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[MPO2KAH2H

To IvotitoUto NMAnpodopikic tou I6pupatog TexvoAoyiag kat Epeuvag,
00 TIPOOKAAEL OTO QVOLKTO EKTIOULOEVUTLKO CEULVAPLO HE BEpa

«TexvoAoyisc Enikowvwviwy Kat AvaAuong Asdousvwy yla

Eupun Aiktua Yépeuonc»

O Acutépa 30 NogpBpiov 2020
09:45 rt.u. — 12:30 (..

> Uvdeopocg yia online napakoAouBnon:
https://us02web.zoom.us/j/88138640779?pwd=YXg3dk5DQi9EbUsrTiBNUFNZQ3A0Zz09

W{W http://www.smartwater2020.eu

H Npdé&n ouyxpnpatodoteital anod tnv Evpwnaikn ‘Evwon (ETNA) @
Kot arto EOvikoug MNépoug tng EAAASaG kat tng Kumpou


http://www.smartwater2020.eu/
https://us02web.zoom.us/j/88138640779?pwd=YXg3dk5DQi9EbUsrTjBNUFNZQ3A0Zz09
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SmartWater2020
EKMAIAEYTIKA ZEMINAPIA (2.4)
@ https://www.smartwater2020.eu

EKNAIAEYTIKO ZEMINAPIO

Texvoloyiec Emikowvwviwv Kot AvaAvong Asdopévwy ya
Eudun Aiktva 'Yépevong

HpakAewo, 30 Nogpuppiov 2020, 09:45 1t.pu. — 12:30 W A.

Z0véeopog yla Stadiktuakn napakoAovOnon péow ZOOM

https://us02web.zoom.us/j/88138640779?pwd=YXg3dk5DQi9EbUsrTiBNUFNZQ3A0Zz09

Zuyypnuartodoteltal amé v Eupwalkn Evwon (ETMNA) kat artd EBukolg Mopouc tng EMadag kat tng Kimpou

[

IAPYMA TEXNOAOTIAZ KAl EPEYNAZ


https://us02web.zoom.us/j/88138640779?pwd=YXg3dk5DQi9EbUsrTjBNUFNZQ3A0Zz09

NMPOrPAMMA

9:45 - 9:55

20véeon oto Zoom

9:55-10:00

Xapetiopog ano Enotnpovikd YnevBuvo £pyou yua to ITE-IN
MNavaywwtne Toakadidng, Kadnyntng, Enikepalnc Epyaoctnpiov Eneepyaoioc Znuatoc,
ITE-IM

10:00 - 10:30

Aiktua AlcBntripwv Ko TexvoAoyieg Emkovwviwy otnv Emoxr tou loT
2tépavoc Manaddakng, ELSIkoc Aettoupyikocg Emttotiuovac B, ITE-IM

10:30-11:00

TnAenkowwviakn Yrodoun LoRaWAN, ano tn MeAétn wg thv YAonoinon
2tépavoc Maradaknc, Eldikoc Asttoupyikog Emtotiuovac B, ITE-IM

11:00 - 11:30

KoAég Mpaktikég Avaluong Asdopévwv — To Movtélo CRISP-DM
JtéAlo¢ Pouurmaxng, Mnx/koc NAoytopikou, ITE-IM

11:30-12:00

Tupnieon Aedopévwy pe Xprion ZUpMLESTIKAG AglypatoAnyiog
lwpyoc T{aykapakng, Epsuvntic B’, ITE-IM

MATLAB Demo

JtéAlo¢ Pouurmaxng, Mnx/koc Aoytouikou, ITE-IN

12:00-12:30

Ofpata YPnAoL Erunédou Avaluong Asdopévwv
lwpyoc¢ T{aykapakng, Epsuvntic B’, ITE-IM

Xpnrion tng NAatdpoppag SmartWater2020
JtéAlo¢ Pouumakng, Mnx/koc Aoytaptikou, ITE-IM

12:30

AAén Eknatdeutikol Zepvapiov
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Sepivaplo «TexvoAoyieg Enikoivwviwv kal Availuong Agdopevwy yia Eugun AikTua 'Ydpeuong», 30/11/2020

AikTua AloBnTnpwv kal TexvoAoyiec Enikoivwviwv otnv Enoxn Tou IoT

>Tepavoc Manadakng, Eidikog Aeitoupyikog Eniotnuovag, ITE-IMN
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* Smart Home / Building / City / ... / everything
« Ti eival “e&unvo”;

* NMwc¢ yiveTal oTIdONNoTE EUnNVoO;
« To npwTo Briua onuepa ivail n dlacuvoeon

INSTITUTE OF COMPUTER SCIENCE

Ta navra
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!Qfsea';ﬂ,ﬁogq = AladikTuo Twv Mpaypatwyv
o T __IIo IoT - Internet of Things
O%fo IOT ANALYTICS Insights that empower you to understand loT markets

Total number of active device connections worldwide

Number of global active Connections (installed base) in Bn
354

r_.: Non-loT

B o7

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Note: Non-loT includes all mobile phones, tablets, PCs, laptops, and fixed line phones. loT includes all consumer and B2B devices connected — see loT break-down for further details

AEY> MO
ANAIITY=HXZ
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L 10T ANALYTICS

Global Number of Connected loT Devices

Number of global active IoT Connections (installed base) in Bn
254

Insights that empower you to understand loT markels

21.5
Wireless Neighborhood

Area Networks
(WNAN)

M 56

Other

Cellular / M2M
B wired

LPWA

"] wireless Local
Area Networks
(WLAN)

B Wireless Personal
Area Networks
(WPAN)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Note: loT Connections do not include any computers, laptops, fixed phones, cellphones or tablets. Counted are active nodes/devices or gateways that concentrate the end-sensors, not every sensor/actuator. Simple one-
directional communications technology not considered (e.g., RFID, NFC). Wired includes Ethernet and Fieldbuses (e.g., connected industrial PLCs or 1/0 modules); Cellular includes 2G, 3G, 4G; LPWAN includes unlicensed
and licensed low-power networks; WPAN includes Bluetooth, Zigbee, Z-Wave or similar; WLAN includes Wi-fi and related protocols; WNAN includes non-short range mesh; Other includes satellite and unclassified

proprietary networks with any range.

Source: loT Analytics Research 2018 E |

)FORTH ANAMTY=HS
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pacasiicl VY TexvoAoyieg Enikoivoviwv
- 1EEE 802.15.4 - 4G/5G
 ZigBee SE * NB-IoT
- Wi-SUN - Cat-M1
» 6LowPAN
- Thread - WiFi (IEEE 802.11)
* LoRaWAN * Wireless M-BUS
* Sigfox

e m A2 MO
‘\’F DRTH ANATITY=HX
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« AMR - Automatic Meter Reading
« MeTpnon katavaAwong
« Movo;
« METPNON NOIOTIKWV XAPAKTNPICTIKWV
« MeTpnon nepiBaAAAOVTIKWV NApayoviwv
« EidonoINoeIC yIa Kakn Xpnon, napeuBaceic, npoBAnuaTa
« EvToniouoc
« EvepyonoinTeg;
* AMONAKPUOHPEVOC EAEYXOC

« WSN - Wireless Sensor Network
AE2 MO

T ANAMTY=ZHZ
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Edappoyn
wireless sensor node

MeyaAog KaToVOAWTAG EVEPYELOG

digital - analog transceiver
interfaces
pcontroller

-
|
|

Auvatotnteg enefepyaciog Xpovog autovoulag

power

AE2 MO
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Star Topology Mesh Topology

Gateway

(to Internet) AE> MO
ANATITY=HX
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« TonoAoyia

« Evepyeia

« KOoToC KOufou

« KooTocg OIKTUOU

« 2uvTnNpnon

« AUvVATOTNTEC

« KaAuwn

« TaxuTnTa

« XwpnTIKOTNTA
ZUGKEUEC;

--‘.A““:
(P
i
[ R AR
SR s 4
TN y'—:
',"..:.":.{_:
L
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Zigbee
802.15.4
Bluetooth

Data Rate
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Bluetooth LE
ZigBee
Thread (6LOWPAM)
Z-Wave
ANT
NFC (EMV) WirelessHART
RFID ISA100.11a (6loWPAN) 802.1 la/b/n/ac

EnOcean 802.1 laf (white space)

Plus more 802.1 lah & 802.11p Wi-SUN (6LoWPAN)

ZigBee-NAN
(6LOWPAN)

Cellular
2G/3G/4G
LTE-MTC

5G in the future

Low Power Wide Area
(LPWAN)

SIGFOX

LoRa

Telensa

PTC

Plus more

Contact range
(0-10 meter)

Short range Short/Medium range
(10-100 meter) (100-1000 meter)

Medium range
(5-10 km)

Long range
(up to 100km)

AE2 MO
ANATITY=HX
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Licensed spectrum

License-exempt spectrum

N\

NB-loT / EC-GSM

S

Power Consumption
Y —

Weightless-P

L

L
1 1
10 1,000 10 k 1M 10m 100 M
Bytes / Hour

Y

AE2 MO
ANATNTY=HXZ
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LoRa Sigfox NWave On-Ramp Telensa IEEE 802.15.4¢g
3-8 urban 3-10 urban
Range (km) 15-20 suburban 30-50 suburban 10 4 Up to 8 Up to 1
15-45 flat
H‘:;l:r‘fgcy Sub-GHz Sub-GHz Sub-GHz 2.4 GHz Sub-GHz Sub-GHz
. Spread Ultra Ultra Spread Ultra
Modulation Sprectrum NarrowBand | NarrowBand | Sprectrum | NarrowBand F3K
Data rate (Kbps) 0.3-22 0.1-0.6 0.1 19 per MHz | up to 0.5 50-200
OTA upgrades Yes No Yes Yes Yes Yes

Table 2.1: Popular LPWAN protocols and their characteristics

AEYMOI
@FORTH ANAMNTY=HX
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COMPARISON OF THE THREE LPWAN STANDARDS

LoRaWAN
Class Class Class DASH? NB-IoT
A B C
Frequency Band 433/ 868/ 780/ 915 MHz ISM 433/ 868/ 915 MHz ISM/SRD Cellular Band
Channel width 500 - 125 kHz 25 or 200 kHz 180 kHz
Spectrum unlicensed licensed
DL:QPSK
Modulation Chirp spread spectrum (CSS) GFSK UL: QPSK (multi-tone)
7/4-QPSK, 7/2-BPSK (Single-tone)
DL: OFDMA
Access Method Aloha | Slotted Aloha Aloha CSMA/CA UL: SCEDMA

Data Rate (DL/UL)

EU: 0.3 - 50 kbps
US: 0.9 - 100 kbps

9.6, 55.555 or 166.67 kbps

~50 kbps ( DL/ UL multi-tone)
~20 kbps ( UL single-tone)

Duplex Half Half Half
Topology Star Star, tree, Node-to-Node Star

. UL: 125 bytes

Payload Size 51 - 222 bytes 256 bytes (Max) DL: 85 bytes

Mobility support

High & Simple

High & Simple

High & Complex

Mobility latency

low (Almost Zero)

low (305 ms) [48]

High (1.6 - 10 s)

Transmission Time

Depend on Spreading Factors
Payload size = 10-50 bytes
SF=17,8,9,10, 11 ==>T<1s
SF=12 =>T=1-2s

Advertising: 1 s
Request <50 ms
Responses: 1 s

Depend on block size
ex. 696 bits = 2.56 s
and number of repetitions

Receiving Time e According ﬁ:lv:s)s i
ON to slot time .. Using Paging Method
Transmitting
Transmission Power +14 - +27 dBm +27 z-81608/(;13 : h};l{Hsz)) ! dBm 20/23 dBm
DL Latency High Medium Low Low Medium
Support
Real-Time applications No No Yes No No
Device per UL >1M NA (connectionless ~55 k
Access point DL <100 k communication)
Collision High | Medium | Medium Low Low
. 2 - 5 Km (urban) 1 Km (node to gateway) Several Km depends on
Range (theortical values) 15 Km (rural) 2 Km (using subcontroller) the number of repetition
10-15 Km (Rural)
Link budget up to 157 dB up to 140 dB 154 dB
Receiver Sensitivity -124 - (-134) dBm -97 - (-110) dBm -141 dBm
Multi-hop support No Yes (only 2 hops) No
Unicast
Addeessing UL: Broadcast Broadcast UL: Unicast
DL: Unicast Multicast DL: Unicast and Broadcast
Anycast
e Unique 64-bit address Unique 64-bit address
Device Addressing | (As MAC) As LTE
?‘{‘;";‘l‘,‘)" Unique 32-bit address Unique 16-bit address
Standard LoRa Alliance DASH?7 Alliance 3gpp (release 2015)

Battery life

~10 years

>uykpion V
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Annual Unit Shipments of LPWA Modules (in thousands)

2017 2018 2019 2020 2021 CAGR
Sigfox 8,424 14,538 27,951 52,821 85,042 219.5%
LoRa 32,316 57,298 98,162 161,561 249,724 92.3%
LTE Cat-M1 | 1,978 8,571 20,284 28 801 52,288 —~
NB-loT 16,166 34,062 84,885 161,628 222,902 —~
Other 4,022 6,201 8,714 7,069 8,402 14.7%
Totals 62,905 120,667 239,996 411,881 622,358 95.0%

Source: IHS Markit
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aaaaaaaaaaaaaaa

« TonoAovyia acTtepa (star of stars)

« AJQIdpoOUN €NIKOIVWVIA

* YwnAn nukvoTtnTa OikTUoU (1000a0&eC CUOKEUEG)

« Mikpn kaTavaAwon svepyelac (xpovia Ye ynartapia)

« MeyaAn akTiva kaAuwnc (15 km pe onTikn enaen)

« MeyaAn avTtoxn oto Bopufo (-20dB SNR)

« MeydaAn a&onioTia (redundant GWSs)

« Ao(paAsgia ano akpo o akpo (kpuntoypagpia AES 128)
« >2uyxpovo (First LoRaWAN specification - June 2015)

« MeyaAn eykateoTnUevn BACN CUOKEUWYV
T AE2 MO
ANAINTY=HX
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© vaterson Star of Stars Topology

RN

\ Gateway

(to Internet)
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Concentrator Network Application
/Gateway Server Server

asset
tracking B

gas monitor

@

3G/4G
/Ethernet

water
meter

3

vending
machine

=

fire detection

LoRa® RF TCP/IP SSL TCP/IP SSL
LoRaWAN™ LoRaWAN™ Secure Payload

AES Secured Payload
Application Data

AE2 MO
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v Epedpeia

v AANnAognikaAuyn pe TonoAoyia star of stars
v MeyaAn kaiAuyn

v 2 - 5 km og aoTiko nepifaAlov, 10+ km os nepIAocTIKO
v MeyaAn XxwpnTikOTNTA

Y unooTnpI&n TEpACTIOU apIOPOU CUOKEUWV
v MeyaAn auTtovoupia

v 10 xpovia+ pe pynarapia
v 1316kTNTN UNodoun

v UNOEVIKO KOOTOG ENIKOIVWVIAG
v AvTOoXN OTIC NAPEPPBOAEC

v ouvunap&n He AAANEC TEXVOAOYIEG

™
v MoAAanAeG Xpnoeig ’,-n WA ! k
— /
—) * AE>MOI
| ‘:'::* INSTITUTE OF COMPUTER SCIENCE / A N A I_I TYE H z

v duvaTtoTnTa Nnapoxng unnpeaiac
v E€EaopaAiopevo peEAAoV
Y NMOAU peyaiog aplBuoc epnopika d1abeciywy
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Sepivaplo «TexvoAoyieg Enikoivwviwv kal Availuong Agdopevwy yia Eugun AikTua 'Ydpeuong», 30/11/2020

TnAenikoivwviakn Ynodoun LoRaWAN, ano tTn MeAeTn wg Tnv YAonoinon

>Tepavoc Manadakng, Eidikog Aeitoupyikog Eniotnuovag, ITE-IMN
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> UYKEVTPWON anaiTnoswy
* apIOUOC CUOKEUWV
* KATAvoun
* OnMeia TonoBeTNONG
* gUXVOTNTA UETPNOEWV
Epappoyn povreAwv diadoonc H/M KupaTtwy OTO XWPO
* npoBAewn kal NnpoBoAn KAAuUWNG
« eniAoyn BEATIOTWV OnUeEiwv TonoBETNONG gateways
MeAETN auTovouiag
* OUOKEUWV
* gateways
MpoBARuaTa kal AUGEIG
« Texvikoi kal EpapUOOTIKOI NEPIOPIOUOI
MpOBAEWN yia AAAEC XPNOEIC

R
SENE 20
Y |
- ey
Yoni o
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LoRaWAN™ |

LPWAN
Sensors

Gateway
Wi-Fi/
Ethernet/
End-to-End Cellular
Secured
Payload
Network
Server

Application
Server
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///Jf:, Data rate (DR
/Q — ]Loro mo’dim—nw iSK e
: : Range
12 11 10 94 8 - Spreading factor (SF)
125 125 125 Bandwidth (BW)(bps)
Bitrate (BR)(bps)
Receive sensitivity (dBm)
292 537
-136 -133 Time-on-air and consumption
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' 6000
- ED —a— payload size = 30
X GW | | —o—payload size = 40
-- -gg(l) > 5000 ¢ —— payload size = 50
—DRL 5
——DR2 o
DR3 \@/ 4000
——DR4/| - =
——DR5 S
——DR6 g
——DR7 =
oy
A 2000
] ] 1000 1 1 L L ! !
5 5 0 0.2 0.4 0.6 0.8 1 1.2

Distance from gateway (km)
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0.06 -
0.05 -

0.04 |

~
[ 0.03}

P

0.02 -

0.01 |

—a— payload size = 30 0057
—o— payload size = 40
+—payload size = 50 0.048
%% 500 1000 1500 2000 2500 3000

Num of EDs

&
7
4
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3 t
o
N
3
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EpyaAecia MNMpocopoiwonc

40 -

)

Percentage (%

Do
(a)
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—
e
T

—=o Allocation percentage
—a PER
0.1
3 do3
da2
1.0
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iFoimS

.

© 2018 Google ' A S
S ' G
¢ -

%" Image'©,2018 DigitalGlobe

Imagery Date: 7/15/2018' #34°55'04.02" N 33237'28.01~E' elev/ 12m _ eyealt 855m
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oRraWA
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J
Aapvaka - Kunpoc

MAoTikn dokiun LoRaWAN oto ZuppBouAio YdaTtonpopnBeiac Adpvakac
Napadeiypa
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Adapvaka - Kunpoc
ZUYKEVTPWON anaiTnOEWV
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« KaAuwn TnG UNTPONOAITIKNG NEPIOXNG TNC Adpvakac

* MeAETN ME PEAAIOTIKA XAPAKTNPIOTIKA

« Xpnon kataAAnAwv povteAwyv diadoong H/M kKupaTwy
e TexVIKOI KAl EQAPPOCTIKOI NEPIOPIOUOI

« AvToyxn oto Xpovo (future-proof design)
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« MapaueTrpol
« povTeAo 01adoonc (peaAioTiko & ocuvTnNPNTIKO)
* dOTIKN MEPIOXN
« eualobnoia 6ekTtn (-120dB)
« kKEPOOC Kepalwv 2.17/0dBi

 [eplopiopoi
* Uyoc udpopeTpwV 30cm
« ypoc Gateways - Upoc KTnpiou + 2m
* 1OXUC EKMOMNNG 25mw
* XPNON CUYKEKPINEVWV KTNPIWV

T
(Eaasy)
\$3ndSl s

e ;?7

Boiia
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Eyxeipnparog Aladikacia EEOPUENC
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Mia diadikaoia nou oToXEUEl
oTnv augnon TnG Xpnong
0edOUEVWV OE PIa NEYAAN

: SUAMOVYA NOIKIAIQ ENIXEIPNUATIKWYV KAl
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Katavonon

Eyxeipnparog

OpiIopog
ZTOXWV

* T npoonaBouUpe va Kavoupe - [oloc gival 0 0TOXOC TOU £pyou?

= Q1 xopnyoi Tou gyxeiprpuaToc naiouv Tov nio Kpioigo poAo

*» Mwc opileTal n eMiITuXia Kai NwWC JNOPOUME va Tn METPNOOUUE?
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KaTtavonon

Eyxeipnparog

Ekppaloups To NpOBANKA OTO NAQICIO TWV TEXVIK®V OTATIOTIKNG KAl JNXAVIKAC
Haénong

Regression: “[MpoBAeywn €000wV TO €MNOPEVO TPiNnvo?”

Classification: “H noioTnTa Tou vepou sival kaTnyopiac A n katnyopiac B?”
Clustering: “Yndapxouv opadec KaTavaAwTEC NOU £XOUV NAPOMOIa CUMNEPIpopa?”
Recommendation/Personalization: “Mwc pnopw va npoopEPW OTOXEUPEVEC
EKNTWOEIC OE OUYKEKPINEVOUC NEAATEC?”

Outlier Detection: “lMwc¢ pnopw va svroniow pia diappon? ”
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H AvaAuTtikn Mpoogyyion kaBopilel TIC ANAITAOEIC AESONEVMWV KAl
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Apxikn AvakTnon AeOONEVWV

Q AigBeoiuotnta Asdouevwv?

O MeBodoir avakTnonc oedouevwv?

O AvaBswpnon Twv anaitnocwv Twv OEO0UEVWV
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'Eneira n Karavonon Ae3OHEVWV NPOTPEPEI:

O ApxIKN €KTiKNON YIA T PUON TwV OEQOHEVWV
Q Mepiypagika oTaTIOTIKA OTOIXEIQ KAl ONTIKOMNOINON
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H MposToipyaocia Aedopuevwy rnepiAauBaver OAec Tic evepyelec kabapiouou
kal Oounonc Twv OEOOUEVWV

KaBapiopog AedopEvV
Q Xauevec n un EyKUPEC LUETPNOEIG
Q E&aAsiwn dinAwv osipwv
Q Zworn popgonoinon
ZUvOuaoHOoG¢ NOAAANA®Y NNYWV JEFOHEVMV AES MO
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= AvanTtu&n NpoyvwoTIKWV N NEPIYPAPIKWV HOVTEAWV
= Mnopouv va dokKiuaoTouVv noAAanAoi d1apopPETIKOI

aAyopiBuol

=  Juvexwc enavaAnnTikn diadikaacia
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H AElo0AOynon Tou JOVTEAOU MPaypaTtonolseiTal Kata tn dlapKelad TNC avanTuéng
Tou kal npiv Tnv Eqpappoyn
= KaTtavonon Tng noioTnTac Tou HOVTEAOU
= 'EAEYXOC €NITEUENC TWV AEITOUPYIKWV OTOXWV MOU £XOUV TEOEI
= AIQYVWOTIKEC METPIKEC
e KatdAAnAec yia Tn TEXVIKN LHOVTEAOMNOINONG Mou XPNoiUONoIEITAl
e Niaxwpiouoc dedouevwyv o€ Eknaideuon/EnaAnBeuon
e Avanpooappoyn Tou JovTeAoU BACEl AnOTEAECUATWV

» Tests OTATIOTIKAC onuaciac AE> MO
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Avadpaon

[ ]
/’ I--_‘ ..
483
\

MOAIC opioTiKonoinBei, To povTeAo epapHOleTal oe NepIBAAAov
napaywyng _ | ' _ ,

= [lapoAa auTta &ekivael o€ eva NEPIOPICHEVO NEPIBAAAOV QOKINWV
= 3TNV EPAPHOYN EVOEXETAI VA CUUHPETEXOUV:

e Xopnyoi
e Tunua Marketing

e [lpOoypauuaTioTeG EQAPLOYWV AES MO
FORTH e AIGXEIPIOTEG TWV OUOTNHATWV ANAMTY=HX

AvanTtuén /
Eqpappoyn
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Avadpaon:

e [1000 kaAn €ival n anodoon Tou JOVTEAOU?

e EnavaAnnTikn diadikaacia yia Tn BEATIWON KAl ENAVEPAPHOYN TOU
HOVTEAOU

e A/B testing
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Analytic
Approach

Business
Understanding

Feedback

Data Requirements

Deployment -

Data Collection

Evaluation

- Data Preparation Data
\ Understanding
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Epapuoyn
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CRISP-DM

“+Data Scientist: . .

+Mnxavikoi-Texvikoi: () @ @ ©

+Tunpa Oikovopikav: @ @

“*ZUHBOUAIO:
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To CRISP-DM cival eva €€QIpETIKA EUEAIKTO
KAl ENavaAnnTiko JOVTEAO

Data v EueAiia: anaiteitar o kabe Bnua, o€
e ouVvOUAOWPO PE TNV ENIKOIVWVIA oUTWE WOTE
va diatnpnBei o eAeyxoc Tou epyou. Towg

Preg::;m XPEIQOTEI va  E€NAVEEETACOUPE  KAMOIO
NponNyoupdEeVOo Bnua Kai va yivouv aAAayec
Deployment

v EnVaAn@IHoTNTA: aKONa Kal JETa TO
NEPAC TOU EYXEIPNHUATOC EVOEXETAI va

avanpoodiopioToUV Ol OTOXOI TOU YIid TNV
€€ao@alion TnG BIwOIPOTNTAC TOU £PYOU
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EKMNMAIAEYTIKO ZEMINAPIO

TexvoAoyiec Enikoivoviov kal AvaAuong AedoHEvwy. yia
Eugun AikTua 'YOpeEUONG

HpakAeio, 30/11/2020

>upnieon Agdopevwy PJe Xpnon ZUMMIECTIKNG AglypaToAnyiac

Mwpyoc Tlaykapakng, Epeuvntnc B’, ITE-IN
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« Eival n Texvn TNC avanapaoTacng Tnc NANpogopiac 0 «ocupnayn»
HoP®N

« AUTEC 01 avanapaoTacsic dnuioupyouvTal avayvwpidovrag kai
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Meiwon KooTtouc TnAspeTpiac

Meiwon KatavaAiokOopevng
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- AnoBnkeuon

H cupnieon 6€dopevwy PeIwVEl TO HEYEBOG Twv dedopevwy (N.X. EVOC apXEiou),
MEIWVOVTAC TOV AdnMoBnNKEUTIKO XWPO NOU anaiTeiTal yia Tnv anobnkeuon Toug

- Metadoon Aedopevwv

MelwVel TO XPOVO KAl TNV EVEPYEIA NMOU AnNalTeiTal yia Tn geradoon TNG
nAnpogopiag

SOFORTH ANANTY=HZ
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« 'Eva ouoTtnua ocupnieong 6edopevwyY anoTeAEiTal ano dUo Bacika Pepn

> UMNIECTNG ANOCUMMIECTNG

Avakataokeudadlel Ta
apxika dedopeva n
Mia NpoOEyyYIan TOUG
ano Tn CUMNIECHEVN
avanapacTaon

MNaipvel Ta dedopeva
Kal napayel yia
OUMMIECHEVN
avanapaoTaon
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« O1 peBodol ocuunieonc dedouevwy Xwpilovral o€ U0 BACIKEC KATNYOPIEC

Zupnieon Xwpig >upnieon Me
ANWAEIEG ANWAEIEG
(Lossless) (Lossy)
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- Kwodikonoinon Tpexovtoc Mnkouc (Run Length Encoding — RLE)

n.x. AAAAAAAABBBAAITAAAAA (20 cUpBoAa) => 8A3B2A2I5A (10 cUPBOAQ)
(10-20)/20 = -50%

« Kwdikonoinon Huffman
« AAyOpiBuoc Lempel-Ziv (LZ77)
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« JPEG (Y10 €IKOVEC)

« MPEG (yia BivTeo)
« MP3 (via nxo)

>upnieon Me AnwAeglec

Eqpapuoyec Zupnieong
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ZUpMnIECTIKN AsiypaToAnwia
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(
ZUHMNIECTIKN

AsiypaTtoAnyia
(Compressive Sensing)

N

~

/

INSTITUTE OF COMPUTER SCIENCE

>UunIEOTIKN AglyuaToAnyia

TauToxpovn ANWnN Kair cupnieon Twv
0EOOUEVWV

EEaipeTika anAn diadikacia (cupnieon)
oTa akpa Tou dIKTUOU

To unoAoyloTikO Bapoc (anocupunieon)
NEPTElI OTO KEVTPO TNAEEAEYXOU

MpoopEPEl Eva €YYEVI KNXAVIOUO
KpunToypapnong Twv 0eO0UEVWV

AE2 MO
ANATITY=H2
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- Eival pia Texvikn ene€epyaaociac onuaToc via TNV akpifn avakaTaokeun
EVOC apdaioU N CUHMNIECTIKOU ONUATOC ano €va HWIKPO NANBoC Tuyxaimwv
HETPNOEWV

Apalo onua S UMMIECTIKO ONMa

L & .

Tiun
Tiun

Agiyua Agiyua

SFORTH A2 MOI

ANAITY=HX
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Misekineos )) ZUMMIECTIKN AglypaToAnyia

(7] o
SmartWater2020 J“

« 'Eva onua evOEXOUEVWC va PNV €ival ano Tn ¢puon Tou apdaio. Mnopoupue
OMWC VA TO apdlonOINCOUNE HE Evd KATAAANAO HETACYNHATIOHO

ApXIKO onua >nMa oto nedio ouxvoTNTAG

MeTaoxNUAaTIONOG

4 -
3 l Fourier o ol o .
=) ‘\ ” i =R
~ |ﬁ \ =
2 0
’ a0 0 50 100 150 200 250 300
Xpovoq ZuxvoTnTa

REee
S I_I T'\ r I I
ST —
INSTITUTE OF COMPUTER SCIENCE AN A — Z



nnnnnnnnnnnn

ey ) >UunIEOTIKN AglyuaToAnyia
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« H oupnieon Twv 6edopeEvVwV NpAyUdTONOIEITAl NAVW OTOV alodnTrnpea n Tov
€EUMVO PETPNTI, EVW N ANOCUMMIECN OTO KEVTPO TNAEEAEYXOU

L) Xy Vi
- - M

T L T
| ' f f‘ |
|

L ’Hf

I i iy --'. =% -2
= o T
@ i ' f \I | r ' LS oL EE t‘ﬁ;z
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@ 4 N ==
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4
4

®: Tuxaioc nivakac o _.)
(n.X. Gaussian, +1/-1)

v PuBuoc AsiypatoAnyiag: SR =

=

sty —®(Wa), <5

1
¢ - - wlg
; x=V¥ a
DR AERE RS = : 1
e ,'-=_£.'-'3;__*z';- i o * - - M ! !

O - =i oA 2 .

S st et Y | — !
L T II

A
|
A f
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I 1
H 1
® N N ,
X
<
3
1
H
€
1
X

W: lMivakag |.,IE'II'CIO)(I‘]|J(]TIO'|JOL'J
(n.x. Fourier)

AE2 MO
ANAITY=HX
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« O TUYXaioc nivakac ® npenel va nANPoi CUYKEKPIMEVEG NABNUATIKEC
1I010TNTEC, YIa va €yyunbei TNV avakaTaokKeUn TOU dpXIKoUu CNUaToc JE
ueyaAn akpipeia

« [Mapadeiyuata KaTaAANAWV Nivakwyv P:
(https://sites.google.com/site/igorcarron2/cs#measurement)

— Gaussian kaTtavoun
— Bernoulli katavoun (+1/-1)
— 2uvTeleoTeg Fourier o M Tuxaieg ouxvOTNTEG

FORTH ANAMTY=ZHZ


https://sites.google.com/site/igorcarron2/cs#measurement

interreg H

EYPMAIKH ENOZH

PALLS Wy ANOCUNNIECTNG

(] P
SmartWater2020 ~—

« O nivakacg yeraoxnuaTtiopgou W npenel enionc va NnANpPoi CUYKEKPIPEVEC
npounoBeosic (N.x. va €ival acuvapTnToc Ue Tov ®), via va gyyunbei Tnv
aVvAKATAOKEUN TOU apXIKou ONUaToC JE MEYAAN akpiBela

« Mapadeiypata KaTAAANAWV NIVAKWV JETaoXNUATIopou W:
(https://sites.google.com/site/igorcarron2/cs#sparse)

— Short-Time Fourier Transform
— Wavelet Transform
— Discrete Cosine Transform

RT AESMO
ANAMNTY=ZHZ



https://sites.google.com/site/igorcarron2/cs#sparse

interreg

EYPMAIKH ENOZH

B Koo ) >upnieoTikn AsiypatoAnwia otnv Mpaén

(] e
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« ZUMMIEON OoTa akpa Tou diIkTUOoU: EniAoyn NnapaueTpwyv ano To XEIPIOTN
TOU OUCTNMATOC

Function: CSEdge(x, seed, PhiType, samplingRatio)

Inputs:
@x: To apxIkO dIAVUCHNA PE OAEG TIC METPNOEIC TWV AIoBNTAPWV PAKoug N

@seed: akepaloc nou kabopilel TNV akoAouBia nou napdayel n yevvnrpia
WeudoTuXaiwv apiBuwyv yia Tn dnuioupyia Tou nivaka @

@PhiType: o TUNOG TOU Nivaka dsiyyatoAnyiac @

@samplingRatio: To nocooTo deiypaToAnwiag Twv dedouevwy. To PNKOC TOU
oupnieguevou diavuopaTog unoAoyiletal wc M = floor(samplingRatio*N)
Output:

@y: TO CUUMNIEONEVO dlavuopa dedopevwy unkouc M (M«N)

.. AESMO
ANAMNTY=HX
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PEeKless ) >upunieoTikn AsiypatoAnwia otnv MNpaén
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 Anooupnieon oTo KeEvTpo TNAgeAEyxou: EniAoyn NnapapeTpwy ano 1o
XEIPIOTN TOU CUOTANATOC

Function: CSDecompression(y, seed, PhiType, psi)

Inputs:
@y: TO CUUMNIECNEVO Olavuopa 0edoNEVWY UNKoug M

@seed: akeEpalog nou kabBopilel Tnv akoAoubia nou napayelr n yevvnTpid
WeudoTuXaiwv apiBuwyv yia Tn dnuioupyia Tou nivaka @

@PhiType: o TUNo¢ Tou nivaka delypatoAnyiac @
@psi: doun yia Tn dnuIioupyia Tou TEAECTN apaionoinong

Output:
@Xx: TO AnNOCUUNIEoNEVO Olavuopa dedodeEVWY pRkoug N

AE2 MO
FORTH ANAITY=HX

INSTITUTE OF COMPUTER SCIENCE
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EMGBa-KUrtpos Aedopeva AEYAM
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Original sensor stream Original sensor stream
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500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
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Compressed stream (SR = 25%) Reconstructed stream (SR = 25% , SER = 24.17dB)
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Measure ment index Samples

. AE2 MO
FORTH ANATITY=H2

INSTITUTE OF COMPUTER SCIENCE




interreg

EYPAMAIKH ENOEH

B Oreos ) Aedopeva AEYAM
'

SmartWater2020 ~—

Original sensor stream

_ Original sensor stream = ; .
©n T T T T T T T = ]
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) g
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500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
Samples = 950 =
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ZupnieoTikn AsiypatoAnwia k' Kpuntoypagpnon

EE
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INSTITUTE OF C TER SCIENCE AN A Y— z
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KT ) Kpuntoypapnon AedouEVWV
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e
SmartWater2020 ~—

e H oupnieoTikn deiypaToAnwia NpooPpEPEl EvA EYYEVH HNXAVIOHO
(aoBevouc) kpunToypaAPNOoNG AOYyw TOU TuXaiou nivaka ®

« Ag ynopei va gyyunBei TEAEI0 anoppnTo, AAAd UNOAOYIOTIKO AnoppnTo
TV OEOOUEVWV

* YNOAOYIOTIKA AQVEPIKTO £vaC «EIOCBOAEAC» VA AVAKATAOKEUAOEl TO APXIKO
onua xwpic va yvwpilel To cuoTnUa Tuxaiag deiyyatoAnyiacg

(o
BE Rtk
G —
LTIV —
INSTITUTE OF COMPUTER SCIENCE AN AI I I I — I I z
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EYPMAIKH ENOZH

EAAGSa-KUTIpO - .
e_L ), Kpuntoypapnon AsdopNEVWV

e OI yabnuaTikec 1010TNTEC TOU TuXaiou nivaka @ diacpaAifouv OTI N
EVEPYEIQ TWV TUXAIWV HETPNOEWV €ival oxedoV id1a JUE TNV EVEPYEIQ TOU
apxikou onuaTog

@ 01 peTprosic nou napdayovTal pe Tuxaia derypaToAnwia givar SUCDIAKPITEC
€AV Ta avTioToIXa adpXika onuaTta €ival kavovikonoinueva ortnv idia
EVEPYEIQ

@ 01 Tuxaiol nivakec Bernoulli eival aopaleic ydvo yia apketda peyaio N

5

* Kavovikonoinon onuatog s, =

I| th'r
,I'I D i=1 | 51'2
| N

RT | AESMO
ANAMTY=HX




EM“M);\, Napadeiyua EniBeonc
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« 2& dia CPA o sioBoAEacg pnopei () i =
(evOeEXONEVWC NPOCApPUOOTIKA) va {NTNnoel
Ta KpunToypagpnueva pnvupaTta

« EniBeon enmiAeypevou-anAou keipevou (CPA)  xer® y € R™

aubaipETWV UNVUHATWV anAou KEIPEVOU ®?
« AuTO FIPOUI'IOGETEI a)\)\n)\gnlépaon TOU T AA
€10BOAEQ E TO UNXAVIOKNO KpUNTOYpPAPNONG | Vi

RT AEYMOI
ANAMTY=HX
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EYPMAIKH ENOZH

joaicasii VY > xedlaoTikoi 2Toxol Kpuntoypagpnong

- AvTOXN evavTiad o€ enNiB£ocelc TUNOU CPA: UETATPENOUME TN
VTETEPUIVIOTIKN CUMMEPIPOPA TNG oUvVAPTNONG KpunToypagnonc apou
exoupue eniAeEel To kKA€I0i (seed), og eva oxnua niBavoTikNG
KpUNTOYpAaPNONG

« XEIPIOCPOC ONUATWYV HE OIAMOPETIKN EVEPYEIA: TA ONUATA NPENEl vd
Kavovikonoinbouv KaTta TNV Kpuntoypadnon, KAl n EVEPYEIA NPEMNEI va
ueTadideTal ePnIoTEUTIKA hadi JE TIC TUXAIEC HETPNOEIC

« AOQAA&la HEOW® OYXEDIAOHOU: €ival onUavTiko va BacioTel 0 TPONOC
AEITOUpPYIaC o€ YyVvwOoTa Kal agioniora kpuntoypagika BepeAia kal pebodouc
KATAOKEUNC KPUMTOYPAPIKWY CUCTNHATWV

ORT AEYMOI
ANAMTY=HZ

INSTITUTE
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EYPAMAIKH ENOEH

Eupwnaiko Tapelo MNepupeperakrig Avantuing

SmartWater2020 ~—

O s10BoAEacg Exel
yVwon Tou ® wg
Npo¢C £va NoooOOTO
(p%) peTabeocwv
TWV YPANHWV TOU

2
2

SER (x,x) = 10 logyg ————

—~ 2
||x—x||2

FORTH

INSTITUTE OF COMPUTER SCIENCE

CS Reconstruction (SR=25%, N=64)
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CS Reconstruction (SR=25%, N=128)
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EAAGSa-KuTtipocg Z
Eupwnaiké Tapeio HEprEpEmkr’]qA\:dpm uuuuu ) U V O w n
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SmartWater2020 —~—

« Ol oUYXPOVEC EpaApHOYEC 0 eupun dikTua UdpeuonC KabioTouVv anoAUTWC
avaykaia tn AsiToupyia TnG cupnieonc 0edodevwy (MEIWON KOOTOUC
TNAEPETPIAC, au&non diapkelac (wnc Tou OIKTUOU aicinTnpwv)

« H peBodOC ocupunieoTIKNG OslydaToANWiIiac NPooPepPEl Eva 1I0XUPO, Kal
£UKOAQ UAOMOINCIMO, UNXAVIOKNO CUMMIEONC TWV NapaTnPOUMEVWY
OEOOUEVWV

« H peEBodOC cupPnIEDTIKNG OlydaToANWIac NAapeEXEl Eva EYYEVI UNXAVICHO
kpuntoypagpnonc (kar anobopuponoinong) Twv OEOOPEVWYV, XWPIC va
anaiTeiTal xpnon npoodeTou e€onAlououU ) AoYIGHIKOU

T AE2 MO
ANAITY=HX
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Cnacubobracias -

brigadoCrnacn60 vhankl
Danke

S 0brigado y

= Merci ) 25 Diolch 2 |:..::|tf;
AlzzzThank:YousS:
Ty g Tack &

plczT
B
C

>

Q
O

=r—20 NTINR = I
=] = =
Diolch Graci > . g raZIETaCkE
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B Koo ) >upnieoTikn AsiypatoAnwia otnv Mpaén
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 Anooupnieon oTo KeEvTpo TNAgeAEyxou: EniAoyn NnapapeTpwy ano 1o
XEIPIOTN TOU CUOTANATOC

Function: CSDecompression(y, seed, PhiType, psi)
Inputs:

@psi: doun yia Tn dnuioupyia Tou TEAEDTN apaionoinong, N onoia nepiAappavel

@psi.gMax: akepalog nou kabopilel Tn peyloTn kKAipaka Tou STFT (max scale = logN + gMax)
@psi.gLevels: akEpaloc nou kabopilel TNV eAaxioTn kAipaka Tou STFT (min scale = logN - glLevels)
@psi.tRedundancy: aképaloc nou kabopilel TN peraTonion Tou STFT napadbupou oToO XPOVO
@psi.fRedundancy: akepaioc nou kaBopilel Tn peraTtonion Tou STFT napaBupou oTn ocuxvoTnTd
@psi.gWindow: TUnoc napabupou (n napouca uAonoinon unooTnpilel TNV eniAoyn ‘iterate sine’)

RT AEYMOI
ANAMTY=HX
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SmartWater2020 ~——

EKMNMAIAEYTIKO ZEMINAPIO

TexvoAoyiec Enikoivoviov kal AvaAuong AedoHEvwy. yia
Eugun AikTua 'YOpeEUONG

HpakAeio, 30/11/2020

OcuaTta YywnAou Eninedou AvaAuong AsdouevwY

Mwpyoc Tlaykapakng, Epeuvntnc B’, ITE-IN
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YynAouU Eningdou AvaAuon AeSOHEVWV
(High-Level Data Analysis)

EE
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INSTITUTE OF COMPUTER SCIENCE AN A Y— z
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Pf)); YEAA K" Anwn ANnopaocsewyv

SmartWater2020 ~—

Poec Aedouevwyv
(Data Streams) Anwn ANoPAacemv

YwnAou
Eninedou

- AvaAuon -
AedopEVOV

AEYMOI
OFORTH ANAMNTY=HE

INSTITUTE OF COMPUTER SCIENCE
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SmartWater2020 ~—
EnekTaoiyo

AVOEKTIKO

ii

AgiToupyia o€ NMpayuaTiko

Xpovo

AE2 MO
ANATITY=H2
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Movada AvaAuong AsESOHEV®V

AESMOI
@FORTH ANAMTY=HZ

INSTITUTE OF COMPUTER SCIENCE




BCees W Movada AvaAuonc Aedopevwy
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NMapakoAouBnon ZUOXETICEWV

KevTpo eAeyxou

AvakTtnon EAAInwv Aedouevwy

AUEnon Xpovikng AvaAuong

Avixveuon Akpaiwv ZuuBavtwyv

DS E®®

onTikonoinon AedouEvwY

AEYMOI
ANAMTYZHX
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EM“““» [TapakoAouBnon 2ZUOXETIOEWV
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SmartWater2020 ~—
A\ %

/‘.
G = g
BTt 3-"-3
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« Opadonoinon alodBnTnpwv

« XpNon CUOXETIOEWV TNV
avakKaTaokeur 0edONEVWV

«  ANOKAAUWN CUOXETIOEWV
METAEU palvouevika
aveEapTnTwV OEOOUEVWV
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EAAGSa-KUTIpO
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Normalized
Q Truncated

Similarity*

-

MpocéLopLopdg
TIapopoLWY
{suywv

« [poopepel KAAUTEPN XPOVIKN anddoan

EKTEAEONC AN AAAeC peEBODOUC

« O xpnoTtng unopei va kabopioel To Oplo

«UWPNANG CUOXETIONG»

“FORTH

INSTITUTE OF COMPUTER SCIENCE

[NapakoAouBnon ZUOXETIOEWV

Energy per coefficient

x 10° Stream 1 x 10" Stream 2
8
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AE2 MO
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AT [NapakoAouBnon ZUOXETIOEWV

(] P
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* YNOAOYIOUOC CUOXETICEWV OE NPAYMATIKO XpOVO

Function: CorrelationMonitoring(X, threshold, thresholdCorrection, fourierCutoff, energyCutoff )
Inputs:

@X: nivakag pe otNAEC Ta diavuopaTa PE TIC METPNOEIC TWV AloBNTAPWV

@threshold: 0pio navw ano To onoio dUO poeg dedopevwy xapakTnpiovral wC UPNAQ CUOXETIOPEVEG

@thresholdCorrection: Tiun nou npooTiBeTal oTnVv unoAoylopevn cuoxeTion (oTo nedio TNG
ouxvoTnTag) via tn d10pBwan TNG CUOXETIONG 0To Nedio TOU XpOvVou

@fourierCutoff: Tiu nou xpnoipgonoigiTal yia Tov NPocdiopIoPO TOU PNKOUG TwV d1aVUCOUATWY, OTO
nedio TNC ouxvoTnNTaAcg, nou Ba xpnoiponoindouv yia ToV UNOAOYIOHNO TwWV CUOXETIoswV (N.X. 2 yia
nepikonn oto N/2 Twv cuxvoTnTwy, 4 yia N/4, kAn.)

@energyCutoff: NnoocooTd TNC eveEPyEIAc 0TO Medio TWV CUXVOTATWYV nou kabopilel To NANBOGC TwV
d0edopevwY nou Ba xpnoipgornoin®ouyv yia ToV UNOAOYIONO TNG GUOXETIONG

Output:
@Y: nivakac PE TIC UNOAOYIOUEVEC CUOXETIOEIC NETAEU OAWV TwV (EUYWV POWV OEDOUEVWV
‘I' AE> MO
INSTITUTE OF COMPUTER SCIENCE AN AI_I TY: H Z
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JFORTH

INSTITUTE OF COMPUTER SCIENCE

ID aiobnTripa

> UOXETIOEIC HETAEU (EUYWV POWV

D100UT
D10IN
DgouT
DIN
DgouT
D8N
p7ouT
D7
DeouT
DA
DsouT
DAN
D4ouT
DN
D3ouT
D3N
p20UT
DN
pouT
DIN

DN DIOUT D2N D20UT D3N D3OUT D4IN D4OUT DSIN D5OUT DGIN DBOUT D7IN D7OUT DN DEOUT D9IN° D30UT DADIND0OUT

ID aioBnTthpa

108

09

0.8

08

075

07

Aedoptéva AEYAM
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« 'EAgeyx0C Unap&nc xapevwy PETPNOEWYV PJE OKOMO TNV AVAKATACKEUN TOUC

Function: checkMissingData(x, missinglID)
Inputs:
@x: TO AdpxIkO dIAVUOHA PETPNOEWYV

@missingID: cupBoAoocgipd nou kaBopilel Tov TPOMNO avanapdaoTacnc TwWV XAHNEVWV
neTpnoswv (n.x. NaN, NA)

Output:
@y: didvuopa PE TIC BECEIC TWV XANEVWY PETPNOEWV

FORT AEYMOI
ANAMTY=HX
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SUPNANPWON XaUEVWV
METPNOEWV PETAEU
UWYNAQ CUCXETIOHEVWV
POWV OEQOUEVWV

Avaktnon EAAInwv Agdouevmwyv

MEB0dOI CUNNANPWONG TAVUGOTN

Mode 1 matricization

JFORTH

INSTITUTE OF COMPUTER SCIENCE

AOYOC ZUupnANpPwWONG
(Filling Ratio (FR))

# AiaBeocipwv/# ZUuvOAoU OEDONEVWYV

AE2 MO
ANAITY=HX
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« O aAyopIOuOC Nou UAOMOINCAME Yia TN CUNNANpwon TavuoTwyv BacileTal
OTOV Tmac (https://xu-yangyang.github.io/TMac)

Function: TCRecovery(X, windowSize, stepSize)

Inputs:

@X: nivakacg Pe oTNAEC TIC poEC OOOUEVWY anod UYNAA CUOXETIOUEVOUCG
alodnNTNPEC

@windowsSize: pucysboc napabupou Nou XPNOIKJOMOIEITAl Yia TO
Hankelization Twv dedopevwyv

- ; : : : _ Data Streams Hankelization
@stepSize: Brnpa yia Tn JETAPACN OTO EMNOPEVO NAPABUPO TWV With Missing Entries
- - E

Hankelized dedopevwv

Output: . E> ﬁ

- -

@Y: nivakac Je OTAAEC TIC POEC HE OCUNNANPWUEVECG TIC XAUEVEC UETPNOEIC

RT AESMO
ANAMNTY=ZHZ
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- - -+ Spline interpolation ‘ ‘ ‘ | ‘
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' 50 100 150 200 250 Filling ratio (%) 2
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. X—X
Recovery of sensor D100UT, (FR(%), window, step)=(80,32,2) . Recovery of sensor D100UT, (window, step)=(32,2) I I
5.4 46 - |~ ©- - Spline interpolation :
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~43 4
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— w
e Original ‘ | 0" 1
Tensor completion S, i
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4.2 1 1 1 1 1 0 i

100 150 200 250

- A AES MO
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INSTITUTE OF COMPUTER SCIENCE Filling ratio (%)
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' Texvntn Elocaywyn
n.x. 1 yerpnon / 15° Evdiaueowv MeTprioswv

)
) AUEnon autovopio [T T 1
&non Hiag

alodnTnpwv L
nTnp TeAikd AlGvuopa
A€dOUEVWV

)

ApxikO Alavuopua
AedopevwV

AESMO
FORTH ANATTY=HS

INSTITUTE OF COMPUTER SCIENCE

n.x. 1 yerpnon / 30’
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« H ene&epyaoia Twv dedopevwy O NEYAAUTEPEC XPOVIKEC AVAAUOEIC UMNOPEI
va odnynoel oTnv €€aywyn akpIBECTEPWYV CUNNEPACKATWY YIA TNV
KaTAoTAon TOU OUCTANATOC

Function: SuperResolution(x, delta)

Inputs:

@x: apXIko dlavuopa PETPNOEWV Pnkoucg N

@delta: akepaio noAAanAdcio TnG apXIkKNg ouxvoTnTac dsiypatoAnwiac
TWV PETPNOEWV

Output:
@y: avakaTtaokeuaopevo diavuopa pe delta-N perpniosic

RT AESMOI
ANAMTY=HZ

INSTITUTE OF COMPUTER SCIENCE
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48 - |~ ©- 'Spline interpolation K
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>
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INSTITUTE OF COMPUTER SCIENCE Filling ratio (%)
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'Eykaipn npo€idonoinon
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ABeBaioTnTa Tunou-A

>TATIOTIKN aBeBaidTnTa
>uvOnkec AeiToupyiag e€onAiouou
KaTtaokeguaoTikn noloTnTa

AE pnopei va eAatTwOEi

+ Tunikn
ABeBaioTnTa
ABeBaioTnTa Tunou-B
>JuoTnuaTikn aBeBaiotnTta .
Ma@nuaTika povTéAa, péBodol Babuovounong Tunou-B
MIMOPEI va peiwbei BeATIWvVOVTAC Ta avTioTolIXa
HOVTEAQ

FORTH S

ANAITY=HX
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BT >uvouaopevn Tunikn ABgBaloTnTa
Tunikeg SUVOUAOMEVEG
ABeBaioTnTeg ABEBAIOTNTEC
°oa - e
se@’e, |
- 0
o ulxy) U:(y) = z(a—izuz(xz)
Vl=1

= YnoBeToupe OTI 01 NNYEC aBeBalOTNTEC €ival aveEApPTNTEQ
= L ave&aprtnTec TUnikeC aBeBaloTnTeC u(x;)
= Q1 enipepouc aBeBaloTnTec npenel va ekppalovTtal oTIC idIEC HOVADEC

OFORTH ANANTY=HX

INSTITUTE OF COMPUTER SCIENCE
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O Zuvduaopévn Tunikin
ABepaioTnTa

-. ..6 ..-
- u(x;) ')>.
o XX 3o
>
7 Q K: kaBopileTal ano To nibupnTo
-

eninedo gunioToouvng TNG
Gaussian KaTtavoung

I
==
Q H ekteTapevn apeBaiotnta U sival To u(x;) + U, (x)
TEAIKO anoTéAeopa Tne Siadikaaiac ¢
EKTINNONG aBeBaidoTnTac MéTpnon

INSTITUTE OF COMPUTER SCIENCE

BT ExteTapevn ABeBaioTnTa

) AESMO
OFORTH ve) = G ANANTYZHE
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Eupwnaiko Tapelo MNepupeperakrig Avantuing

Eidonoinoeic Akpaiov ZUuBavtwy
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SmartWater2020 —

m

7] “':';

(1]
| -1 f :j :

¢ |boththe the measurementis |the measurementis both the

O [measurement and larger than limitand | lower than measurement and
'E'- the expanded the expanded Limit and the the expanded

*= |uncertaintyinterval uncertaintyinterval |expanded uncertainty | uncertaintyinterval
g are above the upper contain interval containsit are below

QO |limit

(]

triggers clearly an

€ | alerting notification possible possible . _
(o) . . isthe only one thatis
= | for the occurrence of | divergences from divergences from . . .

) . . in compliance with
Q | an extreme normal operation normal operation e ..

< | cvent the specifications

JFORTH

INSTITUTE OF COMPUTER SCIENCE

() OK
() Warning

@ Error

AE2 MO
ANATITY=H2
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88 Customer ~

customers name27 v

name27 info

customer_name customer_code CUsSIomer_nummber - street

name27 44198 K 30-12530 KROUSONAS

Total Register Reverse Register Reading Total

6.5 020 40
12727 12727 12729 1231 f 12127 12729 12/31

== total_register == reverse_register Minc 0.2900 Max: 02900 Awg: 0.2900 == reading total Min: 4070 Max 7.490 Awg: 5.391

Customer name1

11 1200 1/2 D000 1/21200 1/3'80-80 1812900 1/400:00 A 1200

m= trital ronistor e roworso romictor s roodinn total

| AE2 MO
ANAITY=HX
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2017-01-19 09:00:00 V + U= Upper Limit
2017-01-19 04:00:00 oK

2017-01-18 23:00:00 oK

2017-01-18 18:00:00 oK

2017-01-18 13:00:00 oK

2017-01-18 08:00:00 V + U= Upper Limit
2017-01-18 03:00:00 oK

2017-01-17 22:00:00 OK

2017-01-17 17:00:00 V -U < Lower Limit
2017-01-17 12:00:00 V + U < Lower Limit
2017-01-17 07:00:00 Const. Value

L L T Ny [ SR -

Current Pressure Value Max Pressure Average Pressure Min Pressure

AE2 MO
FORTH ANAITY=HX

INSTITUTE OF COMPUTER SCIENCE
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INSTITUTE OF COMPUTER SCIENCE

AE2 MO
ANATITY=H2
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H povada vwnAou eninedou avaiuong dedouevwY €ival avanoonaoTo
KOUMATI OTIC OUYXPOVEC NAATPOPHEC EUPUWYV JIKTUWV UOPEUONC

« [lpoocapuOOoIun OTIC ANAITNOEIC KAl TIC AVAYKEC TOU EKACTOTE Opyaviouou

« O owoTOoC oXedIACPOC £yyUudTal EUKOAN ENEKTAON ME VEEC AEITOUPYIEC Kal
avapBaduion Twv unapxouowv

« EyyudTal Tnv opaAn AsiToupyia Twv eupuwv OIKTUWV Udpeuonc,
AaufavovTac unown kai Tnv yyevn aBeBaiotnta Twv OEOONEVWV

T AE2 MO
ANAITY=HX
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