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Abstract

The increasing penetration of photovoltaic systems requires reliable very-short-term
forecasting methods in order to address the variability mainly driven by cloud
cover. This thesis examines solar power forecasting by leveraging geostationary
satellite imagery and deep learning techniques, with emphasis on the spatial and

temporal information embedded in satellite observations.

A literature review is first conducted on short-term solar power forecasting,
covering both classical time-series approaches and modern deep learning
methods, as well as the contribution of satellite information to the description
and motion of clouds. This is followed by an extensive analysis of the
available data. The sources and structure of the satellite images are described
(geostationary Meteosat imagery accessed via EUMETView), together with the
multispectral channels that are used and the procedure for selecting valid time
instances. Image preprocessing and time-series normalization are also presented,
aiming to improve photometric consistency, enhance cloud-related features, and

reduce the impact of seasonality.

At the modeling stage, deep learning architectures for processing satellite
images are investigated, leveraging attention mechanisms to extract spatial
features and relate information across different image regions. Two image-based
neural models are evaluated, which differ in hierarchical processing and in the
way multi-scale information is incorporated. Finally, a third hybrid scheme
is proposed and studied, aiming to combine the strengths of the previous
approaches through stages of progressive representation enhancement and
multimodal fusion of images with numerical features. In this way, the potential
for improved forecasting under transitional conditions and increased variability is
investigated, by exploiting complementary sources of information and multi-scale

representations.
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Kef'laio 1

'‘Orash Upologist,n gia th
Braqugrinia Pribleyh Hliak c
IsqOoc api Doruforikéc Eikinec

1.1 Eisagwg

H suneqc aOxhsh thc egkatesthménhc isqOoc api wtoboltadk™ sust mata
(PV) éqei ephre’sei se shmantiki ajmi th leitourgba kai ton sgediasmi twn
sOggronwn energeiak,n susthm™wn. H paragimenh hliak enérgeia exart’tai
"mesa api tic topikéc metewrologikéc sunj kec kai, se meg-lo ajmi, api th
nefok’luyh, gegonic pou metab’llei éntona thn isqO exidou. H metablhtithta
aut kajist” anagkaba thn an"ptuxh axiipistwn montelwn raqugriniac pribleyhc
(nowcasting), prokeimenou na diasfalisteD h eustjeia kai h omal leitourgba
tou hlektrikoO diktOou.

H raqugrinia pribleyh thc hliak ¢ isqOoc afor” gronikoOc orbzontec pou
ektebnontai api IBga lept” éwc perbpou mba ,ra kai pabzei kajoristiki ilo sth
leitourgik diagebrish twn energeiak,n susthm™twn. Pio sugkekriména, epitrepei
ton kalOtero programmatismi thc irtishc kai thc ekfirtishc susthm™twn
apoj keushc, sumb’llei ston periorismi apitomwn diakum™nsewn sto dbktuo kai
dieukolOnei ton sunoliki energeiaki programmatismi. Se auti to plabsio, ta
doruforik® dedoména apoteloOn idiabtera qr simh phg plhroforbac, kaj.c
prosféroun ektetaménh gwrik KJluyh kai epitrépoun thn parakoloQjhsh thc
exelixhc twn nefik,n sghmatism, n sgedin se pragmatiki grino [1, 2, 3].

Ta teleutaba qgrinia, h axiopobhsh doruforik,n eikinwn mésw tegnik,n irashc
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upologist.n (Computer Vision) kai aji'c m’jhshc (Deep Learning) éqgei
odhg sei se ousiastik eltbwsh thc akrbbeiac twn probléyewn hliak ¢
aktinobolbac. H met'bash api empeirikéc kajar” statistikéc mejidouc se
ajiec neurwnikéc argitektonikéc epitrépei thn autimath exagwg qwrik,n kai
gronik,n garakthristik_n apeujePac api tic eikinec, enisqOontac tiso thn akrbbeia
iso kai th genbkeush twn montélwn [4, 5, 6].

H prisfath ereunhtik drasthriithta epikentr,netai se proseggbseic pou
sundu”zoun th gwrik kai th gronik plhroforba twn doruforik,n dedoménwn,
axiopoi,ntac arqitektonikéc ipwc ta Convolutional Neural Networks (CNNs), ta
Convolutional Long ShorteTerm Memory (ConvLSTM) kai, pio prisfata, touc
Vision Transformers (ViTs). Me “sh auti to upibajro, h paroOsa ergasba
esti"zei sthn efarmog progwrhménwn mejidwn tegnht ¢ nohmosOnhc gia th
raqugrinia pribleyh thc hliak ¢ isqOoc api doruforikéc eikinec. Sto parin

kef'laio parousi“zetai to ewrhtiki kai mejodologiki plabsio twn kuriiterwn
proseggbsewn thc ibliografbac, me émfash stic tegnikéc pou axiopoioOntai sta
epimena kef'laia thc ergasbac.

1.2 Probléyeic Enérgeiac kai Hliak ¢ 1sqgOoc

Oi probléyeic enérgeiac (energy forecasting) apoteloOn asiki ergalebo gia ton
sgediasmi kai th leitourgba sOggronwn energeiak,n susthmtwn. H auxanimenh
dieDBsdush twn Anane simwn Phg.n Enérgeiac odhgeb se megalOterh stogastikithta
sthn paragwg , gegonic pou kajist™ thn akrib pribleyh idiabtera shmantik .

H paragwg hliak c enérgeiac parousi“zei éntonh metablhtithta ligw thc
nefok’luyhc, thc atmosfairik ¢ sOstashc kai thc gwnbac prisptwshc thc
aktinobolbac, me apotélesma h abebaiithta na ephre”zei "mesa th stajerithta kai

thn oikonomik leitourgba tou diktOou.

Oi probléyeic hliak ¢ isqOoc gqwrbzontai se kathgorBec me krit rio ton groniki
orbzonta pribleyhc. Oi raqugriniec probléyeic (shortsterm forecasting)
kalOptoun diast mata api IDga lept” éwc merikéc rec kai grhsimopoioOntai gia
ton eélegqo pragmatikoO grinou, th diagePrish susthm™twn apoj keushc kai th
Ojmish thc sugnithtac. Oi probléyeic hmérac-mprost™ (daysahead forecasting)
efarmizontai ston oikonomiki programmatismi kai sthn upobol prosfor,n

stic agorec energeiac. Oi mesoprijesmec kai makroprijesmec probleyeic
axiopoioOntai ston sgediasmi upodom,n, sthn ektbmhsh energeiak ¢ apidoshc kai
sth grhmatooikonomik axiolighsh érgwn.

To idiabtera apaithtiki pedbo, sto opobo a epikentrwjoOme kai sthn paroOsa
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ergasba, ebnai to nowcasting, to opobo afor” orbzontec api 0 ewc 60 lept” kai
esti"zei sthn "mesh exelixh thc hliak ¢ aktinobolPac. Se auti to groniki eOroc,

h dunamik twn nefik,n sghmatism,n apoteleb ton kuriitero par’gonta pou
diamorf nei thn paragwg. H tageba metabol twn nef n kajist™ anagkaba

th gr sh doruforik,n dedoménwn uyhl ¢ sugnithtac kai prohgmenwn mejidwn
irashc upologist,n kai aji"c m“jhshc (computer vision, deep learning) gia thn

akrib apotOpwsh kat’stashc thc atmisfairac.

Oi efarmogéc twn probléyewn hliak ¢ isqOoc ePnai ektetaménec. Gia par“deigma
sth diagePrish tou diktOou (grid stability) sumb-lloun sth mePwsh diakum nsewn kai
sth eltbwsh thc poiithtac isqOoc. Sta sust mata apoj keushc kajodhgoOn ton
programmatismi irtishc kai ekfirtishc, periorbzontac to kistoc exisorriphshc.

Sta microgrids uposthrbzoun thn autinomh leitourgba kai th eltistopobhsh thc
topik ¢ paragwg c. Sta wtoboltadk™ p“rka epitrépoun thn kalOterh Ojmish

twn inverters, th mePwsh tou curtailment kai thn aOxhsh thc energeiak ¢ apidoshc.
Par’linla, stic agoréc hlektrik ¢ enérgeiac mei,noun to Bsko kat™ thn upobol
prosfor,n se daysahead kai intraday markets.

H an’ptuxh axiipistwn montélwn pribleyhc apoteleb anagkaba probdpijesh gia
thn omal enswm’twsh meg’lwn posot twn hliak ¢ enérgeiac sto sOsthma. Sto
plabsio auti, h paroOsa ergasba exet"zei thn axiopobhsh doruforik,n eikinwn kai
progwrhménwn tegnik,n tegnht ¢ nohmosOnhc gia thn paragwg uyhl ¢ akrbbeiac
raqugriniwn probléyewn hliak ¢ isqOoc, dbnontac émfash sthn an’lush thc
nefok’luyhc mesw mejidwn irashc upologist_ n.

1.3 Proepexergasba Doruforik, n Dedomeénwn

Oi doruforikéc eikinec apoteloOn th asik ebsodo gia thn pribleyh thc
hliak ¢ aktinobolbac, kaj,c katagr'foun se pragmatiki grino th nefokluyh

kai thn atmosfairik dom . Oi pio sugn™ grhsimopoioOmenoi dorufiroi ePnai oi
gewstatikoD, ipwc oi Meteosat, GOES kai Himawari, pou paregoun polufasmatik”
dedoména se qronik® mata 515 lept,n, kalOptontac meglec gewgrafikéc
periogéc. Oi eikinec autéc perilamb™noun kan“lia sto orati, upérujro kai kontini
upérujro “sma, epitrépontac thn exagwg plhrofori.n gia thn anaklastikithta,

th ermokrasPa koruf ¢ nef,n kai thn periektikithta se udratmoOc [5, 7].

H proepexergasba twn doruforik,.n dedoménwn apoteleb krbsimo st'dio thc
an’lushc, kaj,c diasfalbzei iti oi eikinec pou grhsimopoioOntai ePnai metaxO
touc sunepebc tiso gwrik™ iso kai gronik™, en, par’llhla égoun uposteb thn
aparabthth adiometrik ajmonimhsh. Arqik”, efarmizetai gewanafor” kai
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anaprobol twn eikinwn, ste ila ta karé na antistoiqoOn sthn Bdia qwrik
perioq kai na ePnai sugkrbsima metaxO touc. Sth sunégeia, oi timéc wteinithtac
kanonikopoioOntai kai apojorubopoioOntai, metatrépontac ta argik™ s mata se
usikec mon“dec kai periorbzontac sflmata pou ofebPlontai se aisjhtrec
atmosfairikec epidr'seic. ldiabterh shmasba égei epbshc h gronik eujugr'mmish
twn dedomeénwn, kaj,c k'je eikina prépei na antistoigeb me akrbbeia sto swsti
groniki stigmiitupo, apofeOgontac asuggronbPec metaxO diadogik,n karé. Teloc, se
arketéc peript,seic dhmiourgoOntai par"gwga kanlia sunduasmoP asmatik n
wn.n, ipwc sunjeseic RGB api kan’lia VIS, NIR kai IR, eidikob debktec
nefok’luyhc, oi opoboi enisqOoun th diakritik ikanithta twn montélwn.

Oi doruforikéc eikinec mporoOn na ewrhjoOn wc tésseric diast’seic dedoménwn
(x;y;c;t), ipou x;y ebnai oi gwrikec suntetagménec, ¢ ta asmatik™ kanlia kai t

o grinoc. To htoOmeno ePnai h m’jhsh miac sun“rthshe f(x;y;c;t) ! P(t + t)
pou problépei thn aktinobolPa thn isqO se mellontiki grino t. Oi neiterec
proseggbseic axiopoioOn trisdi’statec doméc eisidou  qwrogronikéc exagwgec
garakthristik.n, ,ste na apotup,netai h dunamik thc metakbnhshc twn
nef n.

1.4 Jewrhtiki Upibajro ‘Orashc Upologist,n

1.4.1 Api thn An’lush Eikinac sth Baji” Mjhsh

H irash upologist,n (Computer Vision) anaféretai sto sOnolo twn tegnik,n pou
epitrépoun thn an’lush kai thn ermhneba optik,n dedomenwn api upologistik™
sust mata. Stic pr,imec proseggbseic, h epexergasba eikinac asizitan kurbwc sth
geirokbnhth exagwg qarakthristik n, ipwc akméc, gwnbec kai uféc, mesw bltrwn
ipwc ta Sobel, Canny kai Gabor. Oi méjodoi autéc ePnai apotelesmatikéc se apl”

eleggimena sen’ria, wstiso h apidos touc mei netai aisjht” itan oi eikinec
emfanBzoun auxhménh poluplokithta, metaballimeno wtismi stogastik™ qwrik”
motbba, ipwc sumbabnei sthn perbptwsh thc nefok luyhc.

H eisagwg twn aji,n neurwnik.n diktOwn (Deep Neural Networks) “llaxe
izik™ ton tripo me ton opobo proseggbzontai ta probl mata irashc upologist,n,
epitrépontac thn autimath ekm’jhsh kat’llhlwn anaparast’sewn apeujebac

api ta dedomena. Shmebo anafor’c apotélese to 2012 h parousbash tou AlexNet
[8], to opoPo anédeixe thn uperoq twn suneliktik. n neurwnik n diktOwn (CNNs)
se probl mata anagn.rishc eikinwn, mei ,nontac shmantik™ to sflma ston
diagwnismi ImageNet. H epitugba aut kajierwse tic sunelbxeic wc asiki
mhqganismi gia thn exagwg qwrik ,n garakthristik.n kai apotelese th “sh gia
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thn an"ptuxh sOgqgronwn argitektonik,.n aji"c mijhshc.

1.4.2 Sunelixh kai Qwrik lerargba

H sunélixh (convolution) apoteleb ton asiki mhganismi leitourgbac twn
suneliktik. n neurwnik,n diktOwn (CNNs) kai grhsimopoiebtai gia thn exagwg
qwrik,n qarakthristik,n api eikinec. Gia éna kan’li eisidou x(i; j) kai €éna bltro
w(k; 1), h éxodoc y(i;j) upologbzetai wc:
X X
y(@i: i) = w(k; ) x(i kj 1) (1.1)

k=K I=L
H prxh aut efarmizetai epanalhptik® me diaforetik”™ Bltra, epitrépontac
se kje suneliktiki epPpedo na entopbzei diaforetikoO tOpou gqarakthristik”,
ipwc akmeéc, gwnbPec uféc. Kaj,c to Jjoc tou diktOou aux’netai, ta an tera
epBbpeda sundu”zoun tic plhroforDec twn prongoOmenwn epipédwn kai odhgoOn sthn
anagn. rish pio sOnjetwn qwrik.n dom_n, ipwc sghmatismob nef.n katanoméc
wteinithtac pou sgetbzontai me sugkekriména motbba hliak ¢ aktinobolbac.

Sto plabsio thc an’lushc doruforik,.n eikinwn, ta CNNs prosféroun th
dunatithta apotelesmatik ¢ anbgneushc kai kathgoriopobhshc nefik,n
sghmatism n, kaj,c kai thn exagwg qarakthristik.n pou mporoOn na
susgetistoOn "mesa me thn hliak aktinobolba. Se sOgkrish me tic klasikéc
teqnikéc epexergasbac eikinac, ta suneliktik® dbktua parousi“zoun uyhliterh
akrbbeia kai kalOterh ikanithta genbkeushc, kaj.c prosarmizontai autimata sta
gwrik™ motbba pou periéqontai sta dedomeéna [9, 3].

1.4.3 Exelixh se BajOterec Argitektonikec

Met” to AlexNet, anaptOgjhkan argitektonikéc ipwc ta VGG, ResNet kai
E cientNet, oi opobec eltistopobhsan th o plhroforbac mésw skip connections
kai prosektik ¢ klim’kwshc twn paramétrwn.  Sthn an’lush doruforik,n
eikinwn, tétoiec argitektonikéc qrhsimopoioOntai gia thn exagwg ploOsiwn
garakthristik. n api pollaplec asmatikec  nec. Oi parallagéc UeNet
epitrépoun epipleon thn paragwg gwrik,n gart,n aktinobolbac nefok luyhc
mésw dom.,n encoder decoder, prosférontac plrh qwrik anapar’stash [1,

6].

Sta epimena tm mata analOontai analutik® oi kOriec mejodologbec pou égoun
efarmosteb sth ibliografba gia th raqugrinia pribleyh thc hliak ¢ isqOoc,
xekin,ntac api tic suneliktikéc proseggbseic kai jnontac sta pio prisfata
montéla prosoq c¢ (Transformers).
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1.5 Mejodologikec Proseggbseic gia thn Pribleyh
thc Hliak ¢ IsqOoc

H raqugrinia pribleyh thc hliak ¢ aktinobolbac api doruforik® dedomena
egei apotelései antikebmeno ektetaménhc éreunac ta teleutaba qgrinia, odhg ntac
sthn an"ptuxh diaforetik,n mejodologik,n proseggbsewn. Se genikéc grammec, oi
proseggbseic autéc mporoOn na diakrijoOn se dOo asikéc kathgorbec: ekebnec
pou asbzontai se tegnikéc statistik c m'jhshc (machine learning) kai ekebnec
pou axiopoioOn mejidouc aji'c mijhshc (deep learning). Oi pr,tec sthrbzontai
kurbwc se prokajorismena garakthristik™ kai se klasikéc tegnikec palindrimhshc

dentrwn apifashc, en, oi deOterec epitrépoun thn “mesh ekm’jhsh qwrik,n kai
gronik, n susgetbsewn apeujebac api ta dedomena.

Sta arqik” st"dia thc éreunac, h pleionithta twn efarmog,n asizitan se montéla
ipwc ta Support Vector Regression (SVR), ta Random Forests (RF) kai to Gradient
Boosting. Ta montéla aut™ axiopoioOsan statistik™ garakthristik™ pou ex"gontan

api tic doruforikéc eikinec debktec pou periegrafan th nefok’luyh kai, se
arketec peript,seic, parebgan ikanopoihtikec probléyeic. Wstiso, h ikanitht
touc na apotup, noun th gwrogronik dom kai th dunamik exélixh twn nefik n
sghmatism,n tan periorismenh, gegonic pou periirize thn apidos touc se
apaithtik™ sen’ria raqugriniac pribleyhc.

H eisagwg thc aji"c mijhshc “llaxe ousiastik™ ton tripo proseggishc tou

probl matoc, kaj,c katésth dunat h ekm’jhsh ierargik,n anaparast”sewn api

ta Bdia ta dedoména. Sta aji” neurwnik™ dbktua, ta kat,tera epbpeda entopbzoun
asik” gqwrik”™ motbba, ipwc akmec, metaboléc wteinithtac kai uféc, en, ta
an.tera epbpeda sundu”zoun autec tic plhroforbec kai majabnoun pio afhrhmenec
ennoiec pou sgetbzontai me th metakbnhsh twn nef n kai tic metaboléc thc hliak ¢
aktinobolPac. Gia ton ligo auti, ta montéla aji"c m“jhshc kajier,jhkan wc to

asiki ergalePo sth raqugrinia pribleyh thc hliak ¢ isqOoc [1, 4].

Sto plabsio auti, oi sOggronec mejodologikéc proseggbseic kinoOntai gOrw api
treic kOriouc “xonec. Arqik”, grhsimopoioOntai suneliktik® neurwnik™ dbktua
(CNNs) gia thn exagwg qwrik,n garakthristik,n api memonwména diadoqik™
karé doruforik,n eikinwn. Sth sunéqgeia, h gronik exélixh thc nefok’luyhc
montelopoiebtai me epanalhptikec domec, ipwc ta LSTM, GRU kai ConvLSTM,
oi opobec epitrépoun thn apotOpwsh gwrogronik.n exart sewn. Par’llhla,

ta teleutaba grinia egoun eisagjeD mhganismob prosoq c kai metasghmatistéc
irashc (Transformers), oi opoboi dbnoun th dunatithta sto montélo na anagnwrbzei
susgetbseic megalOterhc kiPmakac kai na prosférei auxhménh ermhneusimithta
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mesw gart,n prosoq c (attention maps).

Téloc, pollec prisfatec melétec den periorbzontai se mba mino proseggish,
all” sundu“zoun ta parap'nw ergaleba se ubridik”™ sq mata. Par’llhla,
emfanbzontai kai enallaktikéc kateujOnseic, ipwc ta PhysicseInformed Neural
Networks (PINNs), sta opoba enswmat nontai usikob periorismob sth sun’rthsh
Kistouc, ,ste oi paragimenec probléyeic na paraménoun sumbatéc me th usik
sumperifor” tou ainoménou.

1.5.1 Dbktua Sunelixhc (CNNs)

Ta suneliktik® neurwnik® dbktua (Convolutional Neural Networks, CNNSs)
apoteloOn asiki ergalebo thc sOgqgronhc irashc upologist, n kai grhsimopoioOntai
ektetameéna sthn an’lush doruforik. n dedoménwn. K'je suneliktiki epPBpedo
efarmizei éna sOnolo DBltrwn (kernels) p’nw sthn eikina eisidou, me stiqo ton
entopismi topik,n gwrik,n motbbwn, ipwc akméc, grammeéc kai uféc. H gr sh mh
grammik,n sunart sewn energopobhshc, ipwc h RelLU, epitrépei sto dbktuo na
montelopoieD sOnjetec sgéseic metaxO twn garakthristik_n.

H asik leitourgba enic suneliktikoO epipédou perigr-fetai api th sqésh:

X X
y(i:J) = w(k; Dx(@ kij 1) (1.2)
k=K I=L
ipou x(i; j) antistoigeD sthn tim eisidou, w(k; 1) sta “rh tou Bltrou kai y(i; j) sthn
tim exidou sth qwrik ésh (i;j). Mesw diadogik,n sunelbxewn, to dbktuo par“gei
pollaploOc q'rtec garakthristik,n (feature maps), kajénac api touc opoPouc
apotup, nei diaforetikéc ptugéc thc plhroforBac pou periéqetai sthn eikina.

Gia ton periorismi thc diastatikithtac kai thn apofug uperprosarmog c
efarmizontai tegnikéc ipwc h upodeigmatolhyba megisthc tim ¢ (maxepooling),
to dropout kai h batch normalization. Par’llhla, h kanonikopobhsh twn
ar,n (weight regularization) sumbllei sth stajerithta kai sthn apodotikiterh
ekpabdeush twn diktOwn.

Sto plabsio thc pribleyhc the hliak ¢ aktinobolPac, ta CNNs axiopoioOntai gia thn
anbgneush kai kathgoriopoPhsh nefik.n sghmatism_n, thn ektbmhsh tou ajmoO
K'luyhc tou ouranoO, kaj,c kai gia thn anakataskeu gart,n wteinithtac api
asmatik™ kan’lia uperOjrou kai oratoO. Epipléon, grhsimopoioOntai "mesa

gia thn pribleyh thc olik ¢ hliak ¢ aktinobolbac (GHI) thc paragimenhc
wtoboltadk c isqOoc se sugkekriménec gewgrafikéc periogéc [3, 5, 10].
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Oi argitektonikéc pou éqoun protajeD sth ibliografba kalOptoun éna eurO “sma
poluplokithtac, api apl”~ dbktua periorisménou “jouc éwc pio progwrhménec
doméc. Qarakthristik® paradeDgmata apoteloOn ta ResNet, ta opoPa eis"goun
sundéseic par’kamyhc gia th dieukilunsh thc o ¢ plhroforbac, ta DenseNet,
ipou Kje epPpedo sundéetai me ila ta prohgoOmena, kajc kai ta UsNet,
ta opoba asbzontai se doméc encoder decoder kai epitrépoun akrib qwrik
anakataskeu gart,n nefok’luyhc aktinobolbac. Par’llhla, argitektonikéc

ipwc to E cientNet epitugg'noun kalOterh isorropPa metaxO akrDbeiac kai
upologistikoO kistouc mésw susthmatik ¢ klim“kwshc tou “jouc, tou pl“touc

kai thc an”lushc thc eikinac.

Polléc prisfatec melétec egoun axiopoi sei tétoiec argitektonikec sthn pribleyh

thc hliak ¢ isqOoc. Endeiktik’, h ergasba Hybrid Solar Forecasting Method
Using Satellite Visible Images and Modied Convolutional Neural Networks
grhsimopobhse parallag tou ResNete50 me prosarmosmeéna bBltra gia auxhmeénh
euaisjhsba sta orat”™ asmatik™ kan’lia, en, h meléth Advances in Solar
Forecasting: Computer Vision with Deep Learning efrmose arqitektonik
tOpou UeNet gia thn anakataskeu gart,n aktinobolbac api polufasmatikéc
doruforikéc eikinec.

Idiabterh shmasba éqei epbshc h metafor” m’jhshc (transfer learning), kaj,c
proekpaideuména montéla se meg’la sOnola dedoménwn, ipwc ta ImageNet kai
WeatherBench, mporoOn na prosarmostoOn sta doruforik® dedoména mésw
diadikasi.n nestuning. H praktik aut meinei ton apaitoOmeno qrino
ekpabdeushc kai elti,nei th genbkeush tou montelou se diaforetikéc epogéc kai
gewgrafikec periogec.

Sundu“zontac tic parap nw argitektonikéc me mhganismoQOc prosoq ¢ (attention
modules) kai tegnikéc poluklimakik c epexergasbac (multisscale features),
ta CNNs paraménoun asiki domiki stoigePo gia ta sOggrona ubridik™ Kai
gwrogronik™ montéla pribleyhc the hliak ¢ isqgOoc.

1.5.2 Qwrogronik™ Dbktua kai ConvLSTM

Ta ainimena pou ephre”zoun thn hliak aktinobolPa garakthrbzontai api éntonh
gronik metablhtithta kai exelbssontai dunamik™ sto g.,ro kai sto grino. Gia

thn apotelesmatik montelopobhsh aut ¢ thc sumperifor’c anaptOgjhkan ta
Convolutional Long ShortsTerm Memory (ConvLSTM) dbktua, ta opoba sundu”zoun
th qwrik ikanithta twn suneliktik,n neurwnik,n diktOwn (CNNs) me th gronik

mn mh twn LSTM. Me ton tripo auti, ta ConvLSTM ebnai se ésh na apotup,noun
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tautigrona th dom twn nefik.n sghmatism_n kai th gronik exélix touc.

Se K'je groniki mat, to ConvLSTM degetai wc ebsodo éna karé X ¢ kai enhmer nei
tic eswterikéc tou katast"seic mésw mhganism_n pOlhc eisidou, exidou kai | jhc,

,ste na diathreb plhroforba sgetik me th gwrogronik exelixh tou ainomenou.

H leitourgba aut perigr-fetai api tic akiloujec exis, seic:

= (W, X{+Wy Hyg +Dby);

fi= (Wyx Xi+Wy Hyo +bg);

Ci=f, Cyy +iy tanh(W,. X+ W Hyp +Dby); (1.3)
00= (W, X{+Wp, Hyi +by);

H, = o, tanh(C.);

ipou oi prxeic sunélixhc antikajistoOn touc pl rwe sundedeménouc metasghmatismoOc
twn klasik,n LSTM, diathr ntac étsi th qwrik dom twn dedoménwn.

Ta ConvLSTM éqoun efarmosteD me epitugba sth qwrogronik pribleyh
metewrologik,n ainoménwn [11]. Endeiktik’, melétec égoun debxei iti mporoOn na
probléyoun thn hliak aktinobolba gia orbzontec 10 60 lept,n, apotup,nontac th
metakbnhsh kai th metabol twn nefik.n sghmatism_n [4].

Wc enallaktik proséggish, ta 3D CNNs antimetwpbzoun ton grino wc trbth
gwrik di"stash kai efarmizoun trisdi"statec sunelbxeic se igkouc dedoménwn
(x;y;t). Pariti h upologistik touc apabthsh ebnai auxhmeénh, ta montela aut®
parousi“zoun idiabDtera kal” apotelésmata itan oi gronikéc akoloujpec ebnai
puknéc kai kalOptoun megalOtera gronik™ diast mata. Se orisménec peript,seic,
ta 3D CNNs sundu“zontai me teqgnikéc o c optik ¢ plhroforbac (optical ow),
.ste na enswmat,noun "mesa ektim seic gia thn taqOthta kai thn kateQjunsh
metakbnhshc twn nef n [12].

1.5.3 Vision Transformers kai Autoprosoq

MbPa neiterh kateOjunsh sthn an’lush eikinwn proékuye me thn eisagwg twn
mhganism,n prosoq ¢ (attention) kai twn Vision Transformers (ViT) [13]. Se
antbjesh me tic suneliktikec proseggbseic, ta montéla aut™ den periorbzontai se
topikec geitoniéc thc eikinac, all” éqoun th dunatithta na lamb“noun upiyh touc
susgetbseic se oliklhrh thn eikina. Me ton tripo auti, to montélo mporeb na
esti"zei dunamik” stic periogéc pou ebnai pio shmantikéc gia thn pribleyh.

Sthn perbptwsh twn ViT, h eikina qwrbzetai se mikr” tm mata (patches), ta opoba
metatrépontai se dianOsmata eisidou. K’je patch allhlepidr™ me ila ta upiloipa
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mésw tou mhganismoO autoprosoq ¢, o opoboc perigr-fetai api th sqésh:
I

: KT
Attention(Q; K; V) = softmax%d: V; (1.4)
k

ipou Q, K kai V antistoiqoOn stouc pPnakec erwthm™twn, kleidi_n kai tim_n. Mésw
aut ¢ thc diadikasbPac, to montélo majabnei na apodbdei megalOterh shmasba se
periogéc thc eikinac pou ephre“zoun perissitero to teliki apotélesma, ipwc
nefikéc m"zec me éntonh metakbnhsh auxhménh puknithta.

Se sOgkrish me ta CNNs, oi Vision Transformers parousi"zoun pleonékthma
sthn katanihsh pagkismiwn qwrik.n susqgetbsewn kai prosféroun auxhmeénh
ermhneusimithta mésw twn gart,n prosoq c. Parallagéc ipwc ta DeiT [14] kai

ta Swin Transformer [15] eltbwsan peraitéerw thn apodotikithta twn montélwn,
kajist,ntac ta efarmisima kai se peript,seic ipou ta diajesima doruforik”
dedomeéna ebnai periorisména. Endeiktik”, h meléth SatellitesDerived Photovoltaic
Power Forecasting Based on Various Attention Inputs [16] édeixe iti h gr sh
mhganism,n prosoq ¢ odhgeb se eltbwsh thc akrbbeiac twn probléyewn, en,
parillhla dieukolOnei thn ermhneba twn apotelesmtwn, kaj.c oi periogéc
prosog ¢ sundeontai "'mesa me nefikéc  nec pou ephre’zoun thn hliak
aktinobolba.

1.5.4 Sunduastik”™ Montéla kai Enopobhsh Dedomenwn

Pariti ta kajar" monteéla CNN  Vision Transformer mporoOn na epitOgoun
ikanopoihtik™ apotelésmata, h sOggronh t'sh sth ibliografba stréfetai oloéna

kai perissitero proc ubridikéc proseggbseic pou sundu“zoun diaforetikéc
argitektonikéc kai phgéc plhroforbac. H kateOjunsh aut antapokrbnetai

sth Osh tou probl matoc, kaj,c h hliak aktinobolba ephrezetai api

pl joc paragintwn, ipwc h nefok’luyh, h ermokrasba, h ugrasba, h gwnba

prisptwshc thc hliak ¢ aktinobolPac kai h taqOthta tou anémou, oi opoPoi
dOskola perigr-fontai epark,c mésw enic kai mino tOpou dedoménwn.

Mba api tic pio diadedoménec ubridikéc proseggbseic asbzetai ston sunduasmi
suneliktik,n kai epanalhptik,n diktOwn. Se aut” ta sqmata, ta CNN
grhsimopoioOntai gia thn exagwg qwrik .n garakthristik.n api diadoqik™ karé
doruforik,n eikinwn, en, sth sunegeia ta qarakthristik® aut™ eis"gontai se

dbktua LSTM GRU gia th montelopobhsh thc gronik ¢ exélixhc thc nefokluyhc.

Me ton tripo auti, ta gwrogronik™ motbba twn nefik,n sghmatism n apotup,nontai

pio ealistik”, odhg,ntac se eltiwménec probléyeic thc metaballimenhc hliak ¢
aktinobolbac [10, 4].
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Mba deOterh kathgorba ubridik.n sghm™twn sundu’zei suneliktik® dBktua me
mhganismoOc prosoq ¢ kai metasghmatistéc. Se autéc tic argitektonikéc, ta
topik™ Bltra twn CNN sunerg“zontai me ta epbpeda prosoq ¢ twn Transformers,
epitrépontac thn tautigronh an’lush tiso topik,n metabol,n wteinithtac

iso kai eurebac klPmakac qwrik,n susgetbsewn. H sOndesh twn dOo mer,n
pragmatopoiebtai sun jwc mésw epipedwn enswm’twshc (token embedding), ipou

oi g'rtec garakthristik.n twn CNN metatrépontai se akoloujbec tokens pou
epexerg zontai api ton Transformer [1, 16].

Idiabterh shmasba apokt™ kai h polutropik enopobhsh dedoménwn, ipou
sundu“zontai doruforikéc eikinec me arijmhtikéc progn,seic kai epbgeiec
metr seic. H enopobhsh aut mporeb na pragmatopoihjeb se diaforetik™ st"dia
thc epexergasPac. Se epPpedo garakthristik.n, ta dianOsmata exidou api
ta epimérouc upodbktua sunen nontai mésw prxewn sunénwshc grammikoO
metasghmatismoO. Enallaktik®, h sugg.,neush mporeD na gPbnei se epbpedo
apifashc, ipou ta apotelésmata poll,n anex’rthtwn montélwn sundu”zontai me
tegnikéc sunilwn, ipwc to bagging, to boosting to stacking, dhmiourg,ntac énan
eniabo prognwstiki debkth [9, 17]. Epipléon, se arketéc peript,seic axiopoiebtai
poluklimakik enopobhsh, kat” thn opoba sundu’zontai garakthristik™ api
diaforetik® “jh tou Bdiou montélou, ,ste na axiopoiebtai tiso h leptomer c

topik plhroforba iso kai h sunolik gwrik dom thc nefok luyhc.

Polléc prisfatec ergasbec, kurbwc thc periidou 2022 2024, esti"zoun se tetoia
ubridik® sq mata. Endeiktik”, to érgo Hybrid Solar Forecasting Method Using
Satellite Visible Images and Modi ed Convolutional Neural Networks protebnei th
gr sh tropopoihménwn Bltrwn sunélixhnc me auxhménh euaisjhsba stic metaboléc
wteinithtac twn orat,n kanali,n, en, oi probléyeic sundu“zontai me arijmhtik”
montéla kairoO mésw sugq.neushc se epPpedo apifashc. Parimoia, h meléth
Combining Numerical Weather Predictions and Satellite Data for PV Energy
Nowcasting enswmat,nei metablhtéc api progn,seic NWP, ipwc ermokrasba,
pPesh, ugrasba kai tagOthta anémou, se argitektonik tOpou CNN LSTM,
odhg,ntac se mePwsh tou RMSE kat™ 15 20% se sOgkrish me kajar™ doruforikéc
proseggbseic.

Me autin ton tripo, h pribleyh lamb’nei upiyh to p,c sgetBzontai metaxO touc
geitonikéc periogéc tou qrth kai p,c metakinoOntai ta nefik® sust mata ston
grino. Me autin ton tripo, h pribleyh lamb™nei upiyh to gegonic iti oi periogéc
ebnai kont™ metaxO touc kai th dunamik metatipish twn nef.n, prosférontac
plhrésterh gwrogronik anapar“stash [12].

H apotelesmatikithta twn ubridik,n montélwn éqei enisqujeb peraiterw meésw
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mhganism_n pollapl ¢ prosoqc kai diastauroOmenhc prosogc, oi opoPoi
epitrépoun sto montélo na sundu“zei dunamik® eterogenebc phgéc dedoménwn.
Par’llhnla, h metafor™ m’jhshc api megla sOnola dedoménwn, ipwc

ta ImageNet kai WeatherBench, kai h epakiloujh prosarmog se topik
doruforik® dedoména mésw neetuning, mei,noun tic apait seic ekpabdeushc kai
elti,noun th genbkeush se diaforetikéc gewgrafikéc periogéc kai epogec.

Sunolik™, ta ubridik™ montéla kai h polutropik enopobhsh dedoménwn apoteloOn
s mera mbPa api tic pio energéc kai uposgimenec kateujOnseic sth raqugrinia
pribleyh thc hliak ¢ isqgOoc, kaj.c sundu™zoun th qwrik plhrithta twn
doruforik,n eikinwn me thn prognwstik plhroforba usik,n kai statistik,n
montélwn.

1.6 Ermhneusimithta kai Optikopobhsh Prosoq ¢

H ermhneusimithta (explainability) apoteleb krbsimo par"gonta sthn efarmog
ajin neurwnik,n diktOwn se energeiak® sust mata, kaj,c epitrépei thn
katanihsh twn aiti,n pbsw api tic probleyeic kai thn apofug apof'sewn pou
steroOntai usik c logik c. Oi q'rtec prosoq ¢ (attention maps) pou par“gontai

api ta Vision Transformers prosféroun mia usik apeikinish twn periog,n

thc eikinac stic opobec to dbktuo {esti"zei} perissitero kat™ th diadikasba thc
pribleyhc.

H an’lush aut,n twn gart,n debqgnei iti ta montéla prigmati epikentr nontai se
periogéc auxhmenhc nefok™luyhc metaballimenhc wteinithtac, epibebai hontac
th susgétish me th usik ermhneba tou ainoménou [16]. Par’llhla, tegnikéc
ipwc to Grad*CAM, to Integrated Gradients kai to LIME grhsimopoioOntai gia
thn optikopobhsh energopoi sewn sta CNN kai ConvLSTM, prosferontac mia
enallaktik proseggish sthn an”lush twn apof’sewn tou montélou.

H dunatithta ermhnebac ebnai aparabthth gia thn apodoq twn montélwn api touc
diageiristec susthm™twn, kaj,c sumb’llei sth diaf'neia kai sth diasf’lish iti

oi probléyeic asbzontai se usik™ aitiologhménec metablhtéc kai igi se tugabec
susgetbseic. Tautigrona, oi g'rtec prosoq c mporoOn na grhsimopoihjoOn gia
ton entopismi sfalm™twn sta dedoména  periog,n pou apaitoOn peraitérw
an’lush.
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1.7 Probl mata Ekpabdeushc kai Genbkeushc

Par” th shmantik priodo pou eqgei epiteugjeb ta teleutaba grinia, ta montéla
aji"c mjhshc pou axiopoioOntai gia thn an’lush doruforik.n eikinwn Kkai

thn pribleyh thc hliak ¢ isqOoc exakoloujoOn na antimetwpBzoun ousi,deic
prokl seic, tiso kat™ th “sh thc ekpabdeushc iso kai wc proc th genbkeush se
mh oikeba dedomeéna. 'Ena api ta asikitera probl mata afor” thn periorisménh
diajesimithta axiipistwn etiket,n (labels), kaj,c oi doruforikéc eikinec ebnai men
ploOsiec se qwrik kai asmatik plhroforDa, oi antDstoigec imwc metr seic
hliak ¢ aktinobolbac  paragimenhc isqOoc ePnai sugn™ sp’niec, gewgrafik®
periorisménec anomoiogenebc wc proc thn poiitht” touc.

Parillnla, ta diajesima dedoména parousi"zoun éntonh anisorropba (class
imbalance), dedomeénou iti oi sunjkec kajaroO ouranoQ uperekproswpoOntai,
en, oi nefoskepebc katast'seic, oi opobec ebnai kai oi pléon krbsimec gia th
raqugrinia pribleyh, emfanbzontai me mikriterh sugnithta. H anisorropba

aut mporeb na odhg sei ta montéla sthn ekm’jhsh aplousteuménwn susqgetbsewn,
periorbzontac thn ikanitht™ touc na apodbdoun ikanopoihtik™ se peript,seic
entonhc metablhtithtac thc nefok luyhc.

'Ena akimh shmantiki thma ebnai h uperprosarmog (over tting), kat™ thn
opoPa ta montela tePnoun na majabnoun eidik™ motbba pou garakthrDzoun to sOnolo
ekpabdeushc, gwrbc na diathroOn thn apaitoOmenh genikithta itan efarmizontai

se diaforetikec gewgrafikéc periogéc qronikec periidouc. To ainimeno auti
entePnetai api th metatipish toméa (domain shift), h opobPa prokOptei ligw
metabol.n sto upibajro twn dedoménwn, ipwc allagéc epoq c, diaforopobhsh

thc gwnbac prisptwshc thc hliak ¢ aktinobolbac idiaiterithtec thc topik ¢
morfologbac. Oi metaboléc autéc mporoOn na odhg soun se apitomh pt.sh thc
apidoshc itan to montélo efarmizetai se dedomena pou apoklbnoun api ekebna
thc ekpabdeushc [18].

Epipléon, h stogastik Osh twn atmosfairik,n ainoménwn kajist™ anagkaPa th
susthmatik antimet,pish thc abebaiithtac kai thn ermhneba tou sfllmatoc twn
probléeyewn. H adunamba posotikopobhshc thc abebaiithtac mporeb na periorDsei
th grhsimithta twn montélwn se pragmatikéc efarmogec, ipou h axiopistba thc
pribleyhc ebnai exbsou shmantik me thn akrbbei” thc.

Gia thn antimet,pish twn parap™nw prokl sewn, efarmizontai sunduastik
tegnikec enbsqushc dedomenwn (data augmentation) me stigo thn tegnht
aOxhsh thc poikilPac twn deigm™twn, kaj,c kai kanonikopoihtikéc meéjodoi
ipwc h grsh dropout, batch normalization kai kanonikopobhshc ar,n
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(weight decay). Epipléon, strathgikec ipwc h ekpabdeush me pr.imh
diakop (early stopping) sumb’lloun ston periorismi thc uperprosarmog c.
IdiaBtera apotelesmatik apodeiknOetai kai h proekpaPdeush se meg’la genik®
sOnola eikinwn, akoloujoOmenh api nestuning se exeidikeuména doruforik™
dedoména, proséggish pou epitrépei sta montéla na axiopoioOn genikéc optikéc
anaparast’seic akimh kai itan ta diajésima dedoména ekpabdeushc ebnai
periorismeéna.

1.8 Enopobhsh Phg,n Dedoménwn kai SOggronec

Ereunhtikéc KateujOnseic

H enopobhsh diaforetik,n phg,n dedomenwn apoteleb mba api tic pléon energec
kateujOnseic gia th eltbwsh thc akrBbeiac sth raqugrinia pribleyh thc
hliak ¢ isqgOoc. O sunduasmic doruforik,n eikinwn me arijmhtikéc progn,seic

kai epbgeiec metr seic epitrépei th mePwsh twn sfalm™wn tiso se qwriki iso
kai se groniki epPpedo, kaj.c axiopoioOntai sumplhrwmatikéc plhroforbec api
diaforetikéc kIbmakec kai phgec.

Mba kathgorba proseggbsewn asbzetai sth sugq,neush qarakthristik,n, ipou ta

gwrik™ garakthristik™ pou ex"gontai api tic doruforikec eikinec sunen, nontai

me metewrologikéc metablhtéc, ipwc h ermokrasbPa, h pPesh kai h taqOthta tou

anémou. Me ton tripo auti, to montélo lamb™nei tautigrona plhroforba gia th

gwrik katanom thc nefok’luyhc kai gia th genikiterh atmosfairik kat"stash.

Mia enallaktik proséggish afor” th sugg,neush se epbpedo apifashc, ipou

ta apotelesmata poll,n anex’rthtwn montélwn, ipwc doruforik,.n, epbgeiwn
montélwn NWP, sundu“zontai mésw tegnik.n sunilwn (ensemble learning),

odhg,ntac se pio stajeréc kai axiipistec probleyeic [17, 7].

Péra api tic klasikéc tegnikéc sugqg,neushc, oi pio prisfatec ereunhtikéc exelbxeic
strefontai proc proseggbseic autoepiblepimenhc m’jhshc (selfesupervised
learning) kai usik” kajodhgoOmenhc m’jhshc (physicssinformed learning). Sthn
pr.th perbptwsh, axiopoioOntai mh epishmasména dedoména gia thn proekpabdeush
twn montelwn, mei nontac thn ex'rthsh api meg’lec posithtec etiket,n. Sth
deOterh perbptwsh, enswmat nontai usikob periorismoD stic sunart seic kistouc,
_ste oi paragimenec probléyeic na paraménoun sunepebc me asikoOc nimouc thc
aktinobolPac kai thc di"doshc tou wtic sthn atmisfaira.

Par’llhla, ta grafik™ neurwnik™ dbktua (Graph Neural Networks) éqoun protajeb
wc enallaktiki ergaleDo gia thn anapar“stash twn sgésewn metaxO diaforetik,n
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gwrik n periog,n stajm n metrhshc. Se autéc tic proseggbse

1.9 Peiramatikic Sgediasmic kai Axiolighsh

H axiipisth axiolighsh enic sust matoc pribleyhc den exarttai mino api to

Bdio to montélo, all” kai api ton tripo me ton opobo sgedizetai to peiramatiki
plabsio kai epilégontai oi deBktec epPdoshc. Sto plabsio thc paroOsac ergasbac,
idiabterh émfash dPnetai sth swst diadikasPa epikOrwshc (validation), h opoba
prépei na pragmatopoiebtai se gronik™ diast mata pou den epikalOptontai me ta
dedoména ekpabdeushc. Me ton tripo auti apofeQgetai h diarro plhroforbac
(data leakage), h opoba mporeb na odhg sei se uperektbmhsh thc apidoshc. Gia ton
ligo auti, grhsimopoiebtai sugn™ h méjodoc kuliimenhc proeleushc (rollingeorigin
evaluation), ipou h ekpabdeush kai h dokim ekteloOntai diadoqik” se sunegimena
gronik™ diast mata. H proséggish aut proseggbzei me pio ealistiki tripo th
leitourgba enic sust matoc se pragmatiki grino.

H posotik axiolighsh twn probléyewn asbzetai kurbwc se metrikéc sf’lmatoc.
Stic pio sugn” grhsimopoioOmenec perilamb™nontai to méso tetragwniki sfima
(MSE) kai to méso apiluto sfllma (MAE), ta opoba orbzontai wc:
1 X 1 A
MSE = N Vn y n)z; MAE = N I¥o Y nl: (1.5)
n=1 n=1
Api to MSE prokOptei h Bza mésou tetragwnikoO sfimatoc (RMSE), h opoba
dbnetai api:
RMSE = pM—SE: (1.6)

Oi metrikéc autéc grhsimopoioOntai euréwc sthn prxh, kaj.c parégoun mia saf
eikina thc apiklishc twn probléyewn api tic pragmatikéc timéc kai dieukolOnoun
th sOgkrish diaforetik,n montélwn.

Gia th sOgkrish thc apidoshc metaxO diaforetik,n stajm,n  gewgrafik,n
periog,n, axiopoioOntai epPshc sgetikob debktec, ipwc to sqetiki sflma (MAPE)
kai to kanonikopoihméno RMSE (nRMSE). Se arketéc peript,seic, h sunolik
apidosh enic montélou ekfr'zetai kai mésw tou debkth eltbwshc (Skill Score), o

opoboc orbzetai wc:
RIvlSE‘nodel )

RMSEbaseline ,
ipou wc shmebo anaforc (baseline) grhsimopoiebtai sunjwc h apl emmon

Skill = 1 (1.7)

(persistence) oi arijmhtikéc progn seic kairoO. O debkthc autic epitrépei thn
"mesh ektbmhsh tou ajmoO eltbwshc enic proteinimenou montélou se sqésh me
aploOsterec proseggbseic.
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Sthn perBptwsh qwrik,n exidwn, ipwc oi q’rtec hliak ¢ aktinobolPac, apaitoOntai
kai prisjetec metrikéc axiolighshc. Teétoiec metrikéc ebnai o debkthc domik ¢
omoiithtac (Structural Similarity Index, SSIM) kai o Continuous Ranked
Probability Score (CRPS), oi opoboi lamb™noun upiyh igi mino to mégejoc tou
sfllmatoc all” kai th qwrik katanom thc plhroforbac.

Téloc, h peiramatik diadikasba den periorbzetai apokleistik™ sthn akrbbeia twn
probleyewn. Sthn prixh, idiabterh shmasba éqgei kai h upologistik apodotikithta
twn montelwn, eidik™ itan aut™ proorbzontai gia efarmogéc se pragmatiki grino.
Par"metroi ipwc o qrinoc ekpabdeushc, h poluplokithta tou montélou se
irouc GFLOPs kai h kajustérhsh pribleyhc (latency) apoteloOn kajoristikoOc
par"gontec gia thn praktik axiopobhsh twn susthm™wn [2, 1].

34



Kef'laio 2

Mejodologba kai Ulopobhsh
Sust matoc

2.1 Perib’llon An“ptuxhc kai Biblioj kec LogismikoO

H ulopobhsh tou sust matoc pribleyhc asbzetai sth gl ssa programmatismoO
Python kai se éna sOnolo exeidikeuménwn ibliojnk.n gia aji" m’jhsh,
epexergasba eikinac kai diagebrish dedoménwn. To upibajro tou k dika
organ netai gOrw api to PyTorch, en, h proepexergasBa twn doruforik n eikinwn

kai h an’lush twn gronoseir,n uposthrbzontai api iblioj kec ipwc NumPy,
pandas, OpenCV kai einops. Epipléon, grhsimopoiebtai exeidikeumenoc k, dikac
pou égei anaptugjeb gia tic an"gkec tou sust matoc pribleyhc kai enopoiebtai
mesw modules .

H iblioj kh PyTorch (torch) apoteleb to emélio thc ulopobhshc twn neurwnik n
diktOwn. Parégei doméc dedoménwn tOpou tensor, automatopoihménh parag,gish
kai mhganismoOc epit’qunshc se GPU. H grsh tou PyTorch epitrépei thn
an"ptuxh sOnjetwn argitektonik,n gia thn axiopoBhsh qwrik ¢ kai qwrogronik ¢
plhroforDac api doruforikec eikinec. H epilog thc sugkekriménhc iblioj khc

ofebletai sthn euelixba thc, sth stajeritht” thc kat™ thn ekpabdeush meg’lwn
montélwn kai sth meg’lh di"dos thc sthn ereunhtik koinithta thc aji"c
m’jhshc.

H iblioj kh NumPy (numpy) grhsimopoiebtai wc asiki ergalebo arijmhtik ¢
epexergasPac. Parégei apodotikoOc poludi'statouc pPnakec kai éna ektetaméno
sOnolo majhmatik,n sunart sewn. Meésw thc NumPy ulopoioOntai endi'mesoi
metasghmatismoD twn dedoménwn ipwc kanonikopoPhsh, metatropéc tOpwn kai
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anadiat’xeic, oi opobPoi prohgoOntai sugn”™ thc metatrop ¢ twn dedoménwn se
tensors tou PyTorch. H iblioj kh aut prosferei stajerithta kai uyhl
apidosh se epigeir seic meg-lhc kibmakac.

Gia th diagebrish gronoseir,n kai metadedomenwn grhsimopoiebtai h iblioj kh
pandas. Meésw twn dom n DataFrame kai Series epituggq netai h organwmeénh
apoj keush kai o geirismic plhrofori,n ipwc gronikéc sfragbdec, debktec
gwrik ¢ eéshc kai sunodeutikec metr seic. H pandas epitrépei euéliktec prixeic
ipwc iltrarbsmata, suggwneOseic kai epandeigmatolhybec, dieukolOnontac ton
suggronismi metaxO doruforik n eikinwn kai stiqwn pribleyhc.

H iblioj kh OpenCV (cv2) grhsimopoiebtai gia thn an"gnwsh kai proepexergasba
doruforik,n eikinwn.  Parégei leitourgbec ipwc irtwsh argebwn, allagéc
megejouc, metatropéc grwmatik,n g,rwn kai efarmog Bltrwn exom“lunshc. H
OpenCV apoteleb kajierwméno ergalebo ston g.ro thc yhfiak ¢ epexergasbac
eikinac kai exasfalbzei sumbatithta me pl joc morf,n arqgeBwn.

Gia thn anaditaxh kai metasghmatismi poludi“statwn tensors axiopoiebtai h
iblioj kh einops, mésw twn sunart sewn repeat kai rearrange. Oi sunart seic
autéc epitrépoun th saf perigraf sOnjetwn metasghmatism, n diast’sewn, ipwc

h sugq,neush qwrik,n diast'sewn h anadi‘taxh twn kanali,n twn eikinwn.
H grsh thc einops aux'nei thn anagnwsimithta tou k. dika kai mei,nei thn
pijanithta laj,n kat™ ton geirismi dedoménwn uyhl ¢ diastatikithtac.

Téloc, h iblioj kh os grhsimopoiebtai gia thn allhlepbdrash me to leitourgiki
sOsthma, epitrépontac th diagePrish diadrom, n kai kataligwn ipou rDskontai ta
dedoména twn doruforik,n eikinwn kai twn sunodeutik,n argebwn. Me ton tripo
auti diasfalbzetai h orhtithta kai h anexarthsba thc ulopobhshc api th dom
twn argebwn sto ek’stote perib’llon.

Sto plabsio thc paroOsac ulopobhshc axiopoiebtai kai eidik® aneptugménoc
k,dikac, o opoPoc sumplhr,nei tic genikoO skopoO iblioj kec kai kalOptei tic
idiaDterec apait seic tou sust matoc pribleyhc. To en ligw tm ma tou k, dika
perilamb™nei mia eidik diadikasba dhmiourgbac kai trofodithshc sunilwn
dedoménwn eikinac, h opobPa leitourgeD wc kentrikic mhganismic diasOndeshc
metaxO twn apojhkeuménwn doruforik,n argePwn kai tou neurwnikoO montélou.
H diadikasba aut analamb™nei thn automatopoihménh irtwsh twn eikinwn api

to sOsthma argebwn, thn efarmog ilwn twn anagkabwn stadbwn proepexergasbac
(ipwc qwrikéc metatropéc, kanonikopoiseic kai Dltra enbsqushc poiithtac)
kaj,c kai thn omadopobhs touc se partbdec kat'llhlec gia ekpabdeush
axiolighsh.
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H eidik aut upodom aplopoieb shmantik™ thn proetoimasba twn dedomenwn,
kaj,c sugkentrnei se mba eniaDPa ulopoPhsh ilec tic gamhloO epipédou
leitourgPec pou apaitoOntai gia thn orj axiopoBhsh twn doruforik,n eikinwn.
Par’linla, diasfalbzei sunépeia sth morf kai sth dom twn eisidwn pou

lamb noun ta montéla aji"c m’jhshc, gegonic pou meinei thn pijanithta
sfalm™twn kai dieukolOnei thn peiramatik epan’lhyh. Me autin ton tripo, to
sOsthma proepexergasPac leitourgeD wc aparabthto endi'meso strma an"mesa
sta akatérgasta dedoména kai tic mejidouc qgwrogronik ¢ pribleyhc pou
efarmizontai sth sunéqeia.

Se ulopoihtiki epPpedo, to sOsthma dhmiourgeD éna eidiki antikePmeno upeOjuno
gia th diadikasba irtwshc kai proetoimasbac twn doruforik,n eikinwn. To
antikeDmeno auti analamb™nei ilh th gamhloO epipédou logik pou apaitebtai gia

thn an"gnwsh twn argebwn api ton dbsko, thn efarmog gwrik, n perikop,n kai thn
exagwg tou kat'llhlou apotup matoc thc eikinac gia k'je gronik stigm . Sto

bdio plabsio sugkentr nontai ilec oi aparabthtec plhroforDec pou kajodhgoOn

ton tripo me ton opobo a gbnei h deigmatolhyba kai h proepexergasba,
sumperilambanoménwn twn idiottwn tou ektelestikoO perib’llontoc, twn
ujmbsewn leitourgbac kai twn epijumht,n dunatot twn tou sust matoc.

H sugkekrimenh dom égei sqediasteb étsi ,ste na mporeb na leitourgeb tiso me dh
apojhkeuména topik™ argeba iso kai me wntanéc diadiktuakéc oéc dedomeénwn,
epitrépontac sto sOsthma na prosarmizetai dunamik® sto ek’stote sen’rio
leitourgbac. Me autin ton tripo epituggq'netai eniaba kai stajer diadikasba
geirismoO twn dedoménwn, anex’rthta api thn phg touc, en, dieukolOnetai h
epektasimithta kai h axiopistDa tou sunolikoO mhganismoO pribleyhc.

To antikebmeno auti enswmat netai sth sunegeia se enan DatalLoader thc
iblioj khc PyTorch, o opoboc diageirbDzetai th dhmiourgba partbdwn dedoménwn
stajeroO megejouc (batch size), thn proairetik tugaba an"meixh (shu e) kai thn
tupopobhsh thc morf ¢ twn exidwn mésw miac sun’rthshc sugkillhshc (collate
function). An’loga me to e’n h diadikasba afor~ ekpabdeush axiolighsh,
epilégetai h kat'llhlh collate function, epitrépontac thn efarmog diaforetik,n

kaninwn org”nwshc twn dedoménwn (p.q. eisagwg tugabwn metasghmatism n kat
thn ekpabdeush epistrof aplopoihménwn dom, n kat™ to inference).

Sunolik®, o mhganismic proetoimasbac twn dedoménwn leitourgeD wc endi"meso
str,ma an"mesa sta akatérgasta doruforik™ arqgePa kai to sOsthma pribleyhc.
Analamb”nei na automatopoi sei ila ta asik™ st"dia irtwshc, iltrarBDsmatoc

kai epexergasbac, metatrepontac ta argik™ dedomena se sunektikéc kai omoiogenebc
domeéc katllhlec gia qrsh api neurwnik™ dbktua. Me autin ton tripo
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exasfalbzetai iti k'je montélo lamb™nei dedoména me stajer morf kai
kat'llhih poiithta, gegonic pou epitrépei thn apriskopth enswm™tws touc sth
diadikasba ekpabdeushc axiolighshc kai enisqOei th sunolik axiopistba tou
sust matoc pribleyhc.

2.2 An’kthsh kai org"nwsh doruforik,n dedomenwn

Gia thn trofodithsh tou sust matoc pribleyhc axiopoioOntai doruforikéc
eikinec uyhlc gronik ¢ an’lushc, oi opobec proerqgontai api eurwpadkeéc
uphresbec parat rhshc thc Ghe (Meteosat mésw thc uphresbac EUMETView) kai
parégoun sunegebc enhmer seic gia tic sunjkec pou epikratoOn sthn perioq
endiaféerontoc. H diagebrish twn ujmbsewn thc efarmog c pragmatopoiebtai
mésw miac organwmeénhc diadikasbac argikopobhshc, h opoba sugkentr nei ilec tic
aparabthtec plhroforbec gia th leitourgba tou sust matoc, ipwc ta gewgrafik™

iria, tic prodiagraféc twn doruforik,n prodintwn kai tic topojesbec ipou
apojhkeOontai ta dedoména. Ta stoigePa aut™ sugkentr,nontai se mba eniabBa dom
,ste na ebnai "'mesa prosb’sima se metagenéstera st"dia thc ulopobhshc kai
na exasfalbzetai sunépeia ston tripo me ton opoPo grhsimopoioOntai se ilo to
sOsthma.

H paroOsa ergasba asbzetai epPshc se éna prosektik® organwméno sOsthma
topik ¢ apoj keushc, sto opobo kajorbzetai me saf neia 0 "keloc pou iloxeneb

tic doruforikec eikinec. H topojesba aut leitourgeb wc kentriki apojet rio,

ipou ta dedoména éqoun metafortwjeb ek twn protérwn kai eqoun apojhkeuteb
se morf JPEG. Gia ligouc sunépeiac kai eugrhstbac, to uliki eégei domhjeb
se poluepbpedh ierargba kataligwn me diagwrismi an™ étoc, m na, hmeéra kai
.ra lyhc, epitrepontac thn tageba entipish twn argePwn kai periorbzontac
th dunatithta lanjasmenhc antistobqgishc gronik,n stigm.n. H ierargik aut
di"rjrwsh aplopoieb th diadikasPa irtwshc, enisqOei thn anaparagwgimithta twn
peiram’twn kai mei_nei ton kBnduno sfalm’twn pou a mporoOsan na prokOyoun
api mh susthmatik org™nwsh tou ulikoO.

H epilog gr shc topikoO q.rou apoj keushc antb gia diadiktuak an"kthsh
apoteleb strathgik apifash pou elti,nei thn apidosh tou sust matoc. H
"mesh prisbash se argeba pou rbskontai se topiki dbsko mei nei shmantik
ton grino an"gnwshc kai exalebfei exartseic api thn taqOthta diktOou

th diajesimithta exwterik,.n uphresi,n.  Epipléon, h topik diat rhsh twn
dedomenwn kajist” efikt thn epanagrhsimopobhs touc se pollapléc dokiméc
kai sen’ria prosomobwshc qwrbc prisjeto upologistiki  groniki kistoc. Me
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autin ton tripo exasfalbzetai tiso h anaparagwgimithta twn peiram™twn iso

kai h sunolik euelixba thc diadikasbac an“ptuxhc tou sust matoc pribleyhc.

H gronik perbodoc pou exet'zetai ektePnetai api tic 2 lanouarbou 2023 ewc
tic 14 AugoOstou 2023, me qroniki ma 15 leptn. Gia th dhmiourgba tou
argikoO sunilou gronik.n stigm_n grhsimopoiebtai h sun“rthsh date_range thc
iblioj khc pandas, h opoba par"gei mba seir” Datetimelndex me ilec tic pijanéc
gronikéc sfragbdec. Sth sunéqgeia efarmizetai iltrrisma wc proc thn ,ra thc
hmeérac, ,ste na diathroOntai mino oi gronikéc stigméc gia tic opoPec h gwnba
hliakoO wtismoO ebnai kat'llhih gia an"lush. Sugkekriména, apoklePontai ilec

oi eggraféc me ra mikriterh api 05:00 kai megalOterh Bsh me 22:00, ste

na elagistopoihjoOn epidr’seic api nuqgterinéc sunj kec kai metabatikéc “seic
gamhlo® wtismoO.

Gia k“je gronik stigm pou exet zetai, dhmiourgebtai h antbstoigh diadrom proc

to argebo thc doruforik ¢ eikinac, grhsimopoi,ntac wc “sh ton prokajorisméno

“kelo apoj keushc kai sundu“zont™c ton me mia ierargba upokataligwn h

opoba organ,netai an™ étoc, mna, hméra kai ,ra. H onomasba twn argebwn

akoloujeb sugkekriméno pritupo, sto opobo enswmat, netai h hmeromhnba kai h

ralyhc, ste na diasfalbzetai h monadikithta kai h eOkolh anagn ris touc.

Prin grhsimopoihjeD opoiod pote argePo, pragmatopoiebtai éleggoc Oparxhc

sto sOsthma argePwn, ste na diapistwjeD an h antDstoigh eikina ePnai pr'gmati

diajesimh.

Mino oi gronikéc stigméc gia tic opobec entopbzetai egkuro argebo eikinac

lamb™nontai upiyh kat™ thn oikodimhsh tou telikoQ gronologikoO kataligou

pou a grhsimopoihjeD sto sOsthma pribleyhc. Me autin ton tripo exasfalbzetai

iti h an”lush asbzetai apokleistik™ se gronik™ shmeba me pragmatik™ diajésima

dedoména, apofeOgontac sfimata pou a mporoOsan na prokOyoun api apousba
asunégeia tou ulikoO.

Me ton tripo auti exasfalDzetai iti to sOsthma pribleyhc leitourgeP apokleistik™

se pragmatik® diajésimec parathr seic, apofeOgontac ken~ dedoménwn ligw
ellip,.n Iyewn apotuqgi,n kat™ th lyh twn eikinwn. H diadikasba aut
apoteleb to pr,to st'dio tou upologistikoO pipeline kai étei th “sh gia thn
epexergasba kai an’lush twn doruforik,n prodintwn sta epimena mata.
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2.2.1 Argikopobhsh statik.n paramétrwn kai gronikoO
plegmatoc

Prin api th dhmiourgba tou sunilou dedoménwn kai thn efarmog twn tegnik, n
proepexergasbac, ePnai aparabthto na kajoristoOn oi asikéc par'metroi
leitourgbac tou sust matoc kai na oristeb me akrbbeia to groniki plegma sto opobo
a asisteb h an’lush. H diadikasba aut ulopoiebtai mésw enic mhganismoO
argikopobhshc, o opoboc sugkentr,nei se mba eniaba dom ilec tic ujmbseic pou
apaitoOntai gia thn orj leitourgba tou sust matoc, ipwc ta gewgrafik” iria

thc perioq ¢ endiaferontoc, ta garakthristik™ twn doruforik,n prodintwn pou

prikeitai na grhsimopoihjoOn kai tic genikéc epilogéc ektéleshc.

H sugkéntrwsh twn paramétrwn se énan kentriki g,ro ujmBsewn dieukolOnei
shmantik®™ thn org’nwsh kai th suntrhsh tou k, dika. Epitrépei thn
prosarmog thc sumperifor’c tou sust matoc qwrbc na apaitebtai epembash
sta epimérouc tm mata thc ulopoPhshc, prosférontac megalOterh euelixDa kai
epanagrhsimopobhsh. Parillnla, h diadikasba argikopobhshc diasfalbzei
iti ilec oi sunartseic kai ta uposust mata pou akoloujoOn lamb™noun tic
aparabthtec plhroforbec se prokajorisménh kai sunep morf, gegonic pou
sumb’llei sth stajerithta kai sthn axiopistba tou sunolikoO mhganismoO
pribleyhc.

H diadikasba argikopobhshc analamb™nei na metatréyei tic genikéc ujmbseic
thc efarmogc se mia organwménh dom stajer,n paramétrwn pou a
grhsimopoihjoOn se ila ta st'dia tou sust matoc. H dom aut leitourgeP

wc kentriki shmebo anafor’c, sugkentr,nontac plhroforbec pou paraménoun
amet’blhtec kat™ th dirkeia leitourgbac tou sust matoc, ipwc tic topojesbec
apoj keushc twn dedomeénwn, ta qarakthristik™ twn doruforik,n prodintwn, tic
gwrikec suntetagmenec thc perioq ¢ endiaférontoc kai tic aparabthtec ujmbseic
gia thn epikoinwnba me exwterikéc uphresbec. Me ton tripo auti apofeOgetai h
gr sh di"spartwn stajer,n mésa ston k dika, gegonic pou enisqOei th sunoq,

mei nei ta perij,ria laj,n kai dieukolOnei thn epektasimithta thc sunolik ¢
ulopobhshc.

Sto plabsio thc argikopoBhshc kajorbzetai epBshc, me xek’jaro kai eOkola
prosarmisimo tripo, o “keloc ston opobo rbskontai ta apojhkeuména
doruforik® dedoména. H topojesbPa aut grhsimeQei wc izikic kat'logoc gia

thn eOresh twn eikinwn, oi opoPec ePnai organwmeénec se upofakélouc “sei thc
hmeromhnbac kai thc ,rac | yhc. An kai h sugkekriménh diadrom antistoigeb se
topiki dbsko sto peribllon an“ptuxhc thc paroOsac ergasbac, h Oparx thc sthn
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kentrik dom ujmbsewn epitrépei thn "mesh allag thc se opoiod pote “llo
perib’llon, qwrbc na apaitebtai tropopobhsh tou k,dika pou ulopoieb ta st"dia
irtwshc kai epexergasbac. 'Etsi diasfalbzetai orhtithta, eukolba prosarmog c
kai anexarthsba api th dom twn argePwn se diaforetik™ sust mata.

Sto sOsthma éqei problefieD énac mhganismic mésw tou opoPou dhl netai ht®
h proéleush twn doruforik,n dedoménwn, epitrépontac thn eOkolh enswm’twsh
diaforetik,n parigwn upi mia eniaBPa diepaf. Sto plabsio thc paroOsac
ulopobhshc h phg dedoménwn éqei oristeD ste na antiproswpeOei thn uphresba
pou paréqei prisbash sta prodinta tou eurwpadkoO doruforikoO sust matoc.

H Oparxh miac tétoiac paramétrou epitrépei sto sOsthma na diagwrbzei th
diadikasba |yhc twn dedoménwn api ta epimena st'dia proepexergasbac kai
an’lushc, diathr,ntac ton pur na thc ulopobhshc anex’rthto api ton ek’stote
p°rogo.

H sqediastik aut epilog prosferei shmantik euelixba, kaj,c kajist”

dunat thn prosarmog thc efarmog c se diaforetikéc platfirmec sullog c
doruforik,n prodintwn qwrbc allagéc sth logik epexergasbac. H Bbdia arq
mporeD na epektajeD ,ste na uposthrbzei enallaktikec uphresbec  morféc
dedoménwn, dieukolOnontac th mellontik anab’jmish tou sust matoc kai
thn enswm’twsh néwn phg,n plhroforbac. Me ton tripo auti diasfalbzetai
iti to sOsthma mporeD na exelDssetai, paraménontac tautiqrona stajeri kai
epanagrhsimopoi simo.  AfoO oloklhrwjeb h diadikasbPa argikopoBhshc twn
asik,.n paramétrwn, kajorbzetai to groniki plegma p"nw sto opobo a asisteb

h an’lush. Se auti to st"dio dhmiourgebtai mia diakrit akoloujba gronik,n
stigm,n pou kalOptei sunegimeno di"sthma mhn_ n, me stajer gronik apistash
metaxO diadogik.n shmebwn. H akoloujpa aut apoteleD ton gronologiki "xona
tou sust matoc kai leitourgeb wc anafor™ gia thn anaz thsh, thn eujugrmmish

kai th sOgkrish twn diajésimwn doruforik,n eikinwn.

To sOnolo twn gronik,n stigm.n sghmatbzetai me “sh énan argiki grino, énan
teliki grino kai éna sugkekriméno diakriti ma, ste na kalOptei omoiimorfa
oliklhro to di"sthma endiaférontoc. Jewrhtik™, h dom tou pléegmatoc mporeb na
perigrafeb api th sgésh

tyk =totkt k=0;1;:::;N 1; (2.1)

ipou t  antistoigeD sthn argik qronik stigm, t sto stajeri ma metaxO dOo
diadogik,n shmePwn kai N sto pljoc twn tim,n pou prokOptoun. H epilog
stajeroO diakritoO matoc diasfalbzei iti to groniki plégma ebnai omoiogenéc,
gegonic aparabthto gia thn axiipisth an’lush gronoseir,n, thn parakoloOjhsh
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thc gronik ¢ exelixhc twn metewrologik,n ainoménwn kai th swst antistobqish
twn doruforik,n eikinwn se takt”™ gronik™ diast mata. Me autin ton tripo

to sOsthma apokt” éna sunektiki plabsio anafor’c, to opoPo epitrépei th
susthmatik kai sugkrbsimh epexergasba twn dedoménwn kaj' ilh th di‘rkeia tou
gronikoO diast matoc pou exetzetai.

Sth sunéqeia dhmiourgebtai énac kenic debkthc gronik,n stigm.n, o opoboc a
sumplhrwjeB mino me tic gronikéc timéc gia tic opobec up“rqoun diajésima
dedoména. P"'nw sthn argik akoloujpa gronik,n shmebwn efarmizetai mia
diadikasba iltrarbsmatoc kai elegqou diajesimithtac, h opoba ektelebtai
diadogik” gia k’je gronik stigm. H diadikasPa aut perilamb™nei dOo kOria
st'dia: (a) elegqo wc proc thn ra thc hmérac kai () epal jeush iti up’rgei
antbstoigo argebo doruforik ¢ eikinac sto sOsthma argeBwn.

Arqik”, aporrDptontai ilec oi gronikéc stigmeéc pou antistoiqoOn se sunjkec
nOgtac  polO gamhloO hliakoO wtismoO. Sto plabsio auti diathroOntai
mino oi timéc thc gronik ¢ akoloujpac pou rbskontai entic tou diast matoc
api 05:00 éwc 22:00. H epilog autoO tou gronikoO parajOrou eéqei saf
usik ermhnePa, kaj.c oi rec kat” tic opoPec epikrateD astronomik nOgqta

periorisménh hliak aktinobolPa sunodeOontai sugn™ api meiwménh poiithta
doruforik,.n parathr sewn, auxhméno irubo kai periorisménh dunatithta
exagwg c axiipistwn qwrik, n garakthristik,n.

Mino oi gronikéc stigméc pou ikanopoioOn to parap™nw krit rio kai gia tic opobec
entopbzetai to antbstoiqo argebo eikinac prostbjentai sthn telik gronologik IDsta
pou a grhsimopoihjeD sto sOsthma pribleyhc. Me autin ton tripo exasfalDzetai
iti h an”lush asbzetai apokleistik™ se gronik™ shmeba me pragmatik”™ diajésima
kai axiipista doruforik™ dedoména.

Gia k'je gronik stigm pou ikanopoieb to groniki krit rio, kataskeu“zetai h
antbstoigh diadrom tou argebou eikinac me qr sh thc iblioj khc os. Arqik
orbzetai h diadrom akelou ipou h sun’rthsh os.path.join grhsimopoiebtai gia
th dhmiourgba orht,n diadrom_n, anex’rthtwn api to leitourgiki sOsthma. H
dom twn upofakélwn akoloujeb sun jwc mba dendrik org nwsh kat™ étoc, m na,
hméra kai ,ra, me stiqo thn eukoliterh plo ghsh kai th mePwsh tou arijmoO
argebwn an” kat’logo.

Sth sunéqgeia kajorbzetai to plrec inoma K'je argebou doruforik ¢ eikinac,
to opobo akoloujeb sugkekriménh sumbatik onomatologba pou kwdikopoieb th
gronik stigm |yhc. H morf tou onimatoc perilamb™nei ht” thn hmeromhnba
kai thn ,ra, epitrépontac th monos manth antistoBgish metaxO gronikoO shmebou
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kai antbstoiqou argebou eikinac. Me autin ton tripo exasfalbzetai iti K'je gronik
stigm mporeD na entopisteb apeujePac sto sOsthma arqeBwn qwrbc amfishmba.

Gia k'je gronik tim pragmatopoiebtai éleggqoc Oparxhc tou antbstoiqou argeDou
ston dbsko. E"n h eikina ebnai prigmati diajesimh, tite h sugkekrimenh gronik
stigm prostDjetai sto teliki sOnolo gronik_n eggraf n pou a grhsimopoihjoOn

sth sunégeia. H diadikasba aut diamorf nei éna iltrarisméno gronologiki
sOnolo, to opoPo perilamb™nei apokleistik™ ekePnec tic gronikéc stigméc gia tic
opobec oi doruforikéc parathr seic ePnai pragmatik™ diajesimec.

H sgésh an"mesa sto arqiki kai sto teliki sOnolo mporeD na apotupwjeP
majhmatik™ wc ex c:

T=ft2 %5 hour(t) <22 " up’rgei diajesimh eikina giato t g; (2.2)

ipou ® sumbolBzei to argiki groniki pléegmakai T to iltrarisméno uposOnolo.

Me ton tripo auti diasfalbzetai iti ila ta epimena st'dia thc epexergasbac
esugkrithsh sunilou dedoménwn, efarmog tegnik.n proepexergasbac Kkai
diadikasPec montelopoPhshce asbzontai se éna plrec kai sunektiki sOnolo
parathr sewn. H apofug ken,n dedomenwn gronik,n asuneqei,n ebnai krbsimh,
kaj,c tétoiec elleDyeic a mporoOsan na eis"goun sfllmata, na alloi soun

thn ekpabdeush twn montélwn kai na ephre”soun arnhtik” thn axiopistba twn
apotelesm™twn pribleyhc.

2.3 Orismic parametrwn eisidou kai dhmiourgba

sunilou dedomenwn eikinac

Met™ ton kajorismi twn gronik,n stigm,n gia tic opobBec up“rqoun diajésimec
doruforikec | yeic, akoloujeb o orismic twn parametrwn pou diamorf noun

ton tripo me ton opobo a exaqgjoOn, a apokopoOn kai a organwjoOn oi
eikinec prin grhsimopoihjoOn wc ePsodoc sth diadikasba an’lushc. To st'dio
auti perilamb™nei tiso ton kajorismi thc suskeu ¢ upologismoO, iso kai thn
proetoimasba enic sunilou paramétrwn pou perigr-foun th qwrik kai asmatik
diamirfwsh twn doruforik, n prodintwn.

Wc pr.th epilog orbzetai h suskeu ekteleshc thc diadikasPac. Sthn paroOsa
ergasba h metablht device orbzetai ,ste na grhsimopoieb ton kentriki epexergast
(CPU), epilog pou arkeb gia thn proepexergasba kai thn org”nwsh twn dedomenwn.
Par' ila aut’, h gr sh thc énnoiac device epitrépei thn eOkolh metafor™ thc
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ulopobhshc se epitaguntec grafik,n (GPU) se senria ipou apaitebtai epit"qunsh
thc ektéleshc ekpaPdeush megalOterwn neurwnik,n montélwn.

Sth sunéqeia sugkrotebtai mia organwménh om”da paramétrwn, h opoba perigrfei
ton tripo me ton opoPo a diamorfwjoOn ta aposp’smata twn doruforik n
eikinwn prin grhsimopoihjoOn sthn anlush. Sto sOnolo auti perilamb nontai
stoigeDa pou kajorbzoun tiso to teliki mégejoc twn paragimenwn eikinwn
iso kai ta idiabtera qarakthristik™ touc. Mba api tic kentrikéc par'metroc
afor” th di"stash thc telik ¢ eikinac, h opoba orbzetai se stajeri tetragwniki
meégejoc. H epilog aut c thc sugkekriménhc di"stashc den ebnai tugaba, kaj,c
grhsimopoiebtai euréwc se proekpaideuména suneliktik® neurwnik™ montéla kai
epitrépei thn eOkolh eujugr'mmish tou upi an“ptuxh sust matoc me kajierwmeénec
argitektonikéc thc ibliografbac. Me ton tripo auti dieukolOnetai h sOgkrish
diaforetik_n proseggbsewn kai diasfalDzetai h sumbatithta me sOgqrona plabsia
aji‘c m'jhshc.

Gia ton prosdiorismi tou megejouc thc qwrik ¢ perioq ¢ pou a lhfijeb upiyh
gOrw api to shmebo endiaférontoc grhsimopoiebtai énac ujmistikic par"gontac,
o opobPoc kajorbzei to eOroc twn eikonostoigeBwn pou a sumperilhfioOn kat™
thn exagwg tou telikoQ aposp’smatoc thc doruforik ¢ eikinac. H tim tou
par"gonta autoO kajorDzei ousiastik™ to pl"toc tou qwrikoO parajOrou gOrw api

th gewgrafik ésh thc egkat’stashc, epitrépontac ebte thn enswm twsh eurOterou
sumfrazoménou ebte thn estbash se mikriterh periog me auxhmeénh leptomereia.
Me autin ton tripo parégetai euelixba wc proc to epbpedo gwrik ¢ an“lushc pou

a grhsimopoihjeb, gegonic pou ebnai krbsimo gia th eltistopobhsh thc poiithtac
thc plhroforbac an“loga me tic apait seic thc ek"stote efarmog c.

Idiabterh shmasba eqei kai h epilog twn doruforik.n kanalin pou a
axiopoihjoOn gia th dhmiourgba twn eisidwn tou sust matoc. Sthn paroOsa
ergasPa grhsimopoiebtai sunduasmic kanali,n api diaforetik® asmatik™ eOrh,

tiso tou oratoO iso kai tou upérujrou, ,ste na apotup netai plhréstera h
atmosfairik kai epifaneiak plhroforba. O sunduasmic autic epitrépei thn
tautigronh anapar”stash qarakthristik, n ipwc h epifaneiak anaklastikithta,

h ermik aktinobolba, h parousba kai dom nef,sewn, kaj,c kai oi mikrofusikéc
idiithtec thc aeriac stlhc. H polufasmatik aut proséggish odhgeb sth
dhmiourgBPa enic polukanalikoO sunilou eisidou, to opoPo emploutbzei shmantik™
to diajésimo sumfrazimeno kai enisqOei th dunatithta twn montélwn na anigneOsoun
gwrogronik™ motbba krbsima gia thn pribleyh thc hliak ¢ isqOoc.

Oi qwrikéc suntetagmeénec thc éshc tou stajmoO kajorBzontai me tripo pou
na antistoigoOn se sugkekriméno eikonostoigeDo mésa sthn argik doruforik
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apeikinish. To shmebo auti leitourgeb wc kentrik anafor™ gia ilec tic diadikasbec
exagwg ¢ apokomm’“twn, kaj,c orbzei to akribéc gewgrafiki kéntro gOrw api

to opobo sullégontai oi qwrikéc plhroforbec. H qr sh miac tétoiac stajer c
gwrik ¢ éshc epitrepei thn estbash thc an”lushc apokleistik™ sthn periog pou
sqgetbzetai "mesa me thn paragwg hliak ¢ enérgeiac, mei nontac ton igko twn
dedomeénwn kai enisqgOontac thn akrbbeia twn parathr sewn pou axiopoioOntai gia
th montelopobhsh.

Peraiterw par'metroi kajorbzoun ta akrib iria thc qwrik ¢ periog ¢ api thn
opoba a exagjeb to teliki apikomma mésa sthn argik doruforik apeikinish. Oi
par"metroi autob perigr-foun afenic tic sunolikec diast"seic thc pl rouc eikinac

kai afetérou to sugkekrimeno tm ma pou antistoigeb sth gewgrafik perioq
endiaférontoc. Me ton tripo auti kajbstatai dunatic o akrib ¢ gewmetrikic
entopismic thc perioq ¢ meléthc, exasfalbzontac iti h apokop pragmatopoiebtai
me sunépeia kai me tripo apolOtwc eujugrammisméno wc proc thn pragmatik
ésh tou stajmoO. H stogeumeénh aut diadikasbBa sumb’llei sth eltistopobhsh thc
poiithtac tou telikoO aposp”smatoc, apofeOgontac thn peritt eisagwg “sgetwn
gwrik,n plhrofori,n kai diathr ntac thn an”lush estiasménh sto usik™ krBsimo

tm ma thc doruforik ¢ eikinac.

Téloc, oi parmetroi pou antistoiqoOn sto periegimeno twn dedoménwn kai stic
timéc-stiqouc argikopoioOntai se ken kat'stash, kaj,c sto parin st'dio

thc diadikasbac h an’lush den perilamb™nei akimh th irtwsh metr sewn
paragwg ¢ “llwn sumplhrwmatik n plhrofori.n. H sugkrithsh tou argikoO

sunilou dedoménwn asbzetai apokleistik™ stic doruforikec eikinec kai stic
gronikéc stigméc pou éqoun dh kajoristeD sto prongoOmeno ma. Me autin ton
tripo diasfalbzetai iti h diadikasba proetoimasbac xekin™ api pl rwc kajari kai
eleggimeno sOnolo eisidwn, epP tou opoPou mporoOn sth sunégeia na enswmatwjoOn
prisjetec phgéc plhroforbac itan auti apaithjeb api tic epimenec “seic thc
mejodologbac.

AfoQ kajoristoOn ilec oi aparabthtec par'metroi, akoloujeD h dhmiourgba
enic organwmeénou sunilou dedoménwn to opobo sugkentr nei tic polukanalikéc
doruforikéc eikinec gOrw api thn perioq endiaférontoc kai tic eujugrammbzei

me tic antbstoigec gronikéc stigméc pou éqoun prohgouménwc prosdioristeb. Se
auti to st'dio ulopoiebtai mia oloklhrwmenh diadikasba proetoimasbac twn
dedoménwn, h opoPa perilamb™nei th irtwsh twn argePwn eikinac api to sOsthma
apoj keushc, thn apokop tou kat'llhlou gwrikoO tm matoc, thn efarmog

ilwn twn apaitoOmenwn metasghmatism_n proepexergasbac kai thn omadopoBbhsh
twn parathr sewn se mikréc partbdec kat’llhlec gia epexergasba.
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H diadikasba aut katal gei sth diamirfwsh enic pl rw¢ domhménou sunilou
dedomenwn, sto opobo kK'je debgma apotelebtai api eikinec pollapl,n asmatik,n
kanali,n, prosanatolisménec sth sugkekriménh gewgrafik ésh kai gronik
stigm pou antistoigeD sto usiki ainimeno upi meléth. To sOnolo auti
leitourgeD wc emeélio gia ila ta epimena mata thc mejodologbac, paréqontac
sunektikéc kai uyhl ¢ poiithtac eisidouc sta montéla pou a grhsimopoihjoOn
gia thn an’lush kai thn pribleyh.

2.4 Epoptik apeikinish gronik,.n akolouji,n
doruforik,n eikinwn

AfoO sugkrothjeb to sOnolo dedoménwn eikinac me “sh tic gronikéc stigméc kai
tic paramétrouc pou orbsthkan sta prohgoOmena st'dia, akoloujeb mbPa “sh
epoptik ¢ an”lushc twn doruforik,n prodintwn. Sto shmebo auti axiopoiebtai

h dom pou proékuye api th diadikasba proetoimasbac twn dedoménwn kai h opoba
organ,nei tic eikinec se pl rwc diamorfwmena debgmata, etoima gia gr sh stic
epimenec diergasbec. Hdom aut uposthrbzei th diadogik an"kthsh twn stoigeBwn
thc, epitrépontac thn epan’lhyh p"nw se organwmeénec partbdec dedoménwn me tic
tupikéc tegnikéc pou grhsimopoioOntai se sOgqrona plabsia aji"c mjhshc.

H dunatithta aut dieukolOnei ton optiki élegqo twn doruforik.n eikinwn,

thn epal jeush thc swstc eujugrmmis c touc me tic gronikéc stigmec kai

thn katanihsh thc katanomc twn dedoménwn prin api thn efarmog pio
exeidikeumenwn algorbjmwn proepexergasbac  montelopobhshc. Me ton tripo
auti diasfalbzetai iti h an’lush asbzetai se sunepebc kai or° domhménec
eisidouc.

Gia thn epoptik episkiphsh tou perieqoménou tou sunilou dedoménwn antlebtai
argik® éna debgma meésw tou antDstoiqgou mhganismoO epan’lhyhc, to opobo
perilamb™nei éna sOnolo api polukanalikéc doruforikéc eikinec kaj,c

kai tic gronikéc plhroforPec pou antistoiqoOn se kajemba api autéc. Oi
gronikéc autéc timéc, oi opobec arqik® ekfr'zontai se arijmhtik morf,
metatrépontai se antikebmena tupopoihmenhc gronologik ¢ anapar“stashc kai
sth sunégeia stroggulopoioOntai sto plhsiéstero tétarto thc rac. H diadikasPa

aut diasfalbzei sunépeia me to groniki ma twn dekapénte lept,n pou
grhsimopoi jhke gia th deigmatolhyba kai epitrépei thn omoiimorfh sOgklish
ilwn twn gronik,.n shmebwn se éna koini groniki plegma. Me ton tripo auti
dieukolOnetai h susthmatik exétash twn dedoménwn kai h epibebabwsh thc orj ¢
eujugrrmmis c¢ touc prin api ta epimena st"dia thc an’lushc.
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Gia K’je gronik stigm tou debgmatoc exet'zontai diadogik™ ta epimérouc
asmatik” kan’lia pou éqoun epilegeb sto stdio orismoO twn paramétrwn. K'je
kan“li apotup,nei diaforetikéc ptugéc thc atmosfairik ¢ kai epifaneiak c
plhroforbac, epitrépontac thn poludi"stath episkiphsh thc perioqc
endiaferontoc. Gia k'je éna api ta diajéesima asmatik™ epPpeda grhsimopoiebtai
mia eidik diadikasba apeikinishc, mésw thc opobac parousi“zetai h gronik
exelixh thc antbstoighc doruforik ¢ eikinac. Me ton tripo auti kajbstatai
dunat h optik apotbmhsh tou tripou me ton opobo metab’llontai ta di“fora
atmosfairik™ garakthristik™ mesa sto exetazimeno qroniki par“juro, pareqontac
polOtimh epoptik plhrofirhsh prin api thn efarmog pio exeidikeuménwn
tegnik,n an’lushc.

H diadikasba apeikinishc lamb™nei wc ebsodo mia gronik akoloujba eikinwn
pou antistoigeb se sugkekrimeno asmatiki epbpedo kai gronik stigm. Argik
prosdiorbzetai to pl joc twn diajésimwn eikinwn sthn akoloujba kai sth sunéqgeia
dhmiourgebtai mba di“taxh api epimérouc graf mata, topojethména se orizintia
seir”. K'je grifhma anaparist™ éna diaforetiki qroniki ma  epbpedo
ustérhshc kai apeikonbzei th qwrik katanom thc wteinithtac sthn perioq
endiaférontoc. H di‘taxh aut epitrépei thn "mesh epoptik sOgkrish thc exélixhc

tou ainoménou ston grino, dieukolOnontac thn katanihsh twn gwrogronik,n
metabol,n pou katagr-fontai sta doruforik™ dedomeéna.

H apeikinish den pragmatopoiebtai p'nw sto sOnolo thc argik ¢ doruforik ¢
eikinac, all” epikentr netai se éna sugkekriméno tm ma thc pou perib’llei thn
periog endiaférontoc. Gia ton skopi auti grhsimopoiebtai éna prokajorisméno
kentriki shmebo, to opobo antistoigeP sth gewgrafik ésh tou stajmoO meésa
sthn eikina. GOrw api to shmebo auti ex'getai éna tetragwniki apikomma
stajer,n diast"sewn, ,ste to teliki apotélesma na perilamb™nei igi mino to
kentriki eikonostoigebo all” kai eénan epark qwriki perbguro. Me ton tripo
auti diasfalbzetai iti sthn apeikinish apotup,nontai oi topikéc nefikéc doméc

kai oi qwrogronikéc metaboléc thc néfwshc, oi opobec sugn” ephre”zoun "mesa thn
prospbptousa hliak aktinobolba. To stajeri auti plabsio exagwg ¢ epitrepei

th sunep sOgkrish twn upoeikinwn se diadogikoOc grinouc kai enisqOei thn
epoptik an’lush twn doruforik,n parathr sewn.

Sthn perbptwsh tou sOnjetou kanalioO rgb_snow, h polukanalik eikina
apotelebtai api trba epimérouc kan’lia pou antistoiqoOn sta trba asik
gr,mata. Gia thn orj apeikinish grhsimopoiebtai kat'llhloc metasghmatismic

twn diast’sewn, ,ste h di"stash twn kanali,n na topojethjeb sth ésh pou
anamenetai api tic sunart seic apeikinishc (kan’lia teleutabac di“stashc). O
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metasghmatismic autic ulopoiebtai me th o jeia thc iblioj khc einops, h
opoba epitrépei sunoptik kai ligitero epirrep se sfllmata anadi“taxh twn
diast"sewn.

Gia ta monofasmatik™ doruforik® kan’lia, ipwc ta ir039, irl08 kai is006,
epilégetai to antbstoiqo epbpedo éntashc api thn poludi“stath anapar“stash twn
dedoménwn kai prob’lletai apeujebac wc eikina se kibmaka tou gkri. H morf
aut apeikinishc apodbdei me saf neia th qwrik katanom thc aktinobolbac gia
k'je asmatik nh, epitrépontac thn eOkolh entipish dom_n pou sgetbzontai me
nef seic “llec atmosfairikéc diergasPec. Par’llhla, to sOsthma apeikinishc
enhmer nei autimata touc tBtlouc twn grafhm’twn me plhroforBec pou aforoOn
th gronik stigm, to asmatiki eOroc kai th seir” thc antBstoighc gronik ¢
ustérhshc. H prosj kh aut ¢ thc sumplhrwmatik ¢ plhroforbac dieukolOnei
shmantik® thn ermhnePa twn apotelesm™twn kai enisqOei thn katanihsh thc
gronik ¢ exélixhc twn parathroOmenwn ainoménwn.

H gr sh thc parap™nw diadikasDac epoptik ¢ apeikinishc exuphreteb pollaploOc
skopoOc. Pr.ton, epitrépei ton poiotiki elegqo thc orjithtac thc gewmetrik ¢
apokop ¢ gOrw api ton stajmi kai thc eujugr'mmishc twn diaforetik,n kanali n.
DeOteron, ohj” sthn anagn.rish pijan,n tegnht.n sfalm™wn, ipwc gaménec

| yeic, koresménec periogéec asunégeiec sthn katanom thc éntashc. Trbton,
parégei mba pr,th, "'mesh eikina tou p,c exelbssetai h nefok’luyh kai h
wteinithta sthn perioq endiaférontoc mésa ston grino, prosférontac polOtimh
diaisjhtik katanihsh twn dedoménwn prin thn efarmog pio sOnjetwn tegnik,n
proepexergasbac kai montelopobhshc.

Sunolik™, h “sh aut leitourgeD wc endi'meso st’dio metaxO thc dhmiourgbac
tou sunilou dedoménwn kai thc arijmhtik ¢ an’lushc pou akoloujeb. Mésw
thc optikopoPhshc diasfalbzetai iti ta dedoména pou a eisagjoOn sta epimena
mata thc mejodologbac ebnai sunep , antiproswpeutik™ kai apallagména api
profan sflmata, eltinontac étsi thn axiopistba twn apotelesm™twn thc
pribleyhc.
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RGB Snow IRO39 IR108

Eikina 2.1: Endeiktikec apeikonbseic twn kanali,n RGB Snow, IR039 kai IR108.

2.5 Qwrik enbsqush kai optikopobhsh doruforik,n

kanali n

Sto st'dio auti pragmatopoiebtai gwrik proepexergasba twn doruforik n
eikinwn, me stiqo tiso thn enBsqush twn domik, n garakthristik, n thc nefok™luyhc
iso kai th eltbwsh thc optik c antblhyhc twn periog,n pou parousi’zoun
gionokluyh. H efarmog kat'llhlwn tegnik.n oxOnsewc kai iltrarDsmatoc
apoteleb asiki ma prin api opoiad pote diadikasba exagwg ¢ qarakthristik n
ekpabdeushc montélwn, diiti ephre”zei kajoristik™ thn poiithta thc plhroforbac
pou a trofodothjeb sth gwrogronik montelopobhsh. H apodotik enbsqush
thc eikinac ebnai idiabtera shmantik se doruforik™ prodinta mikrometrik ¢
kiIDmakac, ipou h parousba orObou, h metablht wteinithta kai oi éntonec uféc
dhmiourgoOn shmantikéc prokl seic.

Argik™ grhsimopoieBtai mPa sun’rthsh oxOnsewc sharpen, h opoPa asPzetai se
enan klasiki pur na 3 3 me kentrik tim 9 kai perib’llontec suntelestéc Bsouc

me 1. O pur nac autic antapokrbnetai sthn arg iti h enbsqush twn uyhl.n
sugnot twn odhgeD se kalOterh andeixh twn orBwn kai twn metaballimenwn dom n
mésa sthn eikina. H kentrik tim dra wc enisqut c thc topik ¢ wteinithtac,

en, oi arnhtikoD suntelestéc leitourgoOn wc antistjmish thc suneisfor’c twn
geitonik,n eikonostoigePwn. H dom tou pur na parousi“zetai wc ex C:

1 1 1
Kenapen = @1 9 1 (2.3)
1 1 1

Me ton tripo auti epitugq netai oloklhrvménh enbsqush akm,n, idiabtera se

49



periogéc ipou h éntash all"zei apitoma, ipwc sta iria pukn c néfwshc, stic
doméc orografikoO aiwroOmenou gionioQ  stic metab’seic metaxO sOnnefwn
diaforetikoO Oyouc.

Prin api thn efarmog twn tegnik,n oxOnshc pragmatopoieBbtai akrib ¢ qronik
tautopoPhsh tou exetazimenou stigmiitupou. H gronik s mansh pou sunodeQei
to debgma metatrépetai arqik™ se tupopoihménh morf sumbat me gronologikéc
doméc kai sth sunéegeia stroggulopoiebtai sto plhsiéstero dekapent’lepto. H
diadikasba aut exasfalbzei iti oi doruforikéc eikinec eujugrammbzontai me
dedoména pribleyhc, metewrologikéc metr seic timéc hliak ¢ isqOoc, ta opoPa
sugn” katagr-fontai se antbstoiga diakrit™ gronik™ diast mata.

AkoloOjwc pragmatopoiebtai h exagwg twn epimérouc kanali,n api th diajésimh
polukanalik anapar'stash kai h anadi‘taxh twn qwrik,n diast’sewn se morf
kat'llhlh gia apeikinish kai efarmog ®Bltrwn. H anadi‘taxh aut krbnetai
krbsimh ste h plhroforba na organwjeb me tripo sumbati me tic kajierwménec
mejidouc epexergasbac eikinac kai na epitréyei thn omal efarmog tegnik,n
eltbwshc.

H an’lush asPzetai se téssera asik® “smata: (a) th sOnjesh snow RGB,

h opoPa sundu“zei plhroforDec api ta trba pr ta kan’lia kai dieukolOnei ton
entopismi gionok’luyhc, () to ermiki kan’li IR039, euabsjhto se udratmoOc
kai leptéc nef,seic, (g) to kan’li IR108, to opobo grhsimopoiebtai euréwc gia
anbgneush thc koruf c nefn kai upologismi thc ermokrasbac wteinithtac,
kai (d) to kan’li oratoO VIS006, pou parégei uyhl gwrik eukrbneia kai ePnai
kat'llhlo gia parat rhsh thc uf ¢ twn nef n.

K'je kan’li metatrépetai se timéc tOpou uint8, ste na diathreBtai tupopoihménh
kibmaka wteinithtac kai na ePnai pl rwc sumbati me tic iblioj kec OpenCV kai
matplotlib. H eniaba aut klPmaka apotrépei ainimena koresmoO kai dieukolOnei
thn enbsqush thc antbjeshc se epimena st™dia.

Prin thn efarmog tou pur na oxOnsewc, pragmatopoiebtai dimeréc iltrrisma
(bilateral Itering), mba tegnik pou mei neiton irubo diathr ntac imwc tic akmec.
To iltrrisma auti ebnai shmantiki se doruforik™ dedomena, ipou oi stogastikéc
diakum’nseic tou aisjht ra, oi metaboléc sthn anaklastikithta kai h Oparxh
topik.n ex’rsewn wteinithtac mporoOn na dhmiourg soun paramorf seic pou
ephre”zoun arnhtik® thn an"deixh twn leptomerei,n. H diat rhsh twn akm_n
diasfalbzei iti ta iria sOnnefwn kai oi qwrikéc doméc uyhl ¢ shmasPac den a
exomalunjoOn uperbolik™.

Met™ to iltr'risma efarmizetai h diadikasba oxOnsewc, h opoba enisqQOei
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peraiterw th morfologba twn nefik. n sghmatism,n. To apotélesma thc
leitourgbac aut ¢ ePnai tésseric enisquménec ekdogéc twn antbstoiqwn kanali,n, oi
opoPec emfanbzoun megalOterh kajarithta sto perBgramma twn nef,n, entoniterh
antbjesh metaxO periog,n diaforetik ¢ ermokrasbac wteinithtac kai kalOterh
an“deixh dom,n pou sgetbzontai me gionok luyh.

Teéloc, gia ligouc poiotikoO elégqou kai optik ¢ epije,rhshc, oi argikéc

kai oi epexergasménec eikinec apeikonbzontai se di‘taxh upoplok,n 204. H
optik sOgkrish epitrépei thn axiolighsh thc apotelesmatikithtac twn tegnik, n
proepexergasbac, en, h gr sh tbtlwn pou perilamb™noun th gronik s mansh Date

kai to antDstoiqo Lag dieukolOnei th susgétish twn gqwrik .n protOpwn me to groniki
plabsio thc pribleyhc. H sugkekriménh diadikasba apoteleb krbsimo endi"'meso
st"dio prin thn exagwg qarakthristik,n kai th qwrogronik montelopobhsh mésw
neurwnik n diktOwn, kaj,c sumb’llei kajoristik™ sth eltbwsh thc poiithtac kai

thc plhrithtac thc eisidou tou sust matoc pribleyhc.

Par” to gegonic iti oi diaforec metaxO twn argik,n kai twn epexergasménwn
eikinwn endégetai na mhn ebPnai éntona oratéc sto anjr,pino m’ti, h epbdrash twn
teqgnik,n proepexergasbac sth metépeita montelopobhsh ebnai kombik ¢ shmasbac.
H aji” m’jhsh ebnai idiabtera euabsjhth akimh kai se leptéc metaboléc sth
dom, sthn antbjesh kai sth qwrik org"nwsh twn dedoménwn, oi opobec mporeb
na ephre”soun ton tripo me ton opobPo ta neurwnik™ dbktua anigneOoun motbba kai
gwrogronikéc susgetbseic. Epoménwc, h efarmog iltrarDsmatoc, oxOnsewc Kai
sunolik ¢ enbsqushc thc poiithtac twn eikinwn apoteleb krbsimo st™dio, kaj.c
sumb’llei sth stajeropobhsh thc diadikasPac ekpabdeushc kai sthn aOxhsh thc
probleptik ¢ isqgOoc twn montelwn.
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(ap) Argik sOnjesh Snow RGB. ( p) Epexergasménh sOnjesh Snow RGB.

Eikina 2.2: EnBsqush thc morfologDac nef,n sth sOnjesh Snow RGB met” thn
efarmog dimeroOc iltrarDsmatoc kai pur na oxOnsewc.

(ap) Argiki kan’li IR039. (p) Epexergasmeno kan’li IR039.

Eikina 2.3: Par"deigma enPsqushc tou kanalioO IR039 me dimeréc iltr'risma
kai oxOnsh, ipou anadeiknOontai oi ermikéc antijéseic twn nefik,n sghmatism,n.
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2.5.1 Qr sh eikinac anafor"c kai sugkritik axiolighsh thc

proepexergasbac

Sto epimeno st'dio thc proepexergasbac axiopoiebtai mba eikina anafor’c
(image template) me skopi th sOgkrish thc dom ¢ kai thc optik ¢ poiithtac twn
epexergasmenwn doruforik. n dedoménwn me éna antiproswpeutiki stigmiitupo thc
perioq c. H eikina aut egei exagqgjeb kai apojhkeuteb ek twn protérwn se morf
tensor, en, sth sunéqeia ort ,netai se pbnaka NumPy me kat'llhih anadi“taxh
diast"sewn, ,ste na ebnai sumbat me tic mejidouc apeikinishc.

H grsh enic tétoiou template epitrépei thn axiolighsh thc omoiogeneiac twn
grwmatik,n sunjésewn kaj.c kai th sOgkrish twn qwrik.n qarakthristik n
(uf, orattc doméc nefn, metaboléc wteinithtac) metaxO diaforetik,n
gronik,n stigm.,n.  Epipléon, parégei shmebo anafor’c gia thn axiolighsh
thc apotelesmatikithtac twn tegnik,n enbsqushc, kaj,c epitrépei thn "mesh
antiparabol thc arqgik c kai thc epexergasmenhc eikinac me mba eikina-{stajeri
plabsio}.

Gia ligouc axiolighshc thc diadikasPac iltrarDsmatoc kai oxOnsewc, h eikina
Snow RGB sugkrbnetai me thn antbstoigh epexergasménh ekdoq thc, h opoba
@gei uposteD dimeréc iltrrisma kai oxOnsh mésw tou pur na sunélixhc pou
perigrfhke sthn prohgoOmenh enithta. H optikopobhsh pragmatopoiebtai se
di"taxh upoplok,n pou perilamb™nei thn argik eikina, thn epexergasmenh
ekdoq thc kai thn eikina anafor’c. H ditaxh aut dieukolOnei thn poiotik
sOgkrish, epitrépontac thn tautigronh parat rhsh twn diafor.n wc proc thn
kajarithta twn orbwn, thn omoiomorfba twn grwmatik,n tinwn kai th sunolik

optik antbjesh.

H eisagwg thc eikinac anafor’c sthn an’lush enisqOei th dunatithta elégqou
thc sunépeiac thc proepexergasbac kai apoteleb gr simo ergalebo gia th di"gnwsh
pijan,n apoklbsewn uperbolik ¢ enbsqushc se metagenéstera st'dia thc
mejodologbac. Me ton tripo auti exasfalbzetai iti h diadikasba paragwg c
garakthristik.n kai h gwrogronik montelopobhsh asbzontai se omoiimorfa
kai axiipista optik™ dedoména. H sunolik optik sOgkrish twn tri.n eikinwn
parousi“zetai sto Sq ma 2.9.
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Eikina 2.4: Optik sOgkrish metaxO thc argik ¢ sOnjeshc Snow RGB (arister’),

thc epexergasmeénhc ekdoq c thc met™ thn efarmog dimeroOc iltrarDsmatoc
kai oxOnsewc (kéntro) kai mbac eikinac anafor’c (template) api thn Bdia
perioqg (dexi). H di"taxh aut epitrepei thn axiolighsh thc sunépeiac kai thc
apotelesmatikithtac thc proepexergasbac.

2.6 Anbgneush akm n me ton algirijmo Canny

Sto epimeno st'dio thc proepexergasbac efarmizetai anbgneush akm.,n me ton
algirijmo Canny, me skopi thn andeixh twn gwrik,n orbwn kai twn metabol,n
entashc entic thc doruforik ¢ eikinac. H sugkekriménh méjodoc apotelebD mba
api tic pio diadedoménec tegnikéc an’lushc akm,n sth ibliografba, kaj,c
sundu’zei apotelesmatiki iltr’risma orObou, upologismi ajmPdwn éntashc

kai efarmog mh grammik ¢ katastol ¢ gia thn akrib entipish twn orbwn.

Argik® h eikina Snow RGB metatrepetai se klbmaka tou gkri, ,ste na
apomonwjeb h plhroforba wteinithtac, h opoba ebnai aparabthth gia ton
upologismi twn qwrik,n parag,gwn. H metatrop se eikina éntashc epitrépei

thn apotelesmatikiterh an“lush twn dom_n, kaj,c o algirijmoc Canny asbzetai

sthn anbgneush apitomwn allag,n sthn entash twn eikonostoigebwn.

Sth sunégeia efarmizetai o algirijmoc Canny gia dOo diaforetikéc timéc thc
parametrou , h opoba kajorbzei to epbpedo exom’lunshc kat™ thn argik “sh
iltrarDsmatoc me Gaussian kernel. Mikréc timéc thc paramétrou odhgoOn se
anbgneush lept,n akm,n, en, megalOterec timéc exomalOnoun perissitero thn
eikina, dbnontac émfash se eurQOterec doméc. Me ton tripo auti ePnai dunat h
tautigronh parat rhsh tiso leptomer.,n iso kai pio omal ,n garakthristik, n

twn nefik, n sghmatism_n.

H gr sh thc anbgneushc akm.,n ebnai shmantik gia thn an’lush doruforik,n
dedomeénwn diiti oi akméc antistoiqoOn se krBsimec metewrologikéc doméc, ipwc
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ta iria metaxO nefik n strwm’™twn, oi metab’seic p“gouc néfouc, oi uyometrikéc
diaforopoi seic kai oi topikec anwmalbec sth gionok’luyh. Oi periogéc autéc
sugn” leitourgoOn wc pridromoi deBktec metabol n sthn aktinobolPa pou t™nei sto
édafoc, ephre”zontac “mesa th raqugrinia pribleyh thc hliak ¢ isqOoc.

Sto plabsio thc paroOsac ergasPac, h anbgneush akm.n grhsimopoiebtai wc
ergaleDo diereOnhshc thc qwrik ¢ dom ¢ twn doruforik,n eikinwn kai we mejodoc
poiotikoO eléggou thc proepexergasPac. Sugkekriména, ohj~ sthn axiolighsh

thc apotelesmatikithtac tou dimeroQc iltrarDsmatoc kai thc oxOnsewc wc proc

th diatrhsh twn lept.n gwrik.n garakthristik.n. Epipléon, h apotOpwsh

twn akm_ n paregei gr simec endebxeic sgetik® me thn uf kai th metablhtithta

thc nefok’luyhc, oi opoPec mporoOn na axiopoihjoOn sth diadikasPa exagwg c
garakthristik,.n  sthn epilog qwrik,n metasghmatism,n gia ta epimérouc
montéla pribleyhc.

H optikopobhsh pragmatopoiebtai mésw tri.n upoplok n: (a) thc arqik c eikinac

se kibmaka tou gkri, () tou apotelésmatoc thc anbgneushc akm_ n me gamhl tim
kai (g) tou antbstoiqou apotelésmatoc me auxhmenh tim thc paramétrou. H ditaxh
aut epitrépei th sOgkrish thc euaisjhsbac tou algorbjmou se diaforetik” epPpeda
exom’lunshc kai anadeiknOei ton tripo me ton opoPo metab’lletai h anbgneush
gwrik,n orbwn sta doruforik™ dedoména. Endeiktik™ apotelésmata thc efarmog c

thc mejidou Canny parousi“zontai sto Sq ma 2.5, ipou apeikonbzontai h argik
eikina kai ta antbstoiga apotelésmata thc anBgneushc akm n gia dOo diaforetikéc
timéc thc paramétrou .

Eikina 2.5: Anbgneush akm,n me ton algirijmo Canny gia diaforetikec timéc
thc paramétrou exom™lunshc . Api arister” proc ta dexi”: h argik eikina se
kiIDmaka tou gkri, to apotélesma me = 1 kai to apotélesma me = 3. H aOxhsh
thc paramétrou odhgeP se exom’lunsh twn leptomerei.n kai an“deixh eurOterwn
nefik,n dom,n.
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2.6.1 Qrwmatik exomobwsh kai apojorubopobhsh twn
kanali,n

Sto teliki st'dio thc proepexergasbac efarmizontai treic sumplhrwmatikéc
tegnikéc eltbwshc thc optik ¢ poiithtac twn doruforik,n eikinwn: grwmatik
exomoPwsh (histogram matching), apojorubopoPhsh me metasghmatismoOc
kumatidbwn (wavelet denoising) kai topik exisorriphsh wteinithtac me

gr sh morfologik,n Dltrwn. Oi tegnikéc autec efarmizontai xeqwrist™ se

kK'je grwmatiki kan’li, me stigo th eltbwsh thc grwmatik ¢ sunépeiac,

thn apom’krunsh uyhl ¢ sugnithtac orObou kai thn enBsqush thc topik ¢
antbjeshc.

H grwmatik exomobwsh pragmatopoiebtai mésw thc sun“rthshc match_histograms,
h opoba prosarmizei thn katanom wteinithtac k’je kanalioQ thc eikinac sto
antbstoiqo kan’li thc eikinac anafor'c. Me ton tripo auti epitugq netai
omoiogéneia metaxO diaforetik n gronik,n stigm_n, k'ti idiabtera shmantiki gia
thn axiopistba thc metépeita qwrogronik ¢ montelopobhshc. H diadikasba aut
mei nei tic wtometrikéc diaforéc pou prokOptoun api metaboléc sthn hliak
gwnba sth skbash thc nefok’luyhc.

Gia thn apojorubopobhsh grhsimopoiebtai h tegnik wavelet denoising, h opoba
epitrépei thn epilektik exom’lunsh orObou uyhl ¢ sugnithtac gqwrbBc na
alloi,nei shmantikéc gwrikéc doméc. H mejodoc aut epitugg nei kalOterh
diat rhsh uf ¢ se sqésh me klasik™ iltrarbsmata kai ebnai idiabtera katlihlh

gia doruforikéc eikinec ipou h leptoméreia twn nefik. n sghmatism n ebnai
krBsimh.

H efarmog apojorubopobhshc sta doruforik™ dedoména krbnetai anagkaba, diiti

oi eikinec pou lamb™nontai api gewstatikoOc aisjht rec parousi’zoun eggen
orub.dh stoigePa ta opobPa mporoOn na ephre’soun shmantik” th diadikasbPa
an’lushc. O iruboc autic proérgetai api poikblec phgec, ipwc h hlektronik
enbsqush tou anigneut, oi diakum™nseic thc atmisfairac, h anaklastikithta
mikrodom_n nef n kai h ast’jeia tou wtismoQO. An den apomakrunjeD, mporeb na
dhmiourg sei yeudo“krec, tegnhtéc grwmatikéc diakum™nseic kai asunéqgeiec pou
duskoleOoun thn exagwg axiipistwn gqwrik n garakthristik n.

H apojorubopobhsh me metasghmatismoOc kumatidBwn epilégetai epeid afaireD
epilektik™ ton irubo uyhl ¢ sugnithtac qwrbc na alloi nei tic pragmatikec

domec thc nefok’luyhc. Se antbjesh me ta klasik™ Bltra exom’lunshc, ta opoba
teBnoun na { ol noun} thn eikina kai na exasjenoOn tic leptoméreiec, h proséggish
me kumatbdia diathreb thn uf, ta iria twn nef,n kai tic topikéc metaboléc
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wteinithtac. Auti ebnai idiabtera shmantiki gia efarmogéc prignwshc hliak ¢
aktinobolbac, ipou akimh kai mikréc qwrikéc diaforopoi seic sth nefok'luyh
mporoOn na odhg soun se shmantikéc metaboléc thc paragimenhc isqgOoc.

Gia touc ligouc autoOc, h apojorubopobhsh leitourgeD wc krbsimo endi'meso
ma prin api th grwmatik exomobwsh kai thn exisorriphsh wteinithtac.
ExasfalDzei iti oi tegnikéc enDsqushc a efarmostoOn se kajaréc, stajeréc kai
optik™ sunepebc eikinec, apotrépontac thn enbsqush anepijOmhtou orObou kai
elti,nontac sunolik™ thn poiithta twn dedomenwn pou a trofodot soun ta
montéla qwrogronik ¢ pribleyhc.

Téloc, efarmizetai topik exisorriphsh wteinithtac me gr sh morfologik,n
Pltrwn mésw thc sun’rthshc rank.equalize. H tegnik aut enisqOei thn topik
antbjesh, epitrépontac thn kalOterh an“deixh lept,n diaforopoi sewn stic nefikéc
domeéc kai sth gionok’luyh. To apotélesma ebnai mba pio isorrophménh optik™
eikina me auxhmeénh diakritik ikanithta stic periogéc gamhl ¢ antbjeshc.

Ta apoteléesmata twn parap™nw diadikasi,n parousi'zontai se sugkritik
morf sto Sgma 2.7, ipou apeikonbzontai h argik eikina, h ekdogq met”
thn apojorubopobhsh kai h eikina met™ th grwmatik exomobwsh me thn eikina
anaforc.

Eikina 2.6: Apotelesmata efarmog ¢ progwrhmenwn tegnik,.n proepexergasbac
sth sOnjesh Snow RGB. Api arister” proc ta dexi’: (a) argik eikina,

() epexergasménh eikina met" thn apojorubopobPhsh me metasghmatismoOc
kumatidbwn, kai (g) eikina pou proékuye api grwmatik exomobwsh meéesw thc
mejidou histogram matching me qr sh eikinac anafor'c. Oi tegnikéc autéc
elti,noun thn kajarithta, th wtometrik sunépeia kai thn optik antbjesh twn

nefik,n dom,n.
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2.6.2 Optik apeikinish twn apotelesm™twn proepexergasbac

Gia th sunolik axiolighsh thc diadikasbac proepexergasbac dhmiourgebtai
mia sugkritik optik apeikinish, sthn opoba parousi'zontai diadogik™ ta
apotelésmata twn epimérouc tegnik,n pou efarmizontai se k'je eikina. Sto pr,to
st'dio prokOptei mia ékdosh me enisquménh topik antBjesh, ipou tonBzontai
oi mikrodomec kai oi leptéc diaforopoi seic thc nefokluyhc. H topik
exisorriphsh wteinithtac epitrépei thn kalOterh di‘krish periogq.n gamhl ¢
éntashc kai anadeiknOei garakthristik® pou, sthn argik morf thc eikinac,
paraménoun optik™ asjen .

Akoloujeb h apojorubopobhsh, h opoba mei,nei shmantik™ tic uyhl ¢ sugnithtac
diakum’nseic kai stajeropoieb thn eikina gwrbc na exalebfei krbsimec morfologikéc
leptoméreiec. Me ton tripo auti apofeOgetai h alloBwsh twn nefik,n dom,n
kai diathreBtai h aparabthth uf pou apaiteBtai gia akribebc analOseic qwrik,n
motBbwn.

Sto teliki st"dio efarmizetai grwmatik exomobwsh wc proc mba eikina anafor’c,
me stigo thn enarminish thc wteinithtac kai twn grwmatik.n ent’sewn metaxO
diaforetik,n gronik,n deigm“twn. H diadikasba aut sumb’llei sth mebwsh twn
wtometrik n diafor,n kai elti_nei th sunoq twn dedoménwn sto sOnolo tou
gronoseiriakoQ sunilou.

H sunduastik epbdrash twn parap™nw tegnik,n odhgeb se eikinec me
uyhliterh optik poiithta, meiwméno irubo kai saf,c entonitera morfologik™
garakthristik®. An kai oi diaforec metaxO twn ekdisewn mporeD na mhn ePnai
p nta "mesa antilhptéc api to anjr,pino m’ti, apodeiknOontai kajoristikéc gia

th stajerithta kai thn apidosh twn montélwn aji"c m“jhshc. H enbsqush thc
sunepeiac kai thc kajarithtac twn eisidwn sumb’llei shmantik™ sth eltbwsh

thc akrbbeiac stic epimenec “seic gwrogronik ¢ pribleyhc. To Sqma 2.7
parousi“zei garakthristiki par"deigma thc diadikasbac aut c. Sthn parak™tw
apeikinish parousi“zetai sugkritik® to apotélesma twn epimérouc stadbwn thc
proepexergasbac pou perigr'tfhkan prohgouménwc. Api arister” proc ta dexi”
abnontai h ekdosh me topik exisorriphsh wteinithtac, h apojorubopoihménh
morf thc eikinac kai h telik ekdosh met™ th grwmatik exomobwsh wc proc
eikina anafor’c. H diadogik efarmog twn tegnik .n aut.n odhgeb se eikinec

me uyhliterh optik sunépeia, meiwmeéno irubo kai pio eudi’krita morfologik™
garakthristik®, dieukolOnontac thn exagwg stajer,n kai axiipistwn qwrik,n
motbBbwn api ta montéla aji"c m’jhshc.
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