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Dashboard Management and GDPR

— Dashboard Listing, Managing, Sharing,
Delegation

— Dashboard ChatRoom and Notifications
DataType Management GDPR Compliant

— Personal Data Management GDPR
Compliant: POI, Data, KPI

IOT Applications, Devices and Dashboards
— Managing 10T Applications
— Authoring 10T Applications

From Simple to Data Processing 10T
Applications
— Create a Simple 10T Application (Demo)
— Production of 10T Application (Exercitation)
— Data Processing with IOT Application (Demo)

— Processing Data with IOT Applications
(Exercitation)

o ~=F9as
¢“SNAP4crry 2

Data Analytics: Examples from Snap4City

— Smart parking: Predictions

— User Behavior Analysis

— Traffic Flow Reconstruction

— Modal and Multimodal Routing

— Environmental Data: Predictions

— Social Media Analysis: Early Warning, Predictions
Data Analytics: Enforcing and Exploiting

— Real Time Data Analytics: using R Studio
Exploitation in 10T Applications (DEMO)

How to Add Functions that are not present in
the Platform

Development of Low Cost Sensors and
Actuators

— Proprietary IOT Devices as Well as Open
hardware / Open Software

I0OT end-2-end Secure Stack

Snap4City (C), 23 July 2019
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Levels or Difticulty

* Easy. o non programmer level

* Moderate. adad Some JavaScript rudiment coding

e Good. adadad JavaScript programming

e Golden. cvebehed Programming in R Studio

* Professional. |¢¥evevevel|  Exploiting Smart City API

* Excellent. cvebebebebed Developing Full IOT Applications,

Dashboard and Mobile Apps

Snap4City (C), 23 July 2019
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* Please start a fully guided training cases:
— HOW TO: create a Dashboard in Snap4City d’
— HOW TO: add a device to the Snap4City Platform |¢¥
— HOW TO: add data sources to the Snap4City Platform é

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

Snap4City (C), 23 July 2019
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Snap4City

User: roottocladmind, Org: none
Role: RootAdmin, Level: 7

Dashboards

@& My Dashboards

Notificator
10T Applications
nal Data

and Devices ~

pment
agement ¥
ttings ¥
r Management and Auditing ¥
Help and Contacts =

Documentation anc

DISIT

disit: Private

Management Clone

My data trends

nicola.mitolo: Public

Ma ent Clone

Dashboards

Prev 1 2 Next

Datacenter Energy Consumption

Passive

disit: Public

Management e Delete

Florence data overview

Passive

Notificator monitoring

Passive

Edit Management Clone Delete

I -

DataCenter gas and smoke (desktop)

disit: Public

Management Clone Delete

Leonardo - Smart city data 2

Passive
[~ ]

Y -
B 4
r

Leonardo: Public

Clone

Pisa Real Time Data
Passive
Pisa Real Time Data

mitola: Public

Clone

DataCenter gas and smoke (mobile)

Passive

disit: Public

Management

My data and trends
Passive
My data and trends

nicola.mitolo: Public

Edit Management

Real Time Sensors via ServiceMap3D

Passive
-

disit: Public

Management
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Dashboard
Title

Snap4City Dashboards

e [

Snap4City - App dashboard Snap4City - Duttons with imeges ‘SnapAcity - City epp SnaphCity - Cioss widget intesaction 1
[ [ orm

DevDash for comparison analysis
Passive Dashboard Type

Dashboard Preview
(click to open the
dashboard in view)

Snap4City - DataCenter gas and smoke . Snap4City - [ o Snap4City - Google Map emiecdding wi.. Snap4City - Mobility Operatos
Faze Pz

Ownership

Additional actions
(only for the

IW- P - dashboard owner)
a0
Edit

Management

Clone

Delete

(add Thumbnail is inside Edit)

Snap4City (C), 23 July 2019
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Ownership Visibility I

Dashboard Management R

 Change Ownership

Management

* Public or Private _— e

Air Quality Sensor in Jatkasaari - Change visibility

- feisinkd M Confirm

75 B Management _
H : ‘. g Ownershi Visibility ‘ Delegations Crous Desmtions
* Delegation access SRR L/ - s
Confirm
t t h o ' Delegated username can't be empty
O other users > _ e
E — 2o, Delegated user Remove

paolo.ant2 x

Management
Visibility Delegations ‘ Group Delegations

* Delegation Access
to other Groups [Higher
roles cross Organization]

Helsinki vs Antwerp comparison Add new group delegation

Citizens v Confirm

Current group delegations
Delegated group Remove

Helsinki - All Groups »x

Snap4City (C), 23 July 2019 10
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J J
|

ICIONd

Ado

J rroper

J

IT

r

180111 ,
 Embedding Dashboards into

— a Dashboard
— third Party Web Page

* Header or not

* Responsive or not
* Size

* Background Image

e Add / change Screenshot
(Thumbnails)

e ..etc..

Ol

0

RISCHIO

RISCHIO TEMPORALL

RISCHIO IDROGEOLOGICO

RISCHIO NEVE
RISCHIO GHIACCIO
RISCHIO VENTO

RISCHIO

T ®

¢“SNAP/crry

Dashboard of dashboards UHD

Firenze Energia e Colonnine HD

LT T e

o

KMlCiT ‘
™ ‘P‘émg

5D we

Channeling
Change

\lenice, June 13-14, 2019

Digital Cities in a Changing World
explore more, discover more, create more

Training Snap4City:
Dai Dati alla Citta Senziente, Smart Ci
- 25 Giugno 2019
-9 Luglio 2019

- 23 Luglio 2019
Scuola df Ingegneria. Universita df Firenze
Via Sanla Marla 3, Firenze

PROGRAMMA

call https:/ww

Sono aperte posizioni per il DISIT Lab:
= Tecnologo to be engaged to work on EC projects. See the offical

ifi.it/avvisi.html:

v for 18 months: deadline 20 February

Powered by www.kmdcity.org

Snap4City (C), 23 July 2019
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DOM Per De

shboar

DT

Temperature 1 (H24)
224 . f
168 c | e

10°C | -

56

R I, e i i g e

b
G
3

25.0ct 0400 0800 12:00 1600

Temperature 2 (H24)

l{ l“lm P rwﬂ"!\nl.n R nl"

EUT vy i o

19.0ct 20.0et 22.0et 23.0ct

Temperatura aria via Bolognese ¢ 1w 2 4 1 machine 166
Humidity %1 i) Humidity Percentage 1 (daily)
528 ! } n l
s | Nh b Lo A A
. [ T A LAY l,{fl& 4 A | e
0, g ® current
(o] =2 Previous
NZE\ Oct 0400 08:00 12:00 16:00 20:00 26 Oct

r

-/

¢V SNAP/crry

Chat Management

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

A Notificator
O |OT Applicati

onal Data

opment Tools =

Aanagement ¥

and Contacts *

Snap4City (C), 23 July 2019
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* Each Dashboard may have only one separate ChatRoom

e The Dashboard Owner can
— Activate the Chat Room on Dashboard header in Edit
— Add a number of users platform to chat room

e The Chat Room

— Allows to Exchange Comments and Pictures

— Can be Accessed on web and mobile

— May Provoke notifications on the header of the Dashboard
— |s accessible only under authentication

 The Administrators can access to the Log for review of the discussions

Snap4City (C), 23 July 2019
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smart City Vionitoring: Notiticator

Snap4City Notificator

Associated with metrics T—

Role: RootAdmin, Level: 7

EVENTS © MESSAGE @ ADDRESS - REST ' EVENTS CLIENT

[
WI t @ Dashboards 4 GENERATORS BOOK BOOK BOOK LOG -~~~ APPLICATIONS
SI " ,vv I l ‘ ,I ' dge S @ My Dashboards

A Notificator

Dashboard title Widget title Metric type Dashboard link  Add/edit/delete notifications

0 IOT Applications

My Personal Data DataCenter Temp 1 edited DCTemp1 % &

10T Directory and Davices ¥ FirenzeWiFi AP FWIFI WifiStream_Aps

[ [
A I t e r n a t Ive w I t h I O I A p p itttk Mugnone 2016 Utenti attivi (12 ore) N_Active_Users

Micro Applications

P P PP P
L= - B - BiK - 3 - )

Mugnone 2016 Utenti attivi (giorno) N_Active_Users
. . . . W External Services ¥
o N Ot I fl Ca t I O n S I I l a y a r r I Ve Data Set Manager: Data Gate DataCenter Temperature 2 (last 12 hours) DCTemp2
Resource Manager. Proc DataCenter Temp 2 DCTemp2

Development Tools

via Facebook, Telegram, e Events log

EVENTS © MESSAGE 1 ADDRESS .m REST EVENTS CLIENT

@1
o Settings ¥ GENERATORS. BOOK 1 BOOK Lo ——— APPLICATIONS

. Text filter Start clate 3 Application
S M S e I I | a I I etc b perttansgement andAufng © 2017-07-31 00:00:00 = 2017-08-11 092200 = Al v Flller Restme
L] 2 . N " :
’ ’ ’ y Help and Contacts ¥ Generator container Generator name Generator type User Event time Event type Application Link
J D rtation and Articles ¥ 08~ =50 s
[} L) ocumentaton andATtice ToolAdmin - Public Ataf RT Ataf_Rt marazzini 2p17e0b709 Valugre 50 Dashboard %
17:38:03 Bad Manager
exploiting pp
" 2017-08-09 27 < Value <= Dashboard
SnapaCity portal ToolAdmin - Public Park Free - Speedo Park_Free marazzini —— 54- Ok MEREgET S
* Lo ) ToolAdmin - Public Ataf RT Ataf_Rt marazzini 2ol08 0 Valuei<-50i~ Peohibodid S
17:37:02 Bad Manager
DISIT Lab portal
ToolAdmin - Public Park Free - Speedo Park_Free marazzini 201177;?;;:9 27 ;;/?gi < D;Z:Zzae:d So
. . - 50 - S
. ToolAdmin - Public Ataf RT Ataf_Rt marazzini 2017-08-09 Value <- 50 bashoboard %
17:36:02 Bad Manager
paacement 2017-08-09 Value <= 11 - Dashboard
ooy S cated EngagementCreated marazzini 173558 Low Manager %
Generator Event Time
Ataf RT Value <-50-Bad  2017-08-11 092341 T, DCT 1 ara 2017-08-09 6 < Value <= Dashboard
WOrkrlow management o amer memmn FUCE00 | SiESe D %
se - Speedo Park_Free marazzini 201177:;?;509 27 ;;/?gi < D;Z:Zzae:d Sy

system for ticketing T .

Snap4City (C), 23 July 2019
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DASHBOARD TO VICE \ -
APPLICATIONS
DATA ANALYTICS,
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MANAGEMENT awh SYSTEM AND GITY
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10T APPLICATIONS ¢ ’ SNAPACITY THE
THE LOGIC AND ?N':RPO :Yvng's VIEW OF THE
THE SMARTNESS ADMINISTRATORS
‘ SNAPACITY
: LIVING LAB FOR
COLLABORATIVE

WORK




[r—;lNGIYIE ;%SL[;)A] IRR!\M'EDIO DISTRIBUTED SYSTEMS “ ”

FIRENZE | S50 mzone | RENGEEEs e ¢ ,' SN Ap4c|'|'y m
Users may decide to: * Correctness

, . ¢ T
— provide access to who, for do what, until when consented ) S;actsr?@rency
— accept terms of use by signed consent for data * Integrity
management service © Privacy
e Auditing

From each service, the user is capable to: .

— See what we collect in terms of Data Type: traces, logs, paths, profiles,
accesses, |0T devices, sensors, maps, etc.

— Download, delete, inspect Data
— Auditing and Revoke access or grant access right to each single Data
— Delete all Data in single shot or singularly (forget all about me)

Snap4City (C), 23 July 2019
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If personal data are published by the owner:

— the data are released anonymously,
- also in this case they can be revoked at any time:

Snap4City is also compliant to GDPR Technical Constraints as it:

— Performs Secure connections in any private data exchange

N
— Encrypts data store for all private data
Encrypted
— Decouples data and personal IDs Data Storage
N—

— Audits private data usage

Snap4City (C), 23 July 2019



%n.'m,
o
«‘P‘ém E“

E‘M

brov sruo | DINFO [ DISIT 7

FIRENZE | BotiEss’ " | 2BNEEr . SN A p4CITY
- DD €~ J =\

3IUPR COMPliant g

My Personal Data Types . My Personal Data Types

My Personal Statistics and Bounds

View Edit Track Access control Convert

This page allows you to access at your Data Types, which are your personal data thatwe ¢ [\N] @ N @ ge Profile and M Yy PersonalData

most cases, a specific tool and view is provided to manage them

s My profile data and Blogs
_ - e P P P EE L " []
o to r"nan.:ge;?u. user profile data (name, email, ): view, edit, delete FO r e a C h D ata Ty p e .
« My Personal Statistics and Bounds: daily or Monthly
o 1o access at your statistics about the data access and volume of resources use . . .
that may depend on the Organization at which one belong and on the role in — St t p t 9 m k g th m p b |
* My Personal Data, My KPl and My POI a r a S rlva e a I n e u I C
o 10 manage your personal MyKPI, MyPOl and trajectories, if any: view, edit, dele k
; PR (anonymous) and revoke
o to manage your personal engagements recevied on the Mobile Apps, auditing
» My IOT Devices

¢ to manage your |OT Devices in which it is possible to: edit, delete, make public - Th e OW n e r iS t h e O n Iy O n e t h at Ca n : ( 1)

+ My IOT Applications . .
o fo manage your |OT Applications in which it is possible to: delete, restart, char d f | U ( 2) h g h h p

¢ My Dashboars MOAITy Values, change the ownershi
¢ to manage your Dashboards in which it is possible to: edit, delete, change owr . .

s My IOT sensor data service URI (for programmers) —_ D f / k D I A
¢ to manage the Delegations to access at the ServiceURI of the knowledge base e I ne revo e e egatlon to Ccess

+« My IOT sensor data service GraphlD (for programmers) " ” |
e fo manage the Delegations to access at the a Craph (data sef) of the knowled —_— D | /f D T d | |

* My personal data by IOT App (partially deprecated) e Ete O rget p e r ata y p e a n m e a *
e 1o manage your MyPersonal Data, if any: view, edit, delete, delegation in acces

* My Annotation data Q u d iti n
o to manage the Delegation to access at the Annotations: delegation in access,

+ Auditing Access to My Data
¢ o audit the accesses to MyData

Snap4City (C), 23 July 2019
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* My Personal Data, My KPl and My POI

— to manage your personal MyKPI, MyPOI and trajectories, if any: view, edit, delete,
delegation in access, revoke delegation, make public, change ownership

* My Personal Engagement

— to manage your personal engagements received on the Mobile Apps, auditing, if any: view,
delete

* My IOT Devices

— to manage your IOT Devices in which it is possible to: edit, delete, make public, delegate in
access, revoke delegation, change ownership

My IOT Applications
— to manage your 10T Applications in which it is possible to: delete, restart, change ownership.

My Dashboards

— to manage your Dashboards in which it is possible to: edit, delete, change ownership,
delegate in access, revoke delegation, see list of delegations, make pubilic.

Snap4City (C), 23 July 2019



Smart Bench

Sat 22 Jun 15:4523

483

pg/m3

18:00 22 Jun 06:00 1200

Temperature () [ES

271 |

Humidity (5m)

Pressure

1005

hPa

totalSittings

sittings
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Smart Bench

Sat 29 Jun 20:19:43

airQualityCO2(zm)

No data available

®

Temperature (om)

No data available

b ¢

Humidity [am)

No data available

totalSittings (om) sittings
No data available No data available

Pressure [om)| k x x

totalTransits (om)

No data available

@ s Mv«l DI d'SNAp4q1y : 22
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Dashboard Deleg

Management
Add new delegation

Confirm

Delegated username can't be empty

Current user delegations
Delegated user Remove

comunedashres x
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FIRENZE | B&ER&

Vianaging Personal: KPI, D

Which can be:
— Acquired from any source: SQL,

Snap4City

User: roottooladmini, Org: DISIT
Role: RootAdmin,

A Notificater

0 10T Applications

SPARQL, API, etc., ODBC, JDBC, etc. L

— Computed by means of IOT App,
Data Analytics, ETL

— Stored/retrieved into personal
safe or general storage

— Edited from tool, or from IOT App
— Added Manually or Automatically

— Shown via Dashboard

& 10T Directory and D

@ Kmacity porta

@ DISITLab portal

20181005
174616

20181005
74402

20181005
7431

20181005
7432

20181005
73301

20181005

20137012
175253

20131005
74575

21810-05
4126

20131005
4210

20131005
74029

20131005
73758

20131005
73544

20130402
000543

2013-04-03
00546

Last Date
Nature ~
i rd
“ply

Moailty and
Transoert

Ervitonmsn

Ervionmsn

Erviconmsn

Ervionmsn

Ervionmsn

nfrastructur

Infrastructur

—

—

CcSNAp4CITY
ta, PU

v

Sub lue

Nature ~ 2
sup

Ely perscnaper

Accomodati  Percentage
on

Deciion  Percentuale
Suppar:

Accomodati | Euroa
on perscna

Eollutior | Numoer
dzta

Percentage

Follendate  Pollire

Value
Name v

Consuma di

energia

Percentuale
K oiste
ciclzbilisui
km totzl

PIL recidenti

Superamen:
ianno

percentuale
ciriciclo
rfiuti

Quantitz d
fiuto per
abitate

Ambrosia

—

-/

My Personal Data

DataType

float

percentzge

percentzge

intager

integer

Last
Value v

2

percentage S

Bolcgnesed float

ewdaint

Bolognsse_
windCust

float

private

private

private

private

private

Superament
iPMIDane
2 Firerize

Percentuale
diriciclo
ifiutiin
Firenze

Misurzzione L2847
poline

famiglia

Ambrosia

12310
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- : - R - l - o -1 o
FOr exampie: the smart o
My Data, KPI, POI

> Puslc © Delega I

igh Level

17056232 MyKPI Entertainment Smart_bench Smart Bench Transits transits integer 6/29/2019, private disit_comunefi -Eﬂ _
75952 P = o
17056231 MyKPI Entertainment Smart_bench Smart Bench Light light float 6/29/2019, 0 private disit_comunefi mEﬂ DELEGATE USERS
7:59:53 PM MAKE PUBLIC | DELETE | CHANGE OWNERSH.
17056230 MyKPI Entertainment Smart_bench Smart Bench CO2 airQualityCO2 float 6/29/2019, 412 private disit_comunefi mm
7:59:53 PM [ oeLerE | METADATA CHANGE OWNERSHIP
17056229 MyKPI Entertainment Smart_bench Smart Bench Total totalSittings  integer ©/29/2019, 0 private disit_comunefi mm
sittings 7:59:53 PM
17056228 MyKPI Entertainment Smart_bench Smart Bench Sittings  sittings integer &/29/2019, 0 private disit_comunefi 50 ED
75953 P c=a
17056227 MyKPI Entertainment Smart_bench Smart Bench Total totalTransits  integer 6/29/2019, o] private disit_comunefi 50 EZD VALUES
Transits 7:50:52 PM [ oeLere | METADATA CHANGE OWNERSHIP
17056226 MyKPI Entertainment Smart_bench Smart Bench Pressure float 6/29
Pressure 7:59 My Data, KPI, PO|
17056225 MyKPI Entertainment Smart_bench Smart Bench Humidity float /29
Humidity
KPI Delegation Details
17056224 MyKPI Entertainment Smart_bench Smart Bench Temperature float
Temperature

Username
Delegated *

Showing 1 to 9 of 9 My KPI Data First
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Management of MyKPI, MyPOI,

Snap4City My Data, KPI, POI

User: paolo.hel2, Org: Helsinki --- ilte
Role: AreaManager, Level: 2 My © Putlic © Delegated Filter Table

Micro Appllcatlons My Pomts of Interest MyPOI

: == Points Of Interest

My Profile ¥

@ KméCity portal Data Type integer Eccolo

& DISIT Lab portal MyKPl  UtilitiesAndSupply  Agents paolohel2 © 2038531 m Q@ 289m

Information 09:4917
Saved From The
App

©®2039116m @ 519 m

i

17055924 MyPOI  Accommodation My Hotel private paolohel2 ¢ 2019-0508 »

;

:
¢
$

My Hotel
] ®200m
My POI Details
kiniemi J
L i i Hermanni (t
[P — snkkiniémi, Services: 8 Eccolo
of My Organization MKPI Utiitiestndupply  Agens Nature * . ” private paolohel2 [ED | DELEGATE Users | < ®608m
rds in My Organization ED
Subnature * [oeere |
D Inspector o
ata Inspector S4chelsinkitrackerlocation
R o L9
My Data, kP, POI 1056204 MyKPI  UtiitiesindSupply  Agents Latitude prite paoioner2 EED P i
0 10T Applications [ Mo pueuc] B EDCCEEEED § —————
Longitude * [ oeLeTe ) .- % o
2 arpappusage
e 73 2m
EducationAndResearch Cultural_e private paolohe? (ED (N3 4 —
METADATA A = e
% CDm - b §i arptrackerlocation
| o= # 2
- ¢ Kaivopuisto $8 g
[ - aivopui g
J90 MyKPI  UtilitiesindSupply  Agents ! e A ap private  paolohel2 (ED nid 2 pnkkisaan s L é ——
Data Set Manager: Data Gate £ He METADATA \ /” Oty s 5 i
?.E [Eosoa) o F p 2 inytrackerlocation
& Resource Manager: Pr Loader ¥ Y eaugimi b . e 2m
\ .
| @ je @ v v .
@ Development = | | KRS 7 5
MyKPI  UtilitiesAndSupply ~ Agents U private paolohel2 (ED oA 4
) - . nyappusage
v MAKE PUBLIC
Management ~ Leafiet | © OpenSireetiap contributers. == &0 G e + v Y el
E=3 v . »' g Bm
e
Value Name - " ] X By
L] | @ & Opensirserhian. my.nm; 3=
MyKPI  UtilitiesAndSupply Agents private paclohel? (ED NS 5 3 2 <1kiappusage
Value Type =) <4 Points Of Interest ® : it &—fm
Munkkisaariiy' Vit s¢
vew]
ED
[ocie
[vew]
[=or]
E=3

S4chelsinkitrackerlocation

h + entri
®2041652m © 3180 m Stow| 10 =) entries

Showing 1 to e of e My KPIData

Pzge Number

Values ~ DataTime !¥ Latitude  Longitude ;

ﬂ¢g EQ; 0 ‘;3/05/2019, 43792 1125
"o« X =Q 3

Snap4City (C), 23 July 2019



NIVERSITA | DINIFO | DISIT 1z
DIPARTIMENTO DI DISTRIBUTED SYSTEMS
IRENZE | M58 o | MGNEL: e SNAPACITY

S4CTuscanyTrackers

Status still

Speed: N/A
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Accessing Multiple Trajectories
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’
Ay = ’é DEGLI STUDI PAFITIMENTDDI DISTRIBUTED SYSTEMS @]
4 3 s
FIRENZE | betse ADINETE e CITY ==&

-

Da b S Y y | - >
DEJL(JD%JICJ with intelligence APP

Dashboards with 10T Applications for enforcing smart and
intelligence into them Dashboard-IOT App

10T and City data World | |OT Applications Dashboards
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BB L EE :
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Node-RED

éy |OT Devices
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Snap4city Platform
Data Shadow

Actuator

Dashboards also provide
rendering for sensor values

Lavagnini Statuto

Snap4City >ensors
|OT Brokers

Managing Public and
Private IOT/IOE Devices

Towards any 10T Device
and/or Dashboard

Sensors Snap4City (C), 23 July 2019 e
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HLT: Sensors-Actuators

 Complex Event . -
* Dashboard-10T App IOT Application DaShboardS

e External Service
* Heatmap m;mﬁ ,,,,,,,,,,

ple

™ From 10T /
__;.Jto Dashbo S

KPI (key Performance Indicator) | | -

nnnnnnnnnn

* MicroApplication :
My Personal Data =
* MyKPI e
 MyPOI
* POI (Point of Interest)
* Sensor

Node-RED
From Dashboard to
10T App

High Level Types

* Sensor Actuator p I a t' Iy E

Special Widget
o« Wfs (G |S) Snap4City (C), 23 July 2019



5 e T
¢YSNAP/ciry ; - On Cloud
JOT/IOE on the field L B _ ] Ee "= = | other

(1) Registration —d = - - gm - Connected
(0):etns:rfrr&7 EiE :_____;:________:-:__H_e_ _______ = . - : 10T App
C rs i :
Vo s — ‘ —Ruw “ |(2) Production of
~Hot A|i,p on I0T edge B¢ E
Sensors z = 1 :
Actuators : ks == : /:’ A\ M/ -

Sensors/ Linux (4) 10T App and

1
1
i
IOT Edge Actuators ! its Dashboard
|
1
1

With 10T App distributed are executed

\\\\\\\\\\

10T App can be executed on
10T Edge and/or on Cloud.

= MicroServices calling
| Dashboards, Storage and
Analytics are executed on
.| Cloud.
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" Apbplicat sting. thev can be
Application Listing, they can be

Shap4City IOT Applications

Basic (white) i 135 X -
* Advanced (red) §

|OT Edge

— Raspberry Pi
— Android

— Win/Linux
Data Analytic
(Plumber)

* Web Scraper (&= opicationfilll 07 , App

® 2018-09-21T0319 ® 2018-10-19T16:07
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DINFO

PAFITIM ENTD DI
INGEG
DELL INFOFIMAZIONE

= | FIRENZE

|OT Applications Listing

— Basic / Advanced
— On |OT Edge Raspberry Pi
— On 10T Edge Android

— On |I0OT Edge Win/Linux

EDIT 10T APP

® Localhost

®,
7o

=
1

Click the icon to

owner: badii A F £ Mrs_hlm edit the 10T AQQ

nmupununnmnni the 10T App
Click to open Click to edit |1OT
the Node-RED App properties
10T App _
dashboard i itth
; i
: : Dashboard
Dashboard
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|OT Application Management P
- — - — — D — - - Pl'

Application name:

* Properties
— Name, Type, Creation date

Application type:

* Control puciAppicztionManagement
— Restart
— Delete
loT Application Management
* Change of ownership | ppemes  cowol | ownesnp
— Toward another Snap4City User New owner usemame o

New owner username can't be empty
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ons Development

ons

fons.
- N L]

OE) V0
peo
?o?séga E ot Edoas Ag

o

Generating IOT App
With Dashboard

|OT App. Editor |-

ServiceMap Discovery

— K

< Knowledge Base, Km4Cit

—
y A

Sharing/saving
reusing |OT App

Dashboard Collection,
Editor and Wizard

Resource Manager
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Snap4City

o =< Node-RED
Q

roottooladmini
RootAdmin | Idap v input

@ Dashboards

inject 0

@& My Dashboards

T
A& Notificator
[ oo ¢
O IOT Applications
My Personal Data
= |OT Directory and Devices v L
il Knowledge and Maps v t http ¢J

Micro Applications websocket ¢)
it External Services v tep ¢]
5 Data Set Manager: Data Gate

udp ¢J

<% Resource Manager: Process Loader v

amgp )
Development Tools v

amgp2 ()
& Management v

#E Settings v

User Management and Auditing v

Help and Contacts
C link

matt

frtpreseeres )
==k

[J Documentation and Articles «

8

& My Profile v
& snap4cCity portal o LUMISEREIES

&' Km4City portal () websocket

@ DISIT Lab portal tep

amqp

() amgp2

nrl

S
flow1 Flow 1 + info debug |d
Node-RED
Flow
ps . Name flow1
() show micro web app
h ID "49a71220. b297b4"

service-search-near-marker

| world map \:3 transform results C
N—7 el )

@) oint
< p

, @ event-log %
L

@) opupopen O
C popupop |

Y

" world map |

Status Enabled

Information

__— vehiclefiow (car/h)’ C

D

) Q
vehicleFlow ()
"

O ket [~

() switch
L

= h [ [
timestamp (;3-—({ last temperature ) —(k get value

@ connected

I D
event-lo =
g O

\

ser

pierfrancesco.

N

J

(| sensor ‘

@ connected to ws://192.168.1.185:9000/s¢
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Node-RED

* |In the IOT Application of Snap4City, it is possible to:
— Create multiple concurrent Flows for each IOT Application
— Execute flow that process data as: Event Driven, Batch (periodic or not)
— Load other libraries of MicroServices/Nodes/Blocks

* The loading is allowed only for Administrators for security reasons

— Save/load, share, Flows, and applications with other users via the
Resource Manager or with JS Foundation

— Ask a limited number of 10T Applications.

* The Limit may depend on the organization or on personal authorization
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msg.payload

UNIVERSITA
DEGLI STUDI DI

FIRENZE | &E\ESazione | TEGNGIOGIES Las

DIPARTIMENTO DI DISTRIBUTED SYSTEMS

Import sdc

Public flow: RecommendationsForyou2

Public flow: SuggestionsForyou

Public flow: TC2.7 (b) - 10T protocol Telemetry

Public flow: TC2.7 (&) - 10T protocol Telemetry

Public flow: TCZ2.5 - 10T application; 10T Discovery of sen
Public flow: TC9.2 (JSON) - Managing_heterogeneous
Public flow: TC9.2 (XML) - Managing heterogeneous
Public flow: TC9.2 (RDF) - Managing heterogeneous
Public flow: TC9.2 (HTML) - Managing heterogeneous
Public flow: TC9.2 (CSV) - Managing heterogeneous

[{"id":"99d0ceb6.66a7f", "type" "json","z""18bbf2b5.57d68d", "name"
™ "pretty"false,"x"-343.00002288818,"y": 110.00000953674, "wires"
[["a65d77fc.50feed"]},

{"id""3d04d6a4 80e6ea”, "type" "inject”,"z""18bbf2b5.57d68d","na
me":"™", "topic":"™,"payload": "{\"contacts\":[{\"contact\":

Importto | current flov

Clipboard
Library
Import S4C

Examples

View

Import

Search flows

Configuration nodes
Flows
Subflows

Manage palette

Settings

Keyboard shortcuts
Node-RED website
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¢“SNAP/ciry

Control Room Operator

Would like to:

- Monitor traffic flow,
Environment, Car parking,
Cycling, First aid, temp., ..

- Act and monitor Dynamic
Plates

- Act and monitor red lights

Driver, Policeman

Would like to:

- Monitor traffic,
Parking, traffic events,

speed limit, ...
- Act and monitor red
lights

SnapA4City (C), 23 July 2019
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Sensors:
— Values
— Status
Actuators:
— Buttons
— Dimers
— Etc.

Virtual Sensors
and Actuators

por——
e w v o LI

DISTRIBUTED SYSTEMS é o g g g e v
AR ad@q & Al SN Ap4¢|-|-y m
) W aw Sy E.,_-pd: o

Snap4City - Mobility Operator

Speed limit

Traffic sensors |1 4
First aid

Meteo sensor

Pollination

'A rking e

cci £ i Pan G

e —

o] N

A Smart bench agno gl A

7 / Servizi
& 78 ; o
SS 741 i I3
Cycle paths | — eaenest Qe a tma \ I | £
Il £ - > o
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S hours ) S
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A /

i
% Parcheggio &4\
] S. Lorenzo § A

\\ -
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JOT Application with Cit
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JQJ% development

Snap4City - App
dashboard

\/ Traffic Sensors|” + | = [64 . : timestamp L

-

airTemperature

airHumidity

. 3 Ryt ] - msgy d-2
- (=) 2 b Fiware Oricn json - get Limit —_—
Free parking J []
: event-log

1
18. Mar 03:00 - - 12:00 15:00
k\_’ updsteState Count _— extractStateCount _— m

O Air temp € Air Humidity (i) Morgagni e sy NSRS

82.4% (U wotesierin rvsusmerie
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f setTrafficLight e Onion send
Off
/ / )
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Request Green
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Free parking
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=
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Request Green
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et
Control Room Operator

Would like to:

- Monitor events vs services in the
city and receive critical event
notifications from on the road
operators.

- Assess contextual condition,
services status

On the road operator

Would like to:

- Monitor data of traffic,
Parking, environment,
speed limit, services,

- Send critical event
notifications via coded
description

SnapA4City (C), 23 July 2019
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serviceSearch

setFlowLastPosition

) setFlowPeopleNumber
Taxi Park
S

e D emmm
PeopleNumber ) P ‘
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input

output

function D‘%

https://flows.nodered.org/?term=snap4city

i Node-RED
social -
storage 1 '
analysis JUPPRTELL L WL N
""" BigData Knowledge -,
advanced & ices: T,
A N
wm2m Jfo o Services ! Ps, 1/ Access )
\ 4 f 40T Sensors and discovery Services _—
sac SearchDev —O " Actuators Services. 7
) <" Special Services for @
S4CMapping IOT Edge, IOT Butto Application i
Development .

S4CManagement
S4CDataAnalytic
S4CBigData

S54C SsSearch
s4CData
S4CDashboard
S4C Sigfox
S4CloT
s4clLogDev
S4CView

S4C sSocial

location

dashboard

and Managemen

App Services
: MicroApplications
: Development Kit

Computation
Management
Services

.
.
.
.
.

Big Data Analyti
Services: Machine
learning, .. .

ETL Process
Services,
automating data
ingestion and

Services

MicroServices

Areas

‘YSNAP/ciry

Daisy of MicroServices



Basic Node.js Blocks on NodeRed on our Advanced IOT Apps

~ input
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status
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~ output
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(] (]
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JH
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E

EE] stomp
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location

[ ]
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i,

~ function

(=
x[a
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o= =

(J
=

1
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0 On al

-
] <
‘ll 0 0

0
=}
H

~ social

~ analysis

5] somimen

<
]
¢
o
3
:
A
~
v
U U

-0

[ | feedparse

T e

. 019

~ dashboard

~ @

~ button @J

st
) o switch O
G- sider O
O numeric O
O textinput O

date picker

aOn

Ras

¥ wj colour picker ¢J

\[_;i ‘ form gj

besl

N B

google
calendar

~ storage

=

Node-RED

+ on |OT Edge Raspberry

~ social

~ Raspberry Pi

[ | Sense HAT [}]
[E] Sense HAT | ]
~ network
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Hello Worlc
o,
* http://developer.opto22. com/nodered/generaI/gettlng- Node-RED

T r r

=

started/node-red-hello-world/

&= Node-RED x\__\

€ ¢ [ 127.0.0.1:188

=<, Node-RED

Q

v output

Hello, world!

http response

websocket

tep

udp

v function

function

info debug

Node
Type debug
ID 2d930e35.482d92

» Properties

The Debug node can be connected to the
output of any node. It can be used to display
the output of any message property in the
debug tab of the sidebar. The default is to
display msg.payload .

Each message will also display the timestamp,
msg.topic and the type of property chosen
to output.

The sidebar can be accessed under the
options drop-down in the top right corner.

The button to the right of the node will toggle
its output on and off so you can de-clutter the  ~
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E“—
~  function -£I—split¢- DiVides the input message intO Split msg.paylead based on type:
& function (0 e . . . string / Buffer
E - multiple messages as indicated
e template =] . . . i i a |y
- - . in the configuration. If you seitusing [ % |
— dela (]
b - § . have an array at the input, you \ [ Handle as a siream of messages
I_'_I rlgger I_I_I . .
— can configure it to send each Array
= . element of the array Split using Fixed length of 1
I_J'_:_I tcp request |#| indiVidua”y at the OUtpUt. Ohject
HT:-. switch o ’ 4 Send a message for each key/value pair
; L . 1 . 1
e changs & 0 switch 0 Treads the |nput " Property ~ msg. payload Ol Copy key 1o -~ msg. topic
5 range o) message on possiple .
e N different outputs |\ ~h
= join based on a < [~ 5 50 _2
<=N esv comparison made on | _ -
._J'-:_. | it =] the input message. R | Mode manual v
& | json = 1 Combine each |+ msg. payload
|_J":_| | =l |¢|
FY v & r a1 Operates in reverse order o e A ’
|-|L:-' | soap reguest ¢| . : tO the Split- JOinS the / Send the message:
- N . . . « After a number of message parts
o | EeeCe” Incoming messages in the _ _ _
'1L:—' | —— .#. mode indicated in the = After a timeout following the first message 3
e random 4 f t + After a message with the msg.complete property set ‘
® 3 configuration.
|_Jr:'| rbe |¢|
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input

output
function

social
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analysis
advanced
lwm2m

S4C SearchDev
S4CMapping
S4CManagement
S4CDataAnalytic
s4CBigData
S4CSearch
S4CData
S4CDashboard
s4C sigfox
S4CloT
S4CLogDev
S$4CView
S4Csocial
location

dashboard

Sa4CcC SearchDew

ewvent search
= -

event search

P

—vent search |
—— =

address poi S4cCcManagement
search by text
near gps.

position
bus routes
search

bus routes
search near

gps position

bus routes
search within

gps area

bus routes
search within

wkt area

bus routes
search within
stored wkit
area

oet job detail @3

get triggers of
jiob

get job group
names

| ) ST (;::.

Oy iy 00— 0 0 Oy Oy 0

| wmieieee

get trigger
group names

i ke s o

~ S4aCcDataAnalytic

descriptive ;
¢ statistics

2

time series ,
. i =3

e O 0 e &y 0

U_
Q
E
“
0
v
2
0

trend plot d:)

2

J
datagate %3 -%l

sasarch

Py datagate ] %

create

[
C%l portia crawlerc}j [{j

notificator last
~ S4CMapping events
notificator
service info history svents
mappaed

address pol
scarch by toxt

= el ale i Al A e A il i e e mlm
¢
H
i
v

€
'{J mapping
2

set mapping LJJJ

a

bus routes

polygon

tpl agencies
| =

| ol lines EJ;-

el routes by
agency

Pl routes by
line

route

el stop
timeline
recommendati
wwithin circle

| el stops by

wvalue type
search near
marker

wvalue type
search wwithin
circle

i abm 0 ol 705 ols 05 Gy iy

wvalue type

sear

aulm

-ent search |
along path

1

event ssarch % get other
= activity on muy
address data
search near
marker #) | = " élj
geo
search near %] ‘ get my
marker .
annotation

address poi
search by text
near marker

address poi
scarch by tost
wwithin circle

bus routes
search near
marker

(o U o U W o e Ve e Vo Yo Il

bus routes
search wwithin

circle

~  S4CDashboard

~ S4CView

& show micro
web app

show general
[
iframe

~ S4CKPIData

- S4CloT

g iot directory

inlc.ﬁ—aun-y

. “cﬁm
-

I

iot directory |

T =

fivware orion C;Ij

fivware orion q;)

fivware orion ]

Ffivware orion in
w2

fivware orion
querny w2

fivware orion ]

out w2

fivware orion in
w22
fivwware orion
querny w22

fivware orion ]

M

out w22

snapdall
button

S4C Social

e
lw

twitter last
- -
channel

get my
kpidata

twitter last
weet

get my
kpidata
wvalues

get
anonymous
data

S | get other data

S4C Sigfox

L
sigfox E ]

get public
kpidata
values

get delegated
kpidata

values

save my
kpidata
wvalues
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UNIVERSITA DINFO

DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS
F I RE N Z E INGEGNERIA AND INTERNET
DELLINFORMAZIONE TECHNOLOGIES LAB

; .‘ g L)
¢“SNAPLcrTy s

" sscsearen * For example to search for:
service event search bus routes — . D%
aearchknear near marker search within P O I S . Node-RED
R event search polygon M H
p— TS — * near a GPS position, from text, along a path, in an area,
Sear;::d:r“hin e""e"tﬂsh‘.?a”:h tpl lines etC- ’
_zemiee PR — Public Transport information / data
o sgency .
service eventgs:arch tpl routes by - S u gge St I O n S
search along usr line .
— Public Transport Means Routes/Paths
— e — Events in the area
SEriEs e geometry timeline .
— ssarch noar mm — Value Type (kind of data)
se:c::kr:ar SZ:?;:Sbir':Z;t within circle N Etc .
full text i s::'al:;t:Z:r °
s = * To Get DATA of a Service / POl /sensor
full text :de:: s::rlgﬁ :Fif;n — Rea | TI me service info
search within s 7 it circle -
= — ANY kind of sensors
full text bus routes search within
search alon search near 0 on 4 e d i 'F
b e ==+ Distance from GPS point S
value type
full text e search along

search usr

search within
circle

path
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S4CSearchDev

service
search

service
search near
gps position

service
search near
service

service
search within
gps area

service
search within
wkt area

service
search within
stored wkit
area

service
search by
municipality

service
search by
queryid

service info
dev

full text
search dev

full text
search within
wkt area

full text
search within
gps area

UNIVERSITA
DEGLI STUDI DINFO

FIRENZE

DIPARTIMENTO DI
INGEGNERIA
DELLINFORMAZIONE

full text
search near
gps position

full text
search exp

event search
dew

event search
axp

event search
within wikt
area

event search
within gps
area

event search
near gps
position

address
geometry
search near

gps position

address
search near
gps position

geometry
search near

gps position

address poi
search by text

address poi
search by text
exp

DISTRIBUTED SYSTEMS
AN

D INTERNET

TECHNOLOGIES LAB

address poi
search by text
near gps
position

bus routes
search

bus routes
search near
gps position

bus routes
search within
gps area

bus routes
search within
wkt area

bus routes
search within
stored wkt
area

tpl routes

tpl stops

e Similar to basic Search functions but

with more flexibility of the function for
programming the search

* Adding Dynamic behavior:
— Getting in input JSON with parameters

* To Get DATA of a Service / POI /sensor

saervice info

— Historical and real time dev
— ANY kind of sensors

Snap4City (C), 23 July 2019
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UNIVERSITA
DEGLI STUDI

FIRENZE

iot directorny

iot directorny

iot directorny
limk

ot directorny

S

S

\_,r'

S

lim ke
fivwware orion
fivware orion
oarion test
fivware orion

fivware arion in
w2

fivware orion
querny w2

fivwware orion
out w2

fivware orion in
w22

fivware orion
query w22

fivware orion
out w22

snapdall
button

DINFO

IPARTIMENTO DI
INGEGNERIA
DELLINFORMAZIONE

por——__ ™\
-‘ y vl

DISTRIBUTED SYSTEMS # '
T A ' CITY <=5
Wb u.“*

Search for 10T Devices in a given area, or for kind

Node-RED

(temperature, model, location, producer, Broker, ...)

Subscribe to one or more IOT Devices independently on
their protocol, broker, owner, etc.

Send data to IOT devices
Establish with IOT Devices Secure certified Connections

Please note that many other protocols can be also
added, adding mode nodes, or registering IOT brokers to
the Snap4City IOT Directory s

ﬂﬂﬂﬂﬂ

Snap4City (C), 23 July 2019



v | B | Dashboard C"’;SNANcnv e
e Native Local or Snap4cCity

2 ]:wi * Input/output . Input/output

s 5 e nON secure * Secure

2 | —_ i * Limited in graphics * Advanced in graphics

©ewn b o No authentication * Single Sign On

E }dpki e No HLT * Several HLT

ol em &> e+ Nointegration * Fully integrated

* Etc.. * Etc..

= * Local on IOT Edge . R.emote for IOT Edge _ -
T 0 g via WebSocket Secure -
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*”i’\‘fme 2 BEGLIE?'?UDI DINFO DISI
(@[' ) S DIPARTIMENTO DI DISTRIBUTED SYSTEMS
\;Vf]ﬂ,‘] F I RE N Z E DELLINFORMAZIONE TECHNOLOGIES LAB N a
2SN

Dashboard-| TApr/

From Dashboard to IOT App

|OT Application

|,=:I
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DINFO

DIPARTIMENTO DI
INGEGNERIA
DELLINFORMAZIONE

DISIT 2 Y
Y S ¢“SNAP/crry e
From Dashboard to IOT Devices

* Widgets: e Act'ng N yoyr
— Impulse Button \ | “Ystems
— Button f @
— Switch S
— Dimer/Knowb P _
— KeyPad
— geolocator (1) PeopleNumber

* Registered on some “None”
|OT brokers with | =
NGSI mutual i
authentication =

Confirm
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DEGLI STUDI ﬁ%HIWNENTED,O
F l REN Z E DELLINFORMAZIONE

Single Content Widget (flexibility)

From Dashboard
Editor and |OT 7 4
Applications, accepts Halms

In input:

* Numbers

e String
HTML code

DISIT

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

20.3°C

o
ol ﬂ.m,

¢VSNAPlcry

R Position Updated,
1440 Utenti WiFi press Show My

Interpolation and Heatmap Completed 2019-

07-01T09:00:00

o SO2Average24HourFlorence

SnapACity (C), 23 July 2019

Position

SMN (Bm) BINARIOI6 (8m)

305 T

% occupati su 901 posti % occupat s 185 posti

LEOPOLDA (8m) CALZA (Bm)

277 446

% oocipati Su 300 posti % ootupati su 218
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UNIVERSITA
DEGLI STUDI Qﬁ!tﬂquo
FIRENZE

INGEGNERIA
DELLINFORMAZIONE

ol oL LI
DISTRIBUTED SYSTEMS # ' NAp4
AND INTERNET i ITy -
TECHNOLOGIES LAB e C E.‘_?d!m )

- sackriDats e Save and retrieve MyKPI into the safe personal data

S storage e
“ e Access to MyKPI and to those that other user have
delegated to Me

s © MyKPI are:
m — Time series of data with GPS coordinates that can chage over
g time

— Suitable for: moving sensors, trajectories, data from OBU, data
from mobile, sensor data (if needed), etc. etc.

* MyPOl are:
— POI with full metadata description and static coordinates
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UNIVERSITA
DEGLI STUDI

FIRENZE

location

u.f

worldmap
worldmap

tracks

~ S4cBigData

DINFO

IPARTIMENTO DI
INGEGNERIA
DELLINFORMAZIONE

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

e Request metrics from Twitter Vigilance
Channel service and engine of DISIT Lab

* Location services
* Maps and get position (raw solution)

* Getting data from DataGate/CKAN
* Publishing data to DataGate/CKAN
* Managing time series on DataGate/CKAN

Snap4City (C), 23 July 2019
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DIPARTIMENTO DI
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DELLINFORMAZIONE

' ‘ -\» vl )
DISTRIBUTED SYSTEMS f v
AND INTERNET )
TECHNOLOGIES LAB ooy a.":%

e |OT Applications, realized by using Snap4City Node-RED and integrated with
Snap4City Nodes/MicroServices block, can be behind dashboards to get data from
them with Virtual Sensors and Actuators.

— Dashboards may be connected to multiple IOT Applications and IOT devices
— 10T Applications may be connected with multiple Dashboards and IOT devices

* A network of Dashboards, IOT Apps and 10T Dev and data is easily realized
exchanging data via secure connections.

* see the following Training Cases
— US2. Using and Creating Snap4City Applications with Dashboards
— TC2.3 - List of MicroServices and the Help, for Final Users and Developers
— TC2.4 - The daisy of MicroServices for Snap4City Dashboard and IOT App

— TC2.28 - Snap4City MicroServices for Snap4City platform management from 10T
Applications, feature of reflection

Snap4City (C), 23 July 2019
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_ ¥ %
, LU

DISTRIBUTED SYSTEMS

AND INTERNET -

TECHNOLOGIES LAB me E L] [H]

* see the following Training Cases
— US2. Using and Creating Snap4City Applications with Dashboards
— TC2.3 - List of MicroServices and the Help, for Final Users and Developers
— TC2.4 - The daisy of MicroServices for Snap4City Dashboard and 10T App

— TC2.28 - Snap4City MicroServices for Snap4City platform management from I0T
Applications, feature of reflection

— TC2.24 - 10T Applications developed exploiting MicroServices, also supporting GDPR, real
time, data sharing, etc.

— US9. Creating Snap4City IOT Applications, different formats, protocols, brokers,
communications

— TC6.8 - ETL processes for data transformation, and exploiting MicroServices/API/RestCall

— TC2.13 - Import of any new Block/MicroService or library of MicroServices into 10T
Application Builder tools

Snap4City (C), 23 July 2019
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SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES "."!:SNAMcm

e TWITTER 3‘3
< ) : i c - . o VIGILANCESSOCIAL w
o S SN % .
I\ conoime & 00 BENED) e S .’A?IMNQI.YtlS [ l ]
| MANAGING OPEN R °* ® v
AND FLEXIBLE WEB _/SNAPACITY FOR = SN
AND MOBILE APPS o - SNAPACITY
2 ARCHITECTURE AND
ECOSY M. OPENED
FROM CITY or [
DASHBOARD TO
APPLICATIONS 2
7
DATA ANALYTICS
1OT/IOE DEVICES 5
DATA GATHERING AND NETWORKS BUSINESS

AND CITY DATA

PTOCESS) lcat

‘» SNAPACITY THE
VIEW OF THE
ADMINISTRATORS

’ SNAPACITY
UVING TAB'FOR
COLLABORATIVE
WORK




Lol o [ /
» NE | *
S e
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ST,
AVE-L (7
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[ WALy |7
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UNIVERSITA
DEGLI STUDI

DIPAF!TIMEuTO DI DISJRIBUTED SYSTEMS
FIRENZE

INGEGNER AND INTERNET
DELLINFORMAZIONE TECHNOLOGIES LAB

P T

: “ * L)
CvSNAPicrry &

Create a Simple |IOT Application (Demo)

Production of IOT Application (Exercitation)

Data Processing with 10T Ap

Processing Data with IOT Ap

olication (Demo)

olications (Exercitation)
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In this demo let's create an 10T Application
that:

* reads a realtime value of a service and
e publishes it on a dashboard
* sends email to someone

70
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T
/* .""'?
DISTRIBUTED SYSTEMS
AND INTERNET €
TECHNOLOGIES LAB e s

NILOYC &2 € Tolah il
Nodes tor tiow
Node-RED
-~ Generates an input for the other nodes. It can be repeated at predefined intervals,
entered manually and of various types (string, number, Boolean, json etc.)

S, Requests detailed information for a specific service on the platform (such
as a car park, hotel, etc.)

function Executes a Javascript code once the input message is received

UNIVERSITA
z | DEGLI STUDI

FIRENZE

DINFO

PAFITIMENTD DI
INGE RIA
DELL INFOH MAZIONE

json Transforms the incoming message into a JSON

Display values in different modalities on a Dashboard (or on different Dash)

The node called single content accepts strings, numbers and html.
‘speedometer | The others only accept numbers.

Py
god

Send an email to the desired recipient. You must enter the username and password of an

il . . 4 £y
emal active email. éé
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UNIVERSITA Dl

N YL _ &
NFO |Di: ,
DEGLI STUDI ?lepénm\éngﬁrom Erlqsglﬁg‘?EEEDE_leSTEMS p » m
FIRENZE | 58508 iazone | SRERESSEs Lae 0-1o CITY &

timestamp | — msg.payload E

Node-RED

+ Injectand Debug ENNEET QS BN 4 =

info debug dashboa

T all nodes o

* Connect

2272018 node: adazaish 420608
msg.payload : number

1563787358396

22712018, 11:38:44 node: ada2ab58. 4=6088

* Deploy

msg.payioad - numoer

info debug dashboa 1563787396951

2272018, 11:38:49 node: ada2a558 420608

msg.payoad - number

 (Click and Observe 1563757482326

* Play with results
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uNIVERSITA | DINEEO | DISIT i

DEGLI STUDI t S8 ermento oi DISTRIBUTED SYSTEMS ™ =

FIRENZE | BEREEe |SENGEEL: Step 2 CITY m
|

J
ey o D

Node-RED
info debug dashboard

d SerVice Info 4 l sEmEEs AT %. Yallnodes | | @&

22/7/2010, 11:54:10 node: ada2a556.4e6608 ~
msg.payload : Object

e Connect

» Service: object

Name ||
predictions: array[@]
Servicelri hitp:/iwww.disit.orglkmdcity/resource/CarParkPieraccinilMeyer vrealtime: object
L]
* Configure
Language Italian - te - :
vresults: object
http://www.disit.org/km4city/resource/CarParkPieracciniMeyer EEANEngS = STy Copy the path

v@: object
® De ploy » capacity: object
v freeParkinglots: object
value: "77" - ?
! = :
° CI k d Ob » measuredTime: object
IC a n Se rve » occupancy: object

» occupiedParkinglots: object

» status: object

* Play with results

» trends: array[84] I

Copy the value
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e [ | DINFO | DISIT : T
ERCA)E INGEGNERIA 0" AND INTERNET o : > I Rcw
A ‘} FIRENZE | 08t kMazione | TECNOLOGIES LaB > [ (& (J = CI y b ,

| | inject ITI_:D senvice-info | — Get Free Parking Lots i:—E

Node-RED

* Function ¢ e
® CO n n e Ct % Name Get Free Parking Lots| &

# Function

° . i1l msg.paylecad = msg.payload.realtime.results.bindings[8].freeParkinglots.value
Conftigure : e

msg.payload = msg.payload.realtime.results.bindings[0].freeParkingLots.value

* Deploy info debug dashboard
* Click and Observe Yallnodes | | ®

- Play With reSUH:S 222018, 122807 neode: adaZab55. 4e8608

msg.payload : string[2]

IIEETI
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4 |bursin | DINFO | DISIT o A ¢YSNAPcrry B
= INGEGNERIA AND INTERNET r

~ F l REN Z E DELL'INFORMAZIONE TECHNOLOGIES LAB E Z) J(J o j’ CITy ‘:._M

[ :E timestamp — 2 :—:jr: Get Free Parking Lots [ :—:E json —E.
I T J ode-
* JSON s
info debu dashboard
 Connect £

* Deploy Yallnodes | | @
i C|ICk and Observe 272018, 12:31:00 node: ada?a556 426508

misg.payload : number

* Play with results .

ot
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DIPARTIMENTO DI

FIRENZE | &ENerazone | TEGHNOLOGIES Lag

UNIVERSITA
DEGLI STUDI DINFO DlSlT

DISTRIBUTED SYSTEMS )

| o

[ ] timestamp fJI T l I service-info g- Get Free Parking Lots -

* Single content

* Connect
e Configure
* Deploy

gDashboard

Name BasicDemo23Luglio

% Widget

Name SingleContent - PieracciniMeyer

Edit Dashboard | View Dashboard

 Click and Observe
* Play with results

adad

, -y
cpP 9
json . o

¢“SNAP/ciry ":ﬁ

B connected to ws:f/dashboard_kmdcity. org-:8080/server

- [t new]

| SingleContent2- PleracciniMeyer )

104

SnapACity (C), 23 July 2019
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(e

Node-RED

@ connected to ws:/fdashboard. km4city. org-8080/server

email

email

e Email

° CO NN ect =To Destination'Mail

@ Server smitp.gmail.com

* Configure == =

& Userid Userid of y

¢ Deploy & Password Password of yo
* Click and Observe

* Play with results

Snap4City (C), 23 July 2019 77
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A\
mrajoas [« tmestamp | Y=t e | |
= Topic
ServicelJri http:/fwww.disit.org/kmdcity/resource/CarParkPieracciniteyer
C Repeat interval v
Language Italian b
every 15 : minutes v
Inject once at start?

N v
¥ T ¥ Name Get Free Parking Lots & Name

| BasicDemo23Luglio v| Create New
4 Function ' '
1 msg.payload = msg.payload.realtime.results. L 3 WidgEt

indi f ki .val
' i return msg; bindings[0]. freeparkinglots. value Name SingleContent - PieracciniMeyer
bl Edit Dashboard | View Dashboard

=) L&

™,
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Nodes connections

B connected to ws:ffdashboard kmdcity. org-8080/server

B connected to ws:/fdashboard_km4city org:2080/server

_5 Get Free Parking Lots

e

B connected to ws:/idashboard kmdcity org:8080/server

B connected to ws:/fdashboard. kmdcity. org: Bﬂsmsewer

Snap4City (C), 23 July 2019 79




UNIVERSITA
DEGLI STUDI

FIRENZE

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELLINFORMAZIONE

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

C*SNAPicity

2,

Node-RED

e On Click or Every 15 minutes the timestamp node sends a message to the service-info node.

 When the message arrives, a request is sent to get details of the service URI entered in the
configuration, in this case the Pieraccini Meyer car park.

* The details are sent to the node named ”Get Free Parking Lots”, which recovers the value of the current
free places and ignores all the other data received in response.

* The values in output of node Get Free Parking Lots is a string.

 THUS ! node json may transform it into a number (for those who know JavaScript could be used

function parseint() inside the function node). Then a number has been obtained!

 The Number can be sent to Different kinds of nodes to show it on Dashboards Widgets.
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Resulting Dashboard

% an [

el @g;,

\7 4@.#{

Aah /N

rmuam;

12
FIRENZE | R | SENenTe éSNAPAC"y s

BasicDemo23Luglio

Fri 19 Jul T1:0036

Specdieter - persccini eyer 55 Time rend- lrscn Heyer &
- 97
97
o https://main.snap4city.org/view/index.php?iddasboard=MTk10Q==
o N
c C Snap4City (C), 23 July 2019
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UNIVERSITA |

¢“SNAP/arry

2,

Node-RED

Goal:

Create an IOT App (flow) that reads a value from a service (for
example the parking lot seen in the previous demo)
serviceUri: http://www.disit.org/km4city/resource/CarParkPieracciniMeyer

and:
based on a certain threshold sends a different message on the

dashboard. For example, Almost Full Parking or Free Parking.
OR Send to you an email © !

You have 15 Minutes!
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EX1: YOoUur NickName: ..ccccceeecenceeccceccnncseecensenne

=~  function S4C Search

~ input ~ S4aCDashboard ~ S4CKPIData
CE] | function [i:)

T e oot

template [33 kpidata

~ output delay [i:n =

kpidata

FRC I = toaer & —
comment ] get public

kpidata

http request [i:) values

tcp request [}J get delegated

o = e e

0 atn ala O o0n an aln ¢y ) (O o @8
B )

kpidata
swritch [i:l values
change [;:J save my

kpidata

range q:' values
split [i:)
join [;:J
=
=
json [}J
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Dne Possible Solution

Node-RED

Free Park |:

i
. — ) T
: L 4 L = Busy Park 0

B connected o ws:/idashboard. kv city. org-B0E0 server

it

C‘*Ccf
i /-
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rs

Node-RED
rJé Free Park I'ITL
W Name Free Park & -
& Function
1 msg.payload =
; : i2 "¢b style="color: green' >Free
d] switch ¢ Property ~ msg. payload ?
= ~ = % 50

return msg;

+ msg.payload + "</b>"
—+1 =
< v lw 9% 50 -2 [x
'{: Busy Park ’1
- - W Name Busy Park & -
A Function
1 msg.payload =
i 2 ['<b style="color: red’ »>Full
3  return msg;
* *
‘- ‘-

+ msg.payload + "</b>"

Snap4City (C), 23 July 2019
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SingleContent - PieracciniMeyer

Free 207

Resulting Dashboard

Threshold

Mon 22 Jul 14:38:227

I+ | &

https://main.snap4city.org/view/index.php?iddasboard=MTk2MQ==
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In this demo let's create an loT Application that:
* reads a realtime values from a list of services,
* makes the sum of the value and

* publish the result on a dashboard

Snap4City (C), 23 July 2019
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Node-RED
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Nodes tor fiow

Generates an input for the other nodes. It can be repeated at predefined intervals, :’GC’

inject 1 _ _ . Node-RED
entered manually and of various types (string, number, Boolean, json etc)

service info Requests detailed information for a specific service on the platform (such as a car park,

™

hotel, etc.)
{ i Search in around a certain point of the indicated service. It returns:
S0 seachwiin s - servicesUri of all the services found,
{ circle - a GeoJSON containing a minimum of information about the services found, including
the coordinates and the name of the service.
i iuncion 0 Executes Javascript code. For example, exploiting data arrived on input message and

producing an output message in JSON

Display values in different modes on a dashboard. The node called single content accepts

m strings, numbers and html. The others only accept numbers.
i adadad
.
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split
switch

join

LT T e

™ ‘P‘ﬁ’m.

! x
DISTRIBUTED SYSTEMS
RERGBSL SNAP/city

TECHNOLOGIES LAB

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELLINFORMAZIONE

2,

Node-RED

Divides the input message into multiple messages as indicated in the

configuration.
If you have an array at the input, you can configure it to send each element
of the array individually at the output.

Treads the input message on possible different outputs based on a
comparison made on the input message.

Operates in reverse order to the split. Joins the incoming messages in the

mode indicated in the configuration.

Snap4City (C), 23 July 2019
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Nodes configuration 1/2

Node-RED
= Payload ~ timestamp l
Name | Name |
= Topic
C Repeat interval v Servicelrn hitp
every 15 | | minutes  ~ Language v
Inject once at start?
[Jé split qj Array @Dashboard :
Name ‘ TotalFreePark v‘
Split using ~ Fixed length of 1 ' '
% VWidget
Name Gauge - TotalFreePark
Edit Dashboard | View Dashboard
¥ Name Sum Of Free Park| l &~
#~ Function
-érl Sum Of Free Park 1;} 1 wvar sum = 8;
2- for (var 1 = 8; 1 < msg.payload.length; i++)}{
3 sum = sum + parseInt(msg.payload[i].realtime.results.bindings[®].freeParkinglots.value);
a- 3
5 msg.payload = sum;
6 return msg; 5 ¥ r
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Nodes configuration 2/2

¢“SNAP!

Y = o

s ¥ Name l Name l
Max Results 100 w
Property ~ msg. payload.realtime results
Language French »
Latitude 43.775246 L]
Longitude 11250564 is not null v —+1 =
Max Distance | 6.534
join
EE] L [}J Mode manual v

Categories Car_park

‘car park
. Transfer Service And Renting

&3 Car Park

Combine each |~ msg. payload

to create an Array A

Send the message:

« After a number of message parts count

« After a timeout following the first message 3

Snap4City (C), 23 July 2019
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_,aw

Nodes connections =<

Node-RED

B connected to ws:/fdashboard.kmdcity.org-8080/semver

H Sum Of Free Park

ol et
(=]
=]
=
=
[1¢]
0
[1¢]
(=Y
o=
(=]
&
—
(=N
[=1]
)
=
(=
(=)
m
=
(=N
o=
=
g
=
=2
[l
oo
=1
[==]
=
[0r]
42}
=
[1%]
=

B connected to ws:/fdashboard kmdcity org:8080/semver

adadad
94
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timestamp © = senvice-search-within-circle

s

C’ split ! service-info
Every 15 minutes the timestamp node sends a message / ﬁ

to the service-search-within-circle node.

* When this message arrives, a request is sent to find all the car parks _
in the search area entered in configuration T,

The first output of the service-search-within-circle node returns an array containing all the uri

services of the car parks found. On such array we effect a split so that in input to service-info all the

services uri arrive as distinct messages in a sequence.

The configuration of the service-info node has not been filled because the URI service comes from

the incoming message and is considered that URI service for retrieving service details.

The switch and join nodes are used respectively to filter the results eliminating those parking lots

that have no value in realtime (because for example that parking lot has no sensor) and bring

together the various messages in a single array.

On this array, node Sum of Free Park the perform the sum of the free places of all Florence parking

and sent to the value to nodes representing Dashboard Widgets.
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Gauge - TotalFreePark

(Em) Speedometer - TotalFreePark (om) SingleContent - TotalFreePark (5m] TimeTrend - TotalFreePark [3m)

179

S

TotalFreePark

3500

3000

'SNAP ity &

"’v- [ [;g]! ‘L’

7 2
\ s €
P2 o d

o=

Fri 19 Jul 16:0324

2500 |

1957

1500

1000

0200 0400 0600 08:00 10:00 1200 1400

quququ

@ Bt b

FIRENZE

B | 2 ¢ sNAPAcy

https://main.snap4city.org/view/index.php?iddasboard=MTk2MA==
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2,

Node-RED

Create an IOT Application / flow that:

* reads a value from a list of service, for example the car parks in
the Florence City Area, as seen in previous demo and

 calculates the average of Free Parking Lots and

e sends the value on a dashboard with the four possible nodes seen
in the demo.

Execution Time: 20 Minutes
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EX2: YOoUur NickName: ..cccccceeecenceecceeccnncseecensenne

=~  function S4C Search

~ input ~ S4aCDashboard ~ S4CKPIData
CE] | function [i:)

T e oot

template [33 kpidata

~ output delay [i:n =

kpidata

FRC I = toaer & —
comment ] get public

kpidata

http request [i:) values

tcp request [}J get delegated

o = e e

0 atn ala O o0n an aln ¢y ) (O o @8
B )

kpidata
swritch [i:l values
change [;:J save my

kpidata

range q:' values
split [i:)
join [;:J
=
=
json [}J

Snap4City (C), 23 July 2019 39
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@ connected to ws:/fdashboard kmdcity org-8080/server

connected to wsidashboard kmdcity. org:8080/server
Avg Of Free Park e s

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

B connected to ws //dashboard kmdcity. org-8080/server

adadad
Snap4City (C), 23 July 2019
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Nodes configuration 1/2

Node-RED
= Payload ~ timestamp l
Name | Name |
= Topic
C Repeat interval v Servicelr htip
every 15 | | minutes  ~ Language v
Inject once at start?
[Jé split qj Array @Dashboard :
Name ‘ TotalFreePark v‘
Split using ~ Fixed length of 1 ' '
% VWidget
Name Gauge - TotalFreePark
Edit Dashboard | View Dashboard
W Name Avg Of Free Park| ] &~
# Function
{EI Avg Of Free Park 1 war sum = 8;
2~ for (var i = 8; 1 < msg.payload.length; i++){
3 sum = sum + parselnt(msg.payload[i].realtime.results.bindings[0].freeParkinglots.value);
as 3
5 msg.payload = parseInt(sum/msg.payload.length); 7 o5 2 o
6 return msg; ey & ‘4
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Nodes configuration 2/2

¢“SNAP!

Y = o

s ¥ Name l Name l
Max Results 100 w
Property ~ msg. payload.realtime results
Language French »
Latitude 43.775246 L]
Longitude 11250564 is not null v —+1 =
Max Distance | 6.534
join
EE] L [}J Mode manual v

Categories Car_park

‘car park
. Transfer Service And Renting

&3 Car Park

Combine each |~ msg. payload

to create an Array A

Send the message:

« After a number of message parts count

« After a timeout following the first message 3

Snap4City (C), 23 July 2019
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Resulting Dashboard

= AvgFreePark

Gauge - AvgFreePark [em] Speedometer - AvgFreePark [am) SingleContent - AvgFreePark [om)

Mon 22 Jul 14:51:51

TimeTrend - AvgFreePark (am)|

103 . A

103

22 Jul 02:00 0400 0500 08:00 10:00 12:00 14.00

@ i e 2 ¢ snapdary S5

https://main.snap4city.org/view/index.php?iddasboard=MTk2Mg==

ﬁ,:( /:C‘ z
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Statistics
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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 2 What-IF Analysis:

— Routing for navigation: modal, multimodal, constrained
— Trajectories of people flow

— Traffic Flow reconstruction

— Origin Destination Matrices

— Simulations: demand vs offer
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e 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.

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

* can be shared with other colleagues, and organizations via the
Resource Manager
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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 IOT
application, data analytics, machine learning

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

Snap4City (C), 23 July 2019 108



UNIVERSITA | DINIFO | DISIT
DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | b6\ Stuazone | TEGHNOLOGIES Lag

Snap4City (C), 23 July 2019 109



110

0062
00
002
0002
0061
0091
00T
x 0091
- 0 00T
| >
g e 004l
- 00
r a I’ ! e
0 v W0g
0] +
by m 01ty
U = c 0001 T
g 9 g 0 060 €
T 5 L ok @)
\ v ! i
0 00:L0 (@)
- B v w =
7, ¢ 0050 g 0050
F o 0000 98 0000 m
a0 vi? 00e v W
- Il i mw%m 0020 &m 00— —
3 7 W g
= | 4| uo wpen -
i | | A ] | ,. " | | , ,. n w
~E $ 5 8 ° =%
1) 51015 Bunyeq 3al 51015 Bunyieq 3314 w =
-l M -
- Q-
Q) =
00 Qo e
) 02 0o
A 0012 C &
L 0002 R
0061 \/
y 0081 (-
m 00:LT (go]
) o sy o}
2 : st
- 3 0 0 o (@
|mmm . wery i
3k 4 N owag §
0 s v 0l
82 s o~ 8
/v 08 &
" = . 0
O| m .m OO @O.m c
__rm 3 v LRI
p 43 M 00:40 0
mmwm 0 0090
526 [ g 000 ] | g 000
oh 0000 M w0040
< = L T o
mwz | o§E  00E0 58 00E0
257 ,, gvt 0070 gy 000
St | 955 0010 955 0010
=v Jim Jm
Yot 0000 000
o o 6 6 o o o o
(o] (o] (o] n (o] n
¢ N N [l [l
§301S Bupyied 9314 §01S Bupjied 9314




UNIVERSITA PIQIT
DEGLI STUDI DINFO s W : ) e = : : .

DIPARTIMENTO DI DISTRIBUTED SYSTEMS I ' \ e . ‘
FIRENZE | Neeonenia AND INTERNET e ad’d 1 Fy YR g ‘ { N
DELLINFORMAZIONE | TECHNOLOGIES LAB [ -y - r . ) , )

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 ATt BForel:\?asltinsgV'II‘leclhnicg;; 20 W Baseline
Careggi car park 18 MW Baseline + Traffic Sensors
Mﬁg;i}iﬁ?;g 3(:'7865 116.'&229 2295021 %g W Baseline + Weather + Traffic Sensors
MASE Afternoon 1.89 4.34 3.66 12 W Baseline + Weather
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 2.91 6.75
MASE Evening 1.36 157 10.23 % | | IIII |||I NIRRT ||“
MASE 1.37 2.06 6.67
S. Lorenzo car park @ ®©®© O T @ W 5 ® HpH O O ;
MASE Night 10.33 11.81 18.34 g 8 £E § £ 9 % - =
MASE Morning 2.13 191 3.93 L @ T 9 o % s S = = ot 2
MASE Afternoon 2.70 3.15 2.37 N 35 g < S ¢ T 8 o ¢ 8 4
MASE Evening 2.15 3.09 3.82 L = o 'S < un E
MASE 27012 3.21 4.19 — D‘? GCJ % wn o)
Beccaria car park S @] A .E
MASE Night 9.32 7.80 12.47 Q N g @
MASE Morning 0.95 1.25 4.87 e +— g
MASE A fternoon 2.49 2149 R § o =
MASE Evening 2.96 4.75 5.91 R 8
MASE 2.13 2.67 4.85 v
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Y. r a2 a b= J aY < LY ™ r - r ’ - - ‘ -
,\'"/';(,(J(M\(,\H(,':/ NG j/f,‘H(, s Ol /C [ Il lDNE
. . Forecasting Techniques
Training ~52ANN | SVR | RNN | ARIMA 100
90
Average 0
Iraining 76.3 9.1 598.7 9.2 70
processing 60
time (sec) 50
Re-Training . : : 40
frequency Daily Daily Daily Hourly 30
i 20
Trau"nmg 3 months 3 months | 3 months | 3 months 10
period
. - O
Estimation | BRANN SVR RNN | ARIMA Ve .cTD Y00 EET >E =
Average gggggggg;@é%sgg
Estimation 0.0031 0.0052 0.034 0.0015 v 59 E EZS =3
time (sec) _j:j 2 § = 3 T3Sz
. . Q c Q
Estimation Hourly Hourly Hourly Hourly 2> 835 F
frequency T 2%
Estimation g ==
predicted 1 hour 1 hour 1 hour 1 hour < > Z
period

112

DIIap=tCILy \\), &9 July 2(IJ.J



A UNIVERSITA
z | DEGLI STUDI

DINFO

PAFITIME&TD DI DISTRIBUTED SYSTEMS [

FIRENZE E)\'E?_ENFOHMAZIONE FECNGT OGits LAB [ ( - - : -
Careggi car park

Model BRNN model results

: W Parcheggio [
Stazione

features R-squared | RMSE | MASE _ ; Firenze

S.M.N.

Baseline 0.974 24 1.87 . %
Baseline + Weather 0.975 24 1.75 + Parcheggi x

Baseline + Traffic sensors 0.975 24 2.04 ik dechisiiad Vi)
. . Parcheggio Stazione Firenze S.M.N. 52‘;“‘: : ::a ::m
Baseline + Weather + Traffic ¥ Parcheggio auto proviions

0.975 24 1.87 ®2546m Q 263 m vy

Sensors
= Parcheggio Stazione Firenze SM.N. X

Active On MObiIe Apps as: o Andamentoe Giornaliero
— «Firenze dove cosa» | =
< >
— «Toscana dove cosa» Precision: 97,5% __
(/SH/M(;;IIH;/} i 00 02 D4 06 OB 10 12 14 16 18 20 22
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Monitoring Station for Parking

Car Park Stazione Binario 16 n e

ey
o
3
s

8+ Parcheggio Stazione Binar. .
v g i

Around Here

Real time
120 11-03-2018 23:26
Predictions
\ 69 11-03-2018 23:45
\ 28 11-04-2018 01:30 4
Bchaiils 28 | "o
Stazione 69 11-03-2018 23:45 Firenzo
|\ Binario 16 S Daily Trend
180 -
X .'I_ 100 | [ S
NG N A XN < L noallL]
B ﬁ Lprato / ) !
’....-‘-""—"-'E':.-Kr // Novella - ~ % ¥ U 5oy, :
o Ui vf.,:§°' I a N
onamentl Tessera a scalare dal

valore di ? 120,00 Euro al cos
*salvo disponibilit

B aﬂi‘\f\@ Lot :

esclusiva S‘
K al primo all? | %
el mese solare di riferimento .
lentemente dalla data di acquisto. A Ry
?abbonamento mensile potra essere ® / o

® 0 %
i Q utmzzato anche in un mese successivo a [ %E =~ f
f ) quello dell?acquisto.--—- ; %1 !
+ “ i +
L Abbonamenti_autovetture:N/A—— 2 &
= { Abbonamenti_moto: N/A---- =1 :
— ! 3_ & © Dpan3imsatiap cortoutors, - {R— e

https://www.disit.org/dash boardSmartCity/view/index.php?iddasboard=MjQ2

Car Park Stazione Firenze SM.N.

Sat 3 Nov 23:39:55

| 4 © OpanaireaiMap cortebutors,

Around Here

Real time

370 11-03-2018 23:26
Predictions

112 11-03-2018 23:45

544 11-04-2018 01:30

545 11-04-2018 01:45

112 11-03-2018 23:45
Daily Trend

1000

500 — ( =
o b o P DAL Ak BB R
Saturday
-» Car park

[l Abbonamenti: N/A-—
Abbonamenti_autovetture N/A—
Abbonamenti_moto: N/A-—
Tariffa_giornaliera: N/A-—
Tariffa_oraria_autovetture: - Prima ora non
frazionabile: ? 3,00 - Seconda ora e tuite le
ore successive frazionabili alla 1/2 ora: ?
3,00 —Tariffa_oraria_ordinaria_lun_sab:
N/A—--Tariffa_oraria_speciale_lun_sab: N/A-
——Tariffe: N/A—Tariffe_dom_festivi: N/A-—
Tariffe_moto: - Tariffa oraria: ? 0,50 ogni ora
o frazione di ora - Tariffa giornaliera: dalle -
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AP average and confidence
Predictive precision of the 95%

Actual AP trend for today
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Jser Behaviour Analysis

e P. Bellini, D. Cenni, P. Nesi, I. ¢ EN A
Paoli, "Wi-Fi Based City Users’ T/ Siuiin  moum Lamcusces
Behaviour Analysis for Smart AND CONPUTING
City", Journal of Visual ——
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* P.Bellini, S. Bilotta, P. Nesi, M. Paolucci, M. Soderi, "Traffic Flow
Reconstruction from Scattered Data", IEEE SMARTCOMP, |IEEE

international conference on smart computing, 18-20 June,
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— From 200x200 to 4x4 mt

— PM10, PM2.5, SO2, NO2, Noise, NO, O3, Enfuser GRAL,....

— 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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Weather sensor
Air Temp heatmap
Humidity Heatma, p
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Environmental Daa Predictions: GRAL

* GRAL predictions: PM10, NOX, .... 0 e
— Comparison wrt real time values in |
actual value of Sensors

— 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,
PM?2.5, ... or any other particles

TRAFAIR
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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

* number of people in locations like airports

e audience of TV programmes, political TV shows e EEE L
e weather forecast information |
e Appreciation of services
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* Citizens as sensors to | - oml

— Assess sentiment on services,

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

conditions
— Information channel
— Opinion leaders
B Com m u nities b ChanneIDISITEvenlo1agos(oFiren:e ﬁf
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«l - Sentiment trends in channel Firenze

Zoom 1TH 3H 6H 12H 1D W 1M

sl 4 L :

15:00 18:00 21:00 4.Nov 03:00 06:00 09:00

DISTRIBUTED SYSTEMS

Twitter Vigilance Real Time Dashboard
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 mﬁ

12:00 15:00 18:00 21:00 5. Nov 03:00 06:00 09:00 12:00 15:00 13:00

Tweets score  — Tweets score pos Tweets score neg

Al Most Significant Tweets for Sentiment in the period

Aario34mg - 2016-11-05 18:20:10 W

https://t.co/S53jRty7aX
013 0% Sent. Score: 0.0625

PARTECIPA: https://t.co/M3Ffn...
0 3713 0¥ Sent. Score: 0.0113636

@repubblicait - 2016-11-05 18:20:12 ¥

alessiarctta FIRENZE Lancio di bottiglie e pietre, cariche della polizia. transenne che volano, fumogeni e petardi...

@ReTwitStorm_ita - 2016-11-05 18:20:
RT @marcotravagl Leopolda2016. Stasera alle 21.00 sono all'Obihall di Firenze con "Perché No". Vi aspetto

Rﬂ‘g Firenze, scontri e contusi al corteo anti Renzi: cariche e lancio di bottiglie https://t.co/jR4ICiOUJO
147 0% Sent Scare 0

{
I M, A

Retweets score  — Retweets score pos  — Retweets scoreneg  — T+RTscore  — T4+RT score pos  — T+RT score neg

Hide All

al Last tweets per channel Firenze

ettoGigliola - 2016-11-05 18:35:05 W
1 RT @augustoillu: Firenze, scontri e feriti al corteo dei manifestanti per il No: cariche e lancio di bottiglie https:/t.co
/Bcz5tMES via.

@Awlcecchini - 2016-11-05 18:35:04 W

Prato, inchiesta sul pellet: forniture pagate e mai consegnate, pronto maxi esposto dell'Aduc https://t.co
/padFT|BWa7 via @repubblicait

o1 0W

78 @Alienlit-2016-11-05 18:35:04 W
‘ | #Leopolda RIOTS. Scontri #Firenze, manifestante colpisce poliziotti con un segnale stradale https://t.co/OEfELg3arG
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1. 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 APlIs

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

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:

& # @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.
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[ime Data An
How to create a plumberized R script -
= Step 2 - Create an R function with the same na
parameter:

NG

¢VSNAPlcrry B

alytics using R Studio

me of the @get

"Mimv

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

fr=g
i

heatmapName = "airTemperatureTuscanyTest" 3

sensorCategory = "Weather sensor”
varName = "airTemperature"”

IBIMET Weather Sensor -
VIA BERNARDO PASQUINI

LINKED OPEN GRAPH
Name: weather_IBIMET_SMART09
Nature: Environment

Subnature: Weather_sensor

Address: VIA BERNARDO PASQUINI
DBEpedia: "BEemardo_Pasquini”
City: FIRENZE

toDateTime = "2019-07-23T710:00:0
fromDateTime = "2-hour"

Property/Value Type Value

airHumidity 28.60

= |
&5
=]
[uf
=

https://www.snap4city.org/dashboardSmartCity/management/ifra
meApp.php?linkUrl=https%3A%2F%2Fservicemap.snap4city.org%2F
&linkld=mapllink2&pageTitle=Service%20Map%20(Toscana)&fromS
ubmenu=kmlink

SnapACity (C), 23 July 2019
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Real Time Data Analytics using R Studio

-

How to download Real-Time data using APl - 1

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

query <- paste(” X i 1S 1 ?

&categories=",sensorCategory,

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

)
[
[

.
e
)
e

sensorCategorylson <- fromJSON(query) #jsonlite package

suri <- sensorCategorylson$Services$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
[...]

s/ /WWW.
s/ /WWW.
s/ /WWW.
s/ /WWW.
s/ /WWW.
s/ /WWW .
s/ /WWW .
s/ /WWW.
s/ /WWW.
s/ /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 (i in 1:1length(suri)){

temp=c()

#api to upload the realtime data

— apl <- 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/?servicel

ri="http://www.disit.org/km4city/resource/IBIMET_SMART11"
&fromTime=2-hour&toTime=2019-07-23T10:00:00
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= Step 5 — Data manipulation and data Interpolation...

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

long lat value -
11.24686 42.76616 39.87238 J'”terpo ate
11.30287 42.76616 [39.54115| \values

11.35888 42.76616 39.20993
11.41489 42.76616 |38.878760
11.47090 42.76616 38.54747
11.52691 42.76616 38.21624

11.58292 42.76616 37.88501
[..]
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Real Time Data Analytics using R Studio

)

| ‘ = - I ala) - c e ®] "
How to save heatmaps using APl - 1

= 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 = interpolatedData[i, "value"]

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

interpolatedHeatmap$attributes|[[i]|=1istAttribTemp
Snap4City (C), 23 July 2019 164



SHS |t | DINFO | DISIT | ;
-a* FIRENZE | B oo | REMERELT d’éd’d’ SNAP4C|TY
LD o = T - —\ip- ( o ' "“J’ . » -
Real Time 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 | il
function except for PM10 and PM2.5 {5,

_l51255? ""r’f?

measurements: Bd
. . o GESE
"HighDensityPM10" Hesed

"HighDensityPM25"
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HOW to save heatmaps 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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JSON Array
Format
example

»

'&.n'.m,

e ala] ¢VSNAPcry Ei

a."""é’m'e‘
z UsSINg R Stuaic
Analytics using R Studio
e heatmaps using AP| -4
[
{
"mapName": "airTemperatureTuscanyTest",

"metricName": "airTemperature”,
"description": " Air Temperature heatmap ... "
"clustered": 0
"latitude": 43.1,

"longitude": 11.1,

"value": 25.5,

"date": "2019-07-23T10:00:00Z"
"org": "DISIT"

bl
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|OT App tor Real Time Data Analytics =

Node-RED

How to create a Data Analytics |IOT Application

What we need:

inject %3» To insert the R function parameter

plumber data

%3» To upload the R script and create a plumber instance

analytic
c@ 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

ToDateTime

HeatmapDemo

Messages on Dashboard

@ connected to ws://dashboard kmdcity org:8080/server
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|OT App tor Real Time Data Analytics
Qf\:; Configuration — Inject Node OEHED
How to configure the inject node:
@r AirlemperatureHeatmap Tuscany O The JSON Format of the Payload
— X property has the same notation of the
— R function parameters:

~ node properties

{ "varName": "airTemperature”,

& Payload - {} {"‘farName":"airTemperature","heatmapN_:""_ "heatma o Name':

= Topic N "airTemperatureTuscanyTest",

CRepeat | interval . "fromDateTime": "2-hour",
avey[2  |*|[hows v "sensorCategory": "Weather_sensor"
# Inject once at start? }

% Name AirTemperatureHeatmapTuscany
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Nodes Conftiguration — Function Node for Date and Time

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

[@ ToDateTime @)
ToDateTime '

¥ Name

&~

#* 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 for Real Time Data Analytics
lodes Configuration — Plumber Data Analytic Node

How to configure the plumber data analytic node:
[ﬁ HeatmapDemo @)

>

Edit plumber-data-analytic node

Delete Cancel m

v node properties

Node-RED

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

Name HeatmapDemo .
#' @get /TuscanyHeatmap
Relative Uri ‘ /TuscanyHeatmap|
| &
[3 Script R X Upload  TuscanyHeatmap (3).R

\| foreate Plumber Data Analytic
" Snap4City (C), 23 July 2019 172
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Node-RED

|OT App for Real Time Data Analytics

Nodes Configuration — Function Node tfor Messages on Dashboard

0%

<+ 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){

Il L1}

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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Data Analyti =
Node-RED

|OT App tor Real Time D
Single Content N ocle

Nodes Conftiguration — Sing

How to configure the single content node:
(]

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

-

@Dashboard

Name Check Data Analytics Tuscany v ‘ Create New&
¥ Widget

Name AirTemperature-Tuscany

Edit Dashboard View Dashboard
174
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Wizarded Heatmap Visualization

1. Create a New Dashboard from Dashboard (Public)

New dashboard

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, POI, trend Events vs. map
Preset widget choice reset widget choice Manual widget choice

10T applications
Manual widget chaoice
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Wizarded Heatmap Visualization
3. Select the Heatmap box as High-Level-Type

Heatmap ¥ All selected (2) ¥
- Select all
H 4. Select the Sensor Category (Subnature)

o L) Complex Event and Transport
. ) Dashboard-IOT App | ironment
9 . kronment Weather_sensor ¥ All selected (3) ¥
9-;. J External Service I B select all

\d ironment _
g—/&eatmap B CIT ) Air_quality_monitoring_station g,
= Pl ironment “Weather_sensor .

V2 D NG —— SRS (107

ather_sensor airHumidity

5. Select the measure (Value Allseected ) ¥ e
Value Type ¥ Value Name Data Type ¥ Last Date %

Type) and the Heatmap Name

(Value Name)

airHumidity AirHumidityAverage24HourFlorence heatmap 2019-04-0813:27:52

airHumidity AirHumidityAverage2HourFlorence heatmap 2019-07-2213:00:00

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

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

Map Controls:

7. Select the instantiation button to
proceed with items creation

4

1tributors

— 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 Heatmap Visualization

1. Select a Dashboard and 2. Select on More Options to
click on Edit modify the widget properties

Prope

# i a o

Heatmap Testing Florence/Tuscany @ Hide header
Passive ; & Header color
Heatmap Testing Ferenca - 1sna # Title color
& Background color |
& Border color
|w More options |
x Delete widget
+ Quit

J_-.n PisthOlesa

F
- P
y

F.'E! ﬁbrence MoRsummano
a8 e ' / Terme
_ Buggianese, . -
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anually Heatmap Visualizatior

ivianua /erJJJJJCJJJ ISUailiZationd

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

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

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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patmap Visualization
H

eatmap Testing FIorence/Tusca ny

Irene Fri12 Jul 12:04:21
Selector ! : Multi Map

"

Node-RED

I 0

airTemperatureTuscanyTest
Heatmap Controls: 24H

et Doiral Max Opacity: < B > 025

d d LA e D B0 2 < 2018-07-18 09:00:00
i { s Vs ~ —~ P : Next>
A . ) LE} 4 A KA N v ; \ — | rev ex
A | TN f [{ / 2 o /4, — = - il

Wind Speed Florence
r‘ % Humidity Florence
A Air Temperature Florence

7 T
o J '*-\
\\\

Rifnini
o

San‘Marmn\,ﬂ.m

Pare naturel
. marin du

i
.
=l
=
4
|
|
d
2/

o

© OpnStresthdap contributors

‘DIS” ". SNAD4C|TV %

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTI20A==
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Heatmap Visualization and

Heatmap Status Check on Dashboards

o Heatmap Testing Florence/Tuscany

Irene

Fri19 Jul 15:05:00

AifTemperatureAverage2Hourtieisinki

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

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

AirQualityPMIOAvSragozHourHolsinki &

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

AirQualityPM2_SAverage2HourHelsinki [

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

AirQualityNO2Average2HourHelsinki

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

AirQualityAQiaveragezHourHelsinki =

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

CheckDataAnalytics

Helsin|

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

AirHumidiy

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

AirQualityPMIOAverageZHouTATIOwSrD. )

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

AirQualiyPMZ_ Séverage2rourAntwerp )

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

Interpolation and Heatmap

Completed 2019-07-19T14:00:00
AirQualityNOAverage2HourANWerD =

No Availabe Data for airQualityNO : All ServiceUris
re empty 2019-07-19T1400:00

ntwerp/Florence Heatmaps

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

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

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

PMIOAverage2éHourFiorence

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

PM2_SAverageaiHourFloronce =

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

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

CoRaveragezatiourFiorence

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

O3average2sHourFiorence

NOZAveragezaHourFiorence

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

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

Node-RED

FiRiNze

®

Bare | 2 ¢sNAPAcy

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

index.php?iddasboard=MTc3MQ==
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https://www.snap4city.org/dashboardSmartCity/management/iframeApp.php?linkUrl=https%3A%2F%2 Fwww

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

*TC7.1. Exploiting data analytics and machine learning in I0OT 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 10T 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
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