &
2 new Date(new Date().getTime() +
3 7200000).tolSON().substring(0,13)+(":00:00");

4 return msg;
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|OT App Tor Real Time Data Analytics o

A r o . Y T PN Node-RED
Nodes Configuration — Plumber Data Analytic Node -

How to configure the plumber data analytic node:

[E HeatmapDemo @)

Edit plumber-data-analytic node

Delete Cancel m

v node properties

Relative Uri is the same of
the R @get annotation:

Name HeatmapDemo .

#' @get /TuscanyHeatmap
Relative Uri ‘ ITuscanyHeatmap)|
[3) Script R L. Upload  TuscanyHeatmap (3).R

(| poreate Plumber Data Analytic
(A Snap4City (C), November 2020 184
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)| App Tor Real lime Data Analytics ™=
Nodes JJV._J,IACJdJV - Function Node for /I;'JJ:JJfJ on Uashboard
< Before configure the single content node is necessary to execute a

JavaScript code to visualize the status of the heatmap:
é Messages on Dashboard aj

#° Function '

1 msg.payload=msg.payload.message+” "+msg.payload.dateTime;
2~ if(msg.payload.indexOf("Completed”)!= -1){

3 msg.payload ="<span style='color:green; ' >"+
i 4 msg.payload + "</span>"”
5+ } else if (msg.payload.indexOf("No Availabe Data") != -1){
6 msg.payload ="<span style='color:orange; ' >"+
i 7 msg.payload + "</span>"
8+ }

9 return msg;
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J1 App for Real lin
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| N | Node-RED
NOC lf;g Lonriguration - Single QJ,I_’f.]d 10 JA

How to configure the single content node:

-

@ connected to ws://dashboard.kmé4city.org:8080/server

@Dashboard |

Name Check Data Analytics Tuscany v ‘ Create Nevgié
® Widget
Name AirTemperature-Tuscany

Edit Dashboard View Dashboard

Snap4City (C), November 2020
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Wizarded Heatmap Visu:

1. Create a New Dashboard from Dashboard (Public)

l

2. Insert a Dashboard Title and select a Dashboard Template

Dashboard template

Click on a template to choose it, click on it again to unselect it

1zation

Selector and POI 2 A Events vs. map
Preset widget choice reset widget choi reset widget choice Manual widget choice

10T applications
Manual widget choice
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Heatmap ¥ All selected (2)

| & Complex Event and Transport
6-‘ — Dashboard-I0T App 'ironment Weather_sensor ¥ All selected (3) ¥
s L External Service - Closbu

. . O
9. i R onment Select all '
g’:'_/ ~atmap ironment L Air_guality_monitoring_station dity

' /,
— Pl ironment r “Veather_sensor ity

ather_sensor airHumidity

5. Select the measure (Value Allselected ) ¥ —

Value Type Value Name ' Data Type

Type) a n d th e H eatm a p N a m e airHumidity AirHumidityAverage24HourFlorence heatmap
(Va I u e N a m e) airHumidity AirHumidityAverage2HourFlorence heatmap

airHumidity airHumidityTuscanyTest heatmap

Snap4City (C), November 2020
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4. Select the Sensor Category (Subnature)

* Last Date ¥

2019-04-0813:27:52

2019-07-22 13:00:00

2019-07-22 12:00:00
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Aanuall

6. After the Heatmap selection, select the
Multi Data Map button and click on next

J

7. Select the instantiation button to
proceed with items creation

¥

Instantiation

Button to proceed with items creation

/

Create dashboard/widgets

Snap4City (C), November 2020

leatmap Vis

itributors

All selected (3) »
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Data and widgets

Single data widgets
Multi data widgets

Map Controls:

Data sources
heatmap ~

Value Name

Value Type

Data Type

airHumidity AirHumidityAverage24HourFlorence heatmap
airHumidity AirHumidityAverage2HourFlorence heatmap
airHumidity airHumidityTuscanyTest heatmap
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1. Select a Dashboard and
click on Edit

Livorno Firenze Toscana - Air Q...

Passive

My own: Public (DISIT)

Edit Management

Clone Delete

ea

ad ¢YSNAP/cry EZ

nap visuatization

2. Select on More Options to
modify the widget properties

Properties 7

Selector

E By na‘\;_\\

Air Quality Stations

Weather Sensors

Road Accident Densit
Florence

Road Accidents Floreni
Wind Speed Florence

Air Humidity Florencg

Air Temperature Florence

PM25 Florence
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3. Change the Query to visualize the new heatmap
Specific widget properties

Map widgets Multi Map -
Active rows font color rgba(0,0,0,1) B
Default Symbel Symbel Symbol Description Query Colorl Color2 Data widgets
mode choice preview
:m m: A Road Accident... https://he... rgba(2: . rgba(2¢ . Nothing s¢ ~
:m m: A Road Accident... https://wm.. rgba(17 . rgba(2: Nothing s¢ ~
:m m: A Wind Speed Fl... https://wm.. rgba(0, rgba(1t Nothing s¢ ~

-

https://wmsserver.snap4city.org/geoserver/Snap4City/wms?service=WMS&layers=heatmapName

https://wmsserver.snap4city.org/geoserver/Snap4City/wms?service=WMS&Ilayers=airTemperatureTuscanyTest
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Livorno Firenze Toscana - Air Quality Heatmaps

This dashboad contains data derived from actual sensors and predictive values under validation Thu 9 Apr 14:03:50

Selector
airTemperatureTuscany Test

Air Ouality Stations Seravezza

Air Quality Stations Heatmap Controls: Sensore\/l...@

Weather Sensors el S Max Opacity: <

entesath :
Road Accident Density Viareggic Terrie @ | < Pprev 2020-02-17 16:00:00
i ko 15.9
Altopasc
Road Accidents Florence

Wind Speed Florence
Air Humidity Florence

Humidity (Om)

Air Temperature Florence \ L Cron VAR valdarno
: ey sreve In Chiant an Glovannij
PM2.5 Florence Certaldc Valdarnc 6 9
Montevarzhi S)
L]
PMI0 Florence > A
C ] | <y
NO2 Florence
CO Florence
CO Livorno 0 Pressure (9m)
O3 Livorno

Air Temperature Tuscany

Air Humidity Tuscany

(1)
A
A
A
A
A
A
A
A
A
A
A
A
A
"/
A
A

Tuscany EAQI

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTI20A==
SnEaRAC{6) (CloRemib20 2020
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Differant rleatmao Vocdeals
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* https://heatmap.snap4city.org/heatma

p.php?dataset=15Minindex Housingln

dex
— GPS coordinates (points)

— Metrics to be defined into the
Dashboard table

— Legenda of colormap in PNG to be
uploaded if not standard

— Heatmap non calibrated, created on
client. Data provided from Heatmap
server, some limitations on the number
of points since the heatmap is created
on client side

* If data are on Heatmap Server, the data 4,

Piker from Heatmap is accessible

Snap4City (C), November 2020
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A

FlorencefAccidentsDensity
Heatmap Controls:

e, (| RAAWS (PR € ay > 29
S ,/ Max Opacity: ( ) > 0.25
/ N [<Prev | 2020-01-22 00:00:00

[_| change Radius on Zoom
[_| Estimate Radius Based on Data

V4 i
; \\_
Accident {i ST i S i ’\\ "
e Frequency ﬁ'”’ T ‘ <l %},/
verylow &0 T
low =
medium /
B oo high https://www.snap4city.org/dashboardSmartCit
Very nig i . Y .
B citica ~ Y/view/index.php?iddasboard=MjE4Nw==
M=
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https://heatmap.snap4city.org/heatmap.php?dataset=15MinIndex_HousingIndex
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE4Nw==
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FlorenceAccidentsDensity

https://wmsserver.snap4city.org/ge

' ?service= : —— e
oserver/Snfp4C|’.cy/wms.serV|ce W e O
MS&Ilayers=15MinIindex HealthInde <P

X
— UTM coordinates (points, grid size, ey A

etc.) /N
— Legenda of Colormap in PNG to be
uploaded if not standard

— Heatmap built as Tiled Images in g o
GeoTIFF and provided from GeoServer _ frewe

S Wiale Etruri
very low & a0

* |tis possible to create Heatmap on ow
GeoTiff without loading data on W
Heatmap Server W critical - https://www.snap4city.org/dashboardSmartCit
y/view/index.php?iddasboard=MjE4Nw==
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SR | BEES | get- WMS heatmap 'SNAP/ciry 5

== What-IF analysis Informative ) =

RAFAIR -

This dashboad contains data derived from actual sensors and predictive values under validation Wed 11 Nov 13:39:09

A Air Quality Sensors

A Weather Sensors

T T RS, S TR NI T NS
GRALheatmap

A PMI10 Heatmap ] Y 3 ; ) aupt = g .'ﬁ‘w ‘ ¢ '} et g Heatmap Controls: 24H
PM25 » . & g , _ A Max Opaciy: ¢ (@ ———) > 039
Heatmap ' B ] % % i it 3 : : : ; Ll ’ ’ 2020-11-11 13:00:00 -Next >

CO Heatmap

A

A

A CO2 Heatmap
A 03 Heatmap

A NO2 Heatmap

A Europ. AQI Heatmap
A Air Humidity Heatmap
:A ~ Air Temp. Heatmap
A ‘Wind Speed Heatmap
NOX 3m)

> > >>>>>
S
el
y:
Al
<
Z
28
33

Traffic Sensors
Traffic Flow

Cycling Paths
Accident Heatmap
Accident Heatmap 2
Only HRes Anym. Gral
Scenario
What-IF : i e B "y Al ; L e © Opmstostip copttators
Air Temperature Bologn...(5m) SlRSensor TOS01001085 - all"l'emperamm GEm) (<]

159

-19 43 18:00 16. May 06:00 1200 18:00 17. May 06:00 1200 18:00 18. May 06:00 1200 18:00 19. May 06:00 1200 18:00 20. May 06:00

G
i | FIRENZE

Privacy Policy ~ Cookies Policy ~ Termsand Conditions  Contact us @m}:{& MH&_ CCSNAIMCITV @

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE4ANw==
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R studio Development documentation (self training)

"M”

https://www.snap4city.org/dashboardSmartCity/management/iframeApp.php?linkUrl=https%3A%2F%2Fwww
.snap4city.org%2Fdrupal%2Fnode%2F25&linkld=25link&pageTitle=Doc:%20R%20Studio%20Development&fro

mSubmenu=handddocLink

TC7.1. Exploiting data analytics and machine learning in IOT Applications as MicroService
TC7.2. R Studio for Analytics, exploiting Tensor Flow

TC7.3. Download data from AMMA (Application and MicroService Monitor and Analyser),
ResDash (Resource Dashboard) and DevDash (Development Dashboard) tools

TC7.4. From R Studio process to MicroService for IOT application, data analytics, machine
learning

TC7.5. Developing Data Analytics Processes

TC7.6. How to get data from API into R studio

TC7.7. How to Save resulting data via API from R studio

TC7.8. Example of how to CreateLastValuesMean.R

TC7.9. CreateHourlyAvgTrendPerDay.R

TC7.10. CreateHeatmap.R

TC2.31 - Create Data Analytic Flow

TC2.32 - Make Your Data Analytic Flow Public
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https://www.snap4city.org/dashboardSmartCity/management/iframeApp.php?linkUrl=https://www.snap4city.org/drupal/node/25&linkId=25link&pageTitle=Doc:%20R%20Studio%20Development&fromSubmenu=handddocLink
https://www.snap4city.org/drupal/node/196
https://www.snap4city.org/drupal/node/197
https://www.snap4city.org/drupal/node/198
https://www.snap4city.org/drupal/node/199
https://www.snap4city.org/drupal/node/200
https://www.snap4city.org/drupal/node/373
https://www.snap4city.org/drupal/node/374
https://www.snap4city.org/drupal/node/375
https://www.snap4city.org/drupal/node/376
https://www.snap4city.org/drupal/node/377
https://www.snap4city.org/drupal/node/385
https://www.snap4city.org/drupal/node/387
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Dynamic rleatmao Exolojtation
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A Origin Dest. Matrix
A Typical Trajectories
A Twitter Vigilance
A Twitter Vig. Real Time
‘ A 'Entertainment Events
P’j ["""Shopping: POI
‘and Food: POI
Discovery Helsinki
P’A [""Points of Interest
"A [ 3DviewPoI
A Routing on Helsinki
A Line of Transport
A Public Transport
~/ Air Quality
A A Quality Jatkasaari
A Weather

A Forum Discussion

Documentation

Environmen
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Please note that the data results are not always based on real data.

-

5 3 La :asaa( -
o &‘s‘k{n

Lauttasaarensalmi

Koirakivenniemi

The Life of Helsinki (H5b)

SCapIeL

2019-09-28 23:00:00t

(

“Ortodoksinen: \

hautavsmoa
e 3] £3 iy

J
=== ‘Forkkaiankalu-—l

Wellpsaarenkatu

el

\

Cry%\-éﬂia x> 3
2

sarentant®

..n;m,ua.eawml

Lansiterminaali

esisuey

& © OpanttreetMap contrbutors.

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc1Mg==
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PM 10
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PM 2.5
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NO2
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Helsinki AQI
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LAeq (Noise)
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European AQI

1

AQI Enfuser Pred.

1

PM 10 Enfuser Pred.

6. 3pg!m3

PM 2.5 Enfuser Pred.

3.7ug/‘m3

PM 10 GRAL Pred.

1 .055ug/m3
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napaCit vashboard Manageme X LUashboard Managemes X Uashboard Managem:« ashboard Mianag T ashboard Manaqg Uashboard Managem: X

< C @ nhttps//www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTUzMg==

App €V SnapdCity @ eBay Tecnologia, m... Virtual machine can... @) WINDOWS VCENTE.. o DISIT Lab of Univer.. & Google [#] Banca Intesa Sanpa..

Firenze - Trafair - AirQuality Heatmaps -

This dashboad contains data derived from actual sensors and predictive values under validation Sun 9 Jun 17:41:58

Y % ST i
T A4S © OpenStreetMap contributors |
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e Air Quality sensors are
— Collected on scattered positions

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

the area
— Multiple data: PM,,, PM, -, CO, CO,, SO,, O3, H,S, NO, NO,, NO,, air temperature
air humidity, velocity of wind speed, dew point, etc.

* Applications
— Alerting on specific personal GPS locations
— Constrained routing for: runners, walking with baby, people with pulmonary

problems,
— Control Room Rendering
— Mobile Phone Rendering, this means to have thousands of users active at the same

time, and a reasonable memory consumption in the server

Snap4City (C), November 2020
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v IS never enough

4x4 meters grid is really too expensive

1000x1000 area (small town)
4x4mt * 10 variables * 24 hours per day
—> 3.8 Billions of data
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Workfriow

Scattered loT sensor Data of Value {V}

v

Computation of
Data Value on Grid

IOT APP

/ Data Grid {V’} of {V}

/

A 4

Area
Heatmap C
Data Server

/

¢“SNAPciry C::.

V'’ values on GPS

On Demand Fine

Interpolation LS

&

Heatmap GeoTIFF
Generation C(.

W

Snap4City Heatmap Server

.(\‘
Alert ‘/?ﬁ—-‘ —
Assessment C‘o Ry -
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A Routing d \Path_s‘
& GeoServer s
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Web and Mobile Apps
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e Steps for irregular data

— triangulation (i.e., partitioning of the area into a number of
triangles) of the x-y plane

— selection of several data points that are closest to each data

point (sensor) and are used for estimating the partial
derivatives;

— organization of the resulting data with respect to triangle
numbers;

— estimation of partial derivatives at each data point;

— computation of the interpolation at each output point.

Snap4City (C), November 2020
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Inverse Distance Weignting, IDW Method
* |tis a deterministic mathematical method widely used in the

geoscience.

— the interpolated value at the location (x, y); z; is the observed value; d;
is the Euclidean distance between the point i and the interpolated point;
and w; is the weight for the point each point (x;, y; ) and (x, y)
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root mean squared error (RMSE)
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—

jallde

 alternate exclusion of selected air quality sensor in contributing to

ne model and using the excluded as true value for validation in
nat point on the basis of the estimation performed exploiting all
MU o Measures | Akima| ____IDW.

MAPE 0.69 .

RMSE 8.90 12.20

MAPE-we 0.60

MAPE-wd 0.70 .

RMSE-we 8.60 10.70

RMSE-wd 9.70 17.00
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* Air Quality PM 4y working days
interpolation error trends per
hour in terms of mean absolute
percentage error for

— (a) six personal devices including
the device with a dysfunction;

— (b) five personal devices
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* |In order to satisfy the requirements reported above:

— Provide Sensor value in any GPS point, for implementing alerts and other
applications (routing), rendering on mobile and control room web pages

e What:

— Two methods have been implemented

— A scalable architecture has been defined and implemented to provide these
services to several thousands of users
* The selection of the best method has been performed on the basis of
and error assessment in which Akima solution has been better ranked.

* The Solution can be also used for detecting eventual dysfunction of

specific IOT Devices in the same area, for example for bad positioning,
turned off, etc.
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FACTOR
3:-275
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LG ancitv Re: TS Sensors
ghn Density Real-lime
J J an Open Access Journal by MDPI
/ i ( | | - r [
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e C.Badii, S. Bilotta, D. Cenni, A. Difino,
P. Nesi, I. Paoli, M. Paolucci, Sensors,
Vol.20, 2020, N.18, ISSN 1424-8220

DOI 10.3390/520185435

e https://www.mdpi.com/1424-
8220/20/18/5435/pdf

Snap4City (C), November 2020 214


https://www.mdpi.com/1424-8220/20/18/5435/pdf

TOP

0ging ity Users toword ot

Virttious BeHoviours (feoitime)

'c

\1"!’
PA'A‘ \
K/
NN E s
I\ S lﬂ

s 1.

B

" & Sk ;v,.M \\()'1 ¥

;‘:@‘A ‘““ "VA‘ \“ ‘& "‘"7’ u y«uvr N % '41"@‘1

m;v u' ‘ﬂ a\ﬁ. ‘VA m 5 %8 O

5\9""4 ?f*""‘ 0 ‘ i A dr BRAENINSS ‘4 1» "‘is i AR Q)

SR XD V) ‘»" Q)(‘ Mb{ ’4”‘ ' i " 7 st SN At ‘ " %é: g"r‘ B 3%5: (4 b
% 11‘4 \VN’ 4 B v‘;\#.“" : L2600 RO IS R A X S f “r ?[ O £
e s A VAo GRS i «» 1‘ *'5" s A ) i Sahels
\;"'ﬂ;;h N N 71:"‘ (b‘a \"‘ NA\ 'gAv‘ "(‘\ :‘" ﬂ" ;‘: o ; AT S SH AN Aﬂ' ’ N 3% '.)‘41
'A" KX AK] UG O AL et KU N7 D ‘ I\ AVA\ K X7 /IAm RO £ 2SN LIS ok Ao S 55 AR A PR Bttt NS AR A NN/ ’MA&A\A A ). A AL 7N B NS S




UNIVERSITA by
DEGLI STUDI DR'I'IMENTEDIO cgn!aﬁ! ;!;TEMS w
FIRENZE | BERER . | SENERELT, CITY =z

r‘)J

The App Is a Bidirectional Device

-

Derived information
* Trajectories

* GPS Positions * Hot Places by click and by move

. Sglectlons on menus ol R eterts * Origin destination matrices
: XLeCVevSSST;PSa:Shboards E | N * Most interested topics
. * Most interested POI
. searcfhed information 5 *\\:\ * Delegation and relationships
* Routing _=rr ! e Accesses to Dashboards
* Ranks, votes 'g);, g * Cumulated Scores from Actions
* Comments +,§-: ,:/* * Requested information
* Images ;-MM;, — * Routing performed

* Subscriptions to notifications

.

Produced information
Suggestions
* Engagements

Produced information
e Accepted ?

e Performed ?

Show 10

Values

A ¢°

< 2019-05-08 >
v entries

DataTime ¥ Latitude Longitude

08/05/2019, 43.792 11.25

=Qa
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* The users are profiled to learn habits:
— Personal POI, paths, Mobility habits
* Information and engagements sent to the users

are programmed according to the context and
user behavior to:

— Stimulate virtuous habits

— More sustainable habits " OSSR

— More healthy habits, etc. E—— , Fhee
- Get feedbacks | G
— Provide bonus and prices, ..... R _
— Send alerts, .... L
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© Assistant

Closer Latest Expiring

UNIVERSITA
DEGLI STUDI

FIRENZE

HELP US m
Can You Contribute With A Review Of "RASPINI RARI
NANTES FLORENTIA" ?

Type: Pool
Expiry: 2017-02-20 11:55:00

[ [

| ALERT

You Parked In A Residential Zone
T Expiry: 2017-02:20 12:19:59
-

=]

[13ch & N RAEL

& Assistant %3

Closer | Latest Expiring

EVENT today m

[FF) “Gustav Klimt Experience” At MUSEO DIOCESANO DI
SANTQ STEFANO AL PONTE (Until 2017-04-02)
Type: Exibition
Distance: ® 3336 m
Expiry: 2017-02-21 11:32:52

Help us to provide a better service m

Personalize Your Point-Of-Interest
Expiry: 2017-02-20 19:35:39

Can confirm that you LIVE around VIA TRIPOLI?

[ ]

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

© Assistant 4 Results

K-Market Jétkéasaari
- Ticket sale

®@1521m Q47 m

Closer Latest

Help for a better sel

Early

Lastentalo
?
Haye Yod Been Here? ->» Pre-primary education

Expiry: 2017-02-23 16:00:00 | ®1520m @ 71 m

' = (] <
1. * Have you been at Giardino di piazzale i
Donatello?
Yes | No

2. How Much Did You Like?

1 |:2

“ Cancel

3 4 5

User
context

¢“SNAP/crry

(P T

o

e
B Témg

Rule name Type #sent #viewed :::;

daily_event_de ENGAGEMENT | 1 (0%) 0 (0%) 0%

daily event en ENGAGEMENT | 1720 (2.12%) 70 (7.1%) 4.079
- commuter 5 (0.29%) 0 (0%) 0 (0%
- student 14 (0.81%) 0 (0%) 0 (0%
- tourist 1462 (85%) 25 (35.71%) | 25 (1

0 Engagement Sent (4 hours)

4 min) @ Engagemen... |4 min

24652

12489

326 e D) T8
6163 Attuale

Engagement Sent

4 min| @0 Engagemen... [4 min

1100

@) Engzagment Created (from Stats) ...
706

Inform

Air Quality forecast is not very nice

You have parked out of your residential

parking zone

The Road cleaning is this night

The waste in S.Andreas Road is full
Engage

Provide a comment, a score, etc.
Stimulate / recommend
Events in the city, services you may be
interested, etc..
Provide Bonus, rewards if needed
you get a bonus since you parked here
We suggest: leave the car out of the city,
this bonus can be used to by a bus ticket

City
context

53 Precedente 44 6
1765 Attuale
2100 Engagement Created
0 Engagement Viewed (4 hours) 4 min) @ Engagemen... [4 min
18
135
9 Precedente 1 7
45 Attuale
1100 Engagement Viewed
Jgement Sent (daily) (13 min)
Precedente
Attuale
Oct 08:00 16:00 24 Oct
Feme}li Viewed (daily) (25 min)
Precedente
Attuale
F 0600 12:00 18:00 4.0

. c r——]
El8 =t =] = D= R ==y =3 el

Alert (in english) if the user parked in a res

Alert (in spanish) if the user parked in a rej

Alert (in italian) if the user parked in a resig

Ask (in german) a contribution for a nearby

Snap4cCity (C), November 2020
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* Mobile Applications can use Advanced Smart City API to collect data
about the city usage by the city users via a signed consent

* |t can be used for sending engagements to them such as to:
— Inform

* You have parked out of your residential parking zone
* The Road cleaning is this night

e The waste in S.Andreas Road is full
— Engage

* Please Provide a comment, a score, etc.
— Stimulate / recommend

e Events in the city, services you may be interested, etc..
— Provide Bonus

* Since you have parked here you can get 1 Bonus

* We suggest you to leave the car out of the city, this bonus can be used to buy a
bus ticket

Snap4City (C), November 2020
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http://www.disit.org

Sii qur‘l" In palio per te

Carnet multicorsa Cap e

SII MOb II'I'V! voucher per:
ror Sii SmCI I'i'. In palio per te

Scari
guad Carnet multicorsa Cpt e

Fke 5 I voucher per:
e I I O I ty °

. . FARMACIE
Scarica, viaggia, vinci! l# COMUNALL

Ci Prendiamo cura del tuo benessere
Dal 15 aprile al 15 luglio scegliere il
trasporto pubblico ti premial
Scarica |'app “Toscana dove, cosa”,
guadagna punti viaggiando in
autobus e vinci tanfi fantastici premil
Per maggiori informazioni visita
il sito info.sii-mobility@or

TEATRO DI PISA

Snap4City (C), Novem

Sii smart.
Sli-Mobility!

Scarica, viaggia, vincil

Dal 15 aprile al 15 luglio scegliere il
trasporto pubblico ti premial
Scarica |"app “Toscana dove, cosa”,
guadagna punti viaggiando in
autobus e vinci tanti fantastici premi.
Per maggiori informazioni visita il
sito info.sii-mobility.org

BUS/TALIA S | ety DINFO | DISIT
" ur E’"i;,n.:\(‘ FIRENZE | S350, | SRURRLT"

GRUPPO FERROVIE Dmo sv 1O 1T/

HNOLOGIES LAB
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http://www.disit.org

ASSISTANCE

If public transport is detected after bus line
suggestion on trajectory usually made on private
transport = 10points

— Why don’t you take the bus line 4 in Piazza Marconi to
reach your workplace? You save money, you respect the
environment and you will be stress free for not worry
about parking!

Once a day, if public transport is detected after
suggestion on an alternative bus line availability
- 3points

— Why don’t you take the bus line 4 that stop just 50 meters
far from you? You save money, you respect the
environment and you will be stress free for the traffic jam!

If public transport is detected for at least 30(?)
minutes a day =2 1point

ENGAGEMENT

Survey on commuter and their preferred way of
mobility = 1point

— How many minutes you usually commute to go to work?
How do you rate the service?

Feedback on public transport - 1point

— Which current public transport are you using? Are the
service in line with your expectation?

Comments/Photo/Rate or survey on POI (public
transport) =2 1point

Survey on use of the App after N days or for
tourist coming home = 1point

Feedback on PPOI or mobility = 1point
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Sesto
Fiorentino

* On homepage

— How many points have been ;
distributed? - b LS e Ficgnze

— How many rewards has been
already delivered?

— How many rewards are still
available?

— How many CO2 has been saved?

— How many km our users made
this week?

|
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* 50 engagement’s rulesin 5 languages

— (surveys, feedbacks, suggestions,
assistances)

* From1® September 2016

— Produced 322.900 engagements on
4270 users

* From 1°July 2017

— 233 registered users with email (154 via

social)

From: 2016-08-01 00:00:00

To: 2017-05-26 11:19:52

Rule name Type #sent #viewed :;::I"tmd " | #executed ::r:::;ad °" | pescription
confirm_ppoi_home_de | ENGAGEMENT | 4 (0%) 1 (0.03%) 25% 0 (0%) 0% Ask (in german) a confirmation of the position of user's HOME
confirm_ppoi_home_en | ENGAGEMENT | 90 (0.03%) 0 (0%) 0% 0 (0%) 0% Ask (in english) a confirmation of the position of user's HOME
confirm_ppoi_home_ss | ENGAGEMENT | 13 (0.01%) 1 (0.03%) 7.69% 1 (1.04%) 100% Ask (in spanish) a confirmation of the position of user's HOME
confirm_ppoi_home_fr | ENGAGEMENT | 1 (0%) 0 (0%) 0% 0 (0%) 0% Ask (in french) a confirmation of the position of user's HOME
confirm_ppoi_home_it ENGAGEMENT | 1794 (0.69%) 97 (2.97%) 5.41% 16 (16.67%) | 16.49% Ask (in italian) a confirmation of the position of user's HOME
confirm_ppoi_school_it | ENGAGEMENT | 45 (0.02%) 1 (0.03%) 2.22% 1 (1.04%) 100% Ask (in italian) a confirmation of the position of user's SCHOOL
confirm_ppoi_work_en | ENGAGEMENT | 15 (0.01%) 0 (0%) 0% 0 (0%) 0% Ask (in english) a confirmation of the position of user's WORK
confirm_ppoi_work_it ENGAGEMENT | 368 (0.14%) 37 (1.13%) 10.05% 7 (7.29%) 18.92% Ask (in italian) a confirmation of the position of user's WORK
daily_event_de ENGAGEMENT | 105 (0.04%) 19 (0.58%) 18.1% 0 (0%) 0% Suggest (in german) an event currently on in Florence
daily_event_en ENGAGEMENT | 2115 (0.81%) 66 (2.02%) 3.12% 0 (0%) 0% Suggest (in english) an event currently on in Florence
dai
— parking_it ASSISTANCE | 659 (0.25%) 5 (2.3%) 11.38% 0 (0%) 0% Alert (in italian) if the user parked in a residential parking zone
ﬁ shoot_a_photo_de ENGAGEMENT | 604 (0.23%) 4(0.12%) 0.66% 0 (0%) 0% Ask (in german) a contribution for a nearby point-of-intersst
i shoot_a_photo_en ENGAGEMENT | 11159 (4.29%) 7 (1.13%) 0.33% 0 (0%) 0% Ask (in english) a contribution for a nearby point-of-interest
. shoot_a_photo_es ENGAGEMENT | 2140 (0.82%) 1 (0.34%) 0.51% 1 (1.04%) 9.09% Ask (in spanish) a contribution for a nearby point-of-interest
E shoot_a_photo_fr ENGAGEMENT | 2880 (1.11%) 4 (0.12%) 0.14% 0 (0%) 0% Ask (in french) a contribution for a nearby point-of-interest
ma
— shoot_a_photo_it ENGAGEMENT | 216479 (83.29%) | 976 (29.88%) | 0.45% 14 {14.58%) | 1.43% Ask (in italian) a contribution for a nearby point-of-interest
ma
[ spent_time_en ENGAGEMENT | 53 (0.02%) 4 (0.43%) 26.42% 0 (0%) 0% Ask (in english) a confirmation of the position of user's POI
ma
* spent_time_it ENGAGEMENT | 1192 (0.46%) 175 (5.38%) 14.68% 15 (15.63%) | 8.57% Ask (in italian) a confirmation of the position of user's POI
- commuter 24 (2.01%) 2 (1.14%) 8.33% 0 (0%) 0%
- student 131 (10.99%) 1 (6.29%) 8.4% 2 (13.33%) | 18.18%
- tourist 238 (19.97%) 9 (33.71%) 24.79% 0 (0%) 0%
- citizen 665 (55.79%) 122 (69.71%) | 18.35% 10 (66.67%) | 8.2%
- aperator 26 (2.18%) 5 (2.86%) 19.23% 1 (6.67%) 20%
-all 155 (13%) 3 (13.14%) 14.84% 2 (13.33%) | 8.7%
survey_turist_de ENGAGEMENT | 179 (0.07%) 15 (0.46%) 8.38% 1 (1.04%) 6.67% Propose (in german) a survey to turist after they left Florence
survey_turist_en ENGAGEMENT | 966 (0.37%) 3 (0.4%) 1.35% 2 (2.08%) 15.38% Propose (in english) a survey to turist after they left Florence
survey_turist_es ENGAGEMENT | 115 (0.04%) 2 (0.06%) 1.74% 0 (0%) 0% Propase (in spanish) a survey to turist after they left Florence
survey_turist_fr ENGAGEMENT | 51 (0.02%) 2 (0.06%) 3.92% 0 (0%) 0% Propose (in french) a survey to turist after they left Florence
survey_turist_it ENGAGEMENT | 1006 (0.39%) 2 (1.29%) 4.17% 6 (6.25%) 14.29% Propese (in italian) a survey to turist after they left Florence
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?i(}:ﬁz ls\T}UzDFI gi?:g%%sg&g&g %%%?E%MS I:)lojmber of users with #PPOls
CURRENT NUMBERS
* From 1° September 2016 I
— Detected 2108 PPOIs on 1080 users : l m
» 437 HOME

WORK-

* 285 WORK WORK- W30/RK
* 34 SCHOOL ° \ . HOME-
e 1350 EXTRA "

— 130 PPOls are feedbacked

— 460 survey responses 5
* From 1° August 2017

— Built 524 Markov Networks about user’s trajectories
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lidation of user Engagement
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User Behaviour Analysis
VALIDATION

* During the PILOT new rules has been added (30
on a total of 80) and mostly all of them are still
online

Yo

e COMMENT _POI: requires more user interaction and
not very contextualized (POl proximity) = higher rate
of sent, lower rate on execution

O kP N W A~ U O N ®
|
|

I

]

B %Viewed COMMENT_POI
| | I I B %Executed COMMENT_POI
k\ @vb*

X o S b( & ‘o’
N ,v<<® % %’ ?)Q,Q
 MOBILITY _FEEDBACK: requires less user iteration and %Msg ’
very contextualized (user in MOBILITY) = normal rate 80

of sent, high rate on execution 70

40

H %Viewed
MOBILITY_FEEDBACK
I B %Executed
I II
\

20
COMMENT_POI 21632 MOBILITY_FEEDBACK
10
MOBILITY_FEEDBACK 5378 371 94 II II II
0

RPN

G “
&0
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc20Q==
Snap4City Survey results: Antwerp in a snap

Answers of the survey for Antwerp in a snap mobile app Sat 21 Sep 19:24

Dashboard
#survey submitted . How did you discover about Snap4city? . o Appreciated domain Main functionalities appreciated

created to monitor ’
in real time the 12 f\ f%
answers to the submitted
survey provided

1

g a

on the Mobile e
q u eStI onnaire il © Facebook s witter © Linkedin ® YouTube Mobili h‘/ Transport © Emnmment/ weather Search © Routing & Pubthransport Enviroment
. nyen" mailbox @ Flyer/ mmmerciaf Other ture/Tourism = Othe ® Weather @ Places © Bike © Assistance @ MyPOI @ Other

Type of comments

Expected tools
iliar Apps

satisfaction on Innovation Level satisfaction on Data and content (5m) experience on Snap4City.org  (Em)

A/

App directly by the
Engagement tool

Detailed comments

News about Antwerp

P P

Ratel © Rate2 © Rate3 = Rated @ Rate5 Ratel © Rate2 © Rate3 = Rated @ Rate5

Intuitiveness level others similar Apps i i i (Bm) B public transport navigation
| don't have any idea yet.
Walking tours

| get the impression that not all environmental data is v

Ratel © Rate2 ® Rate3 ' Rate4 ® RateS Yes @ No Yes © No ® Maybe



https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc2OQ==
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc10
Snap4City User Engagement Antwerp

Data is based on activities performed on Antwerp in a Snap mobile App

Dashboard monitoring the
Mobile App:

Sat 21 Sep 19:28:0:

* Collecting the clicks e fusers engaged trend il active dars o 5
1 1 72 Frid Sep 20, 2019 F-__-/_— 173
i Descrl blng the users 0 Jun 19 Jul 19 l"Nayl..ls:s_éngaged_snap4city_antwerp: 72
. . d
community of users in rengagements created ays
. - total days on app
terms of the profile e A ST 3393
aSpeCtS #tracking acquired © Iramsportotion @ Assictamoe @ Envirament days
* Measuring the time PO T english o Jigtén=IShomsn © German
Spend’ and topics Of Jun 12 Jule Aug 19 Sep 19 = mean time trend
mean how long mean how long trend “

nteress Of the | B — 10.2 1: i A as ST 0 : \.‘,.J’\.»xﬁ
days 26 Aug 2.5ep 9. Sep 16.5ep minutes .

- 26. A 2.5 9.Se 16.5
how |0“9 distribution (gm) how long distribution Ha €p P ep

0 mean ...[5m) mean active time trend

50
0 wde 2 2 2 1 1 8 mhe 2 ode i
o 1 2 3 4 5 & 7 8 9 W 0 . 25
 distribution A
1day © 2davs ® 3davs minutes o
X i 26.A 2.5 9.5 16.52
how much time distri... how much time distribution He =P <P P

-,

P2 plee 3 4 4 7 7
1 2 3 4 5 6 7

108

© distribution

10minutes © 20minutes

234
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SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES
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carly Warning, Detection

Prepare
Absorb

Recover
Adapt

Consequence

|
Cnt:ca\{unctionality

damage

Svstem
resilience

Time
'Adk{ f ‘r
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7
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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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 Three main layers

« Complex System modeling: function, - &y |

processes, resources, time, events, etc. ==
— Functional Resonance Analysis Method, FRAM -
— Resilience Analysis Grid, RAG =
* Decision Support System, DSS
— System Thinking, Goal Models
— Risk analysis
— UTS/ITS decision supports
* Data, big data access and exploitation

— Data Analytics, Internet of Things, sensors, flows |
— People flow and behavior
— Social Media

Snap4City (C), November 2020 239
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ERMG: European Resilience Management Guide—

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

Collaborative Resilience
Assessment and Management

MONITORING Support System LEARNING

RESPONDING

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

- Human Behavior Analysis
- Predictive Analytics
-Urban Transport System Dynamic

* Resilience Control Room Analysis
- Data Analytics - Resilience Quantification
- Early Warnings - Network Analysis

-Urban Traffic Manager Data Exchenge

-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
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IMProve City resuience, reaucing

risks and decision suppor

-4

o

e assessing city resilience level

* improving city resilience,
providing objective hints

* improving city users awareness
with personal city assistants and
participatory tools

Bolos e In e s
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http://resilienceds.km4city.org
* FRAM Model .

SEUCINCEEE Q

Add New Model

— Macro FRAM processes
— Metrics for Process complexity assessment

— Operational Semantic for executing FRAM
model

— Connection with SmartDS

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

* Collaborative work, web tool
* Open for ali
* Validated on ERMG: European Guidelines
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L }A@
Time.: . Controls: .,_i;—%}i“;reSOIUEne
Thisis simuitaneously a That which supervisesor adjust | 1 -
resource and a constraint function performance —
FRAM
Input: | Functional Resonance Output:
That which engages Analysis Method That which is
function operation » Understand system produced by the
and is used to interdependencies function and
produce the » Monitor sources of becomes the
function output variability -
P * Investigate system mput_for other
architecture and events functions
d ® Resources:
Preconditions: That which is needed and/or
System conditions that must be consumed by the function to
met before function can be process the input

carried out Snap4cCity (C), November 2020 244



UNIVERSITA
z | DEGLI STUDI

FIRENZE

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

'lmg
c—"ﬁm-

"‘ >

DISTRIBUTED SYSTEMS . '

AND INTERNET

TECHNOLOGIES LAB U CITy

e Success and failure are equivalent in
the sense that they both emerge
from performance variability.

e Variability, intended as a way for
people to adjust tools and
procedures to
match operating conditions.

 Emergence of either success
or failure is due to unexpected
combination of variability from
multiple
functions.

 The unexpected “amplified” effects
of interactions between different
sources of variability are at the origin
of the phenomenon described by = resquEz
functional resonance. ﬂ T j
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e Success and failure are equivalent in
the sense that they both emerge
from performance variability.

e Variability, intended as a way for
people to adjust tools and
procedures to
match operating conditions.

 Emergence of either success
or failure is due to unexpected
combination of variability from
multiple
functions.

 The unexpected “amplified” effects
of interactions between different
sources of variability are at the origin
of the phenomenon described by ; Tresolute
functional resonance. ﬂ S j
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* Smart Decision Support System € 5 C | srars dorg 080 deyhome i essona TS S23F TR0 SRCEORFETRTOTo
based on System Thinking plus =APR@O

Add New Model

* Actions to city reaction,

Process:viale spartaco

resilience, smartness, ...

Process:via san gallo

Process:via santa marta 3

* Enforcing Mathematical model r—
for propagation of decision hasee |
confidence.. ST

Add New Process

* Collaborative work, ...

* Processes connected to city data: | =

Model: TestGP

o0 |-

DB, RDF Store, Twitter, etc. S S 5
* Production of alerts/alarms R et
 Data analytics process — ey

«‘Pém'

e Twitter Processes http://smartds.km4city.org ———
* reuse, copy past, ...
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Assessing Risk
* hydraulic
* Seismic

]

Rinaldi T

Relevant Services

San Martino alla Palma

Min asset value: g0

@  Service
villa delle terme case di cura
e dibty 4 villa dei pini srl
Mosciano @  Poggio Secco

Jr solute

u 8

Street Type Value

VIALE MAZZINI GIUSEPPE, FIRENZE Public_hospital -
VIA FOSCOLO UGO, FIRENZE Public_hospital -
VIA INCONTRI, FIRENZE Public_hospital -

w‘ ]
RTIMENTO DI DISTRIBUTED SYSTEMS — e~ — : @
FIRENZE | B omoe | SENER e~ L€ £ 2SSIMEeENT
DELLINFORMAZIONE A I\ W m™M I~ R
Flood Event Flood Observation Traffic Observation Damage analysis Layers panel Vulnerability info ~ Service Observation Aerial with labels j Save Analysis  Export Configuration
ettt SROS ratoria u
Colonica R La Fabbrica Poggiolo
n Montorsoli Stazione
g = e <
= SAN GIORGIO A COLONICA Colonnata & PIAN DI SAN BARTOLO Caldine “"Oc 5%17 i FORN
¢ imitero di & cN Z T
i . 5 - O
o SERVICE doss [ Traspiano e )
§ &
" NAME:villa maria teresa hospital... (§°‘ E2
o
Flood sensors observations: ADDRESS:VIA DELLA CERNAIA FIRENZE &
o ' ' b Piandi 4
= FIRENZE Mugnone Sermavall ' L—~L——
™ From Data mm/h \\ 7'” % SERVICE TYPE: http://www.disit.org/kmdcity
N \:u ¥ A )
@  Fienze GenioCivile  2016:04-11T155800 12 A \ o fschemakPublic_hospital
i -04- 591 (o] & SERVICE CLASS: http:// .disit.org/kmécit N :
™ Firenze Peretola 2016-04-11715:59:00 205 smannoro p:/fwww.disit.org/kmacity reso Traffic observations:
@ Firenze Universita 2016-04-11T1559.00 105 fachomettieaCere
SERVICE: http://www.disit.org/km4city/resource R Domenica = From Date kanh Atk ah
Threshold: 10 y /7ab1bcd5b84357b727dd67e6081d2db Dominico 2
le-Alessang,, @) VIA DELLA MATTONAIA 2016-10-10 18:01:08 58 15 2435
From: 2016-01-01 00 : 00 X Gz VALUE: 100
: | o LUNGARNO AMERIGO VESPUCCI 2016-10-10 18:01:08 18 65 1842
To: -07- 4 .
2016-07-29 00 |: 00 ] D WKT DESCRIPTION: POINT (11.2561 43.7866) 0 T S CaR PR P S s
| VIA VALFONDA 2016-10-10 18:01:08 27 53 3307
R S \ VIA VITTORIO ALFIERI 2016-10-10 18:01:08 23 58 2798
i .
m ;\ Ao onano VIA SENESE 2016-10-10 18:01:08 27 54 3216
! ) \ X VIA GUELFA 2016-10-10 18:01:08 68 3 420
Load predefined region: Firenze :J %
)ntig% i VIA DELLA SCALA 2016-10-10 18:01:08 60 13 2157
\\ ‘ l:j PIAZZA DI SAN FELICE 2016-10-10 18:01:08 62 10 1697
Mean precipitation: 14.333333333333334 V- BORGO SAN FREDIANO 2016-10-10 18:01:08 57 17 2690
VIA VITTORIO ALFIERI 2016-10-10 18:01:08 10 74 195
Scandicci
VIA DEL CAMPUCCIO 2016-10-10 18:01:08 60 13 2157
GetObservations Analyze : VIA DEI BENCI 2016-10-10 18:01:08 22 59 2679
f Soffiano
: 0 PIAZZALE DI PORTA ROMANA 2016-10-10 18:01:08 64 8 1361
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e Personalized menu for
Operators

* Providing information and
suggestions to citizens
— Civil Protection Page
— Twitter Info
— Geolocalized Info

* Tracking people and operators

flows

Collecting information from

citizens

— Comments
— Images

Sala Operahva Comunale

Toscana prevede:
Firenze (Fl) (ZONA: A3)
RISCHIO

Norme di comportamento
Idrogeologico

Norme di comportamento Idraulico

Per info Protezione Civile di Firenze
tel 055/7890 -
protezionecivile@comune.fi.it-

Suggerimenti

(@intoscana - 2016-04-1209:30:03 W
= Da leri a domenicac'e la
#FlorenceCocktailWeek a contendersi i

primato il dei barman
https://t.co/rWdAlqOgiH https://t.co/S54z29hdbix
0oLl oW

Twitter Alert

'y @ProtCivComuneFi- 2016-04-12 15:15.02
r-,‘:_ v
na

e Tmp ratura attuale misurata
Firenze Aer pr[ 212

013 0%

Tmpt attuale misurata
Firenze Universita : 20.6

_‘_. Tmp ratura attuale misurata
e Aer Pl’t 23.8

oLl oW

Mostra Tutte le Categorie

o @ProtCivComuneFi- 2016-04-12 14:16:03 |
,(gﬁ ;
o

,  (@ProtCivComuneFi- 2016-04-12 14:15:02 |
(“6 v
ona

¥ 2264 per giormo "= 1378 per giomo Twitter Vigilance

ServiceMap, SmartDS
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Football game results as related to the volume of Tweets

Number of votes on political elections,
via sentiment analysis, SA

Size and inception of contagious diseases
marketability of consumer goods

public health seasonal flu

box-office revenues for movies

places to be visited, most visited

number of people in locations like airports
audience of TV programmes, political TV shows
weather forecast information

Appreciation of services

Snap4City (C), November 2020

Twitter Vigilance
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Estate 2015

Figure 5: Comparison among

Test perio‘d: 03-10-2015/25-10-2015 22 DD
P na the selected predictive models discussed and presented in
Tables 2 and 3 with respect to the real number of visitors. Both training and validation
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e http://www.disit.org/tv il ey
e http://www.disit.org/rttv | |

* (Citizens as sensors to -
— Assess sentiment on services, - | o |
events, ... o [ e B S (=
— Response of consumers wrt, ... gr—
— Early detection of critical — =
conditions —
Hneg Mros @

— Information channel -
— Opinion leaders
— Communities g |
— Formation f (N

20:00 22:00 7.0c 02:00 04:00

— Predicting volume of visitors for . ,_ :

Channel DISIT Evento 1 agosto Firenze L£ T,

Twitter Vigilance

FCOME pOs

tuning the services B A - — E’

Tweets score neg Retweets score  — Retwes

00000

254
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L A Twitter Vigilcmce

resolute

http://www.disit.org ! = =

Used by several users:
— UnivFirenze, LAMMA, IBIMET, ARPAT, Master on Big Data, ...

Active since Aprile 2015

3 platforms for automated:

— Daily collection: statistical direct analysis and sentiment analysis

— Real time collection and statiscal, sentiment analysis

— Full faceted indexing: thus enabling search on collected tweets
All: precomputation of basic metric opening the activities of deep analysis
More than 350 million of tweets in the storage: ready on Hadoop cluster

More than 250 channels '

More than 450 search activities daily
From 400.000 to 4 Million of tweets per day.

Snap4City (C), November 2020
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A : ENZE Twitter Vigilance Dashboard :

S | ast crawling: 2015-12-11 01:20:20
Q search parameters

[OData analysis 4

Jd  Global view of user channels

-.|I| Channel statis

Foom Im 3m &m ¥YTD 1y All From | Jun 20, 2015 To [Dec 11, 2015

L= Search statis

B Retweet statistics

"-ﬁ‘ witter Users ,f,\' .\
statis r‘h 'FI!"J \t‘r .y "\-7}\
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Channel active from 2009-10-23 to today Q Data processed from 2015-05-15 to 2015-09-15 m

—

Search related to channel CALDO

Mar 30, 2017 | To

Zoom Im 3m 6m YTD 1y Al From Aug 7, 2017

Thursday, Jun 15, 2017

e caldo 8 439
afa- 1 707

® rischio: 1 613
temperature: 885

@ #caldo: 327
allerta- 196

e torrido- 167
caldissimo: 147

e #sole” 87

® rovente: 50

@ anticiclone: 28

® emergenza caldo: 19

® canicola: 13
disagio caldo: 11

® estate rovente: 11

@ allerta caldo: 7
ondata di calore 6

laquinN

-5000

10. Apr 24. Apr 8. May 22. May STyt 19. Jun 3. Jul 17. Jul 31. Jul
|
2012 2014 2015 0 W‘—”"N\/\/‘)
. n »
-~ #caldo -+ #sole afa allerta -+ allerta caldo  -e- anticiclone caldissimo - caldo -+ canicola disagio caldo -+~ emergenza caldo
-~ estate rovente flegetonte ondata di calore =% rischio - rovente temperature  -= torrido [l Events

T A A Channe

05-15 to 2015-09-15 n

YR T Y] T
ITS Searchnes
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Twitter Syntax ror Sear
e String substring: Caldo

- — T#:tramviaﬁ
¢ HaShtag: #CaIdO, @:\::;Tiscana

@AutolineeCurcio

@CAPautolinee | @capviaggiprato

e Citations: @CivilProtection, @paolonesi ccapeios | actcammaniy | acomunett

@CTM_Cagliari | @cttnord_informa
° F F @ I 1 @esserependolare | @EuroTransMag
rom users. rom:@pdaoionesil E— @GroupeRATP
— @iMobChallenge

(] Etc @InfoBusPisa | @InfoParkAT
* @intoscana | @ltaloTreno

@LAMIAFERMATA

e ....ANDed and ORed

@muoversintoscan

g
2_
(0
U

#fipili
#publictransport

@ArezzoPendolari

@AutolineeRomano

@iMobilityForum

@LeFrecce
@MobilityReports
@OrariBus

@pendolarifr2

@0ssMobProvPI
@PiuBus
@SWRTToscana

@ToremarFerries

@StazioniSicure

@tolcommunity

@Toscanaeturismo
@tranviafirenze
@TTSltalia

@Trasportiltalia

o &
—adlR D @UITPnews
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 Volume Metrics
— Number of TW, number of RTW

User Metrics
— Number of distinct users
— Number of followers, following

e NLP and SA metrics

— Counting word, adjective, noun, verbs, ....
— Estimating SA, weighting with SentiWordNet (extended to Italian)
* High level metrics (compositing all the other metrics)
— Addition of metrics..
— Ratio among metrics, e.g.: num of TW/num of RTW,...
— Cumulated metrics over time, e.g.: number of TW in the last X days..

» All: (i) per day, per hour, etc. (ii) per channel, per search

* Recently: we added the possibility of using metrics as firing conditions for alerts and
E bot on Twitter.
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Strong Limitations of the Search APl of Twitter

* minimizing the number of searches on the basis of the user requests:
— different users with their queries request tweets already requested by others

* Recovering of parent Tweets from Orphan reTweets taken in the
searching process

Analytics:

* High performance solution based on HDFS, Hadoop for NLP and SA,
exploiting MapReduce programming model

* Estimating the network of influencer
 Computing metrics and prediction in real time.

Twitter Vigilance

& .
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18:00 20:00 22:00 7. Oct
fanatismo |
g’ ﬂ congestione | —
A e LS [ [—
st ——
— Tweets score pos Tweets score neg Ret|
imporanze N
g
maro [
o
mesiia | |
srccons | |
1 05 0 05
HMheg MPos

fanatizmo
congestions
grazia
schifo
importanza
SCEMD
merito
bastardo
mestizia

straccione

A Keywords
Sentiment =
Zoom 1m All From May1,2015  To | May5, 2015
250k
n
Q
8
S %i
®== Friday, May 1, 16:00 = I
g # Tweets score: -14.64
Retweets score: -106 301.00
® T/RT score: -106 315.00 -250k
- May 12:00 ZoTEy TZOT 3. May 12:00 4. May 12:00 5. May
; N\ A
\ P M / . | gz . { s A
Jﬂl.n_r\a_ﬂ--_*- my\_jﬁ‘_n'" — x‘\rﬂ-ﬁa-"y_..;u_m_\_d LA o B.m‘;‘d LT T ____n.l.Ju_ﬁ\' o e 4 | R

~ Tweets score Retweats score  — T/RT score

"

Snap4cCity (C), November 2020




?resolutz

4o =i

__ Distibuted Systems and lntormet Technologies Lab

T Distibuted Data dntelligence and Technologios Lab & Twitter Vigilance Real Time Dashboard
Department of Information Engineering (DINFO) F .
University of Florence Last crawling: 2016-11-05 18:34:25
Channel active from 2016-06-27 to 2016-11-05 18:30:00 Data processed from 2016-06-28 08:10:00 to 2016-11-05 18:20:00 ﬁ
Al Sentiment trends In channel Firenze
Zoom 1H 3H 6H 12H 1D W 1M
adephs oo L, ' : 3
v H
15:00 18:00 21:00 4. Nov 03:00 06:00 09:00 12:00 15:00 18:00 21:00 5. Nov 03:00 06:00 09:00 12:00 15:00 18:00
1
Lo i ot [aeai ety 20 O L mel VL -Ates v
Tweets score  — Tweels score pos Tweets score neg Retweets score  — Retweets score pos  — Retweets score neg T+RT score  — T+RT score pes — T+RT score neg
Hide Al Firenze Channel DISIT Evento 1 agosto Firenze
2 |
Il A
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Early warning, detection .
* Issue: Prepare City Resnlnence

— Detection of critical condition Absorb
— Not easily detected with other e

means A
apt
* Impact: » P
— Early warning, faster reaction
— Increased resilience

e Several metrics related to

— Volume of retweets damage
— Sentiment analysis

|
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Arno Flood Impact on Tram Line & Traffic Water bomb (dw burst) in South Florence

¢~\ A Y Dynamlc rerouting
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Information through VMD
and public announcements
at tramway stations

o

Alerts on Tram
Line Stop Signs

Case Study D
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 |ssue:

— How to predict the number of people
following a TV reality show in life

* Impact:
— Making Advertising, promotion
— Valorizing advertising
— Adjusting the show

e Several metrics related to
— Structure of volume of TW, RTW
— Features of the tweet authors
— Relationships ....
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DISIT Lab, Distributed Data Intelligence and Technologies
Distributed Systems and Internet Technologies
Department of Information Engineering (DINFO)

http://iwww.disit.dinfo.unifi.it
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* Periodic events

» Specific rules

* Strong influence and user engagment

* Audience can vote

* Audience espress appreciation and rejects

e ..Similar to the presence at large and log
terms event, such as EXP0O2015
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 TW: Number of Tweets per Search/Channel (as called Volume),
per day, per hour

 RTW: Number of ReTweets per Search/Channel, per day, per hour

 NRT/TW: ratio from ReTweets and Tweets per Search/Channel,
per day, per hour

* NumSearch: number of Tweets including the Search per Channel,
per day, per hour

* Sentiment Analysis Score per Search/Channel, per day, per hour
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 TW: Number of Tweets per Search/Channel (as called Volume),
per day, per hour

 RTW: Number of ReTweets per Search/Channel, per day, per hour

 NRT/TW: ratio from ReTweets and Tweets per Search/Channel,
per day, per hour

* NumSearch: number of Tweets including the Search per Channel,
per day, per hour

* Sentiment Analysis Score per Search/Channel, per day, per hour
 Num of xxxxx
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DISIT Lab, Distributed Data Intelligence and Technologies
Distributed Systems and Internet Technologies

DISTRIBUTED SYSTEMS . . .
ND INTERNET Department of Information Engineering (DINFO)

INGEGMNERIA A
TECHNOLOGIES LAB Rt .=
http://iwww.disit.dinfo.unifi.it

DELLINFORMAZIONE

F _[ RE N Z E DIPARTIMENTO DI

UNIVERSITA
% | DEGLI STUDI ‘ DINFO

e |ssue:

— How to understand if a tweet has TWItter Ana[ytics
a good probability of being

retweeted P, 28 day SumMmary wih change over previous period
* Impact: »

— Advertising, promotion, training

- Several metrics related to S P
— Structure of the tweet i e
— Features of the tweetting author| = rexensbigersudiene |
— Relationships .... . 1
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DEGLI STUDI Distributed Systems and Internet Technologies
DIPARTIMENTO DI DISTRIBUTED SYSTEMS

FIRENZE | Inceanera = | NG INERNEL. & Department of Information Engineering (DINFO)
http://www.disit.dinfo.unifi.it

Tweet metrics Data sets:
URLs Count | # of URLs in the tweet A
o
Mentions Count | # of mentions/citation of Twitter users in the tweet 100 Mi l l on Of Tweet
Hashtags Count | # of hashtags included in the tweet e 500K
Favorites Count | # of favorite obtained by the tweet e 100 K
Publication Time | Local hour H24 in which the tweet has been published
in the day according to the author’ local time. Percentage of Retweet Count
Author of Tweet metrics -
Days Count | # of days since the tweet’s author created its Twitter 3
30
account 25
Statuses Count | # of tweets made by the tweet’s author since the i:
creation of its own account 10
o 5
Author Network metrics 0

Followers Count | # of followers the author of the tweet ° e HA00 A0T000  Overto00

Followees Count | # of friends the tweet’s author is following
Listed Count | # of people added the tweet’s author to a list

B % in main 5 classes
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re fweet bproneness: assessment

| Metrics | PC1 | PC2 | PC3 | PC4 | PC5

DISIT

DISTRIBUTED SYSTEMS
TECHNOLOGIES LAB

Retweet Count
Favorites Count

PC2

Followers Count
Followees Count
Listed Count
Statuses Count
Hashtags Count
Mentions Count
URLs Count
Publication Time
Days Count

PC1
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-0.1623
-0.6294
-0.7599
-0.1336
-0.8431
-0.4256
-0.1585

0.0394
-0.1288

0.0076
-0.0370

DISIT Lab, Distributed Data Intelligence and Technologies
Distributed Systems and Internet Technologies
Department of Information Engineering (DINFO)
http://www.disit.dinfo.unifi.it

0.4346
0.3908
0.2736
-0.0907
-0.1549
-0.5016
-0.5661
0.2194
-0.5483
-0.0728
0.0070

0.1635
0.1922
0.0522
-0.4627
-0.0498
-0.3781
0.4377
0.0786
0.2539
0.3639
-0.5072

-0.0026
-0.1128
-0.0983
-0.2494

0.1500

0.2795
-0.0517
-0.1607
-0.3388
-0.5186
-0.6604

-0.1009
-0.1880
-0.0857
0.1182
0.1871
0.2410
0.0309
0.7697
-0.3248
0.3707
-0.1691
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reTweet proneness: Class

DISIT Lab, Distributed Data Intelligence and Technologies
Distributed Systems and Internet Technologies
Department of Information Engineering (DINFO)

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

rication methods

e Statistic classifications vs machine-learning methods
* 80% of training data set, 20% of testing data sets; 500K data set

—> Recursive partitioning procedure models (RPART), good
compromise for Big data problems

Processing
Classifier Models Accuracy F; score
Time in sec.

Recursive Partitioning (Stat) 0.6807 0.8512 0.7767 0.8122

Random Forests ('V"-) 0.6884 0.8601 0.7866 0.8217 198968
Gradient boosting (ML) 0.6796 0.8534 0.7731 0.8113 64448
Multinomial Model (Stat) 0.6411 0.8367 0.7245 0.7765 31576

Snap4City (C), November 2020
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AND INTERNET 1o Department of Information Engineering (DINFO
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reTweet proneness (RPART), 100M

Assessment drivers Degree of Retweeting Classes
0 1-100 101-1000 1001-10000

Over 10000

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELLINFORMAZIONE

0.7737 0.8105 0.3142 0.0208 0.0136
0.9132 0.6694 0.9199 0.9996 1.0000
0.8564 0.6256 0.3752 0.7345 0.8488
0.8579 0.8382 0.8975 0.9485 0.9915
0.4007 0.4053 0.1328 0.0526 0.0086
0.3100 0.3285 0.0417 0.0011 0.0001
0.3620 0.5251 0.1112 0.0015 0.0001
0.8435 0.7399 0.6170 0.5102 0.5068

Accuracy 95% Confidential Interval (min, max) (0.6813, 0.6817)
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Predictive moadels VS metrics relevance

Variable Importance between Models
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P. Nesi, G. Pantaleo, I. Paoli, |. Zaza, "Assessing the reTweet Proneness of tweets: predictive
models for retweeting", Multimedia Tools and Applications, Springer, 2018.
https://link.springer.com/article/10.1007/s11042-018-5865-0

* A.Crisci, V. Grasso, P. Nesi, G. Pantaleo, I. Paoli, |. Zaza, "Predicting TV programme Audience by
Using Twitter Based Metrics", Multimedia Tools and Applications, springer. 10.1007/s11042-
017-4880-x, 2017 https://link.springer.com/article/10.1007/s11042-017-4880-x

* V. Grasso, A. Crisci, M. Morabito, P. Nesi, G. Pantaleo, "Public crowdsensing of heat waves by
social media data", Adv. Sci. Res., 14, 217-226, https://doi.org/10.5194/asr-14-217-2017, 2017,
10.5194/asr-14-217-2017 . http://www.adv-sci-res.net/14/217/2017/

V. Grasso, A. Crisci, M. Morabito, P. Nesi, G. Pantaleo, |. Zaza, B. Gozzini, "Italian codified
hashtags for weather warning on Twitter—who is really using them?." Advances in Science and
Research 14 (2017): 63-69. http://www.adv-sci-res.net/14/63/2017/asr-14-63-2017.pdf
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Sii-Mobility = mobility and transport, sustainability
REPLICATE - ICT, smart City Control room, Energy, IOT
RESOLUTE - Resilience, ICT, Big Data

GHOST -> Strategies, smart city

TRAFAIR = Environment & transport

MOSAIC = mobility and transport

WEEE Life = Smart waste, environment

Smart Garda Lake > Castelnuovo del Garda

5G -2 Industry 4.0 vs SmartCity

Green Impact = Industry 4.0, Chemical Plant
SmartBed (laid =2 smart health

Green Field Peas (soda) = Industry 4.0, Chemical plant

MobiMart and PISA Agreement = data aggregation, mobility and
transport, Living Lab

Lonato del Garda = smart parking, environment
Herit Data = tourism, culture and management
ISPRA JRC - site management and services

Capelon (Sweden) = smart light solutions
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101 ulll“ii

research and innovation Programme (grant agreement n° 688196) European Ulr:ion Funding
or Research & Innovation

TRAFAIR is a CEF project. All slides reporting logo of TRAFAIR project are representing tools and research founded by the EC on

CEF programme http://trafair.eu/
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Thanks to the European Commission for founding. All slides reporting logo of REPLICATE H2020 are representing tools and ) funded by European Union
research founded by European Commission for the REPLICATE project. REPLICATE has received funding from the European TRAFAIR

Research Council (ERC) under the European Union's Horizon 2020 research and innovation Programme (grant agreement n®
691735).

Thanks to the European Commission for founding. All slides reporting logo of RESOLUTE H2020 are representing tools and
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research founded by European Commission for the RESOLUTE project. RESOLUTE has received funding from the European REPLICATE
Research Council (ERC) under the European Union's Horizon 2020 research and innovation Programme (grant agreement n® \\j J

e .” R Hori 2020
653460) ﬁFQSO|UE2 L ESroZpoenan Union Funding
Thanks to the MIUR for co-founding and to the University of Florence and companies involved. All slides reporting logo of Sii- “r == E for Resenreh & wovatin

Mobility are representing tools and research founded by MIUR for the Sii-Mobility SCN MIUR project.

KmaA4City is an open technology and research line of DISIT Lab exploited by a number of projects. Some of the innovative
solutions and research issues developed into projects are also compliant and contributing to the Km4City approach and thus are
released as open sources and are interoperable, scalable, modular, standard compliant, etc.
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create a Dashboard in Snap4City

HOW TO:

add a device to the Snap4City Platform

HOW TO:

add data sources to the Snap4City Platform

HOW TO:

define privacy rules for personal data, produced by the end-users

own device

HOW TO:

Develop Smart Applications, Snap4City development Life Cycle

HOW TO:

HLT vs Ingestion, and HLT vs Widgets

HOW TO:

Develop an IOT Application for Data Ingestion

HOW TO:

Upload data into Knowledge Base, ServiceMap (triple upload)

HOW TO:

Create as set of Devices with BulkProcessing

HOW TO:

Create an IOT Device Model

HOW TO:

Create an IOT Device Instance from IOT Directory tool
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