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Abstract

The process of segmenting an image into different regions or objects is a critical step
in computer vision and image analysis. In recent years, deep learning-based image seg-
mentation models have demonstrated remarkable performance on various benchmark
datasets. In this study, we have conducted a comprehensive analysis of several state-
of-the-art image segmentation models on different benchmark datasets, including the
Corsican Fire dataset. The models investigated in this study include DeepLabv3+, HRNet,
HRNet+OCRNet, DDRNet, PIDNet, Swin Transformer, BASNet, BISNet, UNET3+, Atte-
ntion U-Net, and EMANet. Each model has a unique architectural design and distinct
features, which are tested on several benchmark datasets to evaluate their performance.
The Corsican Fire dataset is a challenging dataset that consists of high-resolution images
of forests captured during wildfire outbreaks. To test the model’s robustness, we have
also included other benchmark datasets, which are widely used in the field of image seg-
mentation. Our experimental results reveal that the Attention U-Net, EMANet and Swin
Transformer outperforms the other models in terms of overall accuracy segmentation and
speed on the Corsica fire dataset. In addition, we performed an extensive comparative
analysis of the models on other datasets data sets and the results show that each model
has its strengths and weaknesses. weak points, depending on the characteristics of the
dataset and the task segmentation task. Therefore, in the remainder of this study, it
was shown that different models perform better in the transfer learning technique for its
evaluation performance on other datasets Overall, our study provides a comprehensive e-
valuation of state-of-the-art image segmentation models on different benchmark datasets,
highlighting their performance, strengths, and limitations. The findings of this study can
serve as a benchmark for researchers in the field of computer vision and image analy-
sis and can aid in the development of more efficient and accurate image segmentation

models.

Keywords

Image Segmentation, Semantic Segmentation, Instance Segmentation, Deep Learning,
Fully Convolutional Networks (FCNs), Convolutional Neural Networks (CNNs), Performa-
nce Evaluation, Attention Mechanisms, Loss Functions, Training, and Validation, Testing,

and Evaluation
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H mon“da Pag rbsketai se pleurik sOndesh , sthn opoPa to "Sum" anafére-
tai se “jroish kat” stoigebo kat™ m koc twn kanali,n ,to " " antiproswpeOei

thn éxodo thc sigmoeidoOc sun’rthshc kai to "Up" upodeiknOei digrammik
anabijmish . (15) . . . . .. 75
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Kef'laio

EISAGWGH

AntikePmeno thc paroOsac diatrib ¢ ePnai h meléth montélwn tmhmatopoPhshc eikinwn
se di‘fora sOnola dedoménwn anafor’c, grhsimopoi,ntac mia poikilDa montélwn aji°c
m’jhshc teleutabac teqnologbac. Skopic thc eéreunac aut c ebnai na diereun sei thn a-
pidosh aut,n twn montélwn gia to érgo thc tmhmatopoPhshc eikinac se pollapl” sOnola
dedoménwn, grhsimopoi ntac metrikéc ipwc  Intersection over Union (loU), Precision, Die
ce Loss kai Recall, mazb me k'poiec parallagéc. H tmhmatopobhsh eikinwn égei gbnei éna
krBsimo érgo sthn irash upologist,n ligw thc ekjetik ¢ aOxhshc tou igkou twn dedoménwn
eikinac kai egei polu’rijmec efarmogéc se di“forouc tomebc. To érgo thc tmhmatopobhshc
eikinac perilamb™nei th diabresh miac eikinac se pollapl” tm mata, ipou K'je tm ma
antiproswpeQOei éna diaforetiki antikeDmeno perioq entic thc eikinac.

Sthn paroOsa diatrib , analOsame kai sugkrBname thn apidosh diafirwn montélwn
aji"c m’jhshc, sumperilambanoménwn twn Attention UsNet (AUNet), BoundarysAware
Salient Object Detection (BASNet), BiSeNet, Deep Dual*Resolution Network (DDRNet),
DeepLabv3+, HRNet, HRNet+OCR, E cient MultieScale Aggregation Network (EMANet),
Progressive Instance Discrimination Network (PIDNet), Swin Transformer kai UeNet 3+.
K'je éna api aut” ta montéla éqei th monadik tou argitektonik , sun“rthsh ap,leiac kai
algirijmo eltistopoPhshc. Ta sOnola dedoménwn anafor’c pou grhsimopoi jhkan sthn
paroOsa meléth antiproswpeOQoun éna eurQ “sma pragmatik n senarbwn, sumperilamba-
nomenwn eikinwn wti"c usik,n skhn n, kai diafirwn iatrik,n eikinwn.

Gia na axiolog soume thn apidosh aut,n twn montélwn, grhsimopoi same di“forec me-
trikéc ipwc loU, Precision, Dice Loss kai Recall, mazb me orisménec parallagéc aut,n twn
metrik,n. AnalOsame epBshc thn epBdrash diafirwn uperparamétrwn sthn apidosh k’je
montélou, ipwc o ujmic m'jhshc, to mégejoc atch kai o arijmic twn epoq,n. Tautigro-
na grhsimopoi same thn tegnik transfer learning kai analOsame ta pleonekt ma pou
proséfere.

Ta apotelésmata aut ¢ thc meléthc katadeiknOoun iti h apidosh twn montélwn aji-

"¢ mijhshc poikbllei shmantik™ an’loga me to sOnolo dedoménwn kai th sugkekriménh
ergasba tmhmatopoPhshc eikinwn. Ta eur mat™ mac paréqoun plhroforbec sqetik™ me
to poia montéla apodbdoun kal” upi diaforetikéc sunj kec kai poia montéla ebnai pio
kat'llhla gia sugkekriménec efarmogéc. Epipléon, h paroOsa éreuna sumb’llei sthn
an’ptuxh stibar,n kai apodotik.n montélwn tmhmatopoPhshc eikinac, ta opoBa mporoOn
na grhsimopoihjoOn se éna eur® “sma praktik,n efarmog,n.
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Sunolik”, h paroOsa diatrib parégei mia oloklhrwménh an“lush twn montélwn a-
i"c mijhshc gia thn tmhmatopobhsh eikinwn se pollapl” sOnola dedoménwn anafor™c,
grhsimopoi,ntac mia poikilba montélwn kai metrik,n teleutabac teqnologbac. Ta apote-
lésmata aut ¢ thc meléthc mporoOn na grhsimeOsoun wc polOtimh phg gia touc ereunhtéc
kai touc epaggelmatbec ston tomeéa thc irashc upologist,n, paréqontac mia ajOterh ka-
tanihsh twn epidisewn twn diafirwvn montélwn kai thc katallhlitht"c touc gia di“forec

efarmogec.

1.1 Org 'nwsh thc diplwmatik ¢ Ergasbac

H paroOsa diplwmatik ergasPa ePnai organwménh se difora kef'laia, kajéna api

ta opoPa kalOptei diaforetikéc ptugéc tou ématoc thc shmasiologik ¢ kat“tmhshc.

Sgqma 1.1: To pipeline thc pa oOsac diplwmatik ¢ e gasPac

To kef'laio 1 parégei mia eisagwg sto priblhma thc shmasiologik ¢ tmhmatopobhshc
kai th shmasba tou se di*forec efarmogéc. Parousi"zei epBshc touc ereunhtikoOc stiqouc
kai ta ereunhtik™ erwt mata sta opoPa stogeQei na apant sei h diatrib .

To keflaio 2 epikentr,netai sthn analutikiterh perigraf tou ht matoc thc sh-
masiologik ¢ tmhmatopobhshc, sumperilambanoménhc miac episkiphshc twn tri_n kOriwn
tOpwn shmasiologik ¢ tmhmatopoPhshc: shmasiologik tmhmatopobPhsh, tmhmatopoBhsh
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peript,sewn kai panoptik tmhmatopobhsh. Epipléon, to kef'laio auti parégei kbnhtra
gia thn eéreuna kai mia anaskiphsh twn sqetik ,n ergasi,n ston toméa.

Sto kef'laio 3 parousi“zetai to ewrhtiki upibajro thc diatrib ¢, sumperilamba-
noménhc thc mhganik ¢ mijhshc kai thc aji'c mjhshe, twn neurwnik,n diktOwn twn
di*forwn tOpwn sunélixhc, twn metasghmatist,n, twn mhganism,n prosoq c kai twn argi-
tektonik,n kwdikopoiht -apokwdikopoiht .

To kef'laio 4 perigr-fei ta sOnolo dedoménwn anafor’c pou grhsimopoi jhkan sta
peirmata, th “sh dedoménwn purkagi.n Corsical Fire Database th “sh  COVID*QUe-
Ex Dataset , th “sh iatrik,n eikinwn Kvasirelnstrument  kai th “sh eikinwn kutt"rwn
Cell kai analQei ta qarakthristik™ touc. To keflaio auti kalOptei epPshc ta mata
proepexergasbac pou pragmatopoi jhkan sta sOnolo dedoménwn.

To kef'laio 5 exhgeb thn efarmog sOggronwn montélwn gia th shmasiologik ka-
t'tmhsh sth “sh dedoménwn  Corsican Fire Database . Sugkekriména, to kef'laio auti
kalOptei kai analOei leptomer,c ta montéla DeepLabv3+, HRNet, HRNet+OCRNet, DDRe
Net, PIDNet, Swin Transformer, BASNet, BISNet, UNET3+, Attention UsNet kai EMANet.
Sto kef'laio auti parousi“zontai epBshc oi metrikéc axiolighshc pou grhsimopoi jhkan
gia th sOgkrish kai axiolighsh twn montélwn.

To kef'laio 6 parégei mia sOnoyh twn apotelesm™twn pou proékuyan api ta pei-

"mata kai tic gn,seic pou apokt jhkan api aut”. Eis"gei kai analOei ta proter mata
thn teqnik transfer learning kai suzht™ touc periorismoOc thc éreunac kai parégei su-
stseic gia mellontikéc ergasbec.

Teloc, sto kef'laio 7 parousi“zontai ta sumper’smata thc diatrib ¢, sumperilamba-
nomeénhc thc epanadiatOpwshc twn ereunhtik n stigwn kai twn ereunhtik_n erwthm’twn, thc
perblhyhc twn kOriwn eurhm’™wn kai thc sumbol ¢ thc éreunac. To kef'laio auti pro-
tePnei epbshc pijanéc efarmogéc thc éreunac kai protePnei kateujOnseic gia mellontikéc
ergasbec.
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Perigraf tou Probl matoc

2.1 Istorba thc Tmhmatopobhshc Eikinac

Ston toméa thc irashc upologist,n, h diadikasba tmhmatopobhshc eikinac anaféretai
sthn kat"tmhsh miac yhfiak ¢ eikinac se pollapl” sOnola eikonostoigeBwn tmhm twn.
Auti apoteleD mia kajierwménh priklhsh sthn irash upologist,n ed, kai arketi kai-
i. Wstiso, h shmasiologik tmhmatopoBhsh antiproswpeOei mia pio prohgménh tegnik
pou perilamb”nei thn tmhmatopobhsh miac eikinac en, par’llhla égei mia oloklhrwménh
katanihsh K’je eikonostoigebou entic thc eikinac. Sthn ousba, h shmasiologik tmhma-
topobhsh sunep”getai thn an’lush kai thn taxinimhsh k’je eikonostoigebou se di“forec
kathgorbBec. 'Eqoun anaptugjeD polu’rijmoi algirijmoi gia thn antimet,pish autoO tou
polOplokou érgou, ipwc o algirijmoc Watershed , h katwflbwsh eikinac ( Image Three
sholding ), h omadopobhsh (clustering ) Kemeans kaita Conditional Random Fields

2.1.1 Kajorismic Katwflbou Eikinac Image Thresholding

H katwflbwsh eikinac  (23) ebnai énac emeli,dhc algirijmoc pou grhsimopoiebtai gia
thn kat"tmhsh miac eikinac diair,ntac thn se dOo perissiterec kathgorbec eikonostoige-
bwre dhlad , se prosk nio kai into . Sun jwc , auti epitugqnetai metatrépontac p .ta
thn argik eikina se klbmaka tou gki kai sth sunégeia efarmizontac thn tegnik katw-
[Bwshc gia na IhfieBb mia duadik eikina . Sto plabsio aut ¢ thc proseggishc , h tim
entashc k™ e eikonostoigebou sugkrbnetai me mia prokajorismenh tim katwflBou . E™n
h éntash ebnai mikriterh api thn tim katwflbou , to eikonostoigebo lamb™nei thn tim 1
(leuki ), en, e’n ePnai megalOterh , to eikonostoigeDo lamb™nei thn tim 0 (maOro).

H kO ia priklhsh sthn efarmog autoO tou aploO algorBjmou ePnai o kajorismic

tou eltistou katwflBou . Gia apléc efarmogéc , h tim katwflbou mporeb na oristeb geiro-
kbnhta api ton sgediast tou algorbjmou . Wstiso , se sen’ria pragmatikoO kismou , ePnai
shmantiki na kajorbzetai autimata to kat fli . Mia dhmofil ¢ teqnik gia thn epbteuxh

autoO tou stigou ePnai h méjodoc Otsu (24), pou anaptOgjhke api ton  Nobuyuki Otsu  to
1979. Autic o algirijmoc kajorbzei to kat fli elagistopoi ntac th diakOmansh thc énta-

shc entic thc ki"shc , isodOnama, megistopoi ntac th diakOmansh metaxO twn kl’sewn
Sugkekriména , o algirijmoc anazht™ exantlhtik™ to kat,fli pou elagistopoieb to stajmi-

sméno Jjroisma twn apokiDsewn twn dOo ki'sewn , ipou ta ~h ePnai oi pijanithtec twn

dOo kI"'sewn pou qwrbzontai api to kat,fli . To kat,fli pou prokOptei antistoigeD sthn
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el"gisth diakOmansh entic thc kl’shc
H eltisth tim katw IDou dbnetai api th sqesh

T = argmin( (1)) (2.1)
t
ipou T ebnai h eltisth tim katw IDou ., 2(t) ebnai h diakOmansh thc éntashc entic thc
kI"shc kai to el’gisto lam "netai gia ilec tic pi anéc timéc katw [Dou t.

H diakOmansh entic thc kl“shc orbzetai wc ex c:

w®="1o) GO+ 1(t) £(t) (2.2)

ipou ! o(t) kai ! {(t) ePnai oi pijanithtec twn dOo klI'sewn pou diagwrDzontai api to
katfli t, kai 2(t) kai 2(t) eDnai oi apokiDseic aut,n twn kI’sewn. To eéltisto kat,fli
ePnai auti pou elagistopoieD thn endoklasmatik diakOmansh, to opoPo antistoigeD sto
kat fli pou megistopoieD thn endoklasmatik diakOmansh. Sto sqma 2.1 apeikonDzetai
mia perbptwsh katwflbwshc me gr sh thc mejidou Otsu . Sthn arister pleur” emfanbzetai
h argik eikina se kibmaka tou gkri, en, sto kentro parousi“zetai h duadik eikina met”
thn efarmog tou katwflBou. Sth dexi” pleur”, parousi“zetai to istigramma éntashc me
to shmeiwmeno kat fli.

Sqgma 2.1: Epbdeixh thc tim ¢ katwflbou mesw thc gr shc thc proseggishc Otsu

2.1.2 Conditional Random Fields

Oi mejodoi tugaPwn pedBwn(25) grhsimopoioOntai euréwc sthn an’lush eikinwn gia th
montelopobhsh qwrik,n kanonikottwn . Oi mejodoi autob ebPnai gr simoi gia ergasbec pou
kumaPnontai api th mePwsh tou orObou gamhloO epipédou éwc thn anagn rish kai thn
kattmhsh antikeiménwn uyhloO epipédou . En, prohgoOmenec ergasPec grhsimopoioOsan
paragwgik™ montéla asisména se tugaba pedba  Markov, ta Conditional Random Fields
(CRFs) (26) eqoun gbnei dhmofil ligw thc ikanitht"c touc na problépoun "mesa thn ka-
t"tmhsh thc eikinac dedomeénhc thc parathroOmenhc eikinac . Ta CRF ebnai apotelesmatik™
ergaleba gia di“forec ergasbec tmhmatopobhshc kai epis manshc , sumperilambanomeénhc
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thc ermhnebac optik,.n skhn,n , h opoPa qwrbzei eikinec se periogéc shmasiologikoO epi-
pédou kai anajétei etiketec klI'shc se k™ e perioq . H akrib ¢ epis mansh apaiteb th
sOllhyh tiso thc pagkismiac iso kai thc topik ¢ plhroforbac sthn eikina

Oi Jakob Verbeek kai Bill Triggs (27) priteinan éna montélo pou anaparist” tic eikinec
wc orjog,niec epif'neiec se mba mino klIbmaka , me k™ e epif'neia na egei mia kruf eti-
kéta kI'shc . To montélo CRF enswmat,nei sundéseic 4 gebtona metaxO twn etiket n patch,
kai oi perigrafebc uf ¢, gr,matoc kai éshc grhsimopoioOntai gia thn kwdikopoBhsh tou
topikoO perieqomeénou the eikinac . H uf anaparBPstatai me th g sh enic 128 di"statou
perigraféea  SIFT pou kbantbzetai me éna lexiki ks = 1000 Ieéxewn keiménou pou majabnetai
me omadopoBhshkemeans ilwn twn patches sto sOnolo ekpabdeushc . H ésh kwdikopoie-
btai me thn epik’luyh thc eikinac me éna pléegma keli,n m m (m = 8) kai me th q sh
tou debkth tou kelioO sto opobo empbptei to patch wc garakthristiki éshc . K'e patch
kwdikopoiebtai étsi api tPa duadik™ dianOsmata , kajéna api ta opoPa éqei éna sOnolo
enic bit pou antistoigeP sthn parathroOmenh optik léxh . Oi sunart seic parat rhshc
CRF ebnai apléc grammikéc sunart seic aut,n twn tri.n dianusm™twn

Oi Verbeek et al. diapbstwsan iti ta montéla pou asb ontai se istog "mmata optik,n
léxewn tan polO epitughména gia thn kathgo iopoPhsh eikinwn . 'Elaan upiyh touc
to pagkismio plabsio , sumpe ilam "nontac sunat seic pa at hshc pou asb ontai se

istog "'mmata twn optik,n léxewn twn patches touc se oliklh h thn eikina . O bsthke éna
upi sun kh monteélo gia tic etikétec patch pou enswmat, nei tiso topik™ gqa akth istik™ se
epbpedopatch iso kai pagkismia sugkent wtik™ gqa akth istik™ . H etikéta x; tou patch i,

yi pou dhl.neito W diastasiopoihméno sunu asmeno duadiki di"'nusma deikt,n twn ti n
optik,n léxewn tou (W = ks + hy + Kkp) kai h pou dhl,nei to kanonikopoihmeno istig amma

ilwn twn optik,n léxewn thc eikinac , dhlad twn P patches, i y; kanonikopoihméno gia
" oisma ena . H upi sun kh pianithta thc etikétac Xi montelopoiebtai wc ex ¢ :
_ XV
p(xi = ljyi;h )/ exp( (wYw + whul)) (2.3)
w=1

ipou w; w €ebnaiw C pbnakec suntelest,n proc ekm’jhsh. Prikeitai gia énan
pollaplasiastiki sunduasmi enic topikoO taxinomht pou asPzetai sthn parat rhsh
se epbpedo khibdacy; kai enic pagkismiou plaisbou prokat’lhyhc pou asbzetai sto
istigramma h se epbpedo eikinac.

H apidosh twn montélwn tmhmatopoBhshc metr jhke sto sOnolo dedoménwn (1) thc Mie
crosoft Research Cambridge (MSRC), to opobo apotelebtai api 240 eikinec me merikéc
etikétec se epPpedo eikonostoigePou Oi etikétec antistoiqoOn ta eikonostoigeDa se mPa a-
pi tic ennea kl'seic , all” perbpou  30% twn eikonostoigePwn ebnai qwrbc etikétec Gia thn
axiolighsh twn montélwn , grhsimopoi jhkan 20 20 eikonostoigeba me kénta an”™ 10 ei-
konostoigePa. Gia na IhfjoOn oi etikétec twn mpalwm™twn , ta eikonostoigePa anatéjhkan
sto plhsiéstero ként o tou mpal, matoc . Ta mpal , mata epitrepitan na éqoun opoiad pote
etikéta ainitan metaxO twn eikonostoigePwn touc , en, ta mh epishmasména eikonostoigePa
epitrepitan na eqoun opoiad pote etikéta . Gia na antistoigisteb h kat'tmhsh se epbpe-
do patch pbsw sto epPbpedopixel, se k™e pixel anatéjhke to perij,rio tou patch me to
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plhsiestero kénto . To montélo pou I'mbane upiyh tiso ta topik™ iso kai ta pagkismia
sumfrazimena kai den apékleie ta mh epishmasmeéna eikonostoigeba pétuge apidosh 84:9%.
To sq ma 2.2 parousi“zei di‘fora apotelésmata thc tmhmatopobhshc api to sOnolo
dedomenwnMSRC. Qrhsimopoi jhke éna bltro Gauss gia th metepexergasba twn gart,n
tmhmatopobhshc me exom’lunsh twn perijwrbwn twn eikonostoigeBwn kai h klbmaka orbsthke

sto misi thc apistashc twn epifanei,n.

Sqgma 2.2: Paradebgmata pou lamb™nontai api to  MSRC, ta opoba perilamb“noun tmhma-
topobhsh kai epis mansh (1).

2.2 Shmasiologik Tmhmatopobhsh

H shmasiologik tmhmatopobhsh (28) ebnai mia ergasba upologistik ¢ irashc pou pe-
ilamb”nei thn apidosh miac etikétac se k'je eikonostoigebo se mia eikina, ipou h etikéta
upodeiknOei to antikeDmeno thn perioq sthn opoba an kei to eikonostoigeDo. Me “lla
ligia, o stigqoc thc shmasiologik c tmhmatopobhshc ebnai h paragwg enic q'rth tmhma-
topobhshc an” eikonostoigebo pou perigr-fei me akrbbeia ta antikebmena kai tic periogec
se mia eikina.

To ergo thc shmasiologik ¢ tmhmatopobhshc apoteleb priklhsh, epeid ta antikeBbmena
mporeb na diaféroun shmantik™ wc proc to sq ma, to mégejoc kai thn emf'nish kai mporeb
na ePnai merik,c kalumména na kalOptontai api “lla antikeDmena sthn eikina. Epipléon,
oi eikinec mporeb na periéqoun pollapl” antikeDmena periogéc pou epikalOptontai geit-
ni"zoun metaxO touc, gegonic pou kajist” dOskolh thn akrib tmhmatopoBhsh memonwmeénwn
antikeiménwn.

Gia thn antimet_ pish aut,n twn prokl sewn, eéqoun anaptugjeD proseggbseic pou a-
sbzontai sth aji” m“jhsh gia th shmasiologik kat"tmhsh. Autéc oi proseggbseic qrh-
simopoioOn sun jwc suneliktik™ neurwnik™ dbktua (CNNs) gia na mjoun mia antistobgish
api thn eikina eisidou ston q°rth tmhmatopobhshc exidou. To CNN apotelebtai api mia
seir” strwm™twn pou eqoun sgediasteD gia na ex"goun ilo kai pio afhrhména garakth-
istik™ api thn eikina eisidou. H exodoc tou CNN epexerg“zetai sth sunégeia api énan
apokwdikopoiht , 0 opoboc par“gei ton teliki g"rth tmhmatopobhshc.
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'Ena api ta asik™ pleonekt mata thc gr shc twn CNN gia th shmasiologik tmhmato-
pobhsh ebnai h ikanitht™ touc na sullamb™noun garakthristik™ uyhloO epipédou pou ePnai
gr sima gia th di“krish metaxO diaforetik n kathgori_n antikeiménwn. Gia par"deigma, ta
CNN mporoOn na m’joun na anagnwrbzoun ta sq mata kai tic idiithtec uf ¢ twn diafirwn
antikeiménwn, kaj,c kai tic qwrikéc sgéseic metaxO twn antikeiménwn sthn eikina.

Gia thn akrib kat'tmhsh antikeiménwn sthn eikina, ePnai shmantiki na lamb”nontai
upiyh tiso ta topik™ iso kai ta genik™ sumfrazimena. To topiki plabsio anaféretai sth
sqgésh metaxO geitonik, n eikonostoigeBwn, en, to geniki plabsio anaféretai sth sgésh metaxQ
diaforetik,n periog,n thc eikinac. Oi proseggbseic pou asbzontai sth aji” mTjhsh
gia th shmasiologik kat'tmhsh grhsimopoioOn sugn™ énan sunduasmi tegnik,n gia thn
katagraf tiso twn topik,n iso kai twn kajolik,n sumfrazoménwn. Autéc oi tegnikéc
perilamb™noun th sugkéntrwsh kai ta epPpeda suneliktik ¢ an’lushc pou leitourgoOn se
diaforetikéc kibmakec, tic sundéseic par’leiyhc pou epitrépoun th met"dosh plhrofori,n
metaxO diaforetik n epipédwn tou diktOou kai th sugkéntrwsh qwrik ¢ puramBdac, h opoPa
katagrfei qarakthristik™ se pollapléc kibmakec.

Oi epidiseic twn montélwn shmasiologik ¢ kattmhshc axiologoOntai sun jwc me th
gr sh metrik n ipwc h diatom epb thc enwshc (loV), h akrbbeia (Precision ), h Recall kai to
Flescore . Autéc oi metrikéc parégoun éna posotiki métro tou piso kal” to montélo ePnai
se ésh na tmhmatopoi sei antikebmena sthn eikina. H loU metr” thn epik’luyh metaxO
thc problepimenhc kattmhshc kai thc pragmatik ¢ kat"tmhshc ( ground truth ), en, to
Precision metr” to ligo twn orj” problepimenwn eikonostoigePwn proc to sunoliki arijmi
twn problepimenwn eikonostoigeBPwn. H Recall metr” ton ligo twn swst™ problefjentwn
eikonostoigeBwn proc ton sunoliki arijmi eikonostoigebwn asik ¢ al jeiac, kai to Fl.
score ebnai o armonikic mésoc iroc twn Precision kai Recall.

Genik”, h shmasiologik kattmhsh ebnai mia dOskolh ergasba upologistik ¢ irashc
pou perilamb”nei thn apidosh miac etiketac se k'je eikonostoigebo miac eikinac. Gia th sh-
masiologik kat'tmhsh egoun anaptugjeP proseggbseic pou asbzontai sth aji” mTjhsh
kai grhsimopoioOn neurwnik” dBktua suneliktik ¢ an“lushc gia th sOllhyh garakthristi-
k.n uyhloO epipédou kai sumfrazoménwn. Autéc oi proseggPseic éqoun epitOgei korufabec
epidiseic se mia seir”~ api sOnola dedoménwn anafor’c kai €goun polu’rijmec efarmogéc
se tomebc ipwc h autinomh od ghsh, h ompotik kai h iatrik apeikinish.

2.3 Tmhmatopobhsh Parousbac ( Instance Segmentation )

H tmhmatopoBhsh peript,sewn (29) ePnai mia sOnjeth ergasbPa upologistik ¢ irashc
pou aposkopeb sthn tautigronh taxinimhsh kai tmhmatopobhsh k“je memonwmeénhc pe-
Pptwshc antikeiménou se mia eikina. Se antbjesh me th shmasiologik tmhmatopobhsh, h
opoba apodbdei mia koin etikéta se ila ta eikonostoigeba pou an koun se mia sugkekri-
ménh kathgorbBa antikeiménwn, h tmhmatopobhsh peript,sewn par"gei monadikéc etiketec
gia K'je perbptwsh antikeiménou pou uprgei sthn eikina. H éxodoc thc kattmhshc anti-
keiménwn ebnai mia duadik m’“ska pou perigr'fei me akrbbeia ta iria k“je antikeiménou
sthn eikina.

To érgo thc tmhmatopoPhshc antikeiménwn ePnai arket™ dOskolo, kaj,c apaiteD api
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to montélo na diakrbnei me akrbbeia metaxO diaforetik,n peript,sewn antikeiménwn pou
an koun sthn Bdia kI"sh. Auti shmabnei iti to montélo prépei na ebnai se ésh na tmhma-
topoieD memonwmeéna antikeDmena pou mporeb na éqoun diaforetik™ megejh, sq mata, pro-
sanatolismoQc kai st"seic, kaj,c kai antikeDmena pou mporeD na ePnai merik,c kalummeéna
na epikalOptontai api “lla antikeDmena.

Oi proseggbseic pou asbzontai sth aji” mjhsh éqoun apodeigjeb uposgimena gia
thn epblush tou probl matoc tmhmatopobhshc peript,sewn. Autéc oi proseggbseic grhsi-
mopoioOn sun jwc mia diadikasbPa dOo stadBwn pou apotelebtai api thn pritash perioq ¢
kai thn kat'tmhsh. Sto pr,to st"dio, éna dbktuo pritashc perioqg c Region Proposal
Network (RPN) grhsimopoiebtai gia ton entopismi upoy fiwn periog,n antikeiménwn sthn
eikina. To RPN par“gei @na sOnolo prot’sewn oriojethménwn plaisBwn pou ePnai pijani na
periégoun antikeDmena endiaférontoc. Sto deOtero st*dio, @na dbktuo tmhmatopobhshc qgrh-
simopoiebtai gia thn taxinimhsh kai tmhmatopobhsh k’je upoy fiac perioq c. To dbktuo
tmhmatopobhshc lamb’nei tic prot™seic upoy fiwn periog,n pou par"gontai api to RPN
kai par"gei mia m”ska tmhmatopobhshc se epPpedo perbptwshc gia k’je pritash.

Gia na sull’boun tiso to topiki iso kai to geniki plabsio, ta montéla tmhmatopobh-
shc peript,sewn grhsimopoioOn sun jwc énan sunduasmi tegnik.n ipwc h exagwg ga-
akthristik,n pollapl,n klim*kwn, tic sundéseic par’leiyhc kai ta dbktua purambdwn
garakthristik,n. Autéc oi tegnikéc epitrépoun sto montélo na ex"gei qarakthristik™ uyh-
loO epipédou pou mporoOn na ohj soun sth dikrish metaxO diaforetik,n peript,sewn
antikeiménwn kai na elti,.soun thn akrbbeia thc kattmhshc parousbac.

H apidosh twn montelwn tmhmatopobhshc parousi"sewn axiologebtai sun jwc me th
gr sh metrik,n ipwc h Average Precision (AP) kai h Average Recall (AR). H AP metr” thn
akrbbeia thc anbgneushc kai thc tmhmatopobhshc antikeiménwn, en, h AR metr” thn ika-
nithta tou montélou na anigneQei ilec tic peript,seic miac ki"shc antikeiménwn. Autéc oi
metrikéc grhsimopoioOntai sun jwc gia thn axiolighsh thc apidoshc twn montélwn tmh-
matopoPhshc antikeiménwn se sOnola dedoménwn anafor’c, ipwc to  COCO (30), to opobPo
periégei meg’lo arijmi peript,sewn antikeiménwn se polOplokec skhnéc.

Genik”, h tmhmatopoBhsh peript,sewn ePnai mia dOskolh ergasba upologistik ¢ irashc
pou apaiteP api to montélo na diakrBnei me akrbbeia metaxO diaforetik n peript,sewn anti-
keiménwn se mia eikina. Oi proseggPseic pou asBzontai sth aji" mijhsh éqoun epitOgei
shmantikéc epidiseic se sOnola dedoménwn anafor’c. H tmhmatopoPhsh peript,sewn &gei
polu’rijmec efarmogéc se tomebc ipwc h autinomh od ghsh, h ompotik kai h epit rh-
sh. Apaitebtai peraitérw éreuna gia th eltbwsh thc akrbbeiac kai thc apodotikithtac twn
montélwn tmhmatopoBhshc stigmiotOpwn kai gia thn epéktash twn dunatot twn touc ,ste na
mporoOn na geirDzontai pio sOnjetec kai dunamikéc skhnéc.

2.4 Panoptik Tmhmatopobhsh

H panoptik tmhmatopobhsh (31) ebnai mia apaithtik diadikasba upologistik c irashc
pou apaiteD ena montelo gia thn tautigronh ektélesh shmasiologik ¢ kai periptwsiolo-
gik ¢ tmhmatopobhshc se mia eikina. O stigoc thc panoptik ¢ tmhmatopobhshc ebPnai h
dhmiourgba miac eniabac m“skac tmhmatopobhshc se epbpedo eikinac pou sundu”zei tiso
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shmasiologik iso kai plhroforba perbptwshc. Ta montéla panoptik ¢ tmhmatopobhshc
grhsimopoioOn sun jwc mia diadikasPa dOo stadbwn pou apotelebtai api thn anBgneush
antikeiménwn kai thn tmhmatopobhsh gia na epitOqoun auti to érgo. To pr,to st'dio
perilamb™nei th gr sh enic diktOou anbgneushc antikeiménwn gia ton entopismi kai thn
taxinimhsh diaforetik,n peript,sewn antikeiménwn sthn eikina, en, to deOtero st'dio
perilamb™nei th gr sh enic diktOou tmhmatopoPhshc gia th dhmiourgba mask,n tmhmato-
pobhshc se epbpedo peript,sewn gia k’je entopisménh perbptwsh antikeiménou.

'Opwe kai sthn tmhmatopoBhsh parousBac mia api tic kOriec prokl seic sthn panoptik
tmhmatopobhsh ebnai h akrib ¢ di’krish metaxO diaforetik,n peript,sewn antikeiménwn
thc Bdiac kathgorDac. Oi proseggbseic pou asbzontai sth aji® mjhsh, aforoOn tegnikéc
ipwc h sOnthxh garakthristik,n kai h sun’jroish mask;n ,ste na sundu“soun tic uyhloO
epipédou shmasiologikéc plhroforbec pou katagr-fontai api to shmasiologiki dbktuo
tmhmatopobhshc me tic plhroforbec se epPpedo peript,sewn pou katagr-fontai api to
dbktuo tmhmatopobhshc peript,sewn.

Gia thn axiolighsh thc apidoshc twn montélwn panoptik ¢ tmhmatopobhshc, grhsimo-
poiebtai sun jwc h metrik Panoptic Quality (PQ) (31), h opoba metr” thn akrbbeia tou
montélou sth dhmiourgba mask,n tmhmatopobhshc tiso se shmasiologiki epPBpedo iso kai
se epbpedo peript,sewn. H metrik PQ upologbzetai wc to ginimeno dOo paragintwn: thc
poiithtac tmhmatopobhshc  SQ, h opoba metr” thn akrbbeia twn mask,n tmhmatopobhshc
se epbpedo paradebgmatoc, kai thc poiithtac anagn,rishc RQ, h opoba metr” thn akrbbeia
twn shmasiologik,n mask,n tmhmatopobhshc.

H panoptik tmhmatopobhsh rbskei polu’rijmec efarmogéc se tomebc ipwc h ompoti-
k, h autinomh od ghsh kai h epit rhsh. Paradebgmatoc qrin, h panoptik tmhmatopo-
Phsh mporeb na grhsimopoihjeb sth ompotik gia na epitréyei sta ompit na plohghjoOn
kai na allhlepidr'soun me to perib’llon touc pio apotelesmatik™ me thn akrib anbqgneu-
sh kai ton entopismi antikeiménwn. Sto plabsio thc autinomhc od ghshc, h panoptik
tmhmatopoBhsh mporeb na grhsimopoihjeb gia ton entopismi kai thn parakoloQjhsh “I-
lwn oghm™wn kai pez,n se pragmatiki grino, epitrépontac sta autinoma oq mata na
lamb“noun asfalésterec kai pio tekmhriwménec apof’seic. Ston toméa thc epit rhshc, h
panoptik tmhmatopobhsh mporeb na grhsimopoihjeb gia ton entopismi kai thn parakolo-
Ojhsh atimwn kai antikeiménwn endiaférontoc se peribllonta meglhc kIPmakac.

Par” thn priodo pou egei shmeiwjeb ston toméa thc panoptik ¢ tmhmatopobhshc, upr-
qoun akimh poll” perij,ria eltbwshc. ApaitebDtai mellontik éreuna gia thn an"ptuxh
akribésterwn kai apodotikiterwn montelwn panoptik ¢ tmhmatopobhshc kai gia thn epékta-
sh twn dunatot twn touc ste na mporoOn na geirbzontai pio sOnjetec kai dunamikéc skhnéc.
Epipléon, a prépei na katablhjoOn prosp’jeiec gia na katastoOn aut™ ta montéla pio
prosit” kai efarmisima se sen’ria tou pragmatikoO kismou kai na antimetwpistoOn oi
prokl seic pou sqetbzontai me thn ekpabdeush kai thn an”ptuxh panoptik,n montelwn tmh-
matopobhshc meg'lhc kibmakac se suskeuéc me periorisménouc pirouc.
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2.5 Kbnhtro Diplwmatik ¢ Ergasbac

H meléth twn montélwn tmhmatopoPhshc eikinwn se difora sOnola dedoménwn ana-
or’c apoteleb asiki pedbo éreunac ston tomeéa thc irashc upologist,n, me ektetaménec
epipt,seic se éna eurO “sma efarmog,n. H akrib ¢ kai apotelesmatik tmhmatopoBh-
sh eikinac egei th dunatithta na elti,sei thn apidosh autinomwn susthm™wn kai na
prowj sei ton toméa thc iatrik ¢ apeikinishc, metaxO “llwn pleonekthm™twn.

To prwtarqgiki kBnhtro pPsw api thn paroOsa meléth ePnai h ajOterh katanihsh twn
dunatot twn kai twn periorism n twn sOggronwn montélwn aji"c mijhshc gia thn tmh-
matopobhsh eikinwn. En, h aji” m“jhsh éqei epidebxei ter’stiec dunatithtec sthn irash
upologist,n, h tmhmatopobhsh eikinac paraménei éna dOskolo priblhma. H axiolighsh
diaforetik,n montélwn se diaforetik™ sOnola dedoménwn anafor"c mporeb na par’sgei po-
IGtimec gn_seic sgetik™ me ta dunat™ shmePa kai touc periorismoQOc touc, epitrépontac thn
an”ptuxh apotelesmatikiterwn proseggbsewn gia thn tmhmatopoBhsh eikinwn pou mporoOn
na prosarmostoOn se diaforetikoOc tOpouc eikinwn kai ergasi, n.

H priodoc sthn tmhmatopobhsh eikinwn mporeb epbshc na odhg sei sthn priodo se su-
nafebc tomebc, ipwc h ompotik , h autinomh od ghsh kai h ugeionomik perbjalyh. H
akrib c kai apotelesmatik tmhmatopobhsh eikinac ebnai wtik ¢ shmasbac gia thn plo gh-
sh kai thn allhlepbdrash twn ompit me to perib’llon touc kai gia thn anbgneush kai thn
parakoloQOjhsh antikeiménwn se pragmatiki qrino sto plaPsio thc autinomhc od ghshc.
Sthn ugeionomik perBbjalyh, h tmhmatopobhsh eikinwn ePbnai aparabthth gia ton entopismi
kai th di"gnwsh iatrik,n katast’sewn, ipwc o karkBnoc, kai gia thn parakoloOjhsh thc
exelixhc thc nisou me thn p“rodo tou grinou.

Sunolik™, me thn kalOterh katanihsh twn dunatot twn kai twn periorism_n twn sOgqro-
nwn montélwn tmhmatopobhshc eikinac kai thn an”ptuxh akribésterwn kai apodotikiterwn
algorbjmwn, mporoOme na ergastoOme gia thn epBlush merik.n api ta pio dOskola pro-
| mata upologistik ¢ irashc thc epog ¢ mac kai na epitOgoume shmantikéc proidouc se

sunafebc tomebc.

2.6 Sunafec 'Ergo

Se aut thn ekten diereOnhsh , embajOnoume se éna ploOsio sOnolo upargintwn ereu-
n,n kai ibliografbac pou empnéei kai diamorf nei to antikebmeni mac . Esti"zontac sto
metabgmio thc tmhmatopobhshc eikinwn, thc axiopoBhshc sunilwn dedoménwn purkagi®c kai
thc mjhshc metafor'c metaxO toméwn se sOnola dedoménwn iatrik,n eikinwn , h éreun”
mac antleD plhroforDec api éna eur®Q “sma ergasi,n pou sumb’lloun sullogik™ ston

sOnolo thc prospjei’c mac

2.6.1 Tmhmatopobhsh Eikinac Purkagi’c

Ston tomea thc kattmhshc eikinwn purkagi™c , oi ereunhtéc égoun anaptOxei prohg-
menec argitektonikéc kai kainotimec strathgikec gia na antimetwpBbsoun tic prokl seic thc
anbgneushc kai an”lushc purkagi,n . Hprwtoporiak ergasba  (32) eis"gei mia arqitektoni-
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k CNN, diogeteQontac qwrik™ kai asmatik™ garakthristik™ gia na epitOgei thn anBgneush

kai thn kat"tmhsh purkagi“c se pragmatiki g ino se enaeériec eikinec . H sumbol touc u-
pogrammbzei th shmasba thc enswm™twshc twn endebxewn plaisbou gia thn akrib oriojethsh
periog,n purkagi'"c . Sumplhr,nontac auti , o Gupta (33) epimeloOntai éna exeidikeuméno
sOnolo dedoménwn tmhmatopobhshc purkagi'c kai epinooOn éna prosarmosméno montélo
DeepLabv3+ (10), epideiknOontac thn isqO thc ekpabdeushc se sugkekriméno toméa gia thn
epbteuxh akriboOc entopismoO kai eltbwshc twn orbwn thc periog ¢ purkagic

2.6.2 Tmhmatopobhsh latrik,n Eikinwn

H éreuna Medical Image Segmentation: A Review of Modern Architecture (34) pe-
ilamb”nei ton entopismi asik,n periog,n stic iatrikec eikinec gia th eltbwsh thc di-
“gnwshc . H meléth epikentr netai se isquroOc algorbjmouc upologistik ¢ irashc gia thn
epit"qunsh twn diagn,sewn , th meBwsh tou kistouc kai th dunatithta tagqOterhc prilhyhc
kai erapebac asjenein . H éreuna exetzei tic epikratoOsec mejidouc , sumperilambano-
ménhc thc argitektonik ¢ tOpou U kai tou montélou UNet. Autéc grhsimopoioOn plabsia
kwdikopoiht  eapokwdikopoiht me suneptugména dbktua . H meléeth diereun” epbshc arqi-
tektonikéc metasghmatist.n , grhsimopoi ntac mhganismoOc prosoq ¢ kai upoleimmatik
m’jhsh (residual learning) gia thn enbsqush thc enswmtwshc plhrofori,n . H sugkekri-
ménh ergasba axiologeb énteka montéla pou éqoun sgediasteb gia thn kat"tmhsh iatrik,n
eikinwn kai epektePnetai kai se “llouc tomebc . H epaOxhsh antimetwpbzei ta periorisména
iatrik> dedomeéna enisqOontac to mégejoc tou sunilou dedoménwn kai thn prosarmostikith-
ta twn montélwn . Epipléon , h éreuna diereun” thn allhlepPdrash metaxO thc epaOxhshc
dedoménwn kai twn apotelesm™twn , prosférontac plhroforbec sqetik”™ me ton antbktupi
thc. H meléth anadeiknOei tic dunatithtec twn montélwn , kai perigr'fei monoptia gia thn
enbsqush thc tmhmatopobhshc iatrik,n eikinwn

2.6.3 Mhganik M" hsh kai Do u o ikec Eikinec

H ergasba Satellite image supereresolution for forest localization (35) exet"zei thn exe-
lissimenh sumbol twn doruforik,n apostol.n , thc parat rhshc thc Ghc kai twn mejodo-
logi,n mhganik ¢ m’jhshc gia thn enisqumeénh parakoloOjhsh tou perib“llontoc . Wstiso ,
ena empidio égkeitai sthn periorisménh qwrik an’lush twn doruforik,n eikinwn . Gia na
xeperasteb aut h priklhsh , h meleth axiopoieb ta Image Super Resolution Networks  gia
na elti,sei thn an’lush twn eikinwn thlepiskiphshc . O kentrikic stigoc ebnai na gbnei
shmasiologik kattmhsh me g sh doruforik,n eikinwn Sentinelsl kai Sentinele2 (36)
gia ton entopismi dasik,n periog,n . H éreuna grhsimopoieb t eic diaforetikéc argitekto-
nikéc aji.n neurwnik.n diktOwn kai tic upob’llei se austhr ekpabdeush kai dokim
Epipléon , grhsimopoiebtai éna ajO dbktuo upe esan’lushc gia thn aOxhsh thc an’lushc
thc eikinac , me apotélesma th dhmiourgPa dOo sunilwn dedoménwn e argik.n kai upe
an’lushc eikinwn . Oi argitektonikéc ekpaideOontai se amfitera ta sOnola dedoménwn kai

axiologoOntai se éna sOnolo dokim,n pou perilamb™nei tiso tic argikéc iso kai tic supers
resolved eikinec. H meléth apokalOptei iti h argitektonik SwineTransformer apodbdei
ta pio elpidofira apotelésmata , me thn ekpabdeush sesupereresolved eikinec na enisqOei

Diplwmatik Ergasba



Kef'laio 2. Perigraf tou Probl matoc

thn apotelesmatikithta thc montelopobhshc se ilec tic argitektonikec . Aut h ereuna u-
podeiknQei tic dunatithtec sunOparxhc twn prohgménwn tegnik,n mhganik ¢ mjhshc kai

twn doruforik,n eikinwn gia thn antimet,pish krbsimwn pagkismiwn prokl sewn , ipwc h
parakoloOjhsh thc apod”swshc

2.6.4 Transfer Learning  sthn Tmhmatopobhsh lat ik,n Eikinwn

To pedbo thc mijhshc metafor’c xedipl ,netai wc katalutikic par"gontac gia th ge-
Orwsh tou g“smatoc metaxO diaforetik,n toméwn thc iatrik ¢ eikinac . Oi Lee kai su-
nergtec (37) enorghstr.noun mhganismoOc metafor’c gn shc me thn argitektonik enic
p o sekpaideuménou HRNet (11), pou kallierg jhke gia thn kat"tmhsh pneuminwn , Se éna
sOnolo dedoménwn kat'tmhshc kutt'rwn . Aut h enorq strwsh anadeiknOei thn aprisko-
pth antallag majhménwn qarakthristik.n metaxO twn ergasi.n , me apokorOfwma th
eltiwménh akrbbeia tmhmatopobhshc . Paromobwc oi Chen kai oi sunerg'tec (38) epish-
mabnoun tic dunatithtec thc argitektonik ¢ BiSeNet (19), enorghstr,nontac thn armonik
prosarmog thc gia thn tmhmatopobhsh diafirwn iatrik,n ergaleBwn kai dom n tou pne-
Omona H prosp’jei” touc aphgeb th shmasPa thc euelixDac thc argitektonik ¢ kai thc
gn,shc tou toméa gia thn pro,jhsh thc tmhmatopobhshc iatrik,n eikinwn

2.6.5 Prohgmeénec Argitektonikéc gia Tmhmatopobhsh Eikinac

Sthn prwtoporba thc kat'tmhshc eikinwn , th ésh moir°zontai prwtoporiakéc arqi-
tektonikéc pou anadiamorf noun to pedPo thc akrbbeiac kai thc leptomeroOc an’lushc
Oi Zhang kai oi sunerg’tec (39) wtbzoun auti to pedbo me to HRNet, mia argitektonik
emploutisménh me mia mon~da optik ¢ anagn, rishc gqarakt rwn (OCR). Aut h kainotomba
genn” thn ekqOlish leptikokkwn garakthristik n , endunam_nontac th sugg,neush HRNet
+ OCR gia thn apokruptogr’thsh perbplokwn prokl sewn tmhmatopobhshc se di“fo-
a sOnola dedoménwn. O Swin Transformer (16) xeqwrbzei me énan ierargiki mhganismi
autoep 0soq ¢ . Aut h sugqg,neush emploutbzei thn ikanithta tou Swin Transformer na
sullamb™nei tiso to geniki plabsio iso kai tic perbplokec topikéc idiaiterithtec se pe-
DBplokec iatrikec ergasbec tmhmatopobhshc

2.6.6 Ubridikec kai Sunduastikec Proseggbseic

O toméac twn strathgik,n tmhmatopobhshc emploutbzetai api to mebgma ubridik, n pro-
seggbsewn kai proseggbsewn sunilou , ipou diaforetikéc méjodoi sundu”zontai gia na dh-
miourg soun akrib apotelésmata . Oi Liang et al. (40) parousbasan to UNet3+ (20), mia
tropopoihmeénh ékdosh tou sgediasmo® UNet (41), enisquménh me mhganismoOc prosoq ¢
kai sundéseic parileiyhc . Aut h eltbwsh ohj" to montelo na sull’bei tiso leptomer
iso kai sunolik™ garakthristik™ sthn tmhmatopobhsh . Tautigrona , h ergasba, BASNet,
érnei mia proseggish pou esti"zei sta i ia sthn tmhmatopobhsh . Heuaisjhsbatou BASNet
(18) se sugkekriménec domec upogrammpbzei th shmasba thc plhroforbac twn orbwn , éna a-
siki stoigebo gia thn epbteuxh akrib,n apotelesm™twn . Pern,ntac sthn ptuq tou sunilou ,
to EmaNet (22) sunduzei thn tegnognwsba diafirwn proseggbsewn tmhmatopobhshc gia thn

Diplwmatik Ergasba



2.6.6 Ubridikéc kai Sunduastikec Proseggbseic

epbteuxh exairetik™ akrib,n apotelesmtwn . Auti apodeiknOei th dOnamh tou sunduasmoO
diaforetik,n mejidwn gia eltiwménh apidosh

Sth dhmosbeush me tbtlo "Deep neural architectures for prediction in healthcare", pa-
ousi“zontai kainotimec ajiéc neurwnikéc argitektonikéc gia th di"gnwsh asjenei.n kai
thn exatomikeuménh axiolighsh sthn ugeionomik perbjalyh , upogrammbzontac th duna-
tithta efarmog c¢ touc se neuroekfulistikec asjeneiec ipwc h nisoc tou P rkinson (42).
Basizimeno se aut” ta emélia h dhmosbeush  "Assessment of Parkinson's Disease Based on
Deep Neural Networks", h opoba protePnei éna sOsthma gia thn an’lush dedoménwn iatrik ¢
apeikinishc pou sgetbzontai me th niso tou P rkinson kai th susqeétis touc me klinikéc
plhroforbec , apodeiknOontac thn ikanitht” tou na ektim™ me akrBbeia thn kat"stash thc
nisou (43). Epipléon , to dhmosbeuma'Machine Learning for Neurodegenerative Disorder
Diagnosis * Survey of Practices and Launch of Benchmark Dataset" upogrammpzei th sh-
masba thc egkairhc di"gnwshc kai prosférei éna oloklhrwméno argebo iatrik,n exet"sewn
sqetik,n me neuroekfulistikec asjéneiec , me émfash sth Baji” M7jhsh . Parilinla pa-
ousi“zetai éna sOnolo dedoménwn anafor’c gia th niso tou P rkinson , anadeiknOontac
peraitérw tic dunatithtec thc éreun”c (44). Sto "Predicting Parkinson's Disease using Las
tent Information extracted from Deep Neural Networks", parousi“zetai mia proséggish gia
thn iatrik di"gnwsh neuroekfulistik, n asjenei,n me th g sh lanj"nousac plhroforbac
pou ex"getai api aji” neurwnik™ dbktua . EpideiknOetai h apotelesmatikithta aut ¢ thc
mejidou sthn pribleyh thc nisou tou P rkinson me “sh dedoména magnhtik ¢ tomogra-
Pac kai s‘'rwshc  DaT (45). H meléth me tbtlo "A Unied Deep Learning Approach for
Prediction of Parkinson's Disease" enopoieb tic prosp’jeiéc thc koinithtac se éna enopoi-
hmeno plabsio gia thn pribleyh thc nisou tou Prkinson me g sh aji"c m’jhshc kai
iatrik ¢ apeikinishc . H proséggish aut debgnei poll” uposgimenh se di“fora iatrik™
perib’llonta , tekmhri,nontac peraitérw thn apotelesmatikitht™ thc (46).

Epipléon pa ousi” etai mia “sh dedoménwn kai mia p oseggish ai’c m” hshc gia
thn anbgneush tou COVID+19, sum “llontac sthn p osp” eia antimet, pishc thc pandhmbac
(47). To "A Large Imaging Database and Novel Deep Neural Architecture for Covide19
Diagnosis", exakolou eb na asqgolebtai me thn p iklhsh tou COVID+19 anaptOssontac mia
meg’lh sqoliasméenh “sh dedomenwn gia th di"gnwsh tou COVID*19 me “sh axonikec
tomogabec ,akoc . Paousi etai epbshc h a gitektonik RACNet, h opoba upe te eb
énanti “llwn ai,n neu wnik,n diktOwn (48). To "Al*MIA: COVID+19 Detection & Severity
Analysis through Medical Imaging", to opobo paousi” ei mia asik p oséggish gia ton
20 diagwnismi Covid*19 kai eis"gei mia sqoliasmenh “sh dedoménwn gia thn anbgneush
kai th so aithta tou COVID+19, mab me éna montélo ai"c m”hshc gia thn anlush
(49). To "DatasDriven Covid+19 Detection Through Medical Imaging", eis"gei mia néa
“sh dedoménwn COVID+19 kai éna montélo ai’c m” hshc gia thn aki taxinimhsh
twn axonik.n tomogai,n . H p oséggis aut epideiknOei an te ec epidiseic se sOgk ish
me ta up” qonta montéla  (50).

H éreuna "Adaptation and contextualization of deep neural network models", protebnei
kainotima sust mata gia thn prosarmog kai thn plaisbwsh twn ekpaideuménwn DNNs,
antimetwpbzontac ht mata pou sgetbzontai me th diaf'neia kai thn apodotikithta (51). Sto
"Deep Transparent Prediction through Latent Representation Analysis", parousi“zetai mia
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néa proséggish gia thn exagwg lanj"'nousac plhroforbac api ta DNNs gia diafanebc kai
akribebc probléyeic . H proséggish aut Bskei efarmogeéc se di“forouc tomebc , sumpe-
ilambanomeénhc thc iatrik ¢ apeikinishc kai thc pribleyhc asjenei.n (52). H ergasba "A

Deep Neural Architecture for Harmonizing 3+D Input Data Analysis and Decision Making
in Medical Imaging" epikentr netai sthn enarminish thc an“lushc twn trisdi"statwn iatri-

k.n dedoménwn kai thc | yhc apof'sewn me th g sh thc argitektonik ¢ RACNet. Aut h
kainotimoc proséggish enisqQei tic dunatithtec twn aji,n neurwnik n diktOwn sthn iatri-

k apeikinish  (53). To "Transparent adaptation in deep medical image diagnosis" eis"gei
mia méjodo gia th diafan prosarmog twn DNNs, epitrépontac sunepebc kai axiipistec
probléyeic se diaforetik” plabsia kai sOnola dedoménwn . H proséggish aut efarmizetai
sthn pribleyh thc nisou tou Prkinson kai tou COVID-19 (54).

H meléth "Deep Bayesian SelfeTraining" kai "Capsule routing via variational bayes",
proteBnei mejidouc gia ton autimato sqoliasmi dedomenwn kai th eltbwsh thc apodoti-

kithtac twn diktOwn k’youlac , antbstoiga (55) (56) (57). Ston tomea thc an’lushc pu-
hnik,n antidrast rwn , suneisferoun oi ergasbec "A deep learning approach to anomaly
detection in nuclear reactors" kai "Machine learning for analysis of real nuclear plant

data in the frequency domain". Autéc oi ergasbec parousi“zoun kainotimec proseggbseic

gia thn anbgneush anwmali,n se purhnikoOc antidrast rec me th q sh aji"c mJjhshc

kai mhganik ¢ mjhshc (58) (59). Epipléon , diereunoOntai oi melétec me tBtlo "An aus
toencoder wavelet based deep neural network with attention mechanism for multiestep
prediction of plant growth"  kai "Using deep learning to predict plant growth and yield in
greenhouse environments", parousi“zontac efarmogéc thc aji"c m'jhshc sthn pribleyh

thc an"ptuxhc kai thc apidoshc twn ut,n se eleggimena perib’llonta (60) (61).
Gia thn anagn.rish thc ékfrashc tou pros,pou h dhmosbeush "MixAugment & Mixup:
Augmentation Methods for Facial Expression Recognition" parousi'zei to  MixAugment,

mia néa strathgik epaOxhshc dedoménwn pou upertereD twn dh upargous,n mejidwn

sto geirismi diaforetik,n ekfr’sewn pros,pou (62). Akima, to "Abaw: Valenceearousal
estimation, expression recognition, action unit detection & emotional reaction intensity e«
stimation challenges”, perilamb”nei ektetaména s, mata kai prokl seic pou sqetbzontai me

thn an”lush sunaisjhmatik ¢ sumperifor™c (63). Teloc ulopoihmenec efarmogéc se pro-

| mata an’lushc eikinwn kai allhlepbdrashc an ,pou supologist (64 68). apoteloOn
kainitomec ergasDec ston toméa thc Tegnit ¢ NohmosOnhc

2.6.7 SOnoyh kai MellontikoB Orbzontec

Exet” ontac prosektik™ autéc tic diaforetikec suneisforéc , apoktoOme mia ajOterh
katanihsh tou t ipou me ton opobo exelbssetai h tmhmatopobhsh eikinwn . Autéc oi diafo-
etikéc idéec mac ohjoOn sthn prosp’jei” mac na diereun soume kai na dieurOnoume tic
dunatithtec tmhmatopobhshc eikinwn . To érgo mac asbzetai sta emélia twn gn,sewn pou
apokt jhkan api prohgoOmenec éreunec
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Jewrhtiki Upibajro

3.1 Mhganik m’jhsh & Baji” mijhsh

3.1.1 Mhganik m’jhsh

H mhganik m7jhsh (69) ePnai énac kl"doc thc tegnht ¢ nohmosOnhc (Al) pou epitrépei
stouc upologistéc na majabnoun api dedoména kai na k"noun probléyeic apof’seic qw-

Pc na ebnai ht” programmatisménoi. Stigoc thc mhganik ¢ m'jhshc ebnai h an“ptuxh
algorbjmwn kai montélwn pou mporoOn na entopPzoun autimata motbba kai idéec sta dedo-
meéna kai na k’noun probléyeic apof’seic me “sh aut” ta motBba. Up“rgoun treic kOrioi

tOpoi mhqganik ¢ mijhshc: m'jhsh me epPbleyh, mijhsh qwrbc epPbleyh kai enisqutik
m’jhshc (70). H mjhsh me epbbleyh ePnai o pio sunhjisménoc tOpoc mhganik ¢ mjhshc

kai perilamb nei thn ekpabdeush enic montélou se éna sOnolo dedoménwn me etikétec, ipou
h metablht exidou stigoc ebnai gnwst. Sth sunéqeia, to montélo dokim“zetai se néa,
"gnwsta dedoména gia na axiologhjeb h apidos tou. Paradebgmata epiblepimenhc mjh-

shc perilamb”™noun thn taxinimhsh eikinwn, thn anagn, rish wn ¢ kai thn epexergasba

usik ¢ gl,ssac.

H m’jhsh gwrbc epbbleyh, api thn “llh pleur”, perilamb~nei thn ekpabdeush enic mo-
ntélou se éna mh epishmasmeéno sOnolo dedoménwn, ipou h metablht exidou stiqoc den
ebnai gnwst . To montélo grhsimopoiebtai sth sunegeia gia ton entopismi motbbwn kai plhro-
ori,n sta dedoména, ipwc h omadopobhsh h mebwsh thc diastatikithtac. Paradebgmata
m’jhshc qwrbc epbbleyh perilamb™noun thn anbgneush anwmali n, thn tmhmatopobhsh thc
agor’c kai thn exagwg qarakthristik_ n.

H enisqutik m’jhsh ebnai énac tOpoc mhganik ¢ mijhshc pou epikentr netai sthn
ekpabdeush montélwn  ste na lamb™noun apof’seic me “sh thn anatrofodithsh tic a-
ntamoibéc. Qrhsimopoiebtai sugn” se katast seic ipou to apotélesma miac apifashc ebnai
abébaio h éltisth apifash mporeb na all"xei me thn p“rodo tou grinou. Paradebgmata
enisqutik ¢ m“jhshc perilamb™noun th ompotik , ta paignbdia kai ta sust mata elégqou.

H diadikasba thc mhganik ¢ m“jhshc xekin™ sun jwc me th sullog kai ton kajarismi
twn dedomenwn. Auti to ma ePnai wtik ¢ shmasbac, kaj,c h poiithta twn dedoménwn
mporeD na ephre”sei shmantik™ thn apidosh tou montélou. AfoQ kajaristoOn kai proetoi-
mastoOn ta dedoména, sth sunégeia qwrbzontai se éna sOnolo ekpabdeushc kai éna sOnolo
dokim c. To sOnolo ekpaPdeushc grhsimopoiebtai gia thn ekpabdeush tou montélou, en, to
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sOnolo dokim ¢ grhsimopoiebtai gia thn axiolighsh thc apidoshc tou montélou.

To epimeno ma ebnai h epilog enic kat'llhlou montélou kai algorbjmou gia thn
ek’stote ergasba. Up“rqoun poll” diaforetik™ montéla kai algirijmoi, ipwc ta déntra
apof’sewn, ta tugaba d’sh, ta neurwnik™ dbktua kai oi mhganéc dianusm™twn upost rixhc.

H epilog tou montélou kai tou algorbjmou exart'tai api ton tOpo tou probl matoc, thn
poluplokithta twn dedoménwn kai touc diajésimouc pirouc. AfoO epilegeD to monteélo,
sth sunégeia ekpaideQetai sto sOnolo ekpaPbdeushc. O stigoc thc ekpaPdeushc ePnai na
rejoOn oi kalOterec par'metroi gia to montélo pou a elagistopoi soun to sfima sto

sOnolo ekpabdeushc. Sth sunéqeia, to montélo axiologebtai sto sOnolo dokim,n gia na me-
trhjeb h apidos tou kai na diasfalisteD iti den prosarmizetai uperbolik™ sta dedomeéna
ekpabdeushc. AfoO to montelo ekpaideuteD kai axiologhjeD, mporeD sth sunégeia na grhsi-
mopoihjeb gia thn pragmatopobhsh probléyewn se néa, ajéata dedoména. Auti anaféretai
sugn” wc sumpérasma an’ptuxh. To montélo mporeb na anaptuqgjeb se diforec efarmo-
géc, ipwc h taxinimhsh eikinwn, h anagn,rish omilbac h epexergasba usik ¢ gl ,ssac.

H mhganik m7jhsh perilamb™nei éna eur® “sma efarmog,n kai éqgei efarmosteD se di-
“forouc klI"douc, ipwc h ugeionomik perbjalyh, h grhmatooikonomik , oi sugkoinwnbec

kai h metapobhsh. Gia par'deigma, sthn ugeionomik perbjalyh, h mhganik m“jhsh
éqei grhsimopoihjeb gia thn an"ptuxh montélwn pou mporoOn na probléyoun ta apote-
lésmata twn asjen,n, na entopBsoun pijanoOc kindOnouc gia thn ugePa kai na sundr"moun
sthn iatrik di"gnwsh. Sta grhmatooikonomik™, h mhganik m7jhsh égei efarmosteb gia

ton entopismi ajémitwn sunallag,n, thn pribleyh twn tim n twn metoq,n kai ton ento-
pismi pijan,n ependutik,n eukairi,n. H mhganik m’jhsh egei epbshc grhsimopoihjeb

gia th eltbwsh thc apotelesmatikithtac twn susthm’twn metafor n, ipwc ta autokino-
Omena oq mata, h pribleyh kai eltistopoPhsh thc kukloforbac kai h eltistopoPhsh

thc efodiastik c. Sth iomhganba, h mhganik m“jhsh eqgei axiopoihjeb gia th eltisto-
pobhsh twn diadikasi,n paragwg c, th eltbwsh tou poiotikoO eléggou kai thn pribleyh

lab,n tou exoplismoO. Sunolik™, h mhganik mjhsh ePnai éna isquri ergaleDo pou mpo-

eb na ohj sei touc organismoOc na lamb™noun kalOterec apof'seic kai na elti,noun

tic drasthriithtec touc. Kaj,c par'gontai ilo kai perissitera dedoména, h mhqganik

mjhsh a sunegPsei na apoteleP asiki ergalePo gia touc organismoOc pou epijumoOn
na apokt soun gn,seic kai na elti,soun tic epidiseic touc. Wstiso, ePnai shmantiki na
shmeiwjeb iti h mhganik m“jhsh den sterebtai twn prokl se,n thc. Orisménec api tic
prokl seic perilamb”™noun thn prostasba thc idiwtik ¢ w ¢ kai thn asf’leia twn dedo-
ménwn, hjikoOc problhmatismoOc kai thn an"gkh gia meg’lec posithtec dedoménwn uyhl ¢
poiithtac. MPa api tic kOriec prokl seic thc mhganik ¢ m'jhshc ebnai h idiwtikithta kai

h asf’leia twn dedoménwn. Kaj,c ta montéla mhganik ¢ mjhshc ekpaideQontai se me-
g’lo igko dedoménwn, ePnai wtik ¢ shmasPac ta dedoména aut™ na prostateOontai kai na
diathroOntai empisteutik™. Auti mporeP na apotelései idiaDterh priklhsh itan prikeitai

gia euabsjhta dedoména, ipwc proswpikec plhroforbec oikonomik™ dedoména. Oi orga-
nismob prépei na diasfalbzoun iti diajétoun katllhlec diadikasbec diagePrishc dedoménwn
gia thn prostasba api parabi“seic dedoménwn kai mh exousiodothmeénh prisbash se dedo-
meéna. Mia “lih priklhsh thc mhganik ¢ m“jhshc ebnai oi hjikob problhmatismob. Kaj,c

ta montéla mhganik ¢ m'jhshc grhsimopoioOntai gia th | yh apof"sewn kai probléyewn,
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ebnai shmantiki na diasfalisteD iti autéc oi apof’seic kai oi probléyeic ebnai dbkaiec kai
amerilhptec. Auti mporeb na apotelései idiabterh priklhsh itan prikeitai gia euabsjhta
dedomeéna, ipwc dedoména pou sgetbBzontai me th ul, to Olo to epPpedo eisod matoc.
Oi organismob prépei na diasfalDzoun iti ta montéla touc den diaiwnDzoun akoOsia tic u-
p rqousec prokatal yeic kai diakrbseic. Téeloc, h mhganik m“jhsh apaiteb meg’lo igko
dedoménwn uyhl ¢ poiithtac. H apidosh twn montélwn mhganik ¢ m'jhshc exart™tai se
meg’lo ajmi api thn poiithta kai thn posithta twn dedoménwn sta opoPa ekpaideQontai.
Qwrbc epark dedomeéna, endégetai na ePnai problhmatiki na ekpaideutoOn montéla pou
ebnai akrib kai axiipista. Epipléon, ta dedoména prépei na kajaristoOn kai na upostoOn
proepexergasba gia na diasfalisteb iti ePnai apallagmena api sf'lmata kai asunépeiec.
Auti mporeD na ebnai mia gronobira kai apaithtik se pirouc diadikasba. Sunolik”, h
mhganik m’jhsh eBnai éna isquri méso pou mporeD na ohjsei touc organismoOc na
lamb™noun kalOterec apofseic kai na elti,noun tic drasthriithtéc touc. Wstiso, ePnai
shmantiki na gnwrbzoume tic prokl seic kai touc periorismoOc thc mhganik ¢ m“jhshc
kai na diajetoume kat'llhlec diadikasbec gia thn antimet,pish aut,n twn prokl sewn.

Me th swst proséggish kai touc kat'llhlouc pirouc, oi organismoP mporoOn na axio-

poi soun me epitugba ta ofélh thc mhganik ¢ m“jhshc, elagistopoi,ntac par’lihla touc
kindOnouc.

3.1.2 Baji" Mijhsh

H aji" mihsh (71) ebnai éna upopedbo thc mhganik ¢ m“jhshc pou grhsimopoieb a-
i” neurwnik® dBktua gia th montelopoPhsh kai thn epBlush sOnjetwn problhm™wn. H
énnoia thc aji'"c mijhshc &gei tic Bzec thc ston toméa thc tegnht ¢ nohmosOnhc kai égei
apokt sei agdaba dhmotikithta ta teleutaba qgrinia ligw thc ikanitht"c thc na epitug-
g'nei korufabec epidiseic se éna eurO “sma ergasi,n, ipwc h taxinimhsh eikinwn, h
anagn, rish omilbac kai h epexergasba usik ¢ gl,ssac.

Ta aji° neurwnik™ dbktua, gnwst”™ kai wc montéla aji"c m’jhshc, apoteloOntai a-
pi pollapl” str,mata diasundedemenwn teqgnht,n neur,nwn, ipou k’je str,ma lambnei
ebsodo api to prohgoOmeno str,ma kai par"gei &xodo gia to epimeno str,ma. H argitekto-
nik twn aji,n neurwnik n diktOwn touc epitrépei na majabnoun kai na ex"goun autimata
qarakthristik™ api akatérgasta dedoména eisidou kai na ekteloOn polOplokouc mh gram-
mikoOc metasghmatismoOc. Auti érgetai se antbjesh me ta paradosiak™ montéla mhganik ¢
m’jhshc, ta opoPa sun jwc apaitoOn geirokPBnhth sqedPash garakthristik n.

Ta montéla aji"c m'jhshc mporoOn na ekpaideutoOn me diaforetikoOc tripouc, a-
n“loga me thn ek’stote efarmog . Endeiktik™, h m“jhsh me epbbleyh ebnai h pio sunhji-
smeénh mejodoc pou grhsimopoiebtai gia thn ekpabdeush montélwn aji"c m“jhshc, ipou to
montelo ekpaideOetai se éna sOnolo dedoménwn me etikétec kai o stiqgoc ePnai na elagisto-
poihjeD h diafor metaxO thc problepimenhc exidou kai thc pragmatik ¢ exidou. ‘Allec
meéjodoi ekpabdeushc perilamb™noun th m’jhsh qwrbc epbbleyh, ipou to montélo ekpai-
deQetai se éna mh epishmasméno sOnolo dedoménwn, kai thn enisqutik m7jhsh, ipou to
montélo majabnei na lambnei apof'seic me “sh thn anatrofodithsh tic antamoibec.

Epipléon, h aji" mTjhsh égei efarmosteb gia thn epbteuxh korufabwn epidisewn se éna
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eurO “sma efarmog,n, ipwc h taxinimhsh eikinwn, h anagn,rish omilDac kai h epexerga-
sba usik ¢ gl,ssac. Sthn taxinimhsh eikinwn, gia par"deigma, ta montéela aji"c mjh-

shc egoun grhsimopoihjeb gia ton autimato entopismi antikeiménwn kai skhn,n se eikinec
kai gia thn epbteuxh epidisewn pou ebnai sugkrbsimec kai an,terec api tic anjr,pinec e-
pidiseic. Sthn anagn.rish omilbac, montéla aji"c m“jhshc égoun grhsimopoihjeb gia thn
autimath metagraf omilbac kai gia thn epbteuxh epidisewn pou ebnai sugkrbsimec Kkai
an,terec api tic paradosiakéc mejidouc anagn,rishc omilbac. Sthn epexergasba usik ¢
gl,ssac, montela aji"c mjhshc eqoun grhsimopoihjeb gia thn autimath katanihsh kai
paragwg usik ¢ gl,ssac kai gia thn epbteuxh epidisewn sugkrbsimwn kai an terwn

api tic paradosiakéc mejidouc epexergasbac usik c gl ssac.

Epiprosjetwc, h aji” mijhsh ebnai énac tagewc exelissimenoc toméac kai néec te-
gnikéc kai argitektonikéc anaptOssontai me tagOtatouc ujmoOc. Ta teleutaba grinia, h
éreuna égei epikentrwjeD sthn an“ptuxh pio sOnjetwn kai isqur,n argitektonik,n, ipwc
ta suneliktik™ neurwnik™ dbktua, ta epanalambanimena neurwnik™ dbktua kai ta dbktua
metasghmatismoQ. Akimh, égoun anaptugjeD néec tegnikéc gia thn ekpabdeush montélwn a-
i"c m’jhshc, ipwc h m’jhsh metafor™c kai h prosarmog se tomebc, gia th eltbwsh thc
apidoshc twn montélwn aji"c m“jhshc se néec ergasbec kai tomebc.

Genik”, h aji" mjhsh ePnai éna isquri méso to opoPo dOnatai na grhsimopoihjeD
gia thn epblush enic euréoc “smatoc problhm™wn kai éqgei th dunatithta na érei epa-
n"stash se polloOc kl'douc. Wstiso, ipwc kai h mhganik m’jhsh ebnai shmantiki na
shmeiwjeb iti h aji” m’jhsh den ebnai apallagmenh api tic prokl seic the, ipwc h a-
n"gkh gia meg~lec posithtec dedoménwn uyhl ¢ poiithtac, h poluplokithta twn montélwn
kai oi upologistikoD piroi pou apaitoOntai gia thn ekpaBdeush kai thn an"ptuxh montélwn
aji"c mijhshc. Par” tic prokl seic autéc, h aji” m’jhsh anaménetai na sunegbsei
na diadramatDzei shmantiki ilo ston toméa thc tegnht ¢ nohmosOnhc kai a sunegPsei na
odhgeb sthn an"ptuxh néwn kai sunarpastik,n efarmog,n.

3.2 Suneliktik® Neurwnik™ DBktua (SNN)

Ta Convolutional Neural Networks (CNNs)  (72) ePnai énac tOpoc ajO neurwnikoO di-
ktOou pou éqei sgediasteD eidik” gia thn epexergasPa dedoménwn pou &goun topologba pou
moi“zei me plégma, ipwc eikinec, Pnteo kai hghtik™ s mata. Ta SNN apoteloOntai api
pollapl” epPpeda, ipou k’je epPpedo efarmizei éna sOnolo Bltrwn sta dedomeéna eisidou
kai par"gei enan q'rth gqarakthristik,n wc éxodo. Ta Bltra majabnontai kat” th di“rkeia
thc ekpabdeushc kai ebnai sgediasména gia thn autimath exagwg shmantik,n garakthri-
stik,n api ta dedoména eisidou.

To pr,to str,ma enic SNN, gnwsti kai wc str,ma eisidou, lamb~nei ta akatérgasta
dedomeéna eisidou, ipwc mia eikina. Ta epimena str,mata, gnwst” kai wc str,mata suneli-
ktik ¢ anlushc, efarmizoun éna sOnolo Bltrwn sta dedoména eisidou kai par°goun &énan
g’rth garakthristik,n wc éxodo. Aut” ta DBltra majabnontai kat™ th di“rkeia thc ekpa-
bdeushc kai ebnai sqediasména gia thn autimath exagwg ousiastik,n qarakthristik,n api
ta dedomena eisidou. Ta Bltra ebnai sun jwc mikr™ kai qwrik”™ topik™, gegonic pou touc
epitrépei na sullamb™noun topik™ motbba sta dedoména eisidou. Ta Bltra efarmizontai
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sta dedomena eisidou grhsimopoi,ntac mia diadikasba gnwst wc sunélixh, ipou to Bltro
metakineDtai sta dedoména eisidou kai to ginimeno telebac metaxO tou Bltrou kai twn dedo-
ménwn eisidou upologbzetai se k’je esh. To apotélesma thc sunélixhc ebnai énac q'rthc
garakthristik,n, o opoboc ebnai mia anapar’stash twn dedoménwn eisidou pou ebnai pio
afhrhménh kai sumpag c api ta arqik™ dedoména eisidou.

Sg ma 3.1: Dusidi"stath Sunélixh

Ta epbpeda suneliktik ¢ an"lushc akoloujoOntai api epPpeda sugkéntrwshc, ta o-
poba grhsimopoioOntai gia na mei soun th qwrik an’lush twn gart,n garakthristik n
kai na aux soun thn anjektikithta twn gart,n garakthristik.n se mikréc enallagéc twn
dedoménwn eisidou. O pio sunhjisménoc tOpoc sugkéntrwshc ePnai h sugkéntrwsh megBbstou
(max pooling) , ipou h meégisth tim miac mikr ¢ upoperioq c tou q°rth garakthristi-
k,n lamb"netai wc h tim exidou gia thn en ligw upoperioq . Aut h leitourgba mei, nei
apotelesmatik™ ta debgmata tou g'rth garakthristik,n kai kajist™ epBshc touc q'rtec
garakthristik,n pio anjektikoOc se mikréc allagéc twn dedoménwn eisidou.

Sqma 3.2: H leitourgba tou Max Pooling (2).

Met” ta str,mata sugkéntrwshc, oi q'rtec garakthristik,n pernoOn sth sunégeia a-
pi pl rwe sundedemeéna str mata, ta opoPa grhsimopoioOntai gia thn pragmatopoBhsh
twn telik,n probléyewn. Aut™ ta str,mata ebnai parimoia me ta pl rwc sundedeména
str,mata sta paradosiak™ neurwnik™ dBktua kai qrhsimopoioOntai gia thn ekm“jhsh miac
mh grammik ¢ sun“rthshc pou antistoigbzei touc g'rtec qarakthristik,n stic probléyeic
exidou.

Ta pl rwc suneliktik™ neurwnik™ dbktua (FCNs) (3) ebnai mia epéktash twn CNNs, kai
egoun sgediasteb gia na epexerg“zontai dedoména opoioud pote megejouc, igi mino enic
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stajeroO megejouc ipwc sta  CNNs. Auti epitugg netai me thn antikat’stash twn pl rwe
sundedeménwn strwm™twn me suneliktik™ str, mata, gegonic pou epitrépei sto dbktuo na e-
pexerg“zetai dedoména opoioud pote megéjouc kai na diathreb stajeri arijmi parametrwn.
Aut h argitektonik ebnai idiabtera gr simh gia ergasbec ipwc h shmasiologik kat"tmh-

sh, ipou o stigoc ePnai na apodojeb mia shmasiologik etikéta se k'je eikonostoigebo miac
eikinac.

Sgma 3.3: Ta plrwc suneliktik® dbktua, ePnai mia arqgitektonik pou grhsimopoiebtai
kurbwc gia th shmasiologik kat"tmhsh (3).

Sta FCN, ta teleutaba strmatatou = CNN antikajbstantaiapi 1 1 suneliktik™ str,ma-
ta, ta opoPa grhsimopoioOntai gia th mePwsh tou arijmoO twn qart,n garakthristik n kai
thn aOxhsh thc qwrik ¢ an’lushc twn gart,n garakthristik,n. Auti epitugq netai me th
gr sh miac teqnik ¢ pou onom”zetai metasuntetagménh sunélixh, gnwst kai wc aposum-
olismic, ipwc abnetai sto sq ma 3.4, h opoba aux'nei th qwrik an’lush twn qart.n
garakthristik,n me th gr sh enic sunilou Bltrwn pou majabnontai kat”™ th di“rkeia thc
ekpabdeushc.

Téeloc, h exodoc tou teleutabou str,matoc pern“ei mésa api mia sun“rthsh energopo-
Bhshcsoftmax (73), h opoba par"gei énan q'rth pijanot twn gia k™ e kl"sh . HklI'sh me
thn uyhliterh pijanithta gia k™ e eikonostoigebo epilégetai wc telik pribleyh

Sunoybzontac, ta CNN kai ta FCN ebnai isqurec argitektonikec pou éqoun sgediasteb
eidik” gia thn epexergasba dedoménwn pou eqoun topologba pou moi“zei me plégma, ipwc
eikinec, Pnteo kai hghtik™ s mata. Ta CNN apoteloOntai api pollapl” epPpeda, ipou
k'je epPpedo efarmizei éna sOnolo Pltrwn sta dedoména eisidou kai par"gei énan q'rth
garakthristik,n wc éxodo. Ta Bltra majabnontai kat™ th di“rkeia thc ekpabdeushc kai
ebnai sgediasména gia thn autimath exagwg ousiastik, n garakthristik,n api ta dedoména
eisidou. Ta FCN ebnai mia epéktash twn CNN kai éqoun sgediasteb gia na epexerg zontai
dedomeéna opoioud pote megéjouc antikajist,ntac ta pl rwc sundedeména str,mata me
suneliktik” str,mata, gegonic pou epitrepei sto dbktuo na diathreb stajeri arijmi para-
metrwn en, epexergzetai dedoméena opoioud pote megeéjouc. Autéc oi argitektonikec éqoun
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Sqma 3.4: H argitektonik twn pl rwe suneliktik.n diktOwn gia shmasiologik tmhmato-
pobhsh mazb me tic suneliktikéc kai aposugkentrwtikéc sunist,sec (4).

epitOgei korufabec epidiseic se éna eurO “sma ergasi.n, ipwc h taxinimhsh eikinwn, h
anbgneush antikeiménwn kai h shmasiologik kat"tmhsh.

3.3 Recurrent Neural Networks

Ta epanalambanimena neurwnik™ dBktua (RNN) ePnai énac tOpoc tegnhtoO neurwnikoO
diktOou pou mporeD na epexerg zetai diadogik® dedoména diathr,ntac plhroforbec api
prohgoOmenec eisidouc. 'Eqoun efarmosteD me epitugba se di“forouc tomeBc ipwc h epe-
xergasba usik c gl,ssac, h anagn,rish omilBac kai h pribleyh gronoseir,n.

Se uyhli epbpedo , éna RNN epexe g~ etai mia akolou Ba eisidwn X = Xq; X iii) Xt
kai pa "gei mia akolou ba exidwn Y = VY1;Y2;:::; Yr. H asik idéa enic  RNN ebnai na
g hsimopoieb éna di'nusma ku c kat"stashc h; gia na sull” ei plh o o Bec api tic

p ohgoOmenec eisidouc sthn akolou Da kai na ¢ hsimopoi sei aut thn ku kat"stash
gia na upologbsei thn epimenh éxodo sthn akolouba . Hku kat'stash enhme ,netai se
ke goniki ma me “sh thn t égousa eDsodo kai thn p ohgoOmenh k u kat"stash

he=f(xtht 1) (3.1)

ipou f ebnai mia mh grammik sun’rthsh pou antistoigbzei thn ebsodo kai thn prohgo-
Omenh kruf kat'stash se mia néa kruf katstash. H éxodoc se k'je groniki ma
upologbzetai sth sunegeia wc sun’rthsh the tréqousac kruf ¢ kat"stashc:

yi = g(hy) (3.2)

ipou g ebnai mia mh grammik sun’rthsh pou antistoigbzei thn kruf kat"stash sthn
exodo.

'Ena api ta asik™ pleonekt mata twn RNN ebnai h ikanitht” touc na geirbzontai ako-
loujbec eisidou aujabretou m kouc , kaj,c h kruf kat"stash sullamb”nei plhroforbec
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api llec tic prohgoOmenec eisidouc thc akoloujpac . Wstiso , mia shmantik priklhsh
sthn ekpabdeush twn RNNs ebnai to priblhma thc exaf'nishc thc ekrhktik ¢ kiBshc
(gradient descent), to opoPo emfanbzetai itan oi kiDseic pou grhsimopoioOntai gia thn e-
nhmeérwsh twn paramétrwn tou diktOou gbnontai polO mikréc polO meg’lec , kajist,ntac
dOskolh thn ekm’jhsh makroprijesmwn exart sewn

Gia thn antimet, pish autoO tou probl matoc, éqoun protajeD di*forec parallagéc twn
RNNs, sumperilambanoménwn twn argitektonik,n Long ShorteTerm Memory (LSTM) kai
Gated Recurrent Unit (GRU) (5), oi opoPec grhsimopoioOn exeidikeuménouc mhganismoOc
pOrwshc gia ton éleggo thc o ¢ twn plhrofori,n entic tou diktOou.

Ta dbktua LSTM apoteloOntai api kOtta a mn mhc pou mpo oOn na apo hkeOoun kai

na anaktoOn plh o o Pec gia meg’lec qonikéc pe iidouc . Se kK"e goniki ma , ta
Sghma 3.5: Di"g amma miac Mon"dac Mak “c B aqup i esmhc Mn mhc (LSTM) (5).
pe iegimena tou kutt” ou enhme ,nontai me “sh thn t éqousa ebBsodo , thn p ohgoOmenh

ku katstash kai €na sOnolo dianusm’twn pOlhc pou elégqounth o twnplhooi,n
mésa kai éxw api to kOtta o

it = (WyiXe + Whihe 1+ D) (3.3)
fo= (WyXe + W hy 1+ bx) (3.4)
o = (onxt + Whoht 1t bo) (3-5)
G = tanh (WyeX + Wichy 1+ b) (3.6)
a=f cqi1+it G (3.7)

ipou ebnai h sigmoeid ¢ sun’rthsh  (73), tanh ebnai h sun’rthsh uperbolik ¢ efapto-
meénhc kai iy, f; kai 0, ePnai oi pOlec eisidou , | hc kai exidou , antbstoiga.

Ta dbktua GRU ePnai paimoia me ta LSTM, all" g hsimopoioOn mik ite 0 aimi
dianusm’twn elégqou gia ton élegqgo thc o ¢ twn plh 0 0i.n entic tou diktOou . Sek’e
goniki ma , to dbktuo upologb ei éna sOnolo pul.n enhmeé wshc kai epana o “c , Oi
opobec ka o B oun piso api thn p ongoOmenh ku kat"stash kai thn t @gousa ePsodo
g hsimopoioOntai gia ton upologismi thc néac k u ¢ kat"stashc

Z = (szxt + th ht 1+ bz) (3-8)

(Wi X + Wi hy 1+ by) (3.9

It
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Sghma 3.6: Di"g amma miac mon“dac Gated Recurrent Unit (GRU) (5).

h = tanh (Win Xt + Wi (re  he 1) + by) (3.10)
he=@ z) hi+z h (3.11)

H éxodoc se k™ e qoniki ma upologb etai sth sunégeia me “sh thn t éqousa ku
kat"stash

yi = g(hy)

ipou g ebnai mia mh g ammik sun”thsh . Sunolik®™ , h a gitektonik RNN ebnai éna isqu i
e galebo gia thn epexe gasba diadogik,n dedoménwn , me thn ikanithta na sullam "nei
mak og iniec exat seic kai na gei b etai akolou bec eisidou au ab etou m kouc . Oi
paallagéec LSTM kai GRU twn RNN eqgoun debxei idiabte a uposgimena apotelesmata se
di" 0 ec e amogéc kai éqoun gbnei h sun hc epilog gia polléc e gasbec epexe gasbac
akoloui,n . Se irouc majhmatik,n sunart sewn, h asik argitektonik RNN mporeb na
diatupwjeb wc ex c:

he = f(Xe; he 1) = tanh (Wi X + Winht - 1+ by) yi = g(hy) (3.12)

ipou Wy, Whn, kai b, ebnai o pPnakac ar,n kai to di"nusma prokat’lhyhc gia
ton upologismi thc kruf ¢ kat’stashc, f ebnai h sun’rthsh met’bashc, kai g ebnai h
sun’rthsh exidou.

3.4 Atrous Convolution

To atrous convolution (6), epBbshc gnwsti wc dilated convolution, ebnai mia tegnik pou
grhsimopoiebtai gia thn aOxhsh tou dektikoO pedbou enic neurwnikoO diktOou me suneli-
ktiki sOsthma  (CNN) qwrbc aOxhsh tou arijmoO twn paramétrwn . To atrous convolution
epitugg netai me thn eisagwg ken.n metaxO twn stoigeBwn tou pur na sunélixhc , gegonic
pou epitrépei ston pur na na kalOptei megalOterh perioq tou q°rth garakthristik,.n
eisidou , diathr ntac stajeri ton arijmi twn parametrwn

Sthn paradosiak sunélixh |, o pur nac sunélixhc efarmizetai ston q'rth garakth-
istik,n eisidou me olbsjhsh p"nw ston qrth garakthristik,n kai upologismi tou dot
product metaxO tou pur na kai thc epikaluptimenhc perioq ¢ tou q°rth garakthristik n
Aut h diadikasba éqei wc apotélesma th mebPwsh thc gwrik ¢ an”lushc tou qrth gara-
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kthristik,n . Sto atrous convolution, o0 pur nac efarmizetai ston g°rth qarakthristik,n
eisidou eis"gontac ken™ metaxO twn stoigePwn tou pur na , gegonic pou aux’nei to mégejoc
tou dektikoO pedbou qwrbc na mei netai h qwrik anlush tou q’rth garakthristik_n

Sqma 3.7: ParadeDgmata mhganism,_n atrous convolution me diaforetikoOc ujmoOc diasto-
| ¢, sta opoPa ta kikkina tetr"gwna antiproswpeQoun tic éseic twn paramétrwn tou pur na

(6).

To mégejoc twn ken,n, gnwsti kai wc ujmic diastol ¢ , mporeb na ujmisteb gia ton
eélegqo tou megéjouc tou dektikoO pedPou . 'Enac ujmic diastol ¢ 1 antistoigeb se pa-
adosiak sunélixh , en, énac ujmic diastol c megalOteroc api 1 antistoigeb se atrous
convolution. 'Oso megalOteroc ePnai 0 ujmic diastol ¢, tiso megalOtero ePnai to dektiki
pedbo kai tiso mikriteroc o arijmic twn paramétrwn . Auti epitrépei th sOllhyh mega-
IOterou plaisDBou api ton pur na sunélixhc , gegonic pou mporeb na ebnai epwfeléc gia
efarmogec ipwc h kattmhsh eikinwn kai h anbgneush antikeimenwn ipou to plabsio ebnai
shmantiki .

Sqma 3.8: Auti to sq ma apeikonD ei thn énnoia tou mhganismoO atrous convolution se éna

monodi“stato pe i “llon . Sto (@), enac q” thc ga akth istik,n eisidou gamhl ¢ an”lushc
upo “lletai se tupik sunélixh gia thn exagwg aai,n qa akth istik.n . Sto (), énac
g thc ga akth istik,n eisidou uyhl ¢ an"lushc upo “lletai se atrous convolution me
umi r=2 gia na katasteb dunat h exagwg pukn,n ga akth istik,n (7).

To atrous convolution mporeD na ulopoihjeD me diaforetikoOc t ipouc , an’loga me th
sugkekriménh ergasba kai thn eidik argitektonik tou CNN. 'Enac api touc pio sunhji-
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sménouc tipouc ulopobhshc tou  atrous convolution ebnai h g sh tou str matoc atrous

convolutional layer, to opoPo ePnai mia parallag tou paradosiakoO str,matoc convoe
lutional layer pou egei th dunatithta na ujmbzei to ujmi diastol ¢ . To st,ma atrous
convolutional layer mporeb na ulopoihjeb me th g sh tupopoihménwn ibliojhk,n CNN,

ipwc h TensorFlow (74) kai h PyTorch (75), kai mporeb na grhsimopoihjeb sth ésh twn
paradosiak,n strwm™twn sunelixhc se mia argitektonik CNN. 'Enac “lloc tipoc ulopo-
Phshc thc atrous convolution ebnai h g sh thc enithtac  atrous spatial pyramid pooling
(ASPP) (7). H enithta ASPP ebnai mia tegnik pou sundu“zei pollapl” str,mata atrous
convolutional layers me diaforetikoOc ujmoOc diastol ¢ gia na sull’bei diaforetikéc
kibmakec plaisbou ston g'rth garakthristik,n eisidou . O mhganismic ASPP mporeb na
grhsimopoihjeb sto tm ma kwdikopoiht miac argitektonik ¢ CNN gia na aux sei to pe-
ieqimeno pou sullamb™ei to  CNN kai na elti,sei thn apidos tou se ergasbec ipwc h
kat"tmhsh eikinwn

Sgma3.9: ToASPP,suntomografbatou Atrous Spatial Pyramid Pooling, grhsimopoieb di“fo-
apar’lihla Bltra me diaforetikoOc ujmoOc gia thn taxinimhsh tou kentrikoO eikonostoi-
gebou(pou abnetai me portokalb g ,ma ), ekmetalleuimeno ta qarakthristik™ pollapl,n
Klimkwn (multiescale features). Ta diaforetik™ qr, mata katadeiknOoun éna apotelesmati-

ki FieldOfeViews (7).

Epipléon , h sunélixh Atrous mporeD na sunduasteD me “llec tegnikéc , ipwc h anOywsh
(upsampling) kai h sunénwsh (concatenation), gia na dhmiourghjeB éna apotelesmatiki

dbktuo gia shmasiologik kat"tmhsh kai kattmhsh paradeigm™twn , auti gbnetai me th
g sh thc sunelixhc Atrous sto tm ma kwdikopoiht tou diktOou , akoloujoOmenh api
epbpeda anOywshc kai sunénwshc sto tm ma apokwdikopoiht tou diktOou . Aut h pro-

seéggish ebnai gnwst wc Atrous spatial pyramid pooling (ASPP)  kai grhsimopoiebtai euréwc
se argitektonikéc teleutabac tegnologbac , ipwc to DeeplLabV3 (76) kai to DeepLabV3+
(20).

3.5 Mhganismob Attention

O mhganismic attention ebPnai mia teqnik pou grhsimopoiebtai sta neurwnik™ dbktua
gia thn epilektik estbash se orisména tm mata twn dedomeénwn eisidou. Epitrepei sto
montélo na stajmbzei th shmasba twn diafirwn stoigeBwn twn dedoménwn eisidou kai na
par"gei éna stajmisméno “jroisma twn dedoménwn eisidou, to opobo grhsimopoiebtai wc
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ebsodoc gia to epimeno epbpedo. Oi mhganismogttention eqoun grhsimopoihjeb euréwc se
poikblec ergasbec, ipwc h epexergasba usik ¢ gl,ssac, h dhmiourgba lez"ntac eikinac
kai h anagn,rish omilbac.

Up“rgoun diforoi tOpoi mhganism,n attention , o kajénac me ta dik™ tou garakth-
istik® kai pleonekt mata. Mba api tic asikiterec morféc prosoq c ebnai h additive
attention , gnwst kai wc Bahdanau attention , h opoba parousi'sthke sthn dhmosbeush
"Neural Machine Translation by Jointly Learning to Align and Translate" (77) twn Bahdae
nau et al. to 2014. H additive attention grhsimopoiebtai gia ton upologismi twn ar,n
attention metaxO twn stoigePwn thc akoloujPac eisidou grhsimopoi ntac énan sunduasmi
twn tim, n twn stoigePwn eisidou kai enic sunilou majhsiak,n paramétrwn pou onom“zontai
attention weights . Ta attention “rh upologbzontai me th gr sh enic neurwnikoO diktOou
trofodithshc proc ta empric kai grhsimopoioOntai gia th dhmiourgPa enic stajmisménou
ajrobsmatoc twn stoigePbwn eisidou, to opobo sth sunéqeia grhsimopoiebtai wc ebsodoc gia
to epimeno epbpedo. O mhganismic Bahdanau attention  ePnai mia dhmofil c proséggish
sth aji” m’jhsh gia ergasbec akoloujbac proc akoloujba, ipwc h mhganik metfrash.

O tOpoc gia ton upologismi twn ar.n Bahdanau attention ebnai o ex c:
a; = softmax (v, tanh (Wy hy + U,S; 1 + by)) (3.13)
X
Ct = at hi (314)
i=1
ipou:
" h; ePnai ht-ost kruf kat“stash tou kwdikopoiht (encoder)
" s 1 ePnai h prohgoOmenh kruf kat“stash tou apokwdikopoiht (decoder)

W, Ua, v, kai b, ePnai majhsiakéc par"metroi tou mhganismoO  attention .

+ ePnai éna di"'nusma ar,n prosoq c epb twn kruf n katast"sewn tou kwdikopoih-
t, to opobo upologbzetai grhsimopoi ,ntac mia sunrthsh softmax pou efarmizetai

se éna sunduasmi thc tréqousac kruf ¢ kat"stashc tou apokwdikopoiht S 1 kai
k'je kruf ¢ kat"stashc tou kwdikopoiht h;.
" ¢ ebnai to di'nusma plaisPou sto groniki ma t, to opobo ebnai ena stajmismeno

“jroisma twn kruf n katast"sewn tou kwdikopoiht me “sh ta “rh prosoq c t

Mia “llh morf prosoq c ebnai h doteproduct attention , epbshc gnwst wc Scaled Dote
Product Attention , h opoba parousi'sthke sthn ergasba  "Attention Is All You Need" (8) twn
Vaswani et al. to 2017. Autic o0 mhganismic  attention upologbzei ta “rh lamb”nontac
to ginimeno metaxO twn stoigePwn eisidou kai twn ar,n kai sth sunéqeia klimak nei to
ginimeno me thn tetragwnik Bza thc di“stashc twn stoigePBwn eisidou. Autic o mhganismic
prosoq ¢ ebnai upologistik™ pio apodotikic api ton mhganismi additive attention kai
grhsimopoiebtai se transformer montéla (8). Dedomeénou enic sunilou erwthm™twn Q 2
R" d Kkleidin K 2 R™ 9% kai tim,n V 2 R™ 9 o mhganismic prosoq ¢ upologbzei &na
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Sg ma 3.10: Scaled DotsProduct Attention (8) .

sOnolo apotelesm™twn prosoq ¢ a(i;j) metaxO k’je erwt matoc  Q(i) kai kleidioO K(j) wc
exc: _ _
a(ij) = 23 K0 (3.15)
dy
ipou  sumbolbzei thn pr'xh tou ginomenou, dy ePnai h diastatikithta twn kleidi,n kai
pa; ebnai énac par"gontac klim"kwshc pou exasfalbzei iti ta ginoména telebBac den ePnai
polO megla. Oi ajmologbec prosoq ¢ kanonikopoioOntai sth sunégeia me th gr sh miac

sunrthshc softmax, h opoba odhgeD se éna sOnolo ar,n w (i;j) pou ajrobzoun sto 1:
w (i;j) = softmax (a(i;j)) (3.16)

To stajmisméno “jroisma twn tim n V upologbzetai sth sunéqeia grhsimopoi.ntac ta “rh
prosoq ¢ wc ex c: X
output ()=  w(i;j) V() (3.17)

ipou to “jroisma lambnetai se ila ta kleidi j. O mhganismic prosoq ¢ me klimakwti
tetragwniki ginimeno mporeD na ulopoihjeD grhsimopoi,ntac prixeic pollaplasiasmoO
pin“kwn, ipou ta erwt mata, ta kleidi” kai oi timéc anaparbstantai wc pbnakec Q, K kai V,
antbstoiqa, kai oi ajmologbec kai ta “rh prosoq c upologbzontai grhsimopoi, ntac tic

sunart seic tetragwnikoO ginomeénou kai softmax pou efarmizontai se autoOc touc pPnakec.
Sugkekriména, oi ajmologbec prosoq ¢ upologbzontai wc ex c:

)
A= S

T (3.18)

ipou T sumbolbzei thn prxh metatipishc kai ta “rh upologbzontai me th sun’rthsh
softmax pou efarmizetai stic grammec tou A. Sth sunégeia, to stajmisméno “jroisma twn
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tim, n upologbzetai me pollaplasiasmi pin“kwn:
output = softmax (A) V (3.19)

ipou h sun“rthsh softmax efarmizetai stic grammeéc tou A kai o pollaplasiasmic tou
pPnaka pragmatopoiebtai metaxO twn ar,n pou prokOptoun kai tou pPnaka tim n V.

Mia “llh morf mhganismoO attention ebnai hmultishead attention , h opoba grhsimo-
poiebtai gia ton upologismi pollapl.n ar,n attention gia ta stoigeba eisidou grhsimo-
poi_ntac pollapl” sOnola ar n attention . O mhganismic multishead attention  epitrépei
sto montelo na parakoloujeb diaforetik™ mérh twn dedoménwn eisidou se diaforetikéc
éseic, gegonic pou mporeb na ebnai epwfelec gia ergasbec ipwc h epexergasba usik ¢
gl,ssac, ipou h seir” twn stoigebwn sta dedoména eisidou ebnai shmantik . O multishead
attention grhsimopoiebtai epbshc se montela transformer , ipou grhsimopoiebtai gia ton
upologismi  selfeattention metaxO twn stoigePwn thc akoloujPac eisidou. Dedoménwn twn
pinkwn Q, K kai V, me touc antbstoiqouc pbnakec ar,n Wg, Wy kai W,, mporoOme na
orbsoume thn prosoq pollapl,n kefal,n me H kefaléc prosoq c wc ex c:

MultiHead (Q;K;V) = Concat (head ;; head,;:::; head )W, (3.20)

ipou to k'je  head orbzetai wc:
head; = Attention (QWq;i; KW yi; VW,;) (3.21)

and Attention ic defined as:
. QKT
Attention (Q;K;V ) = softmax (-p?)v (3.22)
k

ipou dg ebnai h diastatikithta twn dianusm™twn kleidi,n kai to softmax efarmizetai
an” seir’.

Stic parap™nw exis,seic , Concat dhl nei th sunénwsh kat™ m koc thc di"stashc twn
garakthristik. n  , kai W, ePnai énac majhsiakic pbnakac ar,n pou efarmizetai sth su-
nénwsh thc exidou. Oi pPnakec Q, K kai V mporoOn na ewrhjoOn wc ta erwt mata
ta kleidi® kai oi timéc , antbstoiga, tou mhganismoO prosoq ¢ , kai oi Wq, Wi kai W, e-
Pnai pbnakec ~ouc pou touc problloun se énan koini g, o . O mhqganismic prosoq c
pollapl,n kefal n epitrépei sto montélo na parakoloujeb tautigrona diaforetik™ me h
thc eisidou , elti,nontac thn ikanitht™ tou na sullamb™nei sOnjeta motBba sta dedomeéna
Ektic api autoOc touc tOpouc prosoq ¢ , up“rgoun kai “llec parallagéc , Ipwc 0 mhgani-
smic sparse attention, 0 opoDoc égei sgediasteD gia na esti"zei se éna uposOnolo stoigePwn
sta dedomeéna eisidou , kai o0 mhganismic axial attention, o0 opoboc éqei sqediasteb gia na
esti"zei se sugkekrimeénec periogéc sta dedomena eisidou . Autéc oi parallagec kai “llec
anaptOgjhkan gia na elti,; soun thn apidosh tou mhganismoO prosoq ¢ gia thn epPlush
pio sugkekriménwn ergasi,n

Oi mhganismoD prosoq ¢ égoun apodeigjeD apotelesmatikob se éna eurQ “sma ergasi-

,n, ipwc h epexergasba usik c gl,ssac , h dhmiourgba lez"ntac eikinac kai h anagn,rish
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Sghma 3.11: O mhganismic MultieHead Attention apotelebtai api di” 0 a epbpeda  attention
pou leitou goOn pa “lihla (8).

omilPac. 'Eqoun grhsimopoihjeb gia th eltbwsh thc apidoshc diafirwn argitektonik,n
neurwnik, n diktOwn , ipwc ta epanalambanimena neurwnik™ dBktua  (RNN) kai ta sunelikti-

k™ neurwnik™ dbktua  (CNN). Oi mhganismob prosoq ¢ anaménetai na sunegbsoun na odhgoOn
tic exelbxeic ston tomeéa thc mhganik ¢ mjhshc kai thc tegnht ¢ nohmosOnhc . Mia “llh
shmantik ptuq twn mhganism n prosoq ¢ ebnai h ermhneusimithta . Oi mhganismob pro-
soq ¢ mporoOn na apeikonistoOn wc q'rtec ermithtac , 0i opoboi debgnoun tic periogéc twn
dedoménwn eisidou stic opobec esti"zei to montélo . AutoD oi q’rtec ermithtac mporoOn
na grhsimopoihjoOn gia na katanohjeD p,c to montélo lamb™nei tic apof'seic tou kai na
entopistoOn tugin pijan” sfimata . Auti to garakthristiki ermhneusimithtac kajist™

ton mhganismi prosoq ¢ éna isquri ergalebo gia thn aposfalm“twsh kai thn anlush
neurwnik,n diktOwn .

Sunep,c , oi mhganismob p osoq ¢ ePnai mia tegnik pou g hsimopoiebtai sta neu wnik™
dbktua gia thn epilektik estbash se o isména tm mata twn dedoménwn eisidou . Epit époun
sto montélo na sta mb ei th shmasba twn dia i wn stoigeBwn twn dedoménwn eisidou kai na
pa“gei ena sta misméno ~ oisma twn dedoménwn eisidou , to opobo q hsimopoiebtai wc
ebsodoc gia to epimeno epPpedo Up~ qoun di” 0 oi tOpoi mhganism,n p osoq ¢ , Ipwc
0 additive attention, o doteattention kai o multishead attention. 'Egoun g hsimopoih eb
eu éwc se di" o ec e gasbec , ipwc h epexe gasba usik c gl,ssac , h dhmiou gba le "ntac
eikinac kai h anagn, ish omilbac  , kai anameénetai na sunegbsoun na odhgoOn tic exelbxeic
ston toméa thc mhganik ¢ m” hshc kai thc tegqnht ¢ nohmosOnhc

3.6 Transformers

Oi transformers ePnai énac tOpoc argitektonik ¢ neurwnik n diktOwn pou égei sgedia-
steb eidik™ gia ergasbec epexergasbac usik,n glwss,n , ipwc h glwssik met™frash , h
sOnoyh keiménou kai h ap™nthsh erwt sewn . H argitektonik asBzetai sto montélo tou
transformer, to opobo parousi“sthke sthn ergasba  "Attention Is All You Need" (8) twn Vae
swani kai sun . to 2017. To montélo transformer apotelebtai api énan kwdikopoiht kai

Diplwmatik Ergasba



Kef'laio 3. Jewrhtiki Upibajro

énan apokwdikopoiht , ipou o kwdikopoiht ¢ grhsimopoiebtai gia thn kwdikopobhsh thc
akoloujbac eisidou kai o apokwdikopoiht ¢ gia th dhmiourgba thc akoloujpac exidou

Tiso o kwdikopoiht ¢ iso kai 0 apokwdikopoiht ¢ apoteloOntai api mia stoBba panomoi-

itupwn strwm’twn , kajéna api ta opoPa apotelebtai api dOo epimeérouc str,mata : énan
mhganismi multishead selfeattention kai éna pl wc sundedeméno kat™ ésh dbktuo tro-
odithshc p oc ta empric (positionewise fully connected feedsforward network.). O mh-
ganismic multishead selfeattention ebnai to asiki stoigebo tou montélou transformer kai
grhsimopoiebtai gia ton upologismi twn ar,n prosoq c (attention weights) metaxO twn
stoigebwn thc akoloujbac eisidou . Ta " h prosoq ¢ upologbzontai grhsimopoi,ntac énan
sunduasmi twn ésewn twn stoigeBwn eisidou , twn tim_n touc kai enic sunilou majhsiak,n
parametrwn pou onom”zontai " h prosoq ¢ . Ta ~h prosoq ¢ grhsimopoioOntai gia th
stjmish thc shmasPac k” e stoigePou thc akoloujpac eisidou kai grhsimopoioOntai gia th
dhmiourgba enic stajmisménou ajrobsmatoc twn stoigebwn eisidou , to opobo sth sunéqeia
grhsimopoiebtai wc ebsodoc gia to epimeno epPpedo. To pl wc sundedemeéno dbktuo trofo-
dithshc p oc ta empric me “sh th ésh grhsimopoiebtai gia thn peraiterw epexergasba

thc exidou tou mhganismoO multishead selfeattention kai apotelebtai api dOo grammiko-
Oc metasghmatismoOc me mia sun’rthsh energopoPhshc RelLU (73) endi'mesa. To dbktuo
feedeforward (78) epitrépei sto montélo na aux sei th gwrhtikitht™ tou kai na m” ei pio
sOnjetec anaparastseic twn dedoménwn eisidou . To montélo tou transformer qrhsimopoieD
epbshc mia tegnik pou onomzetai kwdikopobhsh eéshc  (positional encoding) (79), h opo-
Pa grhsimopoiebtai gia thn enswm™twsh thc éshc k™ e stoigePou sthn akoloujba eisidou

sto montélo . H kwdikopobhsh éshc prostbjetai stic enswmat,seic eisidou kai grhsimo-
poiebtai gia na paregei sto montelo mia absjhsh thc sgetik ¢ éshc twn stoigeBwn sthn
akoloujba eisidou . Auti epitrépei sto montélo na katano sei th seir” twn stoigePwn sthn
akoloujba eisidou , h opoba ebnai wtik ¢ shmasbac gia tic ergasbec epexergasbac usik ¢
gl.ssac . 'Ena api ta kO ia pleonekt mata tou montélou transformer ebnai h ikanitht™ tou
na geirDzetai akoloujbec eisidou metablhtoO m kouc . Auti epituggnetai me ton mhganismi
autoprosoq ¢  (selfeattention), o opoboc epitrépei sto montelo na parakoloujeb diaforetik™

tm mata thc akoloujbac eisidou se diaforetikéc éseic kat™ th diadikasba kwdikopobhshc

Epipléon , o mhganismic autoprosoq ¢ mporeb na parallhlisteb , gegonic pou epitrépei ta-
qOtero upologismi kai ekpabdeush . 'Ena “llo pleonékthma tou montélou transformer ebnai

h ikanitht™ tou na par"gei akoloujpec exidou metablhto® m kouc . Auti epitugg netai api
ton apokwdikopoiht , o opoboc grhsimopoieb thn kwdikopoihménh akoloujba eisidou kai
ton mhganismi prosoq ¢ gia na par-gei thn akoloujba exidou . To montelo transformer

apoteleb mia isqur argitektonik neurwnikoO diktOou pou éqei sqediasteP eidik” gia er-
gasbec epexergasbac usik c gl,ssac . H ikanithta tou montélou na geirbzetai akoloujpec
eisidou metablhto® m kouc , h ikanitht™ tou na parallhlDzei ton upologismi tou mhgani-

smoO autoprosoq ¢ kai h q sh thc kwdikopoPhshc éshc ePnai merikoP api touc ligouc

gia touc opobouc ePnai tiso epitughméno . To montélo transformer éqei epitOgei shmantikéc
epidiseic se éna eurO "sma ergasi,n epexergasPac usik ¢ gl ssac kai anaménetai na
sunegbsei na odhgeb tic exelbxeic ston toméa thc epexergasbac usik c gl ssac

Diplwmatik Ergasba



3.7 EncodereDecoder

Sq ma 3.12:
Transformer model me positional encoding (8).

3.7 EncodersDecoder

O kwdikopoiht ¢ eapokwdikopoiht ¢ (encodersdecoder) (9) ebnai mia argitektonik a-
i"c m7jhshc pou grhsimopoiebtai sun jwc sthn irash upologist, n gia di“forec ergasbec
epexergasbac eikinac, ipwc h kat'tmhsh eikinac , h anbgneush antikeiménwn kai h taxi-
nimhsh eikinwn . H arqitektonik EncodereDecoder apotelebtai api dOo mé h : éna dbktuo
kwdikopoiht pou ex"gei sqetik™ qarakthristik™ api thn eikina eisidou kai éna dbktuo
apokwdikopoiht pou par“gei thn pribleyh exidou

To dbktuo kwdikopoiht ePnai sun jwc éna ajO suneliktiki neurwniki dbktuo (CNN)
pou ePnai upeOjuno gia thn exagwg qarakthristik.n uyhloQ epipédou api thn eikina
eisidou . H eikina eisidou pern“ei api di*fora epPpeda suneliktikoO diktOou , ipou K™ e
epbpedo efarmizei éna sOnolo majhsiak,n Bltrwn sthn eDsodo gia thn exagwg sgetik.n
garakthristik,.n . H éxodoc k™ e str,matoc pern” sth sunégeia api mia sun’rthsh ener-
gopobhshc ipwc h RelLU (Recti ed Linear Unit)  gia thn eisagwg mh grammikithtac sto
dbktuo. H éxodoc tou teleutabou str.matoc tou diktOou kwdikopoiht ePnai mia sumpie-
smeénh anapar”stash thc eikinac eisidou pou diathreb tic pio sqgetikéc plhroforbec gia tic
epimenec ergasbec
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To dbktuo apokwdikopoiht , api thn “llh pleur” , ePnai upeOjuno gia th dhmiourgba
thc pribleyhc exidou me “sh ta qarakthristik™ pou ex"gontai api to dbktuo kwdiko-
poiht . To dbktuo apokwdikopoiht apotelebtai sun jwc api mia seir” aposumbolik,n
strwm™twn , ta opoba ebPnai epBshc gnwst™ wc metatopisména sumbolik™ str,mata str,ma-
ta anodik c sumbolc . Aut" ta str,mata ekteloOn thn antBstrofh leitourgba twn sune-
liktik,n strwm™twn , ipou epektebnoun ton g°rth garakthristik,n aux"nontac tic qwrikéc
tou diast’seic . To dbktuo apokwdikopoiht grhsimopoieb epbshc sundéseic par"kamyhc ,
oi opobec epitrépoun sto dbktuo apokwdikopoiht na éqei prisbash sta garakthristik”
gamhliterou epipédou pou ex"gontai api to dbktuo kwdikopoiht . Oi sundeéseic par’lei-
yhc ulopoioOntai sun jwc me th sunénwsh twn gart,n garakthristik,n exidou tou diktOou

kwdikopoiht sthn ebBsodo tou antbstoiqou str,matoc apokwdikopoiht . To dbktuo apokw-
dikopoiht efarmizei epbshc mia sun“rthsh energopobhshc sthn éxodo k™ e str,matoc ,
sun jwc mia sigmoeid softmax sun’rthsh , gia na par"gei thn pribleyh exidou . Gia
par‘deigma , sthn kat"tmhsh eikinac , h pribleyh exidou ebnai énac q'rthc pijanot twn

an” eikonostoigebo, ipou se k™ e eikonostoigeDo apodbdetai mia pijanithta na an kei se
mia sugkekriménh kI’sh antikebmeno

Sg ma 3.13: H arqitektonik tou montélou kwdikopoiht -apokwdikopoiht pou protePnetai
sthn dhmosBeush (9), sthn opoPa to dbktuo apotelebtai api dOo kOria mérh: éna dbktuo kwdi-
kopoiht kai éna dbktuo apokwdikopoiht .

To dbktuo kwdikopoiht abnetai sthn arister pleur” tou sq matoc 3.13 kai apotele-
Ptai api éna anakukloOmeno neurwniki dbktuo  (RNN) me pollapl” epPpeda . H akoloujba
eisidou trofodotebtai ston kwdikopoint éna sOmbolo ke or , me ke sOmbolo na
anaparbstatai wc éna di"nusma pragmatik,n arijm.n . Se k' e groniki ma , to RNN
enhmer nei thn kruf tou kat’stash me “sh to t égon sOmbolo eisidou kai thn proh-
goOmenh kruf tou kat“stash . H telik kruf kat'stash tou RNN grhsimopoiebtai wc
anapar’stash stajeroO m kouc thc akoloujpac eisidou , h opoba sth sunégeia metabib“ze-
tai sto dbktuo apokwdikopobhshc

To dbktuo apokwdikopoiht abnetai sth dexi” pleur” tou sq matoc 3.13 kai apotele-
btai epbshc api éna anadromiki neurwniki dbktuo me pollapl” epbpeda . O apokwdikopoi-
ht ¢ lamb™nei thn anaparstash stajeroO m kouc thc akoloujbac eisidou pou par°getai
api ton kwdikopoiht wc argik kruf kat'stash kai par"gei thn akoloujba exidou éna
sOmbolo k™ e or" . Se k™ e groniki ma , to RNN enhmer nei thn kruf tou kat"stash
me “sh thn trégousa mrka eisidou kai thn prohgoOmenh kruf tou kat"stash kai sth
sunégeia par“gei mia katanom pijanithtac p nw stic pijanéc m“rkec exidou grhsimopoi-

.ntac mia sunrthsh  softmax. To sOmbolo exidou me thn uyhliterh pijanithta epilégetai
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wc to epimeno sOmbolo sthn akoloujba exidou kai h diadikasPa epanalamb™netai éwc itou
dhmiourghjeb to sOmbolo tou télouc thc akoloujPac

To montélo kwdikopoiht  eapokwdikopoiht ekpaideOetai api "k 0 se "k o grhsimo-
poi,ntac mia parallag tou algorbjmou opisjodi"doshc pou onom“zetai opisjodi"dosh
mesw ginou (BPTT) (80). Kat" th di'rkeia thc ekpabdeushc , to montélo majabnei na a-
ntistoigbzei akoloujbec eisidou se akoloujpec exidou elagistopoi,ntac mia sunrthsh a-
p,leiac diastauroOmenhc entropPac metaxO twn problepimenwn akolouji,n exidou kai twn

akolouiji,n stiqou

'Estw iti égoume mia akolou Pa phg ¢ m kouc T kai mia akolou Ba stiqgou m kouc
L. O kwdikopoiht ¢ dégetai wc ePsodo thn akolou Pa phg ¢ kai pa“gei éna sta e 0O
m kouc di"nusma plaisbou  C, to opobo anapa ist” thn akolou Ba eisidou ,wcexc: Giak e
goniki ma t sthn akoloubaphgc , okwdikopoiht c pab neito di"nusma eisidou Xt kai
to pen"ei mésa api éna RNN enic st matoc me kui mege oc h. Hku kat'stash
tou RNN sto goniki ma  t sumolb etai me hy:

he = f(xtht 1)

To teliki di"nusma plaisbou C upologbzetai wec sun’rthsh twn kruf n katast"sewn tou

RNN se ila ta qronik™ mata . 'Enac sun jhc tipoc upologismoO tou c ebnai na grh-
simopoihjeb h telik kruf kat"stash ht tou kwdikopoiht RNN, an kai mporoOn na
grhsimopoihjoOn kai “llec méjodoi

O apokwdikopoiht ¢ sth sunegeia grhsimopoieb to di"nusma perib”llontoc C kai thn proh-
goumenwc paragimenh akoloujba stiqou ( ena eidiki sOmbolo énarxhc akoloujpac ) gia
na par'gei to epimeno sOmbolo stiqgou se k™ e groniki ma . Sugkekriména, o apo-
kwdikopoiht ¢ leitourgeD wc exc : Gia k" e groniki ma | sthn akoloujpa stiqgou , o
apokwdikopoiht ¢ lamb™nei wc eDsodo thn prongoOmenh éxodo vy, ; ( éna eidiki sOmbolo
enarxhc thc akoloujpac ) kai to di"nusma plaisbou c. O apokwdikopoiht ¢ pern™ autec

tic eisidouc mésw enic RNN enic str,matoc me krufi megejoc h. H kruf kat"stash tou
RNN sto groniki ma | sumbolbzetai med:

d=f(yl 1;¢d 1)

O apokwdikopoiht ¢ pa "gei to sOm olo exidou y| pe n.,ntac thn ku kat"stash S
mésw enic st ,matoc  softmax:

yi = softmax (Ws, + b)

Oi par"metroi tou kwdikopoiht kai tou apokwdikopoiht RNN, kaj,c kai oi par"metroi
tou str matoc  softmax, ekpaideOontai api koinoO gia na elagistopoi soun thn ap,leia
diastauroOmenhc entropbac metaxO thc problepimenhc akoloujpac stigou kai thc pragma-
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tik ¢ akoloujbac stigou

Encoder : he = f(xt;ht 1)c=g(hy;:::; hy) (3.23)
Decoder : 9 =f(yl 1;C'S 1)y = softmax (Ws + b) (3.24)
'Ena api ta kO ia pleonekt mata thc a gitektonik ¢ kwdikopoiht eapokwdikopoiht ebnai

h ikanitht™ thc na katag " ei tiso thn pagkismia iso kai thn topik plh o o Ba plaisbou

api thn eikina eisidou . To dbktuo kwdikopoiht sullam "nei to pagkismio plabsio thc
eikinac me thn exagwg ga akth istik_n uyhloO epipédou pou ePnai sqgetik™ me tic epimenec
e gasbec, en, to dbktuo apokwdikopoiht sullam "nei to topiki plabsio g hsimopoi,ntac
sundéseic pa “leiyhc gia thn pis ash sta ga akth istik® gamhlite ou epipédou pou

pe ieqoun leptome ebc plh o o0 Bec gia thn eikina

‘Ena “llo pleonékthma thc argitektonik ¢ kwdikopoiht eapokwdikopoiht ebnai h i-
kanitht™ thc na geirbzetai eisidouc diaforetik,n megej,n . Dedoménou iti to dbktuo kw-
dikopoiht kai to dBktuo apokwdikopoiht ulopoioOntai sun jwc we pl we suneliktik®
neurwnik™ dBktua , mporoOn na epexergzontai eikinec opoioud pote megéjouc  , kajist,ntac
thn argitektonik kat'llhlh gia ergasbec ipwc h kat'tmhsh eikinwn ipou oi eikinec ei-
sidou mporeb na éqoun diaforetikec diast"seic

Up~ qoun di“forec parallagéc thc argitektonik ¢ kwdikopoiht eapokwdikopoiht
ipwc to UeNet, to SegNet kai to Fully Convolutional Network (FCN). To UsNet ebnai mia
dhmofil ¢ arqitektonik kwdikopoiht eapokwdikopoiht pou grhsimopoiebtai eurewc se
ergasbec tmhmatopobhshc eikinwn. H argitektonik UeNet apotelebtai api éna surrikno-
Omeno monopti, to opoPo ePnai to dbktuo kwdikopoiht , kai éna epekteinimeno monop™ti , to
opobo ebnai to dbktuo apokwdikopoiht . To sustaltiki monopti apotelebtai api di*fora
epbpeda suneliktik c epexergasbac , to kajéna api ta opoba akoloujebtai api éna epbpedo
mégisthc sugkéntrwshc , to opobo mei, nei tic qwrikéc diast’seic tou q°rth garakthristi-

k.n . To epektatiki monop“ti apotelebtai api di"fora aposumbolik™ str,mata , kajéna
api ta opoba akoloujebtai api mia sunenwsh me ton antbstoiqo qrth qarakthristik,n api

to sustaltiki monopti . Hargitektonik ~ UeNet grhsimopoieb epbshc sundéseic parleiyhc
metaxO twn monopati.n sustol ¢ kai epéktashc , epitrépontac sto dbktuo apokwdikopo-
Phshc na éqei prisbash sta qarakthristik™ gamhliterou epipédou pou ex"gontai api to

dbktuo kwdikopobhshc.

H arqitektonik kwdikopoiht eapokwdikopoiht ebnai mia isqur argitektonik aji"c
m’jhshc pou egei grhsimopoihjeb euréwc sthn irash upologist,n gia di“forec ergasbec
epexergasbac eikinac. H argitektonik apotelebtai api éna dbktuo kwdikopoiht pou e-
x"gei sqgetik” qarakthristik™ api thn eikina eisidou kai éna dbktuo apokwdikopoiht
pou par-gei thn pribleyh exidou me “sh ta exagimena qarakthristik™ . H arqgitektoni-
k kwdikopoiht  eapokwdikopoiht ebnai ikan na sullamb™nei plhroforbec tiso gia to
pagkismio iso kai gia to topiki plabsio api thn eikina eisidou kai mporeb na geiristeb
eisidouc diaforetik,n megej,n , kajistntac thn kat'llhih gia éna eurQ “sma ergasi-

.n epexergasbac eikinac . To dbktuo kwdikopoiht ex"gei sqetik™ garakthristik™ api thn
eikina eisidou , en, to dbktuo apokwdikopoiht par°gei thn pribleyh exidou me “sh
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ta exagimena garakthristik™ . H argitektonik ebnai ikan na sull’bei tiso pagkismiec

iso kai topikéc plhroforbec plaisbou api thn eikina eisidou kai mporeb na qeiristeb ei-

sidouc diaforetik,n megej,n . Oi di*forec parallagéc thc argitektonik ¢ kwdikopoiht .
apokwdikopoiht , ipwc to UeNet (41), SegNet (81), kai FCN (3), prosferoun diaforeti-
koOc sumbibasmoOc ison afor™ thn upologistik poluplokithta , thn akrbbeia kai thn
apodotikithta , kajist,ntac shmantik thn epilog thc kat'llhlhc argitektonik ¢ gia th
sugkekriménh ergasba . Oi diaforetikeéc parallagéec thc argitektonik ¢ prosféroun dia-

oretik® tradeeos, kai ebnai shmantiki na epilégetai h kat'llhih argitektonik gia th
sugkekriménh ergasba .

3.8 Transfer Learning

To transfer learning ston toméa thc aji"c mjhshc afor™ mia isqur tegnik gia thn
enbsqush thc apidoshc tou montélou . Axiopoi,ntac po eekpaideuména montéla, ta opoba
eqoun ekpaideuteD se sOnola dedoménwn meg’lhc kiPmakac, To transfer learning  epitrépei
thn exagwg genik n anaparast’sewn garakthristik,n . Autéc oi anaparast”seic perilam-
“noun uyhloO epipédou afairéseic kai pritupa pou mporoOn na efarmostoOn se éna
eurO “sma ergasi,n . H enswm’twsh tou transfer learning parégei poll” asik” pleo-
nekt mata , kajist,ntac to aparabthto ergalebo sto par"deigma thc aji"c mjhshc . 'Ena
shmantiki pleonékthma tou  transfer learning ebnai h ikanitht™ tou na antimetwpbzei thn él-
leiyh dedomenwn kai to uyhli kistoc epis manshc . H apikthsh epishmasménwn dedoméenwn
gia mia e gasPa *stigo mporeP na ePnai mia dOskolh kai gronobira diadikasbPa . To transfer
learning metri“zei autin ton periorismi axiopoi,ntac th gn,sh pou apokt jhke api mia
ergasba proéleushc kai metaféront™c thn sthn e gasba estiqo . To p o +ekpaideuméeéno mo-
ntélo sullamb™nei asik™ garakthristik™ kai motbba api thn e gasba *phg , epitrépontac
sto montélo na genikeOei kal” sthn e gasPa  +stiqo akimh kai itan ePnai diajésima periori-
sména dedoména me etikétec Auti to pleonekthma mei, nei shmantik™ ton irto thc sullo-

g ¢ dedomeénwn kai tou sqoliasmoQ , exoikonom ntac pi ouc kai g ino . Epipléon , h tegnik
transfer learning  epitaqOnei th diadikasPa ekpabdeushc kai elti_nei th sOgklish . Tapo -«
ekpaideumena montéla eqoun dh m” ei anaparast™seic emeliwd,n qarakthristik,n kai

motBbwn api ter”stiec posithtec dedoménwn . Qrhsimopoi,ntac autéc tic anaparast™seic wc
argikéc paramétrouc , To transfer learning epitrépei sto montelo na xekin sei me éna exai-
etik™ apotelesmatiki shmebo argikopobhshc . Aut h argikopoPhsh igi mino epitagOnei

th diadikasPa ekpabdeushc all” kai enisqOei th sOgklish , me apotelesma th eltbwsh thc
apodotikithtac . O mhganismic autic ePnai idiabtera epwfel ¢ se peript,seic ipouto p o .
ekpaideumeno montélo kai h e gasba estigoc moir"zontai parimoia upokebmena pritupa
domeéc Aut h eujugr'mmish epitrépei sto p o eekpaideuméno montelo na sull’bei sqetikec
plhroforBec pou mporoOn na metaferjoOn sthn e gasba estiqo , odhg,ntac se eltiwménh
apidosh . H ikanithta tou montélou na ex"gei shmantik™ kai diakritik™ garakthristik™

api thn ergasba proéleushc dieukolOnei thn exagwg gn,shc eidik™ gia thn ergasba kat”

th di"rkeia thc teleiopobhshc thc exagwg ¢ qarakthristik,n . Wc apotélesma , to montélo
mporeb na prosarmosteb kai na exeidikeuteD apotelesmatik™ sthn e gasba  estiqo , axiopoi-
.ntac thn prohgoOmenh gn_sh tou kai esti*zontac par’llhla stic apoqr,seic pou aforoOn
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Kef'laio 3. Jewrhtiki Upibajro

eidik” thn ergasba . Epipléon , to transfer learning parégei mia odi gia ta montéla na geni-
keOoun kal” se ajéata dedomeéna kai néec ergasPec . To p o *ekpaideuméno montélo éqgei dh
m" ei isquréc anaparastseic api éna eurO “sma dedoménwn . Aut h eureba ekjesh epi-
trépei sto montelo na sull’bei asik™ qarakthristik™ pou uperbabnoun sugkekrimenouc

tomebc ergasbec Kat™ sunépeia , itan ergetai antimetwpo me néa , ajeata dedoména, to
montélo mporeb na axiopoi sei tic anaparast’seic pou egei m” ei gia na k'nei akribebc
probléyeic kai taxinom seic . Aut h ikanithta genBkeushc apoteleD polOtimo pleonékth-

ma, kaj,c mei,nei ton kBnduno uperbolik ¢ prosarmog c kai enisqOei thn eurwstba kai thn

prosarmostikithta tou montélou se di*fora sen’ria . Sunoybzontag, to transfer learning
sth aji” m’jhsh prosféerei pl oc pleonekthm™twn . Anakoufbzei api tic prokl seic pou
sqgetbzontai me thn élleiyh dedoménwn kai to kistoc epis manshc , axiopoi,ntac th gn,sh

api mia argik ergasba . H epanagrhsimopobhsh po eekpaideuménwn montélwn wc shmeba
argikopoPhshc epitagOnei th diadikasba ekpabdeushc kai elti,nei th sOgklish . Epipléon ,
h ikanithta sOllhyhc gn, shc pou afor”™ sugkekriménh ergasba , diathr, ntac par’llhla

th genik gn,sh , sumb’llei sthn prosarmostikithta kai tic dunatithtec genbkeushc tou
montélou . Axiopoi ntac th dOnamh thc m’jhshc metaforc , ta montéla aji"c mijhshc
mporoOn na epitOqoun uyhliterec epidiseic  , eurwstDa kai apodotikithta , kajist,ntac thn
aparabthth tegnik se di“forec efarmogéc
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Kef'laio

Benchmarks

To pain ke “laio analOei sOnola dedoménwn pou g hsimopoi hkan sthn ekpaBdeush
thc pa oOsac diati ¢ . Epilexame énan sunduasmi sunilwn dedoménwn ston tomeéa thc
tmhmatopobhshc eikinwn , ta opoPa dia o opoioOntai wc p oc to skopi , to mege oc tic
diast"seic kai to sq ma twn eikinwn touc , ,Ste na pa ousiasteb mba oloklh wménh meléth
gO w api ta montéla kai thn epBdosh touc sto k™ e dataset.

4.1 B"sh dedomenwn Corsican Fire

H “sh dedoménwn purkagi,n thc Corsican Fire (82) anaptOgjhke gia na kalOyei thn

an“gkh miac oloklhrwménhc sullog ¢ eikinwn purkagi,n "g iac ghc . Perilamb™nei éna
poikblo sOnolo eikinwn api di*forec topojesbPec se ilo ton kismo , 0i opobec eqoun lhfjeb
api diaforetikoOc ereunhtéc kai etabrouc . H “sh dedoménwn perilamb™nei eikinec tiso

se morf  NIR iso kai se RGB, ilec se morf PNG. H “sh dedoménwn dhmiourg jhke
gia p ,th or" to 2017, anagnwrbzontac thn élleiyh miac dhmisia diajésimhc sullog ¢
eikinwn purkagi,n "giac ghc meg’lhc klbmakac kai me stiqo na apotelései ena exelis-

simeno apojet rio anoiktoO k,dika gia suneisforéc . H “sh dedoménwn epilégjhke gia
thn ektetaménh sullog kal® sqoliasménwn eikinwn , pou perilamb™nei éna eur® “sma
purkagi,n kai periballintwn , sumperilambanoménwn dedoménwnNIR kai RGB kaj,c kai

geirokbnhtwn mask, n tmhmatopobhshc . Oi eikinec thc “shc dedoménwn éqoun lhfjeb ku-
Pwc api UAV, all® perilamb™noun epBbshc k™poiec pou eqoun lhfieb api to edafoc . H
sugkekriménh “sh dedoménwn purkagi,n apoteleD polOtimo pi o gia ereunhtéc kai epag-
gelmatbec pou erg“zontai ston toméa thc an"lushc purkagi,n , the thlepiskiphshc kai thc
epexergasbac eikinwn.

Stic epimenec upoenithtec , h “sh dedoménwn a analujeb kai a garakthristeb perai-

terw .

4.1.1 An’lush twn qgarakthristik,n tou sunilou dedoménwn

H “sh dedoménwn Corsican Fire apoteleDb mia sullog eikinwn uyhl ¢ an“lushc pou
| hkan kat™ th di" keia diaiwn pu kagi,n . To sOnolo dedoménwn pe ilam “nei
sunolik® 1135 eikinec RGB, api tic opoPec 634 eikinec sunodeOontai epPshc api dedoména
NIR (eggOc upé u hc aktino olbac ). Autéc oi 634 eikinec el hsan api mia k'me a JAI
AD+080GE, h opoba ebnai gnwst gia thn uyhl euais hsba thc kai thn exai etik poiithta
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Sg ma 4.1: Corsican Fire Database

eikinac . Oi eikinec autéc apoteloOn meé oc pénte dia o etik.n akolou i,n Bnteo , kaemba
api tic opobec katag " ei éna dia o etiki sum "n pu kagi"c

Epipléon , h “sh dedoménwn gia tic purkagiéc thc Korsik ¢ perilamb™nei 419 diafo-
etik” megéjh eikinwn . To sqma 4.2 apeikonbzei tic 10 pio koinéc diastseic twn eikinwn
sto sOnolo dedoménwn. H epikr'thsh enic sugkekriménou megéjouc eikinac mporeb na a-
podojeb sto gegonic iti kai oi 634 eikinec pou | fijhkan api thn k'mera JAI AD<080GE
éqoun thn Bdia di"stash 1024 768. Aut h sunépeia sto mégejoc thc eikinac dieukolOnei
thn epexergasba kai thn an”lush tou sunilou dedoménwn

4.1.2 P oepexe gasba thc “shc dedoménwn Corsican Fire Database

Apo asbsthke h proepexergasba oliklhrou tou sunilou dedoménwn me thn perikop
deigm™twn di"stashc 256 256 kai 128 128, antbstoiqa, qwrbc epik’luyh api tic 1135 ei-
kinec . H apifash aut el fjh ligw pijan,n problnm™twn sumbatithtac pou prokOptoun
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4.2 SOnolo DedoménwnCOVID*QU-Ex

Sgma 4.2: Ta 10 korufaba megéjh eikinwn pou emfanbzontai sugnitera sth “sh dedo-
ménwn.

se orisménec argitektonikéc itan h di"stash eisidou den ePnai dOnamh tou dOo . Opoiad po-
te di"stash mikriterh apl™ aporrbfjhke . Epipléon , perikiphkan tautigrona oi m“skec
thc asik ¢ al jeiac kai oi eikinec NIR, me apotélesma na prokOyoun 87.672 deBgma-
ta. Aut” ta debgmata sth sunéqgeia eurethri"sthkan se mia “sh dedoménwn SQLite me thn
antbstoigh perikop ground truth  kai NIR, ,ste na ebnai dunat h apotelesmatikiterh
peri ghsh . Kaj,c h paroOsa meléth epikentr netai sthn kat'tmhsh kai igi sthn anBgneu-
sh, eikinec qwrbc eikonostoigePa wti"c afairéjhkan api to sOnolo dedoménwn , akimh kai
an apoteloOn shmantiki pososti twn eikinwn , ipwc abnetai sthn eikina  4.3. Epipléon ,
apoklebsthkan epbshc debgmata me anepark arijmi eikonostoigePwn itan h wti” ebge pe-
ikopeD kont” staiia . Gia ton prosdiorismi autoO tou kat terou orBou ston arijmi twn
eikonostoigeDwn, ta deDgmata exet’sthkan geirokPnhta , aux™nontac stadiak” thn tim autoO
tou kat,terou orbou éwc itou entopisteb mia periog wti"c pou ainitan shmantik . 'Olec
oi eikinec me ligitera api 20 eikonostoigeDa wti'c exairéjhkan api to sOnolo dedoménwn ,
af nontac 47.520 debgmata gia peraiterw an’lush

Prokeiménou na apofeugjeb h uperbolik prosarmog kai na katasteb dunat h a-
krib ¢ axiolighsh tou montélou, grhsimopoiePtai mia sumbatik méjodoc diagwrismoO twn
dedoménwn se trBa uposOnola, dhlad éna sOnolo ekpabdeushc, éna sOnolo epikOrwshc
kai éna sOnolo dokim c. Aut” ta uposOnola dhmiourgoOntai me analogPec 0.7, 0.15 kai
0.15, antbstoiqga.

4.2 SOnolo Dedoménwn COVID*QU<Ex

To sOnolo dedoménwnCOVID*QU-Ex (83), to opobo katartDsthke api ereunhtéc tou Pa-
nepisthmbou tou Katr , apoteleb gr simo ergalebo gia "toma pou erg“zontai sthn kattmh-
sh eikinwn , idbwc sto plabsio twn anapneustik,n asjenei,n . Me 33.920 eikinec aktinogra-
Pac ,rakoc , sumperilambanoménwn perissiterwn api 11.000 peript,sewn COVID-19,
to sOnolo dedoménwn parégei “fjono uliki gia th duadik tmhmatopoPhsh eikinwn . E-
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Sg ma 4.3: H empeirik ajroistik katanom twn deigm™twn asBzetai ston arijmi twn eiko-
nostoigePwn wti"c pou perieqoun.

pipléon , oi m'skec tmhmatopoBhshc pneuminwn pou parégontai me to sOnolo dedoménwn
paréqoun peraitérw upost rixh gia thn an"ptuxh montelwn mhganik ¢ m“jhshc gia thn au-

timath anBgneush kai di"gnwsh anapneustik n asjenei,n . Sunolik® , to sOnolo dedoménwn
COVID*QU<Ex prosférei mia oloklhrwménh sullog eikinwn aktinografbac ,rakoc u-

yhi ¢ poiithtac , 0i opoPec ePnai ¢ aio iti a apodeigjoOn gr simec gia éna eurO “sma
ereunhtik,n skop,n , sumperilambanomeénhc thc duadik ¢ kat"tmhshc eikinwn

4.3 SOnolo Dedoménwn Kvasirelnstrument

To sOnolo dedoménwnKvasireInstrument (84),  éna sOnolo dedoménwn mia akimh pro-
sj kh sth gk"ma thc iatrik ¢ apeikinishc kai thc an’lushc thc gastrenterik ¢ endo-
skiphshc . Oi gastrenterikéc pajologbec apaitoOn perBplokec diadikasbec pou perilam-
"noun geirourgik™ ergaleba gia ergasbec ipwc o eleggoc , 0i ioybec kai oi ektomec . W-
stiso , h apousPa oloklhrwmeénhc parakoloOjhshc kai anlushc kat” th di*rkeia kai met”
api autec tic diadikasbec éqei wc apotelesma thn ap,leia wtik ¢ shmasbac plhrofori n ,
sumperilambanomeénwn twn orbwn thc nisou , twn anaptuxiak,n gn,sewn kai twn diast"sewn
twn ektomhmenwn periog,n . Auti to keni gn,sewn empodbzei thn apotelesmatik parako-
loOjhsh kai periplékei thn epanektbmhsh met” th erapeba , parousi“zontac shmantikéc
prokl seic tiso gia touc asjenebc iso kai gia touc epaggelmatbDec tou iatrikoO kl"dou
AntimetwpBzontac aut” ta ht mata , to sOnolo dedoménwn Kvasirslnstrument  perilamb nei
590 sqolastik™ shmeiologik™ karé pou apeikonbzoun mia poikilDa ergalebwn diadikasi,n

gastrenterik c nisou , ipwc dagk’nec , mpalinia , labbdec ioybac kai “lla . Gia na diasfa-
listeD apar'millh akrbbeia , to sOnolo dedoménwn enswmat, nei epakrib,c epexergasmenec
m’skec asik ¢ al jeiac kai plabsia oriojéthshc , austhr™ epikurwmeéna api dOo diake-

kriménouc empeirogn,monec thc endoskiphshc . Eidikitera , h sugkritik axiolighsh me
th g sh autoO tou sunilou dedoménwn dbnei th dunatithta stouc ereunhtéc na sumb’loun
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4.4 Cell Dataset

Sq ma 4.4: COVID*QU<Ex Database

shmantik™ sthn priodo thc autimathc endoskopik ¢ diagnwstik ¢ kai erapeutik ¢ tmh-
matopoBbhshc ergaleBwn gia thn endoskiphsh tou gastrenterikoO swl na . Wc ek toOtou,
to sOnolo dedoménwn Kvasirsinstrument  igi mino dieukolOnei thn oloklnrwmeénh an’lush

kai thn akrib parakoloOjhsh , allI” kai pro“gei éna perib’llon pou eunoeb thn éreuna

aigm c¢ se autin ton kabrio iatriki kI"do

4.4 Cell Dataset

To sOnolo dedoménwnCELL (85) apoteleb mia leptomer,c epimelhménh sullog eikinwn
mikroskopPac jorismoO pou apokalOptei to perDploko topPo twn kuttarik,n ontot twn
ApoteloOmenh api mia ploOsia sullog 1328 eikinwn, k™ e mba api tic opoPec sundu-
“zetai me prosoq me thn antbstoigh m'ska , to sOnolo auti twn dedoménwn apotelep thn
pemptousBa tou gohteutikoO sOmpantoc the kuttarik ¢ mikroskopBac . H génesh tou debkth
anafor'c CELL bDskeitic b ec thc sth dhmosbeush me tbtlo "MultisDomain Adversarial
Learning". To sugkekriméno dataset sumpukn,nei tic polOpleurec periplokéc kai ta du-
namik™ garakthristik® pou enup’rqoun stic kuttarikec domeéc . Sto plabsio autoQ tou
sunilou dedomenwn up’rgei h dunatithta na kallierghjeb prwtoporiak éreuna kai na
katalOsei metasghmatistikéc anakalOyeic se mia seir” api episthmonikoOc kl"douc
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