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e 1st Day: General overview (1 day, 6 hours)
* 2nd Day: Dashboards, how to build and manage them (4 hours)
* 3rd Day: |IOT Applications development, IOT Devices, IOT Networks (4 hours)

* 4th Day: Data Analytics, in R Studio, In Python, how to integrate with IOT
Applications (4 hours)

 5th Day: Data Ingestion, Data Warehouse, ETL Development, Data Gate, I0OT
Device Data ingestion, etc.. (5 hours)

e 6th Day: Snap4City Architecture, How To Install Snap4City (3 hours)

e 7th Day: Smart city API (internal and external) Web and Mobile App
development tool kit (4 hours)

A number of the training sections include exercitations
Updated versions on: https://www.snap4city.orq/501
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GO * Data Analytics: Examples from Snap4City

GO  — Smart parking: Predictions

GO — User Behavior Analysis, via Wi-Fi, OD, Trajectories

Go — Recognition of Used Transportation means

GO — Traffic Flow Reconstruction, from Traffic Sensors Data

Go  — Quality of Public Transport Service

Go — 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 e« Data Analytics: Enforcing and Exploiting
— Real Time Data Analytics: using R Studio Exploitation in IOT Applications

GO« Decision Support Systems, Smart DS and Resilience DS
Go + Twitter Vigilance: Social Media Analysis: Early Warning, Predictions
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Levels of Difticulty

* Easy. 'ad non programmer level

e Moderate.  [¢beV Some JavaScript rudiment coding

* Good. evebed JavaScript programming

* Golden. crevevet Programming in R Studio

* Professional. |¢vevebebeY|  Exploiting Smart City AP

* Excellent. crebebebebel Developing Full 10T Applications,

Dashboard and Mobile Apps

SnapA4City (C), November 2019
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* Please start a fully guided training cases:
— HOW TO: create a Dashboard in SnapA4City |¢¥
— HOW TO: add a device to the Snap4City Platform |¢¥
— HOW TO: add data sources to the Snap4City Platform C"

— HOW TO: define privacy rules for personal data, produced by the end-
users own device C"

Snap4City (C), November 2019
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Sentient and
active processes

Big Data

Semantic Computing
Machine Learning
Geo Spatial Reasoning
Sentiment Analysis
What If Analysis

Text Analysis
Simulations

Visual Analytics
MicroServices
Scalability
Engagement Analysis

10



DATA ANALYTICS ¢

Traffic flow reconstruction from sensors and other sources: parking predictions: wi-fi people flow prediction and
reconstruction

What-if analysis, dynamic routing, origin destination matrices production from a large range of sources

Analysis of the demand vs offer of mobility according to public transportation and multiple data sources

Resilience and risk analysis

Early warning computation

Accidents heatmaps

Traffic flow predictions

NOX pollution prediction on the basis of traffic flow, 48 hours see

Pollution prediction at 48 hours, every hour

User engagement for sustainable mobility

User’s behaviour analysis, data reconstruction and calibration

Tracking fleets, people, devicesOBD2 support

People flow analysis from PAX Counters

Social media analysis on specific channel, specific keywords: see Twitter Vigilance, for NLP and Sentiment Analysis, SA
Data quality assessment, prediction, anomaly detection

Maintenance prediction and costs predictions

ReTweet proneness, retweet-ability of tweets

Audience prediction to TV channels and physical events

11
Snap4City (C), November 2019
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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.
— 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
— Trajectories of people flow
— Traffic Flow reconstruction
— Origin Destination Matrices
— Simulations: demand vs offer

Snap4City (C), November 2019
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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.)

* 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 2019
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e Social and Users Behaviour

Smart First Aid

search for POl and public transport services
Social Media Monitoring and acting
Information to Tourists

Early Warning, prediction of audience
Improvement of services for Tourists

* Weather and environment, quality of life

Weather forecast/condition

Air quality Pollution

Pollination

Alerting on Air quality for multiple parameters
Information Heatmaps for weather and air quality
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 2019
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* Data Analytics in Snap4City allows to create simple data
processing as well as massive computing solutions exploiting

statistics, machine learning, operating research, etc. for:

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

* can be developed in:
— R Studio / Tensor Flow, MapReduce, Java, Python, ETL, IOT Applications

e can be shared with other colleagues, and organizations via the
Resource Manhager

Snap4City (C), November 2019
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* Aiming at improving
— quality of service, distributing workload
— early warning
* Predictions: Short (15 min, 30 Min) and
mid Term (1 week)
* Data Analytics: ML, NLP/SA, Clust.,
— 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

Snap4City (C), November
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0 Utenti attivi (giorno)
44 Precedente
Attuale
Predicting City Users on Areas |
I

200000

po—vTSm
- Train SARIMA
AAAAAAAAAAAA
—— Test SARIMA
— — Test SARIMAX /\L\/ \(\/

SOA

Expo 2015 Visitors

00

PredlctlngatEXP02015 s wer | atos | onmo

2015 2015 2015 2015

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

Figure 5: Comp
Tables 2 and 3]

]
Early Warning Water Bomb

Estate 2015

Early Warning Hot in Tuscany

ZUIS

17
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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 10T
application, data analytics, machine learning

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

Snap4City (C), November 2019
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12 parking areas in Florence
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C. Badii, P. Nesi, I. Paoli, "Predicting available parking slots on critical and regular services exploiting a range of
open data", IEEE Access, preprint, 2018, https://ieeexplore.ieee.org/abstract/document/8430514/

T BFor(:asltinS%'lI‘{ecrni(%;::; 20 B Baseline
o P P 18 M Baseline + Traffic Sensors
Mﬁgg?\dﬁﬁ?ig 3(3'7865 116."4229 220.5021 %2 B Baseline + Weather + Traffic Sensors
MASE Evening 1.99 1.51 2.33 10
MASE 1.87 2.34 3.16
Pieraccini Meyer car park 8
MASE Night 6.08 12.83 10.03 6
MASE Morning 0.86 1.27 2.90 4 || | ‘“l | “
MASE Afternoon 1.87 291 6.75
MASE Evening 1.36 1.57 10.23 % | | I“I |||I IRTRIR |III
MASE 1.37 2.06 6.67
S. Lorenzo car park C (@© o = v O = © ‘mm © o] ;
MASE Night 10.33 11.81 18.34 o N £ g £ 3 > 5o T =
MASE Morning 2.13 1.91 3.93 L 9 g2 £t g g 5 £ ¢ =
MASE A fternoon 2.70 3.15 2.37 N 5 g < S 2 = 2 0o ¢ 9 4
MASE Evening 2.15 3.09 3.82 L = 0 5 < w =
MASE 2.72 3.21 4.19 S-C—) &3 GCJ % w @
Beccaria car park L o - =
MASE Night 9.32 7.80 12.47 Q N g ]
MASE Morning 0.95 1.25 4.87 o S 5
MASE A fternoon 2.49 214 245 "N e =
MASE Evening 2.96 4.75 5.01 g ®
MASE 2.13 2.67 4.85 v

Sridp4Lity (L),


https://ieeexplore.ieee.org/abstract/document/8430514/

UNIVERSITA p—
DEGLI STUDI DINFO | DIS ~ | .

FIRENZE | S8, | REREL. rree Parking PREDICTIONS
fj r : i ‘sl & a - ' -l . j/ r r - ~ - = , -~ - ~ r
'AT(FK/‘ c 2 G P A\l A= G 2 f_/‘ y € il 0
Trainin Forecasting Techniques
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processing 60
time (sec) 50
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Careggi car park
Model BRNN model results
features R-squared | RMSE | MASE
Baseline 0.974 24 1.87 N T :
Baseline + Weather 0.975 24 1.75 F Parcheggl X

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

Baseline + Traffic sensors 0.975 24 2.04 ot Ui it _
. . Parcheggio Stazione Firenze S.M.N. 527 08-0620:00
Baseline + Weather + Traffic 0,975 2 187 & > Parcheno e
SEeNnsors
+ Parcheggio Stazione Firenze SM.N. %
Active O n IVl O bi | e Ap pS a S : . Andamento Giornaliero
— «Firenze dove cosa»
€ 200 >
— «TOsca Na dove cosa» Precision: 97,5%
{/S.iMOblll\t?/} 00 02 04 06 08 "I: 12 14 16 18 20
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Predictions on Parking

e C. Badii, P. Nesi, I. Paoli,
"Predicting available parking
slots on critical and regular
services exploiting a range of
open data", IEEE Access,
preprint,
2018, https://ieeexplore.ieee.o

U

re /abstract/document/843051
4/

IEEE

Access
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Hf gicting City users movements

* [ssue:

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

— Where they go....
* Impact:
— Tuning the services: cleaning, 200
police, control, security + Daily trends 122
* Several metrics related to e OD matrices ™
— Knowledge of the city « Trajectories > S 28sgs83838°¢
T :c\lllocz’citoring traffic and people e Bradiction. models
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* Monitoring movements by traffic e
flow sensors f 435

— Spires and virtual spires

0-2

2-4

* Monitoring movements from | -

6-8

@ 8-10

Mobile Cells

12-14
14-16

— Unsuitable for precise tracking o

D 20-22

and OD production

* Monitoring movements from Wi-Fi

* Monitoring movements and much
more from mobile Apps
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Prediction and ldentification of Anomali
Guessing number of users of W Wi-Fi Access Points

time series <~ AP forecast time series 3 AP average time series AP Range

/e

Cluster confidence

AP average and confidence
Predictive precision of the 95%

Actual AP trend for today

AP prediction for the next time slot in the day on the basis of past weeks
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e P. Bellini, D. Cenni, P. Nesi, I. ¢ (BN
Paoli, "Wi-Fi Based City Users’ ]‘::[_Si-?;\,-’][:_[)\l
Behaviour Analysis for Smart
City", Journal of Visual
Language and Computing,

Elsevier,
2017. http://www.sciencedirec
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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

p ’*‘“‘”W o Sy N o S N
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

= Yy B
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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.

* There is a non-conformity in the Sampling Period frequency distribution
of the collected data.

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 7o
were kept in pocket or bag. 1000
2000

0

:SE%E&S&%@S“’”“’QQ“O""\
In details, the frequency average is equal to 180 seconds and the variance is equal to H o H e A NN NN Mmoo i
B Sampling Period (Seconds)

13240 seconds.
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Automated Classification of Users’ Transportation Modality
in Real Conditions

I ey e
Models i score
Extreme

Gradient Boosting 0.947 0.773 0.828 0.800

Forest
Extra-Trees 0.953 0.827 0.869 0.847

0978 (0.731) 0.869 0.917
0.901 0.988 0.987 0.996
0.977 0.770 0.827 0.936
0.904 0.985 0.990 0.994

Accurac 0.940 0.859 0.928 0.956
Super Learner e Private Public
Model v Transport Transport

Model Y Transport Transport

One-Step machine learning approach:

- Random Forest (RF)
- Extremely Randomized Trees (Extra-Trees)

- Extreme Gradient Boosting procedure mm — — —_ —_
(XGBoost) Swenleanner »
¢ 0.975 0.831 0.865 0.953

UL 0.960 0.865 0857  0.861

Neg Pred Value [i¥133 0.982 0.989 0.994

Balanced
- Super Learner approach: identification of the multi-class problem into binary — naz — ot
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.

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

SnapA4City (C), November 2019
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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 s Transport Transport
models. Stay
A threshold has been used to decide which class can be considered directly C. SN0 0 0.09 0.03
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 Private
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 lliah>pentl BN Re0- 0 83
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) -

SnapA4City (C), November 2019
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Sun 23 Jun 19:38:15
# IN FLOW Firenze IN Traffic Flow (number of vehicles) ZTLin ZTL in Traffic Flow daily trend
14356 28332
10767 71249
T8 Current 1416.6 Current
Previous Previous
580 7083
04:00 08:00 1200 16:00 20:00 24.Jun 0400 08:00 1Z:00 1500 2000 24.3un
€ #ouTFLowW Firenze OUT Traffic Flow (number of vehicles) status comments 4m
15298
T 4735
7649 Current
Previous
All OK
0400 08:00 12:00 1600 30:00 24.Jun
Inc Daily Inp...[3m) Daily Inputs (monthly) (last value is incremental) Current Time - C...| Quality of Measure in terms of percentage of expected measures considered 9m
2063k 100
332 725 75
148150 Current 50 Current
-l 05354 Previous Previous
74 075 25
0 0
27 May 3.3un 10. Jun 17 Jun 24 Jun 04:00 08:00 1200 16:00 20:00 24.Jun
23/06/2019
Inc Daily Out..(3m) Daily Outputs (monthly) (last value is incremental) Quality of Measure in percentage - ZTL in time trend compare
2971772 19:38:15 956
2228829 77
1485885 i 478
116029 Monday, Jun 17, 00:00 Surrent. Surrent.
42943 Current: 196294 239
o o
27. May 3.Jun 10. Jun 17.Jun 24 Jun 04:00 08:00 1200 16:00 20:00 24 Jun

e | d- €V SNAPAciry ﬁ

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc2MQ=
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Traffic Flow Monitoring - Firenze

Sun 20 Oct 2333724
#IN FLOW Firenze IN Traffic Flow (number of vehicles) ZTLin ZTL in Traffic Flow daily trend
16 782 50472
12 5865 37854

Saturday, Oct 19, 0124

Previous: 4312 Current 23236 Current
. Previous Previous
41955

12618
0 0
04:00 08:00 12:00 16:00 20:00 04:00 08:00 1200 16:00 20:00
# OUT FLOW Firenze OUT Traffic Flow (number of vehicles)
183472
13 7604
91736 Current
Previous
45868
0
04:00 08:00 1200 16:00 20:00
Inc Daily Inp... Daily Inputs (monthly) (last value is incremental) Current Time - . Quality of Measure in terms of percentage of expected measures considered
288 5852 100
216 4389 75
-I 9-| 840 e Current 2 Current
Previous Previous
721463 25
o 0
23 Sep 30.Sep 7.Oct 14 Oct 04:00 08:00 1200 16:00 20:00
20/10/2019
Inc Daily Ou... Daily Outputs (monthly) (last value is incremental) Quality of Measure in percentage - ZTL in time trend compare
290 872 23:37:25 956
218154 7
201 O-I 9 145 438 Current 418 Current
Previous Previous
72718 239
o 0
23.5ep 30.Sep 7.0ct 14.Oct 04:00 08:00 12.00 16:00 20:00

Privacy Policy Cookies Policy Terms and Conditions Contact us g!gfo DIS I,T,...,.
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— 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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ldentification of critical Bus Stops over time

&

Mobility 4.0 for Smart City
(MOSAIC)

|dentification 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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Mobility and Environment What-IF Analysis

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

Over the Gaussian Heatmaps

Calibrated heatmaps on the
basis of Interpolated data
for:
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— Any programmed Color map
— Animations over H24

— Picking values in any place, values on their position.

— On Web and Mobile App
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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 Heatmap Controls:
» Data gathering, data processin e e —
bl <p 2019-05-05 14:00:00 Next
g g’ p g Weather sensor 16 - _ _ il Bt
EnfuserHelsinkiEnfuserAirQualityindex
. . Air Temp heatmap ‘ HEATMAP DETAILS
O r I I n g Humidity Heatmap Description Value
2 3 o Date & Time: 5/5/2019 14:0:0
Air Quality Sensors i Metric Name: EnfuserAirQualityIndex
Hetereiicors Heatmap Value: 1.70000
: Coordinates 60.16202, 24.91345

Noise Heatmap
PM10 heatmap
PM25 Heatmap

NO2 heatmap

e
i

L=

Qua ‘heatmapgl

l
e v
et
'~/ Enfuser pred. AQI b = = EnfuserAQ
’ v _._; = J Index

i A Enfuserpred. PMI0 g™’ 1. Good
A Enfuserpred. PM25 Swsizac 2 San-factary o 2
! 3. Fair
A Gral pred. PM10 W 2.poor D
5.V
I A Gral pred. PMIO (6m) I 5. very poor ‘ © Opeikeontan Siavmilons

Snap4City (C), November 2019

» API for accessing data of
Heatmaps in real time

ii‘f»»»;;»»;»»i‘

88



UNIVERSITA
g DEGLI STUDI

FIRENZE

DINFO

"\I|PARTIMENTO DI
DELL'INFORMAZIONE

—: %
o by 1
DISTRIBU_TED SYSTEMS m
T CITY =t
g T &

Data Analytics: Enfuser predlctlons
* Enfuser predictions: AQl, = W o e
PM10, PM2.5 i =

— Data gathering, data processing =
o ©
for Piking
— Delta Estimation Predictions vs ; 5

Actual: on 12 points/sensors via
R-Studio and 10T App e T e

— API for accessing data of e e——— e,
Heatmaps in real time P4 =) ST R —

Snap4City (C), November 2019



UNIVERSITA
DEGLI STUDI DINFO DIS|T

Comparative Dashboard

« Delta Estimation Predictions vs Actual on 12 points/sensors via R-Studio and |OT App

Enfuser vs RealTime Comparison (H4)

Please note that the data results are not always based on real data.
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Data Analytics: AQl estimations

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

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

Snap4City (C), November 2019
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A PM10 heatmap
A PM25 Heatmap
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Environmental Heatmaps

Calibrated heatmaps based on Interpolated data:

— Real time measures (PM,,, PM, 5, NO,, SO,, Noise, NO, O, AQl,..)

— Predictive measures (ENFUSER, GRAL)

— From 200x200 to 4x4 m

— Hourly concentration

— Any programmed Color map
— Animations over H24

— Picking values in any place
— On Web and Mobile App

https://www.snap4city.org/snap4cityWebAppHelsinki/

12.0 ug/ 17.5 ug/m3
| =4 % - Y il \ = - i
1 A Busstoj ¥, { } o HelsinkiPM2 HelsinkiaQl | Lo
A Ticket sal = H‘D r" et 3.2 ug/m 1.0
S =7

A Traffic Sensor 2\ R " /ﬁ‘ Lo — ) B

~f Weather se forkielin 7o) — an

A Air Temp mi | ’ ‘

A Humidity Heatmap ] 3 - * D 3 ry—— Py " Musikkiiaansia
~/  AirQuality Sensors i Sr” = LE 5 i_qc 0o i/ > X i : T3

v Noise sensors v o e __’_é:ffj"_w, :‘(ﬂ Mustikkamaa A

. Noise H: Ei 1 -

/ e Heatm o) - 7 B - { \ Korkedsaaren

A PM10 heatma, P I S (i Vg | Gl =
[ f \ %

A PM25 m ] ?ﬁ" C]

A e

“

Enfuser pred. AQ| ;—.—,—-,—.! Ws53.5-57.7
-----

Enfuser pred. PMIO i o ®
ressl

Enfuser pred. PM25
Gral pred. PM10 =

siita ;
Y | \ PIRE Paloso
NO2 heatma P 0 Noise A N | =
‘Quality Index heatmap dBa < it e n
- ] 3 \E \ s KrGarak e ey o
.4-48.81 \ \ 5 5
CAQI 48.9-53.3 % \ — & \ [ 2 )
monm = 8 \ \ oN Fisinki -~ K10 k
621 \ RalAentort 1
| - o~ i1 w\ )
&
]
K 3,
i

A
A
A
A

a5 75.6-79.9 8
A Gralpred. PMIO (6m) o isligm W>7s

agtt
71.1.75.5
L] 98

Snap4City (C), November 2019

92


https://www.snap4city.org/snap4cityWebAppHelsinki/

NIVERSITA | DINIFO DISIT A WL L]
DIPARTIMENTO DI ISTRIBUTED SYSTEMS L
IRENZE | BREa .. | RENEREL SNAIMcrry

Environmental Real Time Measures

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

PMao: real time pollutant levels in air in terms of PMw (measured in pug/m:) particles.
PM.;s: real time pollutant levels in air in terms of PM.s(measured in ug/ms) particles
NO:: real time pollutant levels in air in terms of nitrogen dioxide (measured in pug/ms).

Air Quality Index (AQl): real time air quality index of the Helsmkl area, prowded by
the FMI. The resulting index from 1 to 10. R/ o

cycling Paths

BusStop
Ticket sale
Traffic Sensor

- > > >

Y, | ! :
A Noise sensors

A Noise Heatmag
s PM10 heatmap
A PM2.5 Heatmap
A Ay
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AQJ| Indexes estimation via R studio and 10T App
European Air Quality Index EAQI

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

Pollutant Index level
{based on pollutant concentrations in pg/m3)
Good Fair Moderate  Poor  Very poor 1 Q | 1 d C Q

Particles less than 2.5 pm (PMa2 5) 0-10 20-25 50-800 CO m m O n AI r _ u a Ity | n eX A I
Particles less than 10 ym (PMg) | 0-20 35-50 100-1200 www.airqualitynow.eu
Nitrogen dioxide (NO) e LI LAY Qualitative name | Index or sub-index Pollutant {hourly) density in pg/m?
Ozone (03) 0-80 120-180 240-600 NO, | PMyg 0s | PMy4(optional)
Sulphur dioxide (502) 0-100 200-350 500-1250 e _ 050 | 025 | o060 i
Measurements of up to five key pollutants supported by o 29-90 °0-100 | 2550 | 60120 | 1530
modelled data determine the index level that describes the Medium . 100-200| 50-50 | 120180 9059

. L. . L . High 200-400 | 90-180 | 180-240 55-110
current air quality situation at each monitoring station. S 'gh. : - R B R =

ery hig > > = >

The index corresponds to the poorest level for any of five The index is defined away from roads (a
pollutants according to the following scheme. "background" index). CAQl is computed on the

basis of NO,, PM, s, PMjgand Os.

Legend of Environmental data:
94
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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 . 2 i g \\\ r_/r

Ticket sale
Traffic Sensor

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

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

hp?iddasboard=MTUzMg==
Snap4City (C), November 2019 o
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Environmental Data Predlctlon5° GRAL -

* GRAL predictions: PM10, NOX, .... T e -,

Ry - 3 =i, e X

— Comparison wrt real time values in TR NI R R I
actual value of Sensors | : sl T ' N P T

— 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.

 GRAL can be applied on NOX, PM10,
PM2.5, ... or any other particles

TRAFAIR

SnapA4City (C), November 2019
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TRAFAIR

Heatmap Firenze - trafair

different data
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Air Quality Sensors
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LT | BINEO DISIT.. C¢YSNAPdcry
nvironmental 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

TR,

AllQuailym 5Average2HourHelsinkiJ %
Heatmap Controls: 24H 24~ Air Quality Sensors

1 7 b h \ \
M . ) N 3 : 2019-11.03 22:00:00

Real Time PMIO € | ¥ A i 1 toril Hietalahts

Weather Sensors

> 025 7 H
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Temperature

@ [sess e | B8E- ¢ sNAPAcry
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Environmental Data Network and
Automated Analysis and Representation

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 Snap4cCity 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:

> |1OT Brokers included IOT Devices

hosted by city users.

> Data Providers.

SnapA4City (C), November 2019
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Environmental Data Network and
Automated Analysis and Representation

Bivariate interpolation onto a grid for irregularly

Remove

di d i RSN ; \/; e S
spaced input data. el | \ A — SR
\/ Weather sensor 114 p X R / ; i o
X A AirTemp heatmap MEATMAP DETAILS : .
» Resolution from 200x200 to 4x4 m A R Hesmne 2 s
./  ArQuality Sensors
. v Noise sensors Mustikkomas.
» Hourly concentration el L e I e Y .
PMIOheatmsp [N @ 5. . LY RIS AT TR 0 wakackmen . 0 ool .
, | phasHearmen ™ NS Sa P e DU T PRt o TR e - N <= Air Quality x
» Any programmed Color map A bt < 5
\ H H _55 Helsinki PM10 Helsinki NO2
» Animations over H24 e T uality Heatm | 12.0uwms | 17.5uwms |
T nsors and predictivevaluesunde Lo o sy hsep

B SiiEl
Enfuser pred. PM25 . 3.2 ug/m3 1.0 -

» Picking values in any place, values on their position

\ El

=Qaf!

Gral pred. PMIO
Gral pred. PM10 (6m)

A
A
A
A

A

» On Web and Mobile App :
Environmental Real Time Measures: I
. Noise: real time noise levels (measured in dBA). E e
. PMow: real time pollutant levels in air in terms of PMw (measured in ug/ms) particles. ;E
. PM.s: real time pollutant levels in air in terms of PM.s(measured in pg/ms) particles. T
. NO.: real time pollutant levels in air in terms of nitrogen dioxide (measured in pg/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,yand Os.
Snap4City (C), November 2019 100
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Environmental Data Network and
Automated Analysis and Representation

Environmental Predictive Measures: = B
Enfuser pred. AQI: heatmap of Air Quality Index hourly Enfuser predictions, every 12 mt. :/ mwm: S —— 7 e o
the Heatmap Controls widget you can see the forecast. R ———— N |
Enfuser pred. PM1o: heatmap of PMuoparticles hourly Enfuser predictions every 12mt in Y 1
Hg/ms. rRrind o
Enfuser pred. PM2s heatmap of PM.sparticles hourly Enfuser predictions every 12mt in A ) 9
ng/ms. i 7]

Gral pred. PMzo (h 3m): heatmap of PMuo particles hourly predictions in ug/m3 measured S50 T
3 meters on the ground and computed using Gral model every 4mt. IS e o @

Gral pred. PM1o (h 6m): heatmap of PMuoparticles hourly predictions in pg/ms measured

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

» APl for accessing data of Heatmaps in real time

R e T ——— » Delta Estimation Predictions vs Actual: on 12
63 - TR a—.. points/sensors via R-Studio and 10T App
A T 16 47

ug/m3 Y nseo 0800 200 ug/m3

22 05 17 /<
Hg/m3 e e 060 200 Ha/m3 S e cs00 200 ug/m3 ) 1200
: ; L Mtr;f i < - Er. \Week VIeVVi \Forum Discussion| s Ve J’ o M20190420
) = 5 i \Documentatlon' \ Survey | 1 ~ P
msg payioaa | = |
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* European Air Quality Directive
* Predicting critical days

— PM10 with an accuracy of more
than 90% and precision of 85%;

— PM2.5 with an accuracy of 90%

and precision greater than the
95%.

e Simulating Long terms values

— For long terms predictions

¢“SNAP/crry

(P T

m!
g T I y
Air Quality Directive WHOguidelines
Pollutant Averaging period Objective and Iega‘l nature and Comments Concentration Comments
concentration

99" percentile
PM. . One day 25 pg/m? (%)

(3 days/year)}

The target value has become a
PM, Calendar year Targetvalue, 25 pg/m? limit value since 1 January 2015 10 pg/m?
PM . Not to be exceeded on more 99" percentile
10 One day Limit value, 50 pg/m?* han 35 d 50 pgim? (*)
than ays per year. (3 days/year)
PM,, Calendar year Limitvalue, 40 pg/m® (%) 20 pg/m?
. ) Not to be exceeded on more
0, Maximum daily Targetvalue, 120 pg/m?® than 25 days per year, averaged | 100 pg/m*
8-hour mean & 1eUHE ' He
over three years
Not to be exceeded more than
NO, One hour imi 3 P
L Limitvalue, 200 pg/m?® (¥} 18 times a calendar year 200 pg/m?® (*}

NO, Calendar year Limit value, 40 pg/m? 40 pg/m?

8 & 8 8 § &
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Dh Of Anomalies
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Guessing number of users of Wi-Fi Access Points

time series <~ AP forecast time series 3 AP average time series AP Range
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What-IF analysis test

This dashboad contains data derived from actual sensors and predictive values under validation
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B Testing API by Postman .
9 = Snap4aCity Old CarParkCareggi Average Trend
& Source Code Access
R Script =
100 I 1 ——
Management ¥ —_— — = .
/ E'IECIIOI'IS =D
Settings ¥ - & List =
300 \
User Management and Auditing ~ \\ § N 1588 obs. of 2 variables -
o ~ Legend
=00 \ / // N NGRS bay
\ / <0Object containing active binding>
\\ 7 "CarParkBeccaria”
& i \ "http://192.168.8.2086:8898/sparql ?default-graph-uri=Aquery=SELECT+DISTINCT+%3Fdate+X3Ffra..
\\\ ” function omalyDate}
i i I iy i function
g g 2 = 2 S e function
g 3 £ g 5 & 2 2 & R A function
* * * Fo Time of the da
’ 7 7 ’ .
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From R studio data analytics to MicroService

seee @ studic

Trend Plot Time Series Predictions

) descriptive-statistics

L 3 time-series-prediciions

R Studio algorithms 7~ _ el E
are automatically R
transformed into Ny i
MicroServices for 0
your |

|OT Applications
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J J ) W 2 .
BVeinn 4 * CLACIAEOY 2NE DI PNSC ~IOW
J 4 J — - - — — — - —
Shap4City R Studio Development
@ File Edit Code View Plots Session Build Debug Profile Tools Help snapacity (3 | ®
© - Cm - Go to file/functio ~ Addins « R Project: (None) ~
oot Flles  Plots  Packages  Melp  Viewer
snap4city Console  Terminal O ©)AnomalyDetection.R o]
= =
New Folder O Upload | O Deete Sename Move «
ArcaManager | dap /snapacin e Sz anseve | @, Je orun | 5 b souree - e s s L
[1] "carpark” - 110 anomaliesmatr(, "timestamp™] <- as.character(dataFinal[ressancmssindex ,"alignDateTime"]) - /‘\ Home . SeapdCity  StatmticsOutput
Dashboards Warning in statisticsResult[indfolder]$statisticsOutputiame = unbox 111 anomaliesmatr[, "anoms”] <- as.numeric(res$anoms[,"anoms”])
(“Predictions”) : 112 A Name
PU— number of items to replace is not a multiple of replacement length 113 #table with anomalies
otificator warning in statisticsResult[indfolder]$statisticsOutputame - unbox 114 t
("MachineLearningPredictions”) : 115 setwd (outhD)
10T Applications number of items to replace is not a multiple of replacement length 116 options(digits - 1) P e ageSoeedDasy Trend oy
*geom_smooth()” using method = 'loess’ 117 tBtable < tableGrob(anomaliesMatr, rous = NULL, cols = c("Date and Time", “Anomaly"), theme-ttheme_default(base_siz
|OT Directory and Devices ¥ [1] "carpark” 118 grid.drau(tBtable) B CarParksDadyTrend pog
: Marning in statisticsResult[indfolder]$statisticsoutputiiane = unbox 119 h < convertHeight (sum(tBtablesheights), "in", TRUE)
Knowledge and M ("Anomalies”) : 120 w <~ convertWidth(sum(tBtable$widths), "in", TRUE) 25 ComrelatocMatrix
‘nawledge and M: nurber of items to replace is not a multiple of replacement length 121 . ‘ . ' Pablads '
[1] "HO ANOMALIES ON THE SENSOR -CarParkBeccaria_free-" 122 plot <- ressplot [ B preducrecfreeParkl Click on each .PNg file to visualize the statistics: a new tab will be OPQHEd
Micro Applications [1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkCareggi free-" 123
~ [1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkPieraccinileyer_fre 124 plotMix <- grid.arrange(plot, tBtable, 5 sensorsMeanferDay ) oy
Sxtemal Services Fi] "NO ANGMALIES ON THE SENSOR -CarParks.L free-" 15 E(L-’lh: 1'(5 1
~CarParks. Lorenzo_free- eights=c(5,1), -
_ . _ [1] "HO ANOMALIES ON THE SENSOR -CarParkStazionefirenzeS.M.N. free-" 127 as. table=TRUE) =2 StatisticsBySensors png -
Data Set Manager: Data Gate [1] "carpark” - e setwd (outhD) ) -
warning in statisticsResult[indfolder]$statisticsOutputiiame = unbox 129 ggsave(paste (columnshame[1],"Anomalies.png”, sep-""), plotMix, width-22, height-h5) = Suatistic By Sentors AnaOayMoment png
Resource Manager: Process Loader ~ ("anomalies™) 130 -
nurber of items to replace is not a multiple of replacement length 131~ }, finally - { =1 VehicleFlowOailyTrend png
Development Too [1] "NO ANOMALTES ON THE SENSOR -CarParkBeccaria_free-" 132
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkCareggi free- 133 }
Management = [1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkP)era(()mMsysr fre 134 statisticsResult[[indfolder]]$resultFiles]indResult]$sensor=NULL
B 135 statisticsResult[[indfolder]]$resultFiles|[indResult]]$sensor-unbox(as.character (columnshame[1]
[1] "NO ANOMALIES ON THE SENSOR -CarParks.lorenzo_fre 136 statisticsResult[[indfolder]]$resultFiles|[indResult]]$png-unbox(paste(outhD, paste(columnsName[i], “Anomalies.png”, st
Help and Contacts ¥ [1] "NO ANOMALIES ON THE SENSOR Lo rparkstazionaFirenses Ml _free-" 137 indResult - indResult + 1
- 138
Documentation and Articles ¥ 139
Files Plots Packages Help \Viewer =0 e Jelse{ .
file v 141 print(paste("NO ANOMALIES ON THE SENSOR “, "-", columnsName[i], "-", sep= o a
My Profile Q| New Folder | @] Upload | @ Delete = Rename | gk More « 142 } : 1 '
A Home 143 -4 58
144 H N ™
4 Name Size Modified e i 3
nohup.out 728 Mar 30, 2018, 9:47 AM 146 setud("~/Snapacity Lp-oP- ’
R 147 write(jsonlite::tolSON(statisticsResult[[1]]), "JsonstatisticsResult.json' el
148 return(statisticsResult[[1]]) 2 X J .
SnapdCity } TE
Snap4CityDEMO N o x=1 o
Snap4CityOld 8 anomalyDetection(anomalyDate) * R Script + @ .
Environment  History ~ Connections. =0 * e
T eelTe e
7 Global Environment | e .
2794 obs. of 18 variables = < L .
35539 obs. of 12 variables G e
&7 obs. of 15 variables . *o®e ne
57 obs. of 3 variables i oo A
2793 obs. of 15 variables I — N .
97 obs. of 4 variables .
Large gtable (784 elements, 9.2 Mb) . - .
List of ©
O statisticsResult List of 1 -
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ava, Pytnon, ..
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ntoIog?Scherﬁé LOG.d

—~— Knowledge Base,

isit.org

Big Data
Store
Facility

N

R Studio Development

A- & 3 € » A ALY
=N 2

Variable explorer 8 x
Name pe. See alue a
foat 32845904 o

fost 358 &

]

b

Object inspector 8x
Source Console |w| Object | aray v| £) = optiong,
array(.) *

Function of numpy. core. muiarray modde
array(cbject, dtype=hone, copy=Trus, crder=None, subok=False,
rdme=0)

cbject exposing the array interface, an object
returns an array, or any (nested)

vli<)
Permissions: R4 Endof-dnes: LF __Encodno: o

¢“SNAPcrry

Saving /.
Sharing

— resusing
Monitorini = — -
— [ 7]
|
’ Data
Process
sources

Smart City APl from Knowledge Base and other tools

Distributed Back Office
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How to create a Data Analytic Node based on R Script

(plumberized):
> How to download Real-Time data using Smart City APlIs

> How to save heatmaps using Heatmap APIs
2. How to create an |IOT Application for Real-Time Data Analytics:
»> How to upload the R script and create a Data Analytic Node instance

D.STR.QUTE%TS,YSTEMS e N e 0" ‘;s N Ap4C|Ty

TECHNOLOGIES LAB

DIPARTIMENTO DI

N
INGEGNERIA

1.

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

" Step 1 - Plumberize the code:

&7 #' @get|/TuscanyHeatmap
¥ #' @serializer unboxedJSON

. &
***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.

Snap4City (C), November 2019
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Real Time Data Analytics using R Studio

2 , - . By . . S
How to create a plumberized R script - 2

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

TuscanyHeatmap|<- function(sensorCategory, varName, fromDateTime, toDateTime, heatmapName){

_— -
m Subway_station
B Train_station

@ Ferry_stop

m Car_park

B Bike_sharing_rack
@ RTZgate

m Fuel_station

m Charging_stations
@ Underpass

x

4 IBIMET Weather Sensor -
VIA BERNARDO PASQUINI

heatmapName = "airTemperatureTuscanyTest"
sensorCategory = "Weather sensor"

varName = "airTemperature"
toDateTime ="2019-07-23T10:00:0

LINKED OPEN GRAPH
Name: weather_IBIMET_SMART09
Nature: Environment

Subnature: Weather_sensor
Address: VIA BERNARDO PASQUINI
DBpedia: "Bemardo_Pasquini

City: FIRENZE

- 1] 1
fro m DateT| me = - h our Property/Valte Type Value [ Air_quality_monitoring_statior
32 70 D Pollen_monitoring_station
D Smart_waste_container
airHumidity 28.60

D Smart irrigator
Q Weather_sensor

https://www.snap4city.org/dashboardSmartCity/management/ifra
meApp.php?linkUrl=https%3A%2F%2Fservicemap.snap4city.org%2F
&linkld=map1llink2&pageTitle=Service%20Map%20(Toscana)&fromsS tD] People_counter

ubmenu=kmlink | e = A
Snap4City (C), November 2019 125
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https://www.snap4city.org/dashboardSmartCity/management/iframeApp.php?linkUrl=https://servicemap.snap4city.org/&linkId=map1link2&pageTitle=Service%20Map%20(Toscana)&fromSubmenu=kmlink

* * * *

UNIVERSITA s SV, S, N

[ | DINFO [ DISIT crebebed
FIRENZE | BRESooe | SSRGS e CITY e sne

r

Real Time Data Analytics using R Studio

&

How to downlioad Real-Time data using API - 1

= Step 3 - Upload All Service Uris (sensor stations) from service map
in the area of interest:

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

/ 024779 A869:8.19580078 - 44 , 606 / 9 : / 46

&categories=",sensorCategory,

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

sensorCategorylson <- fromJSON(query) #jsonlite package

suri <- sensorCategorylson$Services$features$properties$serviceUri #serviceUri
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ddidd

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=7json

"http
"http
"http
"http
"http
"http
"http
"http
"http
"http
[...]

AT
://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"

Snap4City (C), November 2019
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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 (i in 1l:length(suri)){
temp=c()
#apl to upload the realtime data
— api <- paste("https://servicemap.disit.org/WebAppGrafo/api/vl/?servicelri=",
suri[i],"&fromTime=",fromDateTime,

"&toTime=",toDateTime,sep="")
sensorCategoryData <- fromJSON(api)

_, https://servicemap.disit.org/WebAppGrafo/api/vl/?serviceU
ri="http://www.disit.org/kmdcity/resource/IBIMET SMART11"
&fromTime=2-hour&toTime=2019-07-23T710:00:00
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= Step 5 — Data manipulation and data Interpolation...

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

value
87238
54115
20993
87870
54747

lat
76616
76616
76616
76616
76616
76616 [38.21624
76616 [37.88501

Snap4City (C), November 2019

long

24686 42.
11.30287 42.
11.35888 42.
11.41489 42.
11.47090 42.
11.52691 42.

%%.58292 42.

Interpolated

11. J
values

39.
39.
39.
38.

38.
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Real Time Data Analytics using R Studio

-

. _ | - ~ . - - >
How to save nheatmaps using APl - 1

= Step 6 - Create a R list:

interpolatedHeatmap=1ist()

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

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

#list

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

listAttribTemp = list("mapName"=heatmapName, "metricName"=|metricNamej
"description”= paste("Average from",fromDateTime, "to",toDateTime,sep=" "),
"clustered"= 0, "latitude"=1lat, "longitude"=long,
“value"= meanObs, "date"= paste(toDateTime, "Z", sep=""), "org"="DISIT")

interpolatedHeatmap$attributes|[i]]=1istAttribTemp
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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 =45;511 e
measurements: 12
——p— h ) T =679-733' | V%3

HighDensityPM10 ]

- "HighDensityPM25"
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Real Time Data Analytics using R Studio

J
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How to save neatmaps using APl - 3

= 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 = " : : ; "
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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How to save heatmaps using APl - 4

——  —

mapName": "airTemperatureTuscanyTest",

"metricName": "airTemperature”,
JSON Array "description": " Air Temperature heatmap ... ",

Format » "clustered": 0,

example "latitude": 43.1,
"longitude™: 11.1,
"value": 25.5,

"date": "2019-07-23T710:00:00Z"
"org": "DISIT"

hil.]]]
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JOT App tor Real Time Data Analytics

How to create a Data Analytics |IOT Application

What we need:

inject @3» To insert the R function parameter

0 p'”gif;iata%» To upload the R script and create a plumber instance
CE function %3» To visualize strings/numbers/html on a dashboard

® To execute JavaScript code on output messages
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IOT App for Real Time Data Analytics
How to create a Data Analytics IOT Application

HeatmapDemo

Messages on Dashboard

@ connected to ws://dashboard kmdcity.org:8080/server
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|OT App tor Real Time Data Analytics

| N o,
Nodes Conftiguration — Inject Node Node-RED
How to configure the inject node:
@r AirlemperatureHeatmap Tuscany O The JSON Format of the Payload
hEditinje::t node ' property has the same notation of the
o G .. | R function parameters:
7 node propertes { "varName": "airTemperature",
= Payload - {} {"‘farNamE":"airTemperature","heatmapN_:"*’_ "he atmapName":
= Topic N "airTemperatureTuscanyTest",
CRepeat  interval . "fromDateTime": "2-hour",
evey(2 |7 [hows "sensorCategory": "Weather_sensor"
# Inject once at start? }
% Name AirTemperatureHeatmapTuscany
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Nodes Configuration — Function Node tor Date and Time

)

< 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).toJSON().substring(©,13)+(":00:00");

4 return msg;
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Node-RED

Nodes Configuration — Plumber Data Analytic Node

How to configure the plumber data analytic node:
[@ 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 ‘ /TuscanyHeatmap|
[3) Script R &, Upload | TuscanyHeatmap (3).R

\ | foreate Plumber Data Analytic
1 Snap4City (C), November 2019 138
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|OT App tor Real Time Data Analytics e
Nodes Contiguration — Function Node for !/Jezzaue; on Dashboard
< Before configure the single content node is necessary to execute a
JavaScript code to visualize the status of the heatmap:

é Messages on Dashboard QJ

#° Function '

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

3 msg.payload ="<span style='color:green; ' >"+
1 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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Real Time Data Analytics

Node-RED

olg
figuration — Single Comtem Node

How to configure the single content node:

-

@ connected to ws://dashboard.km4city.org:8080/server

g@Dashboard |

Name Check Data Analytics Tuscany v ‘ Create Nevgig
© Widget
Name AirTemperature-Tuscany

Edit Dashboard View Dashboard
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Wizarded

Heatma

¢“SNAP/crry |

p Visualizatic

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

Selector and POI A h Events vs. map

Preset widget choice reset widget choi reset widget choice Manual widget choice

10T applications
Manual widget choice

Snap4City (C), November 2019
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Wizarded Heatmap Visualization
3. Select the Heatmap box as High-Level-Type

Heatmap ¥ All selected (2)

¥ O select al 4. Select the Sensor Category (Subnature)

| & Complex Event and Transport

éu L) Dashboard-IOT App | ironment

Weather_sensor ¥ All selected (3)

6-. LJ External Service - =lUEn B Select all
— /Leat ironment h
gf'_, eatmap ironment J Air_quality_monitoring_station dity
! /
— Pl ironment =9 ~\eather_sensor .
VA b S I (10"

ather_sensor airHumidity

5. Select the measure (Value Al selected ) ~ ~ heaumap

Value Type % Value Name Data Type % Last Date ¥

TypE) a n d t h e H eat m a p N a m e airHumidity AirHumidityAverage24HourFlorence heatmap 2019-04-08 13:27:52
(Value Name)

airHumidity AirHumidityAverage2HourFlorence heatmap 2019-07-22 13:00:00

airHumidity airHumidityTuscanyTest heatmap 2019-07-22 12:00:00
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Wizarded Heatmap Visualization

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

Map Controls:

7. Select the instantiation button to
proceed with items creation ‘

4

itributors

— Data sources
Instantiation
Button to proceed with items creation All selected (3) ¥ heatmap ¥
Value Type Value Name Data Type
+++ airHumidity AirHumidityAverage24HourFlorence heatmap
+ airHumidity AirHumidityAverage2HourFlorence heatmap
airHumidity airHumidityTuscanyTest heatmap

Create dashboard/widgets
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Manually Heatma

1. Select a Dashboard and
click on Edit

# Iz a4 o

Heatmap Testing Florence/Tuscany

My own: Public (DISIT)

Edit Management Clone Delete

¢“SNAPcrry f o

p Visualization

2. Select on More Options to
modify the widget properties

Properties £ W

o

# Hide header r
# Header color

Z Title color

& Background color
# Border color
o8 More options
x Delete widget
& Quit

-

le PistOlese

A
) ’
7
/

o A
Monsummano

Terme

Buggianese, -
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¢“SNAP4cry
Manually Heatmap Visualization

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 Symbol Symbel Description Query Colorl Color2 Data widgets
mode choice preview

A Road Accident... https://he... rgba(2: . rgba(2C .

Q
[V} ]
M

L |

(]

A Road Accident... https://wm.. rgba(17 . rgba(2: Nothin

[[n]
[7}]
o

1

SE T

A Wind Speed Fl...  https://wm.. rgba(0, rgba(1t Nothin

-

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

(]

https://wmsserver.snap4city.org/geoserver/Snap4City/wms?service=WMS&layers=airTemperatureTuscanyTest
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¢VSNAP/crry B

Heatmap Visualization

| Heatmap Testing Florence/Tuscany Node-RED
Irene Fri19 Jul 12:04:21
S o

[ <Prev 20190719 09:00:00 Next> |

Wind Speed Florence

A

FA Air Humidity Florence

_—
A Air Temperature Florence

Parc naturel.

Temp

.< 20
B -200
| P
W01
16-18
19-21
W22
W22
| PEN
W

N
© OpenStre

etMap contributors

s | eaeee | B € sNAPAcry

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTI20A==
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DINFO (DISIT z
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¢YSNAP/crry

Heatmap Visualization and
Heatmap Status Check on Dashboards

= Heatmap Testing Florence/Tuscany

Irene

Fri19 Jul 15:05:00

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

AlrQuaiily PMIDAvermge2HourHo ik B

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

AirCuATRyPME_SAvaraguzHour Halainks

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

ArQualYAQUA3082HourHeink)

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

CheckDataAnalytics

Helsinki/Antwerp/Florence Heatmaps

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

AirQuality M CAeragez ouTATtwerD

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

Aty M SAVTRQRZHOU AT WD

Interpolation and Heatmap
Completed 2019-07-19T14:00:.00

ArQuslityN O A e AN werp

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

AQUAIIty NOAWIGHZHOUTANWO D

No Availabe Data for alrQualityNO : All ServicelUris
are empty 2019-07-19T1400:00

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

Node-RED

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

MIOAveragaZétourt orence

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

PMZ_SMvenvgaziHourtiomence

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

LAveIgOIAHOU FIOmNCe

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

Interpolation and Heatmap
Completed 2019-07-19T14:00:00

NOZAWAGE2AHOUTHorence

Interpolation and Heatmap
Completed 2019-07-19T13:00:00

=

Bl

‘SNAPAcry

e

https://www.shap4city.org/dashboardSmartCity/view/

index.php?iddasboard=MTc3M
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R studio Development documentation (self tra

H\
—
| U
=
| —
8
\—_

https://www.snap4city.org/dashboardSmartCity/management/iframeApp.php?linkUrl=https%3A%2F%2 Fwww

.snap4city.org%2Fdrupal%2Fnode%2F25&linkld=25link&pageTitle=Doc:%20R%20Studio%20Development&fro
mSubmenu=handddocLink

*TC7.1. Exploiting data analytics and machine learning in 10T 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 APl into R studio

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

*TC7.8. Example of how to CreatelLastValuesMean.R

*TC7.9. CreateHourlyAvgTrendPerDay.R

*TC7.10. CreateHeatmap.R

*TC2.31 - Create Data Analytic Flow

*TC2.32 - Make Your Data Analytic Flow Public

Snap4City (C), November 2019 148
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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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Prepare
Absorb
Recover

DISIT

DISTRIBUTED SYSTEMS
AND INTE
TECHNOLOGIES LAB

City Resilience

NAPicrry! =

ariy Warning, Detection

Consequence

Adapt

damage

\
Critica‘{unctiona]ity

Svyvstem

resilience
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UNIVERSITA
DEGLI STUDI

FIRENZ

DINFO

PARTIMENTO DI
INGEGNERIA
DELLINFORMAZIONE

DISIT
mwz  City Resilience C"SNAW‘CITY

Early Warning, D
Issue:
, . Prepare
— Detection of critical
condition Absorb
— Not easily detected with Recover
other means Ada pt
Impact:
— Early warning, faster
reaction

— Increased resilience [ gamage

Several metrics related to:
— Volume of retweets

— Sentiment analysis

Criticalfunctionality

Plan

Time
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 Three main layers

* Complex System modeling: function, —
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
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DELLINFORMAZIONE

MG: European Resilience Management Guide

MONITORING Support System LEARNING

i
i

i

RESPONDING

||||||”

*Human Behavior Analysis
+Predictive Analytics
+Urban Transport System Dynamic

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

+Resilience Control Room Analysis
*Data Analy?ics *Resilience Quantification
« Early Warnings *Network Analysis

+Urban Traffic Manager Data Exchengé

*Smart Decision Support Systems (DSS)

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

*Resilience DSS

+European Resilience ® [ ]
Management Guidelines
+Game Based Training
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e assessing city resilience level

* improving city resilience,
providing objective hints

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

Snap4City (C), November 2019



FIRENZE | S&ENrazone | TEGHNOLOSEs Las

universita | DINFO | DISIT 2 ST
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS NAp4CITy

Dashboarding city resilience

= Tue 10 Nov @ 12:53:21
Flrenze 13.7883, 11.2580 ServiceMap, SmartDS

Qi eperatn @ L o n v @ 2 Acoest st (web ¢ moi) O b

3
L Servizi al Cirtadine: 25452

.}

Sr-n"llﬁ:muuu warta 30 SR el pernstiert: 39 19.40/0

Opes Data dispsmibii: 141

g Wt @ 20 Twitter ervnds citaxicnl O 3 Rilkevi s O oo
Principall Twitter Trends: fincare 5
Afiocestina fpoztevecchio

Chtariont: Tcommefi Aforentna
apentevecchio

Previsonl RTO 0 Presisionl metes del commne 0l FIRENZE @ bl

Tumactey Wedrentey Trarsey ey PP—
ey - y e crny cuny
&S - o) 20 yoiwe
RTO % Seart Cifs Engine 2 Query Servicemap @
U Mem Job
0.1% Totale  Esegui

o 24034 MB 954

23 & OpenToiedlic coemmacts OO G4 reages  Uaces:

A0 7 Semecrt KIO 0 Evestt el pacwn @

e -

Luitbor 32264 per giorno "5 1378 per giomo Twitter Vigila]

7 Query Kasdcity AF1O

in Orario s Anticipo In Ritardoe
60.6% 17.1% 224%

D) GIC0G)

RO

o W —Fresolute
:,’j<2-o;‘.<_\>@‘g_'_ §=
A y A ——— |
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http://resilienceds.km4city.org

=08  60EE

* FRAM Model

— Macro FRAM processes -
— Metrics for Process complexity assessment S
— Operational Semantic for executing FRAM “
mOdeI ........... :
— Connection with SmartDS =

— Connection with BigData open to multiple
sources of data and workgroup results,
KmA4City

* Collaborative work, web tool
* Open for all — See =g oy
* Validated on ERMG: European Guidelines == = — =+
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N
Tir_ng: : Controls: _;J;»\i;v-?rQSOlUqu
Thisis simultaneously a That which supervises o adjust | .~ E"L
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 . Monitqrsources of becomes the
function output vanability input for other

* Investigate system
architecture and events

d \GQD 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 Snap4City (C), November 2019 160
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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 u
of the phenomenon described by T "rzsolukz
functional resonance.

J o
;,4/
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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
functional resonance.
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Smart Decision Support System
based on System Thinking plus

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

Enforcing Mathematical model
for propagation of decision
confidence..

Collaborative worlk, ...

Processes connected to city data:

DB, RDF Store, Twitter, etc.
Production of alerts/alarms
Data analytics process
Twitter Processes

reuse, copy past, ...

s VSNAPAcrT

L C' [ smartds.disit.org:8080/dss/home jsp;jsessionid=F5523F87F9603F98CEDFF2587B7D78F4#

=@HVe@O

Add New Model
Model: Open Restaurant

Process:viale spartaco
lavagnini

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

Model: Change position of a bus
stop

O™ |-

Process:line 14 in viale
morgagni 10
Add New Process

Parking dimension

Model: Change position of a bus
stop_cloned

Process:line 14 in viale
morgagni 10_cloned

Model: TestGP
Process:Istanza Test GP2

Model: TestGP_cloned Name Model ~ Open Restaurant Date creation ~ 15-06-2015 16:45:08
Process:Istanza Test - Name Process  via santa marta 3 Date last modify 15-06-2015 17:01:13
Start execute  15-06-2015 17:01:19

End execut 15-06-2015 17:01:20

http://smartds.km4city.org
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Assessment €YSNAPlcry

Rinaldi\vv\

Relevant Services

Assessing Risk
* hydraulic

San Martino alla Palma

Min asset value: 90

@  Service
L3 L
e S ‘
e I s m I c s v villa delle terme case di cura
= o 4 villa dei pini srl
| Mosciano @  Poggio Secco

Flood Event Flood Observation Traffic Observation Damage analysis Layers panel  Vulnerability info ~ Service Observation
T .
Colonica \‘Ea R La Fabbrica
n \\\ Montorsoli Stazione
= SAN GIORGIO A COLONICA Colohnata B DL AN SURTING Caldine %‘9'5
£ imitero di &
frespi &
. SERVICE dose | Trespiano &
c NAME:villa maria teresa hospital...
Flood sensors observations: D ADDRESS:VIA DELLA CERNAIA FIRENZE,
A FIRENZE
™ From Data mm/h SERVICE TYPE: http://www.disit.org/kmdcity
@ Firenze Genio Civile 2016-04-11T15:59:00 12 d /schema#Public_hospital
i -04- -59: (o] SERVICE CLASS: http:// .disit.org/kmécit . :
™ Firenze Peretola 2016-04-11715:59:00 205 Smannoro p://www.disit.org/kmdcity el Traffic observations:
™ Firenze Universita 2016-04-11T15:59:00 105 fachenattiestCare
SERVICE: http://www.disit.org/kmdcity/resource R Dbmenica o From
Threshold: 10 /7ab1bcd5b84357b727dd671e6081d2db Dominico -
0 VIA DELLA MATTONAIA
From: 2016-01-01 00 | 00 iy, VALUE: 100 -
; 9 0 LUNGARNO AMERIGO VESPUCCI
To: _07- K 3
2016-07-29 00 |} 00 D D WKT DESCRIPTION: POINT (11.2561 43.7866) a R T R
“i VIA VALFONDA
SN SO * VIA VITTORIO ALFIERI
i 3
m \\ Mantignano YIASENESE
) ) A VIA GUELFA
Load predefined region: Firenze j ‘\“\
o | VIA DELLA SCALA
Jntrgp\:ile !
\\ G PIAZZA DI SAN FELICE
Mean precipitation: 14.333333333333334 U BORGO SAN FREDIANO
VIA VITTORIO ALFIERI
Scandicci
VIA DEL CAMPUCCIO
GetObservations Analyze ( V1A DEI BENGI
1 Soffiano
PIAZZALE DI PORTA ROMANA

Street Type
VIALE MAZZINI GIUSEPPE, FIRENZE

VIA FOSCOLO UGO, FIRENZE

Public_hospital
Public_hospital

VIA INCONTRI, FIRENZE Public_hospital

ratonia i
Poggiolo

o

oot

O\‘e\
&

Date
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08
2016-10-10 18:01:08

2016-10-10 18:01:08

Aerial with labels j Save Analysis  Export Configuration

FORNI

owi 1P EA

ey

Serraval

4=

1
|8

olute

27

23

27

68

60

car/km carh
15 2435
65 1842
12 2009
53 3307
58 2798
54 3216
3 420
13 2157
10 1697
17 2690
74 195
13 2157
59 2679
8 1361

Value
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e Personalized menu for
Operators @dc..

v
e ) ei
Rt https://t.co/rWdAIqOgiH https://t.co/S54z9hdbix

Sala Operativa Comunale ot oW

* Providing information and

Firenze (FI) (ZONA: A3) Twitter Alert

RISCHIO

S u gge St i O n S to C i ti Ze n S IDROGEOLOGICO IDRAULICO RETICOLOMS

IDROGEOLOGICO IDRAULICO RETICOLOHM
- Link Criticita

— Civil Protection Page " —
— Twitter Info

Idrogeologico

LSO, @ProtCivComuneFi - 2016-04-12 15:15:02

¥ Temperatura attuale misurata in zona
Firenze Aereoporto : 21.2

”""'.,_ (@ProtCivComuneFi- 2016-04-12 14:16:03 |
D,

o £ Temperatura attuale misurata in zona

Firenze Universita : 20.6

GO, (@ProtCivComuneFi- 2016-04-12 14:15:02 |
Y-

Norme di comportamento Idraulico

- G e O I O Ca | i Ze d I n fo Per info Protezione Civile di Firenze

a8 Temperatura attuale misurata in zona
Firenze Aereoporto : 23.8

tel 055/7890 - otl oW
protezionecivile@comune.fi.it-

Mostra Tutte le Categorie

* Tracking people and operators
flows

* Collecting information from
citizens
— Comments
— Images

Servioeiﬁap, SmartDS

R p————

0+ 1378 per giomo Twitter Vigilance
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Estate 2015

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

100000 200000

number of people in locations like airports s v Ey——-=
audience of TV programmes, political TV shows . EEEOED
weather forecast information | L kA L)
Appreciation of services PP
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* http://www.disit.org/tv P . S
e http://www.disit.org/rttv | AV T
* Citizens as sensors to | . | = =N

— Assess sentiment on services,
events, ...

— Response of consumers wrt, ...
— Early detection of critical

uuuuu

yyyyyy
........

conditions
— Information channel
— Opinion leaders
— Communities )
— Formation (.l
— Predicting volume of visitors for | ,. ; A VIV
tuning the services e heeettree e v !

Channel DISIT Evento 1 agosto Firenze L£

score pos Tweets score neg Retweets score  — Retwee
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carly warning, detection

* Issue: Prepare Clty Resnllence

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

means

* Impact: » Adapt
— Early warning, faster reaction | 3 \x >

— Increased resilience <,

* Several metrics related to

UNIVERSITA
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— Volume of retweets damage | T2

— Sentiment analysis
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Twitter Vigilance Real Time Dashboard
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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 TH 3H 6H 12H 1D 1w 1M
SRR s A ; . g
v i
-100
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
" . S\ . N, A ; P
q - h o o o o 1 - »
Tweets score = Tweels score pos Tweets score neg Retweets score Retweets score pos = Retweets score neg T+RT score = T+RT score pos = T+RT score neg .
Hide All
al - Most Significant Tweets for Sentiment in the period al - Last tweets per channel Firenze o
“ @Mario34mg - 2016-11-05 18:20:10 W #! @BettoGigliola - 2016-11-05 18:35:05 ¥ 2
1| @alessiarotta FIRENZE Lancio di bottiglie e pietre, cariche della polizia, transenne che volano, fumogeni e petardi.. + RT @augustoillu: Firenze, scontri e feriti al corteo dei manifestanti per il No: cariche e lancio di bottiglie https:/t.co
https://t.co/553jRty7a P /BCz5HMEIl via... -
013 0 % Sent. Score: 0.0625 7309 ¥
8
@ReTwitStorm_ita - 2016-11-05 18:20:10 W @Awlcecchini - 2016-11-05 18:35:04 W &
RT @marcotravaglio: #Leopolda2016. Stasera alle 21.00 sono all'Obihall di Firenze con "Perché No”. Vi aspetto Prato, inchiesta sul pellet: forniture pagate e mai consegnate, pronto maxi esposto dell'Aduc https://t.co
PARTECIPA: https://t.co/M3Fn... /pa4dFT|BWa7 via @repubblicait e
0 3713 0% Sent. Score: 0.0113636 o1 0 A
o A R VN
ago 01 ago01  ago01  ago01 agoO1 ago01  agoO1 ago01 ago01 ago01 ago02
12:15 13:49 15:15 1638 1747 1846 2009 2109 2208 2309 0008
@repubblicait - 2016-11-05 18:20:12 W @Alienit-2016-11-05 18:35:04 W
Rﬁ:g Firenze, scontri e contusi al corteo anti Renzi: cariche e lancio di bottiglie https://t.co/jR4ICJOUjO #Leopolda RIOTs. Scontri #Fir manifestante colpisce poliziotti con un segnale stradale https://t.co/0EfELg3arG
147 0% Sent Srare-0
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200 years probability Arno flooding

e |

Arno Flood Impact on Tram Line & Traffic

"\\/F~~ ety %% Vogit® Dynamic rerouting

T
o
£ ¥

Information through VMD
and public announcements
at tramway stations

Alerts on Tram
Line Stop Signs

Case Study D
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Twitter Vigilance Dashboard
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Sentiment Analysis b
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Tweets score

= T+RT score pos
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Hide All
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Pfec//cf/mg udience on Social intensive TV snow

 |ssue:

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

* Impact:
— Making Advertising, promotion
— Valorizing advertising

* Periodic events
* Specific rules

— Adjusting the show e Strong influence and user engagment
. * Audience can vote
Several metrics related to * Audience espress appreciation and rejects
— Structure of volume of TW, RTW * .. Similar to the presence at large and log

t t, such as EXPO2015
— Features of the tweet authors Atk G, SEEU e

— Relationships ....

Snap4City (C), November 2019 178



. .

r 1 - r— -4 —
| dr ) 7 r ) 47 © / — r »Y. J J a] o
’redicting Audience: X-ractor, Pecnhinotxpre
J Y e @ - W Jd d e~ f ‘2 B _ B B ) - - v 4 - J‘JJ J i - 9 _Jy/,J< e N y @
- / ] /
180000,00
* Trend of TW and RTW for X-Factor 9  «oe =@ |
140000,00
120000,00
S I h 100000,00
— Several seadrcnes 8000000
60000,00
. . . 40000,00
 Similar model for other Social 200000
0,00
o o o o o o o o o o o o o o
. & & & & & & ¢ & &
& & & & D o D o o o4 o o4 v o
ntensive TV shows
. 30000,00
— See e OW Pec Ino Express —+#divanorolling -=-#eleonora -+ #elioperilsociale
——#enrica ——#giosada ——#moseek
25000,00 ——#urbanstrangers -#-#xfLive —#+@urban_strangers
——@xfactor_italia ——elio fedez }
20000,00 ——mika sciortino skin ‘
= f1Z1¢ + P2Zy¢ + P323¢ + -+ i Zir + | i
15000,00 { iT
Xt 121t 2Z2¢ + B3Z3: Bk Zke + 1 “ 3 |
10000,00 ;i\‘ ',i\ ;ll, {
{ |
5000,00 A w r(\
60000,00 —a— H#pechinoexpress ! / ’ " \‘\ /\‘ ‘ l
50000,00 - @PechinoExpress 000 VQWV.A%M,JA,\{\;: Bl daten It /RS o
from: @PechinoExpress ; Frn YO b Bt Bttt B S D oo B T S T
40000, 00 ) ) \) ) \e) ) 2] o
! 6\- O Q\v Q\- Q\v Q'\ 0’\- N
30000,00 \&\"v \Qq\’» \0‘3\/‘k \oq\» \\9\’\' \\9\» \\9\,L \'\9\’» \
D 9% O 9 %) Q! A 9
20000,00 Q Vv 0% Q N v v Q
10000,00
0,00 O e e e e e S R N e R e e e e e e e e e e T
At Rt Rt Rt It -ttt Rt Tt Rt Rt Rt Rt Rt Rt -t Rt Rt Rt Rt Rt Rt Rt - Rt Rt B Rt Rt
o (=1 o o (=1 o (=1 o (=) (=1 o (=1 o (=1 (=1 o (=1 o (=1 o o (=1 o (=1 (=1 o (=1 o (=1 o (=1 N
g2 gzgegggggeggggeggsgsggsgsggggzaz oroursupt | DINFO | DESIT
S S SS ST sssasssSSzTzzsSTTssSsTszssga FIRENZE | By | SERERen e

&
~
)
2
0
®

Twitber Vigi.

SnapA4City (C), November 2019




Iis ot Predictive Models Validities
X-Factor 9 - Model Pechino Express - Model

Metrics collected over the 5
days before the event.

Coeff  Std Err t-val p-val Coeff Std Err t-val p-val
B, -73.48 58.49 -1.256 0.2494 -954.3 64.69 -14.750 ( oos5
8, 122.7  70.27 1.745  0.1244 4144 284 14.590 (0046
8 135885 462704 2.937 0.0218 937920 80946 11.590 (o773
3
1
B 264.3 153 1.728 0.1277 2175 345.6  6.293 (243
Bs -214.9 132.5 -1.622 0.1488 -1640 270.6 -6.061 (261
n -762730 627238 -1.216 0.2634 -2560461 401675 -6.374 (237
0.727 LR
S 66467 8851
e 55589 6805
340 182
Sky R
S 13 5
millions of registered tweets on Twitter 1.625 0.455
Vigilance
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Case Study B2

 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

Twitéer Vigilance
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Filter Bar

Expo 2015 Visitors

—— Expo Visitor TS
— Train SARIMA
——  Train SARIMAX
— Test SARIMA
Test SARIMAX

200000
|
\

100000

_ K\A\NW\
| |

ago 01 ago 11 ago 25 set 08 set 22 ott 06 ott 20
2015 2015 2015 2015 2015 2015 2015
Training: 01-08-2015/02-10-2015 63 DD

Predizioni al 90% Test perl'Dd 03-10-2015/25-10-2015 22 DD

: A . : , . Precision: 96%
/[ - o » & r ' / { d r Vg s '
Nitter Vigllance on EXPO2015 channe

/ /

Predicting volume of visitors for tuning the services

Tutti (65) / Current (2) retweetCount w message
531 dozens of cars burned down during #noexpo protest in #Fmilan http:/i.coftacpEmpkqg hitp:it.collls gtgtpjt

- A4 B s i 2= e s P e Flark e ZEraeormsrts Aarsa—=ie saemrma Rer il anifoe etes R S e de i e s F e

342 rt @aut_omnia: black bloc used smoke bombs to blind cops, then changed clothes, dropped gear and slipped into crowd. genius. #noexpo http/as

337 black bloc used smoke bombs to blind cops, then changed clothes, dropped gear and slipped into crowd. genius. #noexpo http:.-'.n‘t.cm’ZQ?quc:a;cgél'
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e |ssue:

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

retweeted ‘? 28 day Summary wih cance over previous period
* Impact: »

— Advertising, promotion, training

» Several metrics related to e - P
— Structure of the tweet Wi
— Features of the tweetting author| = renatiggerausience |
— Relationships .... N 1
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Case Study C [ -
DEGLI STUDI pINFo DISTRIBUTED SYSTEMS C S u \\] Distributed Systems and Internet Technologies

Tweet metrics Data sets:
URLs Count | # of URLs in the tweet T
o
Mentions Count | # of mentions/citation of Twitter users in the tweet 100 M | I I 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
. 5
Author Network metrics 0

Followers Count | # of followers the author of the tweet ° 10 HA00 10100 Over 000

Followees Count | # of friends the tweet’s author is following
Listed Count | # of people added the tweet’s author to a list
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re fweet proneness: assessment

| Metris | PC1 | PC2 | PC3 | PC4_| PC5

Retweet Count -0.1623 0.4346 0.1635 -0.0026 -0.1009
Favorites Count -0.6294 0.3908 0.1922 -0.1128 -0.1880

Followers Count -0.7599  0.2736 0.0522 -0.0983 -0.0857

Followees Count -0.1336 -0.0907 -0.4627 -0.2494 0.1182

Listed Count -0.8431 -0.1549 -0.0498 0.1500 0.1871

Statuses Count -0.4256 -0.5016 -0.3781 0.2795 0.2410

) Hashtags Count -0.1585 -0.5661 0.4377 -0.0517 0.0309
z : Mentions Count 0.0394 0.2194 0.0786 -0.1607 0.7697
URLs Count -0.1288 -0.5483 0.2539 -0.3388 -0.3248

Publication Time 0.0076 -0.0728 0.3639 -0.5186 0.3707

Days Count -0.0370  0.0070 -0.5072 -0.6604 -0.1691
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2 (PO

reTweet proneness: Classification metnods

 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 | Y ole] (= T
Time in sec.
180

Recursive Partitioning (Stat) 0.6807 0.8512 0.7767 0.8122

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
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Degree of Retweeting Classes

Assessment drivers 0
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1-100 101-1000 1001-10000 Over 10000
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 = l0.6815
Accuracy 95% Confidential Interval (min, max) (0.6813, 0.6817)
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Pfec/] ctive models VS metrics relevance

Variable Importance between Models

80,0%
70,0%
60,0%
50,0%
40,0%
30,0%
20,0%
10,0% i
Oocyz ni“i _UEE _.iﬁ ii ii _ii ii= ii —
X X X X Q X S X X X
O \\ O O . O N\ O O QO
(JO\) (JO0 (JO\} (JOO Q’\\(Q (JO0 Q’b QOO (_/O0 QJOO
& F @ & P P R
S R Y S NN,
<
Q Ny < N & O S

M Random Forests M Gradient Boosting i Multinomial M Recursive Partitioning
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There is no
other platform
that collects
all city actors
together.

The data handling
throughout the Platform
is considered as one of
the strong points in the
Platform and of an
extremely sophisticated
level.

What People say about us
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