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Ocoplo LNUaTOV Kol X06TNUATOV
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Ocoplo ZNUaTOV Kol X06TNRATOV

Pierre-Simon Laplace Joseph Fourier ~ Simeon Denis Poisson Rudolf E. Kalman
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Epapuoyec e Ynoewokne EneCepyacioc Znudtmyv

AKOLGTIKO XMLoTol
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Epapuoyec e Ynoewokne EneCepyacioc Znudtmyv

Avayvopion:
vOLATOG
vOULANTY
vYADGGOG
vKOTAGTOONS OULIANTN
Metatponn:
OUIMOG GE KEIUEVO-KELLEVOD GE O
EIKOVOG GE KEIUEVO-KEILEVOV GE EIKOVAL

Avaivon-Eneéepyacia yioo Kootkomoinon-Xoumieon yio OuKovoukn
KOl AGQUAN LETAOOCN 1) OTOONKEVGT TOL GNUATOG



Epapuoyec e Ynoewokne EneCepyacioc Znudtmyv

Euwdva — AkolovBia eikovev (video)
v Avaivon, Katdtunon, Lovheon, Tournicon (JPEG, MPEQG).
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Ynoewokn EreCepyacio Znuatmv

KAaoowkn Eneéepyacio Znudtov: Anowieotikn Xoumicon (Lossy
Compression) pe ypnomn Metacynuaticuoy.

Apywn Ewkova Xvumieouevn Ewova

AOYog Xvumieonc 1:6



Ynoewokn EreCepyacio Znuatmv

KAaoowkn Eneepyacio Xnudtov: Ecdunoua (Debluring)

Blurred Image Restored Image




Ynoewokn EreCepyacio Znuatmv

EneCepyacio Xnudatov: Katdtunon (Segmentation)




Epaproyéc e Ynowakne Enecepyaciog Znudtmy

* T'ewAoyud Aeooueva
v Zeloukn dpaotnproTnta
v'Movtehomoinomn pnyuatov
* Buoloyika Znuata (ECG, EEG, VEP, CT, MRI, ...)
* Owovouikd Acoouéva (TpoPAEYEIC OEIKTDV)
* Emxowvomvieg
v TnAemkovmviec
v AGUPLOTEG ETIKOIVOVIES

v Pavtap
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Epapuoyec e Ynoewokne EneCepyacioc Znudtmyv
MRI Technology




Epaproyéc e Ynowakne Enecepyaciog Znudtmy
MRI Technology

Schizophrenia Brain Healthy Brain
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Epaproyéc e Ynowakne Enecepyaciog Znudtmy
MRI Technology

| Sice? |

(' Slice 2 \

| Sticen |

Voxel

Voxel =
(Volume element) (Picture element)
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Epaproyéc e Ynowakne Enecepyaciog Znudtmy
MRI Technology
Congealing 3D Medical Volumes

a) Before alignment (b) After alignment

Jeholie
g
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Epaproyéc e Ynowakne Enecepyaciog Znudtmy

Laparoscopic Technology

Light

Abdomen
filed with gas
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Epapuoyec e Ynoewokne EneCepyacioc Znudtmyv
Laparoscopic Technology

Laparoscopic Image Alignment
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Epaproyéc e Ynowakne Enecepyaciog Znudtmy

Brain Computer Interface Technology

preprocessing Feature
extraction

I
S

feature
classification

2=

controlsgml
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Epaproyéc e Ynowakne Enecepyaciog Znudtmy
Brain Computer Interface Technology

BrainGate, a consortium of researchers from universities including Stanford, Brown, and
Case Western Reserve, has given a dozen patients the ability to control a cursor just by
thinking about it.




Epaproyéc e Ynowakne Enecepyaciog Znudtmy
Brain Computer Interface Technology

AT e




Epaproyéc e Ynowakne Enecepyaciog Znudtmy
Brain Computer Interface Technology




Epapuoyec e Ynoewokne EneCepyacioc Znudtmyv

Mind 2 Mind Communication Technology in Humans




State of the art Teyvoroyika Epyoieia oto omola
Nuoto Kol Xvoetquoto tvon Hopovro

The Data driven approach
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State of the art Teyvoroyika Epyoieia oto omola
Nuoto Kol Xvoetquoto tvon Hopovro

Avayevyntikd XovelkTikd Nevpovika Atktoo
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State of the art Teyvoroyika Epyoieia oto omola
Nuoto Kol Xvoetquoto tvon Hopovro

2uvelkTikd Nevpovikd Aitktoa

i - AT AHIRL - - - - =

Skip connection

Generator network

n64s2 n128s2 n256s2 n512s2

Discriminator network
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State of the art Teyvoroyika Epyoieia oto omola
Nuoto Kol Xvoetquoto tvon Hopovro

Avayevyntikd XovelkTikd Nevpovika Atktoo

j(8,0)

[

O iseri T na o
D(X,d)

X

Discriminator
D(Y, d)

!
!
|
!
|

Y

Generator
G(Z, 8)

Z

25



Xvotnua EmeCepyacioc Znudtmy

2001

xi|n]
AgtrypotoAnyiog

Ynoeloxog

Enecepyaotnc

[
2001 y(®)

AVOKOTOGKELNG
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Ynoewokn EreCepyacio Znuatmv

Harry Nyquist - Claude Shannon

Aeryuatoinyia:
x(?) : XN uo Xuveyovug Xpovou

aF
=/
e |
i

x|n]: 2Nua Atakpttov Xpovou
Ts [Teploooc AetypatoAnyiog

fs — i : 2oyvotnrto AgtypoatoAnyiog

I

x[n] = x(¢) ‘tznTS =x(nT))

27



Ynoewokn EreCepyacio Znuatmv
2N Xoveyovug Xpovov x(¢)=cos(2x1007)
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Ynowkn Enelepyacio Xnuatwv

h=2.4 Hz =04 Hz
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Ynoewoxn EreCepyacio Znuatov-Astypotoinyia

Avadimiwon ZuyvoTitwy

Towop. 2uyvomta f, (Hz)

U 1 1 1
0 500 1000 1500 2000 2500
ITpoynotunr] Zuyvémra fr (Hz)

30



Xvotnua EmeCepyacioc Znudtmy
—>“—|

Svotnua AstypotoAnyiog: g

WWW

x(1)

xi|n]
AvTLovooimAmonC

Agrypatoinyio: Epotuota mov o mpénel va amovinboov:

[Ioc cuvoéovtor o CTFT pe tov DTFT;

Kdtw and moleg mpoinobEcels Eva onia GuVEYOVS YPOVOL UTOPEL va
avoakatackevacOel and ta doetypatd tov (Ocwpnua Astypatoinyiog);

*T1 TpOTO avOoKATAGKELNC TPOTEIVEL TO OE@pPn o Aty LatoAnyiog;
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2uotnuo Enecepyocioc Znuatwv
—P“—l

200TNHo AVOKOTOOKEVNG:

Avaxatoaokeun: Epotuota mov Ba mpémel va amoavtnbovv:

*Mmopéel va, YIvEL TEAELD AVOKATAGKELT] TOV GTUATOC OO T OELYLATOL
TOV; AV VoL TO10 €1val 0VTO TO GLGTNUOL;

* O TPOTOC OLVOKOTOGKELTC TTOL TPOTEIVEL TO OEMPTLOL OELYLOTOANYINC
ELVOL KOTAAANAOC YO TIG EQOPLOYES TTPOYLATIKOD ¥POVOL Y10, TIC OTOTES
EVOLLPEPOLLOOTE;

* Av Oy, TL EVOAALOKTIKEC ADGELC LTTAPYOVY KOl EPOAPUOLOVTIUL GTNV TTPAL-
32
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Ynoewokn EreCepyacio Xnuatov-AvoKatacKELT
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EneCepyacio Znuatwv o€ Ipaypoatikd Xpovo

ITedio XpoOvovu

[ NeOE

Aokp1tog XpOvoc

2uveYNS Xpovog

CTFT ICTFT DTFT IDTFT
[Tedio ZvyvotnTog [Tedio Zvyvotntog

DFT IDFT

AlyopiBuol I'pryyopov voroyiouov: FFT IFFT;4



Encepyacio Znuatwv oe Ipayuatikdo Xpovo
Quantum Computer Peter Shor 1959

Quantum Fourier Transform

ALyop1Ouot I'pryyopov vwoAoyiopov
[ToAvmAoxotnta  FFT (IFFT): Nlog,(N)
[Tolvmhokotnta  QFT (IQFT): log,(N)’

35



Ynoewokn EreCepyacio Znuatmv

Metaoynuoatiopol Xnuatey ...

Initial Image Shifted DFT Detected blobs

... ko To IIpocOetikd6 MovtéAo

>nua = IIAnpopopia + ®opvPoc
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Ynoewokn EreCepyacio Znuatmv

Eneepyacio Znuatwv: Oiltpapicuo
>Nuo = ITAnpogopia + ®@o6pvog

Initial Image Shifted DFT Detected blobs

— — ' «— |
:

Filtered Image Removal of undesired Notchfilter
frequencies

W



Ynoewokn EreCepyacio Znuatmv

Booikdo Movtéro

2nuo [IAnpoeoplog AwBécipo Xnuo
U[7] — - x|nl=u[n]+w|n]
win]
“@opvfoc”

>xomo¢ ™G EneCepyaciac: H AIIOMAKPYNXZH TOY “OOPYBOY™
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Ynoewokn EreCepyacio Znuatmv

KAocown Enelepyacio Xnudtov:

X(Q)

-0, -0, L 0 € Q, Q. Q

Baowr Yrnobeon: To Zqua IIAnpopopioc ko 0 @opvfoc dev mepié-
YOVV KO1VES GLYVOTNTEG.

Me dAla Loywa tAnpogopia kot B0pvog eivar diaywpioio 6to TEOHLO

NG GLYVOTNTOG
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Ynoewokn EreCepyacio Znuatmv

KAaocwm EneCepyacio Znuatwv:
[ Ieprypapn oto Iledio g Zvyvotntog

* Avdivon Awafécipov Xnuatoc oe Mn Emukaivntopeves XuyvoTikeg
Zoveg.

X(2)
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Ynoewokn EreCepyacio Znuatmv

KAaocwm EneCepyacio Znuatwv:

*H Baowkn Yno0eon emtpénel tnv Amoudkpouven tov «@opvovr ue
TN (PNON KOTADV» GUGTNUATOV.

X(2)

RNy N

-0, -0, £
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Ynoewkn EneCepyacio Znuatmv

KAaowm EneCepyacio Znuatwv: Ditpo
H(]Q) A

il

>
-£2; -8, -2, 0 € (&) Q. Q0

['papuikd Oidtpa: Epotiuata mov o tpénel va amovindouv:
*T1 iAtpo Oa mpemer va ypnoponomcoovue IR 1 FIR;

*Mmopovue va Bpodue Eva YPOUUIKO GUGTNUO DAOTOI GO TOL OTTOLOV 1
amOKpLon cLvYvOoTNTOS Ba £XEL TNV EMBLUNTY WOAVIKT) LOPOT);
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* Av Oy1, Tl UTTOPOVE VO, KAVOVLLE;



Ynoewokn EreCepyacio Znuatmv

KAoowm EneCepyacio Znuatwv: To [lpofinuo the Lyeoioons Piitpwv
oav éva [lpopinuo llpoocyyions 2ovaptnoewv

H(jQ) 1 /

V/\Y’/ \van v/

-$ 0 Q

43



Ynoewokn EreCepyacio Znuatmv

yn]=x{nT, / M]
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Ynoewokn EreCepyacio Znuatmv

45



Ynoewokn EreCepyacio Znuatmv
TpaneCec Piltpov
Tpanelo Pidtpov Avaivong . TpaneCa Oiktpov Lbvbeong

x[n] —-—n-—> ao[n]

yn]

—AO— | @)

L'-_’ ay[n] ay[n]
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Ynoewkn EneCepyacio Znuatmv
Ti ovpPaiver av n Baowkn YroOeon e Khaoikng Eneéepyaciog
2NUATOV OEV 1GYVEL, X(iQ)

-Q, Q2 0 Q Q
Av onAaon, to XNua IAnpopopiag kow 0 O0pvpog TEPLEYOVV KOIVES
GUYVOTNTES KO ETOUEVMC OEV EIVOL 010y PIOTUO GTO TEOLO TNC GLYVO-
TNTOC, TL UWTOPOVUE VO KAVOULLE;
2 00T TNV TEPITTOGN 1 TEPLYPOPT] TOVL OLAOEGILOV CTILOTOG UE TNV
BonBeta TV GuYVOTIKOV (OVOV EIVAL AVETOPKTC.

XPpelolOUOGTE UL OLOPOPETIKT TEPLYPOPT] TOV CNUATOV KO LU0,
OLOPOPETIKOV €100VG EMECEPYUGIaL. . ... 47



YrotioTikn Enelepyoocio Xnuatmy

Thomas Bayes Carl Friedrich Gauss Robert Wiener Rudolf E. Kalman
1701-1761 1777 -1855 1894-1964 1930-2016
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Ynowokn EneCepyoacio Znuatwv
2tatioTikn EneCepyacio Xtoyaotikv XnUdtmv:
«Xwpog¢ ITBavotNTOC
*Tuyaiec MetafAnTéc
[Ieipaua
> 10y00TIKA ] TVyoic Xnuata
> tatiotikéc Ipaotnc kot Agvtepnc Tacng
2 taciuotnta kot Epyootkotnta

[ 'eVIKELGT TOL CLYVOTIKOV TEPLEYOUEVOD EVOG GTLLOITOG KO
OPIGLLOG TNC TUKVOTNTOS POGLLOTOG.

*Eniopaon ['paputkod XueTNUaToC 6€ LTOTIOTIKESG XTOYUCTIKOV
2Nuatoc BéEAtioto I'papuikd Oridtpapiopo.
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Eneepyacio Znudtmv
1n computation 1s a

Bra




Eneepyacio Znudtmv
Brain computation 1s a lot more analog than we thought

2017 Yannis Tsividis and his

colleagues used modern fabrication

technology to pack a powerful analog
computer into a tiny package.
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Aldrin
landed on the moon in 1969 as part of

the Apollo 11 mission, people don’t
realize that an important ingredient in
the success of the Apollo missions and
their predecessors were analog and
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hybrid (analog-digital) computers,
which NASA used for simulations and
in some cases even flight control.
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