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In the Smart City context there is the needs of

— Accessible and affordable data: spatially and temporally dense
— Reducing costs for data gathering.
» Sensors are good, but are scattered and very expensive

— Reduce costs for maintenance of data gathering solutions
* Sensors have high costs of maintenance: repairing, battery changes, calibrations,

attacks, etc.
— Validation of data.
e Satellite data may be a solution to some of those problems, while

other have to be managed.
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* From Satellites, many sources, different resolutions, open/closed:

— Ozone, NO2, SO2, Aerosol, CO, etc.

— Temperature, vegetation, land usage
* Evolution of soil usage: with high seasonality, and weather impact

— Air traffic derived data

— Water traffic usage data

— Many other technical measures....
— Spatial and temporal resolution ?7?7?

* From Sensors and other sources:
— Pollutant: PM10, PM2.5, NO2, NO, SO2, CO2, ...
— Weather: temperatures, humidity, wind, DEW, etc.
— Other: Traffic flow sensors, people flow, parking, etc.
— Air/lidar measures from flights: vegetation, land usage
— Scattered data, specifically positioned, no dense data

Snap4City (C), September 2021
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* A large number of measures, not accessible from ground level

sSensors

 Complex data stream acquisition
— Data Transformation by knowing the satellite model is needed
— Complex for small area since satellite products are typically large area

 Temporal and spatial resolutions (lat, lon)

— They are not matrices actually

— They are not always taken on the same places
— Resolution may be not enough for specific city a

— No event driven data

* View from the space:
— Affected by cloud and weather
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— Measures of the column of air and not at the ground level
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[e]

d 2k VHICIHOPOISKS
Nederland O nriver Potsdam X i
Worcest 2 Polska Warszawa - siedlce Pt
Gloucester denham - MUTSETE Bielefeld ke s pec
o Cardiff Cortbus  Gora
LT DEutSEnlang g BAY S o
exersr Southar 1o doiro Crestochowa
Katowice
Ostrava
/ y Zin Zilina
Slovensko, S, YXI9POL Ieawo-Opans
U e
/ | / [ Gyor. SatuMare
Wi e/\ ////// N
I HHHHH‘HH‘ /// / 111/, Sertathely I RaTs pey
] [1]1]] 11111/ Magyarorszig b
\\\\\\\\\\\‘\‘\‘\‘w‘\‘\‘\‘\‘\‘ [1]]] Sir Gradea Bistiga
L /1 1y ... Kecskemét
[ ; I Cluj-Napoca Trg(]
HHH‘HHQ‘ = Seged 0
g Zagred oM \Timisoara Deva'  Romania
Osiek Resita Ramnicu
Drobeta: Vaicea)
R Tormu
T Sebra Severin Pitest
Hrvatska Craiova
Cpouja
Zadar Bosna i Hercegovina Alexandria}
A Conuna Seit Mot Mnesen
o
Sontiago /. ¢,cis
[ooscca Kosovall COPrAGelact 1
g (&6 Burgo UpHa Fopay kosovo
2. gurense Paleficis o DH2CETY Braroesrpa
Italia v " Nnospms|
Braga Valladoid: Campobasso CeBepHa
MakeaoHwja
Porto Giugliano o991 Bari B
A Shqipériay Gutona
Salamanca 3. ree
Madrid botnzs | Toranto. “Bringisi Kers
B Wilore
Leee
Espana
e g palma
Portugal A8 7
TR Casteddu/
Lisboa — Mé,
7 -
o o : K %
A = - K v ¥
o 7 B@go San o 2 -‘J, 1"
o) 0renzo.. o g ’ 1
Montemurls o o] N
e ~ AirTemperatureFirenzeCopernicus “
3 s ; .
L Agliana.g 3 Par@ Nazional -
< o delle Foreste WEATMAR DETARS
o Casentinesf, d Desscnpticn Vakn
Mapt r A Tisey 1 3m L
L t [s] Falterona. Narte 31Tem
o} o Ofe Campigna . 47 '
Carmignano / o { 43 14
& o]
> L ¥,
reto G =4 ¥
’ | 0 >
Montelumd o ¢ ‘ .
£ " Fiorentino A Lx Tor]
m)| 7
__Empoli=g I o
(o ‘ N D . i
‘ Rmprunea \ g entinel-3 reference g
o J \ ~
¢ SO Casciang o Y Q
9 in Val di Pesa O" Lol I t.t d d | .t d
\ .. Figiineduncisa ,j atitude ana iongituas
\ ] vzl"iarqn o 2 .
\ Mo
e o 7 B step of 1 second
o N o Q v L.
\ 54 G|00u| o
° o faldarn 10 i
\ el Lafm
54 o N '
MontOarchi | Yo
(o} N » ¥

eocentric
b, time

Snap4City (C), September 2021



NIVERSITA ~ | >
rsum | DINFO | DISIT "’SNAP4C|TV
INGEGNERIA \
) ;

Sat 16 Jan 20:07:11
Copernicus Heatmap Select
Tuscany Altitude ¢ 4
A Fractional Cloud Cover Tuscany ot
B
Savona
A Global Vegetation Index AN ¢ 7 ‘ P . 3 S RN ‘
A Florence Altitude 8% VRS
: s
3
5
40 k,* 4@”’3:
https://www.snap4mity.or £ AT N
1 O ==
view/index. hﬁ%dd*asbeard—MzAwh
de p Pmmqpomy Cookies Policy Terms and Conditions Contact us @ W;; m| ésmp4m



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

UNIVERSITA
DEGLI STUDI DINFO DISIT

Fienze | . |EEcs Bologna Metro ¢ SNAP/crry s
Bologna Metropolian Area Copernicus Data

Selector - Map

\ ‘ - Cavarzere )" AltitudeBolognaCopernicus
\ Heatmap Controls:
Lendinara

| - X | & S ok Oy ¢ (] > 02 |
A Humidity Bologna Metro {'*. Tk V\,\ { 5 7 g=T"POItO Viro 2021-01-12 10:58:02
A9) { casalmagglore Suzzara )

Sat 16 Jan 20:08:03

A Air Temperature Bologna _;_‘, i :
V. % ~ Metro t

| 'Sa‘n\

J : N o . =
Global Vegetation Index —1) Ard i Vladana lana _ Guastalla Ve Occhiobello.
Bologna Metro # \Fidenza Mirandola Bondeno Copparo
\) Salsomaggé;re \\“?/\sL Mowsiare \ 4 Finale Emilia- == Gy |
/ Altitude Bologna Metro Jeme N“/m patina . bl | /f

ReggionellEmilia.

U
(
Langhirano : s:a}dlanu

i .
ormigine % -
sassGolo™ e S adr \/ f

Castellarano ‘P‘}) ‘ J

Comacchio

A Fractional Cloud Cover
Bologna Metro

Borgo Val
di Tar T
Castelnovo
ne' Monti

L d
ok
rra Nazignale; 4,/5: 7. 2 R
zﬁ Hﬁppennmo & g 3 ___Pavullonel "~
o Yosgﬁimrlmno\ 5 ! Frignano .
2d. " j
st Altitude

meter Ntiguria

\ ,/: v ( T 2 e = \
) /‘7// = e iy 5 \ g 3 S :
2800 ‘\ C\/\\ e : 1 Bellana -lgea
£ ! : E y - Manna
2000 i . S 2 ; = WO
1050 \ VR { regionale’ 2 z \8) % 2 { 2 \

N delle Alp)
5{53 tApuone

Riccione
Cattolica

Seraveua

Verucchio
Borgo San 1

Pistoia Parco Naz:onale
Montecanm
20 \(aregglo Terme

& Lorenzo /
\ delle Foreste A L‘\,’\ L
X Cas ntinesi, n_ AN 2.
onte.
0 LUCCB 35 Quarrata/ S o Forenting’. F""'"‘"’
Altopasclo b }\ e Camplgna

https://www.snap4city.org/dashboardSmartCity/View/index. pf ™ e cmeee @
p?laaasboara=IVIszN == Snap4City (C), September 2021

Fano,
s\ @ OpenStreetMap contributors

UNIVIRSITA
DEGLI STUDI

FIRENZE

DISIT

¥ sNAPAcry

B | BT



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

SIS,

A%, | UNIVERSITA
'ﬂﬁ FIRENZE | S&\Skazione | TECHNOLOGIES Las
SYIN
Cad °d adea Li=s =2,
Satellite Data Harvesing

-

ation

and Prepar

Insert metadata
(unprocessed data)

Harvest Satellite Copernicus Data

Satellite
data Info

9

Get heattap metadata

Get metadata

¢VSNAP/crry B

Satellite Data
Services

CopernicustPI
> Download data

processed data

metadata

n Heatmap GeoTIF
: Generation

A erpoane v
oy v
anumidly v
e u
e

:

interpolated data

[ —

HeatMap

Data Server

Geo Shape
of the region

Snap4City (C), September 2021

GeoServer
(PostgreSQL)

GeoServer p

10



UNIVERSITA
proirsoot | DINFO | DISIT
FIRENZE | S&E\Sivazone | TEGHNOLOGIES Lag

Compernicus Data Request: Sci-Hub on Sna

Harvest Satellite Copernicus Data

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

o provagruppp

https://www.snap4city.org/671

<

Map name:

Metric name: A|rTemperature Humidity, Altitude, OLCI Global Vegetation Index,
Cloud Fraction, etc.

Description: a generic description;

Location: select the level the data have to be taken and heatmap created. It is
possible to specify one of the following: City, Country, State or Postal Code;
Location Name: specify here the location: the name of a City or "Citta
Metropolitana di Firenze", or "Toscana" as State or "Italy" as Country, etc.;

Color Map: color map visualization for example: airHumidity, ogvi, altitudeHQ,
airTemperatureHQ, FractionalCloudCoverlLQ, ... From those of Snap4City

Org: specify the organization in Snap4City from the available list;

From Date - To Date: use these to forms to specify the time period of the data to
be downloaded. Please note that at least you have to specify at least 1 day period
since satellite data are typically updated 1 times per day. If a longer period is
specified, all data included in the period will be taken and, according to the
available data, more date sets and heatmaps will be generated covering the time
period;

Length: specify here the dimension in meters of squared area, for example 700
for obtaining points values in a grid of 700x700 meters;

Write: (1) to have data on piking and database, or (0) to do not have data thus
obtaining only the heatmap

You nheed to have a TOKEN to use the service ©

Snap4City (C), September 2021 11
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Sci-Hub Copermnicus Completed

Sci-Hub Copemicus Indexed

Sci-Hub Copernicus Insert D—Ej]

Close

"AirTemperatureBolognaCopernicus™,
"Air Temperature Bologna",

"Citta metropolitana di Bologna”,

"airTemperatureH)”,

"2821-81-81Ta6:e8: 88",

I Setup ‘ Function
] 1= msg.payload = {
N 2 "map_name":
3 "description”:
. a4 "location”: "city",
I 5 "location_name™:
B & "color map™
E 7 "org": "DISIT",
i 8 "from date":
] g "to _date": "2821-81-81T23:59:88",
18 "length": "7ea",
] 11 "write": "1™,
I 12+ }
¥ 13 return msg,

Snap4City (C), September 2021
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15MinCitylndex Dashboard

This Dashboard contains data estimated by the Snap4City 15Min index on the basis of Open Data accessible

15Mininds
Heatmap Controls:
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iew/index.php?iddasboard=MzA10Q==

Snap4City (C), September 2021


https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjkzOA==
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MzA1OQ==

UNIVERSITA | DINFO | DISIT ~ vl
N | e | SR SNAPcity &
Satellite (Copernicus) vs IOT Data

Thu 1 Apr 22:09:45
nream B0 AV e el

: § ¥ ity: ¢ el
A Global Vegetation Index Tuscany 2. 7, : Y = ‘ / 2021.03.16 14:00:00
A Fractional Cloud Cover Tuscany

Humidity Tuscany

NO2 heatmap
Brozzi ' _.
O3 heatmap fEaSSsemden=—

CO heatmap
Air Temperature heatmap

g /
1 K
2 At 1 Ugnano i
Air Humidity Heatmap | Mantignano &5
pia a Settimo ox =

é
Firenzelsce

Satellite NO2 Firenze .
Florence_AirTemperature
HEATMAP DETAILS

Satellite CO heatmap Description Value

A 5 = L Date & Time: 16/3/2021 14:0:0
Satellite Air Temp Florence Metric Name- axTeriperahire

Heatmap Value: 14.80683
Coordinates: 43.75448, 11.19009

Satellite O3 heatmap st 'S‘:ﬂ"f:%‘

A
A
A
A
Y
A
A
A
A

A Satellite Humidity Florence

A Satellite Fractional Cloud Cover

A Satellite Florence Altitude
Rinaldi

A Satellite Global Vegetation Index

N9 i g 6 alluzz A a CGascine del e
Province: FIRENZE e B Riceis

City: FIRENZE v \ - ) ) ; Rt > ,'
Address: VIA DI SAN GIUSEPPE N.12/A i = { R % U\ [ S “——
lat,lon: 43.76799,11.26408 £ e i ) N . d . =
) i i g L Cantell
3 E NG 8 p 4 S e .= e wmEE mEi

Firenze' Impruneta P G uxs na,
ozzo tico
‘Frrel\ue xB,‘uncm Grassina i AirTemp AirHum

=
@ior  @sar
® OpenStreetMap contributors

- ¥ sNAPAcry

https://www.snhap4city.org/dashboardSmartCity/view/index.php?iddasboard=MzAwNQ==

Sllap<uLily (L), JCPLEINIVET ZUzl



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

Data Type Coverage| _ — i B o | SNAPlay

e POI, IOT, shapes,..

* maps, orthomaps, GTFS, GIS
WFS/WMS, GeoTiff, ..

* calibrated heatmaps, .. ,
« traffic flow, typical trends, .. by
- trajectories, events, .. A N
- 3D, BIM, Workflow, .. -

* Dynamic icons/pins, ..

Parc naturel.

Firenze

marin du
Cap)Corse |

* OD Matrices, scenarios, ..

e prediction models, .... &)

18°C/22°C CsNAPdary s
Pomre by Losaer

S Y g =

- 2000 J o= Firenze - Trafai‘r - AirQuality Heatma; No alarm s 5
. . | 1050 ( et ol S erop(\S(kF-\lrenze
* decision support . e e U == —fmergAgouc
K 350 N il N LN PV S
: 150 arc naturs s i ; e e X i % ‘

* Synoptics, animations, .. . = [ P NN

« social media, Routing, .. B P ' B S
e Satellite data, .. S 0/
e KPI, personal KPI,..

e etc. @ DINFO

iy S
Hspns

Snap4City (C), September 2021

GRALheatmap

UNIVERSITA
DEGLI STUDI

R,

DISTRIBUTED SYSTEMS

2 DIPARTIMENTO DI
0 FIRENZE | 0850t azione | TEENOIOSiESs Las




Weather_sensor

AirTemperatureAverage2HourF|
lorence

PM25 Heatmap

GRAL Heatmap
<, —“ HRES

A Accident Heatmap

e B B B B

prova hres fipili 2k

prova hres fipili 4k

prova hres fipili 8k

Traffic Flow Manager on multiple cities

Sun 2 May 23:16:31

0 115 an

GRALheatmap
Heatmap Controls:

Max Opacity: ¢ c—f > 063

| [ <Prev | 2021-05-02 23:00:00 [ Next> | A

Heavy traffic
- \ery heavy I

Sensor posiion | &

FirenzeFIPILITrafficRealtime
Traffic Heatmap Controls:

Max Opacity: ¢ oEE—————)

[ <prev | 2021-05-02 22:51:00

N a4 .‘.Fn‘»-n/e'Fll'll.l TrafficRa &l mee PN

DR f X - g ontributors
METROS88 - averageSpeed e

5797

I I [ I
10:00 1:00 1200 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 2200 23:00



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

B P T Tools for rapid implementation of sustainable
R T | R Wv;wsnap“‘,;;"w Smart Solutions and Decision Support Systems
Powered by i
@Fl\‘ i =
FREE i o . :
TRIAL DASHBOARDS AND APPS - CONTROL ROOMS - DECISION SUPPORT SYSTEMS - WHAT-IF ANALYSIS - VISUAL ANALYTICS
PassegSt

BVZIEU GDPR

COMPLIANT
—

¢“SNAP/ E = — e & B
Appliances and pockers = = PR, ‘ =
Installations ’ : , o — s o

EXPERT SYSTEM BIG DATA ANALYTICS DATA FLOWS, DATA DRIVEN METHODOLOGIES
“3» - STIENCE CLouD KNOWLEDGE BASE EXPLA"\I'B’S;'I-I'\EI I?SRSTIII'\:IEIFIEI:_\IEIIG'\SI-\IECLIIEJGENCE WORKFLOWS, MICROSERVICES COURSELS“‘,\INZ EXQASMUN'TY
STORAGE MACHNELEARTIG PARALLEL DISTRIBUTED PROCESSING DEVELOPMENT TOOLS
Node-RED

@Foundation
ED1S5

digital ecosystem




& an

¢“SNAPcrry

//www.shap4city.org /577

https
On Line Training Material (free of charge)

7th part (%)

Web & Mob. App

6th part (*)

System and Deploy] Smart City API:
Install

L

You
Tube

= = = = = =
ES)EZ)ES) .
2 |5
(@] e
EEE n ..l
Sk
>= ©
=
c o™

S5th part (%)
Data Ingestion
processes

You
Tube

You
Tube

You
Tube

2:48

4th part (%)

You
Tube

o

You
Tube

none

2:00

3rd part (%)

IOT App, 10T Network Data Analytics

You
Tube

o

You
Tube

You
Tube

3:4]

— )
2 © = = = = =
| 3 S)ENE)E:
@ hw L0
Q. e o
© 7]
ﬂm ©
Q
ﬂ’ e =54 = B4 = =4 = =
el S | = | SE | SE
(7} M1
: ]
p—
[
— o [0 & |.©
— o (@) o (@) 4
g A AR AR R
fa Ao e T =
s > > > S |©

21

Snap4City (C), September 2021


https://www.snap4city.org/577

ORE

Jlnn

\\k?* 2,
D\
\/

$
\\AQ

CSNAPLciry B

https://www.Snap4City.org

DINFO

PARTIMENTO DI
INGEGN
DELL INFORMAZIONE

DISTRIBUTED SYSTEMS
NTERNET

UNIVERSITA
AND |
TECHNOLOGIES LAB

DEGLI STUDI

FIRENZE
loT data have relevant costs for installation and maintenance

The exploitation of satellite data in the context of Smart City
— PROS: satellite data of the European Union’s Earth observation program Copernicus can be

used to
» calibrate the values of large sensors network data and for new applications in which similar data
cannot be recovered from the field
* develop new applications in which similar data cannot be recovered from the field.
— CONS, satellite data are not easy to be managed
volume of the data obtained when requesting small regions
complexity of the formats that need to be processed and converted

e computational time needed and difficulty in providing data in real time
* lack of spatial resolution in providing the data.
Tools and Dashboards have been provided and integrated into Snap4City suite to

— perform a comparison of data coming from satellite with respect to those obtained from loT

devices.
— Demonstrate that it is possible to create a real time solution by exploiting satellite data
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