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/). EMHN BEEAR

[leplexopeva

« Apaiec AvatrapaoTtaocic (Alagaveiec Ap. X. Maupoke@aidn)
* Elcaywyn
* YTTOKaBopIoNEVA CUCTAMATA YPOANMIKWY EEICWOEWV
« EUpeon apaiwv AUCEWV

* O aAy6piBuoc OMP

« ExpaOnon Aecikou (EA) kai AAyopiOuol
* Eicaywyn
* AAyOpIBuol Apaing AvatrapdoTtacong
* AAyOpIBuol Avavewang AeCIKwy
* Epapuoyéc TNC EkpdOnoncg Aegikou
» 2upTtrieon / Atropdkpuvon ©opuou
» 2uleuyuévn EA — Super resolution
» Discriminative DL — Classification
« Non-uniform noise - Inpainting
» AlAQopeC AAAEC HopPEC EA
* 2UVEAIKTIKI EKuadnon Aecikou
* Online/Distributed pop@éc
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/). EMHN BEEAR

Eicaywyn (1/7)

« O1 apaiEC avaTTapaoTACEIC ONUATWY ATTOTEAOUV HIA GNMAVTIKNA
TTPOOEYYION VIO TNV MOVTEAOTTOINON CNUATWY KAl HEAETWVTAI VIO
dl1agpopouc Aoyouc.

o ET1reIdr) BeATIWVETAI N ATTOD00N TWV TEXVIKWYV OTATIOTIKAG
ETTECEPYQTIAC OMATOC KAl udbnong.

« ETT€101), OTNV QUON, TA TTOPAYOUEVA PUOIKA CrUATA TEIVOUV VO
EMIOEXOVTAI HOVTEAOTTOINONG ME PEIDWAEC (TTEPIEKTIKEQ)
QvVATTOPACTACEIG.

e To TTAPAdEIYUA TNG MOVTEAOTTOINONG TNG KPOUOTIKNC ATTOKPIONG
OKOUCOTIKWY KOl TNAETTIKOIVWVIOKWY UOVOTTATIWV.

N
N N

N\ N A

>
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-/ ). ZMHN LTATPON

Eicaywyn (2/7)

* To TTaPAdEIYUA TNG CUMPTTIEONG EIKOVAC:
* O pJeETAOXNUATIOPOG TNG EIKOVAC O€ £€vav VEO, KATAAANAO Xwpo
EMTPETTEI TNV APAIN AVATTAPACTACN TNC.
* Av @ (I X ]) gival o TTivakag TToU TTEPIYPAPEI £vaV TETOIO YPAMMIKO
METAOXNUATIOUO (TT.X., dlakpIToU cuvnuitovou, DCT), T0T€ n vEQ
avaTtrapAaoTaaon i, TNG EIKOVAC i TIPOKUTITEl WG:

i, =d"i=i=di, Dl =]

* 2uvnBwcg, OTO iy, TO CNUAVTIKA OToIXEia ival Aiya o€ apiBud o€
oUYKpPION JE TO OUVOAO TWV OTOIXEIWV.

* [a TNV oupTrieon, diaTnEOUVTAl HOVO k K | onUAVTIKA OTOIXEIQ KAl
Ta utréAoITTa TiIBEVTAI OTO PUNOEV, DNUIOUPYWVTAC TO APAIO
dlavuopua i,.
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-/ ). ZMHN LTATPON

Eicaywyn (3/7)

e ...OUVEXEIQ.

* [0 TNV QTTOCUWTTIEDT), XPNOIMOTIOIEITAI O AVTIOTPOPOG
METAOXNMATIOMOG:
i = D
* To TTAPATTIAVW MPTTOPEI VA YpaA@Ei EVOANAKTIKA WG

k
[ =i = Z is(tj)‘ptj
=

« Omoy, t;,j = 1,2, ..., k, €ival ol BETEIG TWV ONUAVTIKWY CTOIXEIWY,
is(tj) n TR TOUG Kal @¢; N QVTIOTOIXN OTAAN TOU TTivaKa .

e To ev AOyw aBpoioua atroTeAEi hia apair] avattapdoTaon Tou
onuaTog .
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-/ ). ZMHN LTATPON

Eicaywyn (4/7)

* ...OUVEXEID
e 2TO TTPONYOUMEVO, BEWPNONKE TTWC N APXIKN EIKOVA £XEI ANPOEi
Kavovika. AnAadr), av kal KataAncaue JE k onUAVTIKA OTOIXEIQ,
XPEIAOTNKE va CUAAECOUUE KaTapXNV [ > k NETPAOEIC.

* YTIApXel EVAAANOKTIKI TTPOCEYYIoN OTTou va Baci{OuaoTE ECaPXNS
Movo o€ N = O(k) < | NETPAOEIC YIA VO KATOANEOUNE OTA k
OTOIXEIq;

 H ammavrnon oTo TTapatTavw pWTNHA £XEI 0ONYNOElI OTNV £VVOIQ
TOUu compressive sampling (¢dw Kal TOUAAGXIOTOV HIa OEKAETIA), N
OTTOI0 KATAAAYEI OTNV ATTAITNON E€TTIAUONG EVOC UTTOKOBOPIOUEVOU
OUOTIAMATOC YPAMMIKWY ECICWOEWV.
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ITANEITIZTHMIO

A /) ZEMHN [TATPON

Eicaywyn (5/7)

* ...OUVEXEIQ
* '‘EoTw €va guotnua ANYng EIKOGVWY TTOU TTEPIYPAPETAI ATTO TOV
mmivaka pEtrpnong A (N x ). Tote, 6a ptropoUuoape va GUAAECOUE
TIC METPNOEIC Y WG:
y = Ai = Adi
e 2TNV TTEQITITWON AUTH, XPNOIMOTTOIOUME TIG METPNOEIC Y YIA VA
UTTOAOYIOOUME TO apaid dIAVUC A i.

» OT10TE, N €IKOVA i NTTOPEI VO AVAKOTAOKEUAOTEI a@oU yVwPi(ouuE
TOV TTiVaka @,
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-/ ). ZMHN LTATPON

Eicaywyn (6/7)

 [lponyoupevwg, eidaue Eva TTapAdEIyUa apalng avamrapacTaong
TTou BaacileTal o€ €vav opBoKavOVIKO TTivaka .
* AuUTOI 01 TTivaKeg, av Kal O0UAEUOUV aTTOdOTIKA YIa OpIoHEVA
onuara, €ival TTEPIOPIOTIKOI OE OPIOUEVEG TTEPITITWOEIC.

* Av B€Aoupue va KaBopioouue Pia apaii avatrapdoTaon yia Eva
onua pouoikng m (I x 1);
e To onua AOYyw TwV Opyavwy £XElI OPUOVIKEG.
* To oNua QWVNG TOU KAAAITEXVN Eival TTIO TTEPITTAOKO.

« Mia €IKkOva aTTOTEAEITAI ATTO OUAAEC TTEPIOXEC KAl TTEPIOXEC ME
EVTOVEG OKMEC.
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/). EMHN BEEAR

Eicaywyn (7/7)

 [1Q TTI0 TTEPITTAOKQ OT)UATA, Ol AVATTAPACTACEIC dUvVATAl va
Bagcilovral o€ un opBoywvioug (overcomplete)
METAOXNMATIONOUG.

* [a TTapAadeIyua, Eva onua m 0a uTTopoucE va avaTTapaoTaEi
atro £vav veo Trivaka @ (I x 21) TTou atroTeAEiTal aTTo Evav
mmivaka DFT kai €évav trivaka DWT.

m=a®dm,
« OT110U TO TTAPATTAVW CUCTNUA EiVAl UTTOKOBOPIOUEVO Kal «EPXETAIN

TTI0 KOVTA OTO JOVTEAO TOU compressive sampling TTou €idape
TTPONYOUNEVWG.

* O Trivakag @, oTnV YEVIKA TTEPITITWON, OVOUAZETAI AECIKO, EXEI
TTEPICOOTEPEC OTNAEC Kal dUvATAl VA XPNOIUOTToINBEi yia TNV
ouvBeon MIag ueyaAng TToikIAia¢ onuatwy kabopilovrag uia
apain avartrapaoTaon.
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AN "7/ 2ZMHN TANEIETHMIO

2U0TNUA YPOUMIKWY eClowaewy (1/2)

* To TTPOPBANMA TNG ETTIAUCH EVOC OUCTHAMATOC YPOUMIKWYV
ECICWOEWV Eival KEVTPIKAG onuaciag o€ dIAPOPES ETTIOTNMOVIKES
TTEPIOXECG.

* H Baoikf yop®r evOC CUCTAPATOC YPAUMIKWY ECICWOEWY Eival:

y = X0
« y € RM: oUvoAo peTprioswy 1 TTAPATNPHOEWV.
« 0 € R!: dyvwaoTol TTAPAUETPOL.

« X € R¥*L: yvwaoTtdc Trivakag Tou KaBopilel TO YPAPIKO HOVTEAO
TOU «(PAIVOPEVOU» TTOU BEAOUUE VA UENETIIOOULE.

 Méow TNG YPAUMIKNG GAYERPOC, N TTIAUCN £XEI HEAETNOEI
O1€0BIKA aTTO DIAPOPEC TTAEUPEC.
* "Y1rap¢n povadikAg Auong
* EupwaorTia Along
* YTTOAOYIOTIKA) TTOAUTTAOKOTNTO
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/). EMHN BEEAR

2U0TNUA YPAUUIKWY ECIOWOEWV (2/2)

« To guoTnua y = X0, avaloya UE TIC TTAPANETPOUG [, N UTTOPEi va
EXEI TIC AKOAOUBEC LOPPEC:

V)

—cn

coEnssm———
I
x
I
x
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N>I

Il
>

N<I
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ITANEITIZTHMIO

A /) ZEMHN [TATPON

YT1TokaBoplopEVo 0.Y. e€lowaoewy (1/3)

e 2TNV OUVEXEID Ba eTTIKEVTPWOOUPE oTnV Trepimmtwon N < [, kai
Ba Bewprjooupe TWC rank(X) = N.
* To oUOTNUA YPOUMIKWY EEICWOEWV OVOUAZETAl O€ QUTA TNV
TTePITITWOoN uttokaBopiopévo (underdetermined).

« 'Eva uttokaBopiopévo ocuoTnua £XEl ATTEIPES AUCEIC, Ol OTTOIEC
BpiokovTtal oTAV TOUN TWV UTTEPETTITTEOWYV TTOU KaBopilovTal aTro

TIC ECIOWOEIC TOU OUCTAMATOC (N TOUN YIATI UTTAPXEL; ).

U

[ moapadeypa, eavl = 2 2
(kat, apa, N = 1), tote ol \
AUGCELG «BplokovTaly TAvw C€ .

uLa evBeia (rmola n oxeon Ue
ToV undevoxwpo;).
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-/ ). EMHN oSN
YTTOKOBOopPIOPEVO O.Y. EClIoWoEwV (2/3)

T mnoapadeypa, eav !l = 3 (kat N = 2), tote oL AUCELC
«Bplokovtal» otnv tourn Suo EMUTESWV.

0,

y2:X2T19

y1=X1T19

* To EpWTNUO TTOU KAAOUMOOTE VO ATTAVT| OOV LLE ival «[loLa
AUon eTUAEYOUE QIO QUTO TO ATIELPO CUVOAO AUCEWV».
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-/ ). EMHN HETRAR
YTTOKaBopIoPEVO O.Y. eClowoewy (3/3)

e [atnv eniAuon evog UTIOKOLBOPLOUEVOU CUCTAMOTOC
VPOUULKWYV €ELOWOEWV, ATTOLTELTOL O KABOPLOUOC ETILITAEOV
KPLTAPLWV TTOU Bal PETEL val LKovoTtoLloUvToL armo thv Avon.

M Baoikn tpoogyylon otnplletal otnv Xprnon ML
ouvaptnong kootoug J (@) yla tnv «Stafadpion» twv Amepwv
AUCEWV Kal TNV €TLAOYN TNE TtiLo KAtdAANANG.

e To yeviko mpoBAnua ypadetal we €ENG:
mein](H), s.t.y = X0

2uvnOLopeveg emAoyeg yLa tnv cuvaptnon /(0):
— 181lo, 110111, 116115
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-/ ). EMHN HBOR

H mrepitrtwon 1ng ||0]]5

* To npoPAnpa e€eldLKEVETOL WG

meinllell% , s.t. y=X0

 HAUon pe xpnon noA\armAaoclaotwy Lagrange divetal wg:
0 =XT"(XX") 1y

Uz,
e TleWUETPLKA, N AVon TteplypadeTal \
OTWC POLVETOL OTO OXAHA. )
* TuLmpoPBAnpa UTIAPXEL OTNV Y=
MEPLITTWON TTOU avalnTou e Eva
apalLo dtavuopua 0; >
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-/ ). EMHN HBOR

H trepitrtwon NG ||0]|,

* To npoPAnpa e€eldLKEVETOL WG
mein||9||0, s.t. y=X0

* To npoPAnua BeAtiotomoinong €xeL cuvOUAOTIKN
TMOAUTIAOKOTNTA YLO TNV EVPECN TNS PEATLIOTNG ALONC.

— 2TNV PAEN, EMAVETOL PUE TIPOCEYYLOTLKOUG aAyopiBuouc (greedy
algorithms onwc tov Orthogonal Matching Pursuit)

* To mpoBAnua dev €xeL mavta povadikn Avon.
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-/ ). ZMHN LTATPON

H trepitrtwon Tng ||8]|; (1/2)

* To npoPAnpa e€eldLKEVETOL WG
mein||9||1, s.t.y=X6

e To nmapandvw npoPAnua eivat yvwoto Kot we Basis Pursuit.
* H eniAluon to mpoPAnpatocg BeAtiotonoinong cuvOEETAL UE TNV
LLETATPOTIN TOU O€ €va MPOBANUA YPOUULKOU TIPOYPOAUATIOHNOU.
— Auta ta tpoBAnpata Avovtal amodotikd pe dtadopec pebodoug

Omwc¢ TNV simplex ) tnv interior point.

 H popdn evoc mpoBARUOTOC YPAULULKOU TIPOYPOUMATIOMOU Elval:

minc’x, s.t.Ax=b,x>0
X

* [wc yilvetal n petatpomnn tou npoBARpatoc os mpoBAnua
YPOLLULKOU TIPOYPOLLATIOMOU;
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-/ ). EMHN BEEAR
H mrepitrtwon 1n¢ [|10]]; (2/2)
* [ewWETPLKA, N AVoN meplypadeTal WC:

192 62:\

N

P

* H emhoyn (N o oxedblaopoc) tou mivaka X elval Kplowung onpaoiog
ylo TNV emitevén povadikng Avong kabwc Kat TS cwotng Avonc.
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ITANEITIZTHMIO

-/ ). ZMHN [TATPON
O aAyopiBuoc OMP (1/4)

e Xtnv BBAloypadia €xouv epdaviotel Stadopot amodotikol
aAyoplBpuot yia tnv eniAvon Twv mpoPANUATWY TTOU €XOUV
TIOPOUCLOOTEL.

— Edapuolovtal ite oe yevikoU¢ Ttivakec X eite og elOIKOTEPOUC,
EKUETAAAEVOHEVOL TNV LOLaitepn Sour TTOU UITOPEL val EXOUV.

— Baoilovtal og eUPETIKEC / MPOOEYYLOTIKEG SLadLkaoleg, o€
SladLkaoiec KUPTOU MPOYPOUUATIONOU, K.ATT.
e JTNV ouvexela Ba eTikevipwBoOUE O€ Evav EUPETLKO (greedy)
aAyoplopo.
— [evikotepa, oL aAdyoplOpol autou Tou TUTou npoomtabouv va
EKTLUNOOUV TIC BE0ELC KAl TIC TIMEC TWV N LNOEVIKWV

ouvteAeotwy Tou Slavuopatog O (AUvouv el TG ovolag to
NPOPBANUa otav xpnotpormoteital J(8) = ||8]l,).

— AUTO ETUTUYXAVETOL QTTO MLOL CELPA ATIAWV PnUATWV.
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-/ ). EMHN HETRAR
O aAyopiBuoc OMP (2/4)

* O aAyoplBuoc Orthogonal Matching Pursuit (OMP) Aappavel wg
gloodo tov nivaka X, to Stdvuopa y kal pa mapAapueTpo k, mou

kaBopilel To mMANB0OC TwV N Hndevikwyv otolxeiwyv mou Ba
kaBoplotouv oto dtavuopua 6.

e O OMP emnotpédel we £€060 to Stdvuopa @ mou amoteleital
ano k pun pndevika otolyeia.

e Ap)lka, opilovtal ta €EAC:

— S = @: 20volo Mou TEPLEXEL TIC BEOELC TWV UN UNOEVIKWVY
otolxeiwv tou dtavuopatog O.

— e = y: To opaipa avanopactaonc.

- 060=0
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-/ ). ZMHN LTATPON

O aAyopiBuoc OMP (3/4)

* O aAyoplBuoc OMP enavalapBavel ta akodovBa Brpata:
1 j= argmaxj|ije|/||xj||2 (Bpec tnv otAAn Tou mivaka X mou
glvall TILO CUOXETLOMEVN LLE TO TPEXOV OhAAUQL).

2. S =5U{j}(avavéwoe 1o cUVOAO pE TIG BECELC N HNOEVIKWY
otolxeiwv Tou dtavuopatocg ).

3. 05 = XIy (unmoldyloe, umd tnv évvola twv ehaxiotwy
TETPAYWVWYV, TLC TPEXOUOEC TILEC TWV N LNOEVIKWY OToLXELWV).

* Xs:mivakag (N X |S]) mou mepLEXEL TIG EWG TWPA
ETUAEYUEVEC OTAAEC TOU Ttivaka X.

4 e =y— X0 (avavewoe to odAApa avanapaotacng).

5. EmavélaPe ta mapandavw ya k dopec.
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-/ ). ZMHN LTATPON

O aAyopiBuoc OMP (4/4)

 Meplkeg mapatnpnoelc yia tov OMP eival ot akoAouBec:

— Tevikwg, o aAyoplBpuoc dev eyyvartal mwc Ba kataAn&el kovta otnv
TPAYHATIKA Auon.

— To opaipa e sival kaBeto otic oTAAEC TToU €Xouv eTLAEXOEL o€
kKAOe emavaAnyn (€tol o otAAn pmopel va emAeyel povo pia
dopa).

— H emthoyn tn¢ oTNANG LE TNV LEYLOTN CUOXETLON LLE TO TPEXOV

opAAUA EXEL WC ATIOTEAECUO TNV HEYLOTN EAAXLOTOTIOLNON TOU
devtepovu.
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-/ ). EMHN HBOR

BiBAloypagia

e S.Theodoridis, “Machine Learning: A Bayesian and
Optimization Perspective”, Academic Press, 2015.

23/3/2023 AATOPIOMIKEZ MEGOAOI BEATIZTOMNOIHEHE ME EM®AZH IE KATANEMHMENA NMPOBAHMATA 23



/) EMHN RIS

EKpaOnon Aggikou kai AAyopiouol
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/). EMHN RN
Eicaywyn

* The emergence of compressed sensing extended
the notion of bandlimited signals to signals that are
sparse in some suitable domain, other than
frequency

* Furthermore, it has been shown that many
physical signals are indeed sparse

« DL constitutes a data-driven approach to learn a
domain in which the signals of interest are sparse

* DL resembles orthogonal transforms such as the
Fourier transform, but orthogonality is sacrificed for
the sake of sparsity
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ITANEITIZTHMIO

A/l fMHN [TATPON
Eicaywyn

« Consider a data matrix Y € R™*" (m: dimension, n:
# of samples)

« Example (a): Image patches (overlapping or not)

— N -
« Example (b): Spectral response
A]C- III/ - NH -
A
‘m O )
e O L l |
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./ ). EMHN

What is Dictionary Learning?

ITANEITIZTHMIO

[TATPON

» The scope is to compute some matrix D € R™*¥ so that
Y=D-A

» Furthermore, matrix A € R**" is required to satisfy

Vi

(N8
=
w

dis

Ae,i

A

Aq3,i

h<
Q

IllllllllDDlQ‘
)

COITTTTIIT1T]

A1s,i

HEEE EEEEEE EEEEE]

some sparsity criterion (e.g., fixed number of non-zero
elements at each column)

* Thus, each (vector) sample y; can be expressed as a
linear combination of a few columns of the dictionary

matrix D, e.g.,

23/3/2023

yi ~® Qgi-dg+ ay3;-diz+ ags; - dis
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=) /"7/ 2MHN [ANEIETHMIO

[TATPON

What is Dictionary Learning?

 |In most cases, DL follows from the minimization (or,

approximate minimization) of a cost function of the
form:

C(D,A) = F(D,A) + 1 - S(4)

where F(D, A) is some fidelity cost and S(4) is some
sparsity cost for matrix A. The parameter A controls
the relative importance of the two terms

* For example:
« F(D,A) = ||Y — DA||% (Frobenius norm)

* S(A) = ||Ally (number of non-zero elements,
combinatorial optimization)

* S(A) = ||All; (sum of absolute values of elements, Lasso)
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-/ ). ZMHN TATPON

What is Dictionary Learning?

 The cost function
C(D,A)=F(D,A)+A1-5(A)

for various practical F(D, A) and S(A) is not convex,
but it Is bi-convex:

e Convex for D, when A4 is fixed

 Convex for 4, when D is fixed

* Thus, the dominant approach for optimization is the
so-called alternating optimization approach:

« Sparse Approximation step: Optimize for A;,; with
fixed D;

 Dictionary Update step: Optimize for D, with fixed
Apiq

* The dictionary atoms may require normalization
after each iteration to have unit norm
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-/ ). EMHN HAPOR
Sparse Approximation Algorithms

 Choices of algorithms for Sparse Approximation:
Matching Pursuit!t (MP)

Orthogonal Matching Pursuit? (OMP)

Focal Underdetermined System Solver? (FOCUSS)
lterated Soft Thresholding® (ISTA)

Fast Iterated Soft Thresholding® (FISTA)

°
1S. G. Mallat and Z. Zhang, “Matching pursuits with time-frequency dictionaries,” IEEE Transactions on signal processing, vol. 41, no. 12,pp.
3397-3415, 1993.

2J. A. Tropp, “Greed is good: Algorithmic results for sparse approximation,” IEEE Transactions on Information theory, vol. 50, no. 10, pp2231-
2242, 2004.

31. F. Gorodnitsky and B. D. Rao, “Sparse signal reconstruction from limited data using focuss: A re-weighted minimum norm algorithm,” IEEE
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Dictionary Update Algorithms

« Choices of Algorithms for Dictionary Update:
« Gradient descend

Least squares solution

Method of Optimal Directions (MOD)?!

K-SVD?

1K. Engan, S. O. Aase, and J. H. Husoy, “Method of optimal directions for frame design,” in Acoustics, Speech, and Signal Processing, 1999,
Proceedings., 1999 IEEE International Conference on, vol. 5. |IEEE,1999, pp. 2443-2446.

2M. Aharon, M. Elad, and A. Bruckstein, “K-SVD: An algorithm for designing overcomplete dictionaries for sparse representation,” IEEE
Transactions on signal processing, vol. 54, no. 11, pp. 4311-4322, 2006.
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Lossy Compression
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« Each data vector y; can be represented by the
values of the sparse coefficients (e.g.,
ag i, A13 4, A15;) and a “bitmap” that defines their
locations (6, 13 and 15) — think about DCT based
compression

* The dictionary (model) must also be encoded (once
for the whole data) — unlike DCT where the basis is
known
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Denoising

Ongmal clean irnage Clean Image by Global Trained dictionary, 27.5672dB

« Simply computing the sparse approximation and
reconstructing has denoising effects (similar to DCT
or Wavelets)

* The dictionary should not encode noise
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Coupled DL — Super Resolution

« Consider we are given (the same) data of both low
and hi resolution

— N -
Y, € R™*"
™ )
z
= YZ = RMXTL
u
I : ]
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Coupled DL — Super Resolution

* We follow the exact DL steps given data Y; and Y,
SO that:

Yl =~ Dl * A

Y2 ~ D2 * A
where D; € R™* and D, € RM*¥ and A € R**" is
common

 Thus, given some data vector y; ; € R™, not
Included in the training/learning set, we can
compute a high-resolution version y, ; € R using
the steps:
« Sparse approximation of y, ; on low-resolution dictionary D,
Vi =D1-aq;
« Compute high resolution as
Vo,i =Dy aq;
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Coupled DL — Super Resolution

low resolution (LR) images

high resolution (HR) i (=3

LR dictionary
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Discriminative DL - Classification

« Consider we are given a data matrix Y € R™*" and
labels | € RY*™ where [; € {1, 2, ..., C}

* The scope of discriminative DL is to learn class
specific sub-dictionaries, for example:

D3 DZ Dl A3 AZ Al
:- :- |
v
-
T. H. Vu and V. Monga, "Fast Low-Rank Shared Dictionary O

Learning for Image Classification," in IEEE Transactions on
Image Processing, vol. 26, no. 11, pp. 5160-5175, Nov. 2017.
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Image Inpainting

« Developments for tackling non-uniform noise, can
be used to also perform image inpainting:

J. Mairal, M. Elad and G. Sapiro, "Sparse Representation for

Color Image Restoration," in IEEE Transactions on Image
Processing, vol. 17, no. 1, pp. 53-69, Jan. 2008.
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Convolutional DL

* In many application, shift invariance is required

* The convolutional DL model analyzes a signal as a
sum of convolutions, where each convolution Is
produced by a filter-atom and a sparse signal

Moreau, Thomas, and Alexandre Gramfort. "Distributed
Convolutional Dictionary Learning (DiCoDilLe): Pattern
Discovery in Large Images and Signals." arXiv preprint
arXiv:1901.09235 (2019).
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Distributed DL

@

« Each node v has its local data matrix Y,, (camera
network)

* The scope is to device a distributed algorithm to make
the nodes agree (consensus) on a common dictionary

* Various approaches:
« Diffusion type (Adapt, Combine)
 ADMM based
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Online + Distributed DL

@

* The data at each node is not available a-priori

e At each time instant, a new datum becomes
available, which Is sparsely encoded locally

* In the sequel, the nodes cooperate to perform
dictionary update
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