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Aebopeva EykeAoypadnpatog

Feedback | o assification
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Feature extraction
4

| Preprocessing
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Aebopeva Kivnonc

: Data Conversion

N h,y Ce
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: \GE 8] Speed info Speed vector o —
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Traffic Network N . B

: Element-wise Operation

=>
[ ] :cGate Unit
O
—

: Data Stream

Graph Laplacian matrix (d) Graph Wavelet LSTM

Zhiyong Cuia, Ruimin Kea, Ziyuan Pua, Xiaolei Mab, Yinhai Wanga, “Learning traffic as a graph: A gated graph wavelet recurrent neural network for
network-scale traffic prediction,” Transportation Research Part C, Elsevier 2020

O



ElES & [ PAOHMATCQN

Sensors - -
W

Manual
command
to switch on

Automatic

command
Raw data to switch on

(according to
previously
stated rules)

7, G

Extracted info

(smart home
dwellers’ behavior

The way users apply
smart lighting, @

their schedules,
and other info
gathered with sensors

in various days of
the week,
energy costs, etc.)
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MediaPipe




EIIEEEPTAXIA 2HMATQN & | PAOHMATON

e data collection

e detection of malevolent nodes

e software update

* energy charging

e dynamic generation of security keys

H. Huang, A.V. Savkin , M. Ding, C. Huang, “Mobile robots in wireless sensor networks: A survey on tasks,” Computer Networks, 2019



https://doi.org/10.1016/j.comnet.2018.10.018

EIIEEEPTAXIA XHMATOQN & | PAOHMATQN

A B C D
fMRI time series Data preprocessing Parcellation Time course extraction

|

Graph theory analysis Functional brain network Binarized connectivity Correlation matrix
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Farzad V., Karwowski W., Lighthall N. R., “Application of Graph Theory for Identifying Connectivity Patterns in Human Brain Networks: A Systematic
Review,” Frontiers in Neuroscience 2019



https://www.frontiersin.org/articles/10.3389/fnins.2019.00585
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Passing networks. Passes from the match Real Madrid —Barcelona of the Spanish national league “La Liga
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Measurements of one sensor

X

Measurements
at one time step

Sensor network measurements Sensor network Time series
s
~ f } X c@]
Intercommunity Community
communication structure
Social network with communities structure

Aliaksei Sandryhaila, Member, IEEE and Jose” M. F. Moura, “Big Data Analysis with Signal Processing on Graphs,” CMU



https://users.ece.cmu.edu/~asandryh/papers/spm14.pdf
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To Baowko Epwtnua mou yevvatal Kot tov 8a mtpooma®roou e Vo AoVt ooU LE Elval:

[MWC UIMTOPOULLE VA VEVIKEUOOU LLE TEXVLKEC:

*  TNC KAOLOOLKNC KOl

* TNC OTATLOTIKNC EMEEEPYACLAC ONUATWVY

o€ HeOOLEVO IOV ELVAL TTLO YEVLKO SOUNMEVQ,
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OAloOnon Znuatoc os MNpadpnua

Evepyela oAloOnuevou Znpatoc oe Npadnua (kavovikornoinon)
nuata & Zuotnuata o< Npadpnuoto

Metaoxnuoatiopoc Fourier 2nuatoc os Npapnua

ATIOKPLON 2UXVOTNTOLC

Daopatikn Katataén wdlodlovuopatwyv

DO\tpaplopa oto OoCUATLKO XWPO & 0TO XWPO TWV AKLLWV
AsypotoAnyila

Tuxalotnta Kot ZtoXaoTikec Aladikaoiec oe Mpadpnuata

Lo WNE



EIIEEEPTAXIA 2HMATQN

AvomopdoeTacT EVOC GNUOTOC OLOKPLTOD ¥POVOD GE LOPPT] YPOUPT|LLOTOG

z(5)




EIIEEEPTAXIA 2HMATQN

(a) (B)
(0): Kvkiko I'papnua kot
(B): m avamapdotocn €vVOC TEPLOOIKOV GMUOATOS OKPLTOU YPOVOL TAV® GTO

ypopn U
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(a) (B)

(a): Ileprodko o Atokprtov XpOovov Tomodetnuévo oe Eva un Ketevfovouevo
Kvkko I'paonua

(B): Mn katevBovopevo I'pdpnua kot n avamopdotacn  evog Ileprodkov
CNUATOC OLOKPLTOV YPOVOL TTAV®D TOL
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Avarmnapaotoaon Meplodikou ZAMATOC OAlcOBnon tou MepLodikov ZAHATOC
o€ KukAwko MNpadpnua o€ KukAwko MNpadpnua
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Mntpwo KukAiknc OAtoBnonc:

0 0 0 1
1 0 0 0
U, =[0 1 5
0 0 0 0
0 0 1 0
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Mntpwo KukAlknc OAtoOnonc: KukAikny OAloBnon Znuatwyv

Av xy= [¥o X1 .. Xm-2 Xm-1]%, TOTE:
XM-1
X0
X1
Uyxy = '
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Avamnapaotaon Meplodikou OAlcOnon tou [eplodikou
>Npatoc o KukAwko Mpadnua  2nupatoc oe KukAlko padnua
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Mntpwo KukAwknG ZuveAEnc Hy,

Av hy,=[hy hy .. hy_o hy_1]% téte TO UNTPWO
KukAiknc ZuveAlEnc umopet va ypoel wg akoAovdwe :
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KUKALKA ZUVeEALEN

Av xy=[X0 X1 .. Xm-2 Xm-1]'évaonua kat
H,,to untpwo KukAikn ¢ XuveALEnG, TOTE :

M-1
y=hy,&xy = Hyxy = 2 Uy hy xp,
m=0
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KUkALKN ZuveALEn:
Opwc:

y=h,@xy, =Hy xyy=xyShy, = Xyhy=y
OToU:

XM — [U&xM U,%/[xM UII\\/I/I_ZxM UI\I\/;I_lxM]
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KUkALKN ZuveALEn:
n tooduvapa:

M-1 M-1
m=0 m=0

hy @xy = ... .. = x® hy,
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ArtooUvBeon Mntpwou KukAwkc OAioBnoneg Uy =WA,, W 6mou
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OAloBnon znuatoc o€ Npadnua

Evepyela oAloOnpuevou Znpotoc os Npadnua (kavovikomoinon)
>Anpata & Zvotnuota os Npadnuata

Metaoynuatiopoc Fourier 2npatoc

ATtokplon Zuyxvotntac-zuvaptnon Metadopac

QDaopatikn Katataén wblodltavuopatwy

DOu\tpaplopo 0To GOCHATLKO XWPO & OTO XWPO TWV KWV
AewypotoAnyia

Tuyarotnta Kol 2toxaoTikec Atadlkaoiec og Npadnuata

O oo NoU; s W



EIIEEEPTAXIA 2HMATQN

AmtoocUvBeon Mntpwou KukAiknc OAloBnonc:

U X To Mntpwo gival I Xym

UL x,, AIATQNOMOIHZIMO: WA W xy

UZ x,, WAL WHx,,
UM=WAM WH

yM-1 WAl twhx,,
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O oo NoU; s W

OAloBnon znuatoc o€ Npadnua

Evepyela oAloOnpuevou Znpotoc os Npadnua (kavovikomoinon)
>Anpata & Zvotnuota os Npadnuata

AlakpLtoc Metaoxnuatiopoc Fourier Zrypotoc (DFT)

H 2Zx€on tou e tnv Atokplon Zuyxvotntac-zuvaptnon Metadopac
QDaopatikn Katataén wblodltavuopatwy

DOu\tpaplopo 0To GOCHATLKO XWPO & OTO XWPO TWV KWV
AewypotoAnyia

Tuyarotnta Kol 2toxaoTikec Atadlkaoiec og Npadnuata
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Avamnapadaotaon 6géld oAloBnUEVNC aKOAOU- OAioBnon (mwc;) evoc BARATOC TNC
Blac Kronecker (6(n-2)) oe Npadnua akoAouBiac oto MNpadnua (armodeifte 10)
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Avarmapaotoon Mepltodikol ZAMATOC OAlcBnon tou MepLodikov ZAHATOC
oe padpnua oto Npadnua
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OAloOnon Znuatoc os Npapnuo

Evepyela oAloOnpuevou Znpotoc os Npadnua (kavovikomoinon)
>Anpata & Zvotnuota os Npadnuata

Metaoyxnuatiopnoc Fourier Npado-2nuatoc (GFT)

ATtokplon 2uxvotntoc-2uvaptnon Metadopadc

QDaopatikn Katataén wblodltavuopatwy

DOu\tpaplopo 0To GOCHATLKO XWPO & OTO XWPO TWV KWV
AewypotoAnyia

Tuyarotnta Kol 2toxaoTikec Atadlkaoiec og Npadnuata

L 0N AEWNRE
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[padpnua Mntpwo lsttvioong

0060060

110 0 1 0
( 0\

QOO0 OOC
o
o = O = O
OO = O =
- O = O
O = O
—

To pntpwo yewtviaong A €xetL dStaotaoelc M x M (6x6 oto mapAadelyud pHac) KoL N TLUn Tou
OTOLXELOU @;j TOU UNTPWOU UTIOSNAWVEL TNV UTIAPEN 1 OXL TNG KATELBUVOUEVNG AKUNG (7, /),
éndadn:
( 7 ’

1, v VTTAPYXEL T AKUN

a. . = < ,
7|0, av Sev uTtdpyel
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Mntpwo OAloBOnonc Npadpnuatwv:

110010\x0
1 01 01 0}][|X1
0101 0 X5
0010 1 1]|[|x3
11010 0][xy
000100/_x5_
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Mntpwo “OAtoBnonc” Npadpnuatwv:

(110010\%— Xo T A1 T X
101 0 1 0l|X1] [*oTX2T Xg
Axe= [0 1 0100 X2|_| X1t X3
0010 1 1]|[*3] x4+ x4+ Xc
1 1 0 1 0 X4 Xo + X1 + X3
\0 0 0 1 0 0/Lxc. X




EITEZEPTAXZIA XHMATOQN &1 PAOHMATOQN

Avamnapadaotaon 6géld oAloBnUEVNC aKOAOU- OAioBnon (mwc;) evoc BARATOC TNC
Blac Kronecker (6(n-2)) oe Npadnua akoAouBiac oto MNpadnua (armodeifte 10)




EITEZEPTAXZIA XHMATOQN &1 PAOHMATOQN

Avarmapaotaon Mepltodikou ZAMATOC OAlcBnon tou MepLodikov ZAHATOC
oe padpnua oto Npadnua
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O oo Un W

OAloOnon znuatocg os Npadbnua

Evepyela oAloBnuevou Znpatoc o€ Npadnua (kavovikomoinon)
nuata & Zuotnuata o< Npadpnuoto

Metaoyxnuoatiopoc Fourier Npago-znuatoc (GFT)

Amtokplon Zuyvotntag(;) - Zuvaptnon Metadopac (;)
QDaopatikn Katataén wdltodlavuopatwy

DOu\tpaplopo 0To GOOHATLKO XWPO & OTO XWPO TWV OKLWV
AewypotoAnyia

TuyarotnTa Kol 2toXaoTlkec Atadkooiec og Npadnuata
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YuVveALEN lMewtviaonc:
n ooduvapa:

M-1 M-1
m=0 m=0

hy ®xy = .. = Xy @hy



EITEEEPTAXIA XHMATQN &1 PAOHMATQN

KUKALKN ZuveALen: 3

SUVEALEN I'ELIVLaor]q m
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ArtooUvBeon Mntpwou KukAikic OAloBnong Uy =WA,, W érou
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Mntpwo OAloBOnonc Npadpnuatwv:

AV x Av 0 Mntpwo lettviaong Iy Xy
AL xy, etvat AIATQNOMOIHZIMO: VARV xy,
A% xy, VAZV xy
Ay=VA, VT

AV xy, VAR 1V Tx,,
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AnoouvBeon Mntpwovu lettviaong: Ouwotipec A, m=0,1,..., M — 1
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AnoouvBeon Mntpwou lettviaong: To mpwto WLodlavuoua vy

up(n) |
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L 0N AEWNE

OAloOnon znuatocg os Npadbnua

Evepyela oAloBnuevou Znpatoc o€ Npadnua (kavovikomoinon)
Metaoyxnuatiopoc Fourier Npado-2npatoc (GFT)

Amtokplon 2uxvotntog(;) - Zuvaptnon Metadopac (;)

>Anpata & Zvotnuota os Npadnuata

Daopatikn Katataén wdlodlovuopatwyv

DOu\tpaplopo 0To GOOHATLKO XWPO & OTO XWPO TWV OKLWV
AewypotoAnyia

TuyarotnTa Kol 2toXaoTlkec Atadkooiec og Npadnuata
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AnoouvBeon Mntpwou lertviaong: To devutepo Woodlavuopa vq

ui(n)? ‘




EIIEZEPTAXIA [ PAOHMATQN

AnoouvBeon Mntpwou lertviaong: To tpito tblodlavuopa vy

uz(n) 2 5
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AnoouvBeon Mntpwou lettviaong: To TeTapto Wblodlavuoua s

uz(n)
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AnoouvBeon Mntpwou lertviaonc: To MEUTO LOLOSLAVUCUA V4

ug(n)
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AnoouvBeon Mntpwovu lertviaong: To €kto WbLodLavuoua Vs

us(n) |
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AnoouvBeon Mntpwovu lettviaong: To eBdopo Wblodlavuoua Vg
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AnoouvBeon Mntpwou lettviaong: To oydoo dlodlavuopa v+

uz(n)
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Qaopatikn Katatoén: Spectral Ordering XapnAonepato & Ynmepato

2nuoto
‘Eotw x(n) éva onuo otokpttov ypovov owdpkelog N ostyudtmv,

ONAOON:
xy = [x(0) x(1) - x(N—-1D]
AXN:xN — UxN:(['U)xN

Tote, n evépyeia: By =[|Axy|3 = xy(I=0)" (I-0)xy
elval To KpLTnplo K(xww&‘;ng TOV CTUATOV GE QUTA TOV 0PYOV Kot
VPN YOP®V AAAOYDV
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L 0N AEWNE

OAloOnon znuatocg os Npadbnua

Evepyela oAloBnuevou Znpatoc o€ Npadnua (kavovikomoinon)
Metaoyxnuatiopoc Fourier Npado-2npatoc (GFT)

Amtokplon 2uxvotntog(;) - Zuvaptnon Metadopac (;)

>Anpata & Zvotnuota os Npadnuata

QDaopatikn Katataén wdltodlavuopatwy

DO\tpaplopa oto OoCUATLKO XWPO & 0TO XWPO TWV AKLLWV
AewypotoAnyia

TuyarotnTa Kol 2toXaoTlkec Atadkooiec og Npadnuata
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Acuvébeto Npadpnua Mntpwo lsttvioong

‘ .OOOOO-
5 00000
© 00000
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AarmAaoclavo Mntpwo lsttvioong
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Mntpwo lettvioonc: A
2uvouaoTiko Aarmhacolavo Mntpwo lettviaong: L=D-A

Mn cuppeTpLko AamAactavo Mntpwo (Random walk): Ly.=I-DA

SUMMETPLKO Aarmhaotavo Mntpwo (Kavovikorotnpuévo): L=/-D1/2AD /2
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L0 N AEWNPE

OAloOnon znuatocg os Npadbnua

Evepyela oAloBnuevou Znpatoc o€ Npadnua (kavovikomoinon)
Metaoyxnuatiopoc Fourier Npado-2npatoc (GFT)

Amtokplon 2uxvotntog(;) - Zuvaptnon Metadopac (;)

>Anpata & Zvotnuota os Npadnuata

QDaopatikn Katataén wdltodlavuopatwy

DOu\tpaplopo 0To GOOHATLKO XWPO & OTO XWPO TWV OKLWV
AsypotoAnyila

TuyarotnTa Kol 2toXaoTlkec Atadkooiec og Npadnuata
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O otoyoc n dewypatoAnyia kot N avaKktnon onUATwWyY mTou
opillovtal o€ ypadpnuata.

*JUVONKEC VLo TEAELDL OVAKTNON ONUATWY YpodnUaTOC

nepLopLopeVnc (wvng amo Oslypata mou cUANEXONnkav amo
£vVol CUVOAO KOPUDWV.
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L 0N AEWNE

OAloBnon znuatoc o€ Npadnua

Evepyela oAloOnpuevou Znpotoc os Npadnua (kavovikomoinon)
Metaoyxnuatiopoc Fourier Npado-2nuatoc (GFT)

Amtokplon 2vxvotntog(;) - Zuvaptnon Metadopac (;)

>Anpata & Zvotnuota os Npadnuata

QDaopatikn Katataén wblodltavuopatwy

DOu\tpaplopo 0To GOCHATLKO XWPO & OTO XWPO TWV KWV
AewypotoAnyia

Tuxalotnta Kot 2ZtoXaoTikec Aladikaolec oe Mpadnuata
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AmtoBopuBormoilnon

EvbooupunAnpwon




