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- EPEYNHTIKQ

EKTIMHXH YTPAXIAZ EAADOYZ AMNO MOAYDAEMATIKA
KAl ©EPMIKA AEAOMENA UAV

Mapaokesur MToupavta,' Xpriotos Bacakos,? Nikos YoulakéAAns, Os68wpos Xaténpacirsiouv?

1. Eioaywyn

H vypacia tov eddpoug eivor o Baot ihpaticr] petafint wov Swdpapotiler kpiowo pdro otnv cAAnAemidpa-
o1 peTagh TNG YMG KoL TOV ATHOCQUIPKAY Sepyacidv. Zuvdéetor oteva pe v e&dtion tov eddpoug, T Samvon
TV QUTOV KoL TNV KoTavoun g Ppoyontmong, kabdg amotehel onpavtikd otoreio tov vépoloykod xdxhov.
EmmAov, amotehel onpavTiky TopGueTpo KAMUOTIKOV Kot VEPOAOYIKOV EQUPROYMV, OIS Y10 TNV TPOPAeyn Tng
Enposiag kot ta@v TANUULPIKGY awvopévev (Portal k.d. 2020). T v ektipnon g vypociog eddpovg kot TV
anoKTnon aflomIoT®OV TANPOYOPLAY UTeITOVVIOL ETIYEIEG HETPTIOEIG OE eVpEin YOPIKT Kot ¥poviky khipaxo. Ot
entyeieg PETPNOELS amartody VYNAS KéoTog kat eivon Windtepa ypovofopes. Emopévac, ol epsuvmtég ta televtaio
XPOVIO. £YOUV GTPOPEL GTOV TOUED THG TNAEMOKOTNONG Y10 TV EKTIUNOT THG VYPASig £8G.pouE.

"Eyovv avantoyBei Sidpopeg péBodor extipnong g edogikng vypaciog Bacidueves o madnTikols KoL evepyn-
TIK00G S0pLEOPIKODG EKTEG e YopmAT, m0TOG0, Xopikt) avédvon. ITAéov, xpricipomoiobvon og MAaTEOpuES SexTdy
ta Zuotiuoto un Enavépouivev Aepookagdv (ZpmEA), yvootd kon wg Unmanned Aerial Vehicle (UAV) 1) drone.
To. ZunEA éxovv 1 dvvotdmro. va PeTopEpovy ToAMPOGHATIOVS Kat Beppikovg 8Ekteg, o1 omoiol pmopodv vo
TPOCPEPOVY Bedopéva XproIUa. YL TN YUPTOYPapNoN TG VYpaciog eddpovc. H yaptoypéenon mov Paciletar oe
UAV mapéyer vymAn yopuki Kot xpoviki) aviAven mpocpépoviag eE0IpeETIKES SUVATOTITEG GTHV KUTAVONOT| TOV
£60@ovg (Manfreda k.d. 2018).

Avtikeipevo g mopovcag epyaciog amotekei 1) ekTipmon ™mg vypaciog e86povg amd molveacpoTikd kot Oep-
pia. dedopéve. UAV oty meproyh tov yeomdprov ITidkag ot Avtiki AéoBo. Zxkomog tg sivar n Siepedvnon tomv
duvoroTTeV TMV TOAVQACHATIKGVY Kot Beppuikdy dedopévav UAV oty ektipmnon g edagucg vyposiog e modd
VYMAT YOPIKN avdivon.

2. Adgdouéva kou pueBodoloyia

2.1 Heproyn pelétye

H meproyi perétng eivan to mapxo g Ihdxog, évag omd tovg xdpovg mov aviket oto Arolbopévo Adsog ™mg
AéoPov. To mépxo g IMhékag dnuiovpyidnie and to Movoeio Guowkig Iotopiog Tov Arolwpévov Adcoug
Aéopov, oe éktacn 70 otpeppdrav oTn WKpl op@voun xepodvnco. Bpicketa oe andotacn nepinov 500 pétpav
votia Tov Ziypiov kot n €xtaon katodapfdvetor kuping amd Bapvdén Brdotnon, xopToMBoadikés ekTaoels, Youvo
£dagog kot Ppoymdels ektdoels. Méoa 610 x®po exTdg TV EKBEUGTOV VIAPYOVV HEPIKES VITOGTNPIKTIKES KOTO-
OKEDEG KoL OPIoPEVH FEVOPQL.
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Zro mapxo autd Sroxpivovron §Ho Tufueto, To ovo-
TohKO Ko 7o SuTKd, To omoia deywpilovror and v
aypotiki 066 Lrypiov-Epecob. Am6 Tic epevvntikds gp-
Yyooisg Tov LoVCEIoD Ko oTe §00 TUNPATE TOV TAPKoD
£govv aroxuivglel onuoviikd putikd arolbdpoto
Koping priucd cuoTHUATE. Kol KOTOTEPL TUMUETO KOp-
LV o0 SuyKpoToly v YEOTOT0 ondviog Quotkig
opopgiag (Mao k.. 2021).

2.2 Aedouiva

I ) ovidoyn Tov dedopévey Tpoypatomom dnkay
dvo emoxkéwelc oto nedio, onic 11.7.2022 kot
26.11.2022. T ) Afjym Tav Tologasuatikay dado-
pévav ypnowomomthke to UAV Phantom 4 Multispec-
tral g DJI. To Phantom 4 givon éve ZpnEA pe évo
EVCOMUETOUEVD COOTIUE TOADQUSUATIKTS UIEIKOVIONS
£E1 kopepodv kobbg ko ohotnuo eviomcpon Béarng
Real Time Kinematic (RTK). Awféter o kapspo RGB
Ko GAAEC MévVTE KAUEPES OV KEADTTOUY TU QOCLLETIKG
KOVEMO TOV PTAE, TOV TPECIVOD, TOV KOKKIVOU, TOD
KOKKIVOU GKpoD Ko Tov kovtivol vrépuBpov. Emiong,
VIAPYEL VO EVOOUATWUEVOS PoopaTikds mcbntipog
TOL NAOKOD QOTOG GTIV KOPLYT TOV HEPOCKAPOVS Kt
KTy paeel Ty nAakT axtvofoida, 1 omoio peyioto-
woel v uxpifelo ™mg cvlhoys debopévav o fopo-
peTikég Bpeg G Nuépas,

T T Afjym Tov Bepuikiov dedopévav yprcipomor-
fifnks o ZunEA Matrice 300 g DJII pe evoopatops-
Vi) TV Kapepa toAlamidav amctintipov ZENMUSE-
H20T. Tt ) cvddoy tov onustokay dedopdvay g
omdlong vypuciog eddpovg pe orond m fubpovépnon
TV Evaipiay dedopévav, ypricipotonifnke odoTnue
acBnoipov edupikng vypuciog mov Vil 0 PETPTTIGC
yeipds HH2 g Delta-T, o onolog dwabétel kon cuviée-
TOL PE TO QOpnTo acbntipe sdugikfc vypaciog
M002222 g Delta-T. Ko o 800 wrijosig mporypoto-
motf|dnkay yproiporoudvioas coommpa RTK dnhadn to
ZpnEA fitav oe coveyf emkowavie pe otabpd Paong
MOV EYKOTOOTAOKE GTV TEPLOyT) OE GNUEID pE YVmOTES
cUVTETAYUEVES, MOTE va amobnkedetm ot kabe poto-
vpapia 1 axpifis tomobesia tov mpofolikod kévipov
Afyme. Téhog, o wiabe onpelo nov &ywve puétpnon edo-
Ui vypasicg Tpayuatoroiinke pETprion cuvtety-
pévav pe 1o cbotue TOPCON Hiper VR.

2.3 MeBodoioyia

H enelepyocio tov molvpacpoatikdy ko deppukdy de-
dopsvev mpaypatomonBke oTo AoycKO TpOYPappL

Agisoft Metashape Professional 1.6.5. Apyika, vive
Eheyyog Tav putoypugudv wov Ba yproiponowmBodv.
e, TV oyt Bophfav Ko TepopoppEcemy, Tou
popel vo vtdpyouy kool T ATy tous ond o TunEA.
‘Emzita, on Tipég Tov pixels tov Bspuikov dedopévey
petatpamkay of fabpoig kehaiov (C?), na tov vmo-
Aoyioud mg empavewaktg Beppoxpaciag. [a ) Pab-
HOVOUNGT THS BVOKAQGTIKOTITTOS TV TOAMQUCHLOTIREY
dedopévav ypnoponombnkay to dsdopéve and Tov
argfinmipa nhiov.

Emdpevo prue e wabe ot poToypagoy fToy o
E0HTEPIKOS KOl GYETIKOS TPOCSHVITOMOLOS TV SETKOVIY.
Kuord ™ dwdicosio ovti mpaypotorombnke cuviabn-
OT] TV EKOVEY COLQEVE LLE KOVE YopaKTmoTikd o
omoio avayvopilovial auvtdépota pe tn pebodolovic
Structure from Motion (SfM) mov £ywve Snuoguhng Love
tov ahyopibpov Scale Invariant Feature Transform
(SIFT) (Snavely, Seitz kon Szeliski 2008). H Suediwucic
avt elye g anotéleopn ™ dnpovpyio evog TUKVOD
VEQOUS OTUEIY TO OTO10 CVOTIEMOTa TNV TPoo1doTaTT
Hopet] Tov vrd eCétaon yopov. Me faon wotd ta on-
peic, SnuovpyiBnke éve ym@iaxo poviého empaveias
moTe vou sivion epucti) 1 opBoovary@yn ToV GOToYpeEUEY
xon 1 dnpovpyia 2 oplopmoaikiv, evog molvpacuoat-
KOO Ko vog Beppuko.

Emduevo prpc ftay o vroloyicpos tov defkmn frd-
among NDVI cbpgove pe tov tomo (Tucker 1979):

NIR — Red

NDVI= —NIR + Red

Omou NIR 1 averdhaoTixd T T 6To Kovivd urépobpo
kot Red 1 ovokhaotikdmo oo kokkwvo. To sbpos Tow
Ty Tov NDVI eivan amo -1 €ag +1, pe Tig apvnoiwés
TS vo pavepdvouy T tmapdn vepod. O vroloyicuos
tov deixtn TVDI oyetiletn dueca pe to deivtn NDVI
won ) Beppoxpacio. To poviého vroioyiopod Tov £y1-
VE [E ENTEIPIKES TUPUUETPOVS TTOV TPOEKLYIY amd 10
daomopdypappe (scatterplot) tav Tipdy Tov pixels ™ms
Bepuoxpasiog (Ts) koi tov deixtn NDVI. H xotavour)
taov Tipdv Ts/NDVI axohovBei o tpanelondn 1 tpr-
yovee popef (Ewdva 1). H karavopd cuni oproBetsi-
oo oo Hho dcpa, TV Enph Gxpn dmow mepaTnpeite 1)
ghdynom efatuoodiamyon Kat TV vypf| dxpn omov
mopetpeiton ) péyiom ebotoodumvon. Opileto and
TOV TOTO:
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TS - Tsmin
TVDI=
Ts

— 18 .
max min

omov Ts m Beppokpasia Tov pixel yio. o onoio voko-
yiCeton o deiiceng TVDI, evé ot Tsmax ko Tsmin ot §Ho
evBeieg Tov &Npov ka1 vYpod Grpov avticToyw, ot omoi-
&g oprofeToly ™V Tpameloeid| popon ™G KaTovopTg
copeava pe v Ewdva 1 kot Sivovior amd TG GYECELS:

Ts,.. =a, x NDVI+ b,

max

Ts,. =a,x NDVI+b,

min

Ts Minimum evapotranspiration

&

Dry edge

Maximum evapotranspiration

Wet edge

>
NDvI
Ewdéve 1. Awonopodidypaupo Ts/NDVI

TéXog, Yoo M cvoyétion Tov hemokomikdy peTpn-
ooV (NDVI, Ts ka1 TVDI) pe 11g petpfioels vypaciog
070 TO VYPOSIGUETPO YPNOLUOTOTHBNIcE T CTATICTIKN
HEB0B0G TG Ypapig madvdpbpumonc. Me m pédodo
ovth avadnreital n popef| e oyéong mov &Yovv peta-
&b Tovg o1 petafintéc, péowm g on povpyiog evog pa-

TVDI~ SOIL

o7 = g
0.6 s ]

05 B T ————
= R
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Bnuatikod oyesiokod poveédov. H KaAdTEPT TWA TOV
cuvteleoth R-square (R?) mov mpoékuye vmédeite v
e&iowon g pabnuotikic oygong, pe v onoiw vmo-
Loyiomke 1 vypacio eddoove oty TEPLOYN.

3. Amotedéouara - Zolijrnon

AT6 TG 265 £1K6VEG TOL TOAVPACPATIKOD acOnTipa
7oV cLALEXBKav Tov Iodhro ko Tov Noéufpio, xpnot-
nozotbnkav o1 260. Exiong, TAPCUOPPACEIG VITH POV
Kot o7 QOToYpapiss Tav Deppikdv Sedopévav. Zm
Ay Tov Ioviov eAqedncav 189 EIKOVEG 070 TG OToi-
& Ypnowomomfnkav ot 187, evé tov NoéuPpro anén-
ke 1 addnlemucdioyn o CUALEXOMKaY 593 ewcdveg
and Tig omoieg ypnopomordnkoy ot 558. Meté, m Qo-
TOYpOUUETPIKY enebepyasio mapiyincay ot TOAVQO-
cpatkoi kor o1 Bepuicoi opBopmToydpreg Yo KGde
npepopnvio.

Onag avagpépinie, eqednoav HETPNGELS DYpusiag
1w 21 onpeio tov Tobho kon yi0. 44 onpsio tov Noép-
Ppro. Iapddinda pe tig petpficeis tov Ioviiov cuAdé-
xOnke Seiypa eddpong yio vo npaypotonomOel faduo-
VOO TOV TUAV TOV 0pydvoL e T pédodo dry oven
soil moisture. To deiypa eddpovg Coyiotnke, éneita
Tomofetifnie e évav e1d1ké podpvo yio 24 hpeg Kot
amo&npdfnke. AkohotBnoe véa Coyion ko vroAoyiot-
ke M vypacia edépovg. H Suapopé oe Bépog opeileton
oMV anmdAELR TOV VEPOD Ko Stoupeiton e To Bapog tov
Enpod eddpovg yio. vo. §@cEL To T0G00To £6aPIKNG VYpa-
olog exppacuévo ent tig 100% Enpod Bépoug eddgpong.

‘Eneita vroloyictnke 1o Swomopdypoppa NDVI/
Ts 1 xdBe nuepopmvio kox 6T cvvéyeia o deiktng

TVDI ~ SOIL
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Ewoéva 2. (o) Zvoyénion anotedeoptrov TVD] HE TG peTprioelg vypasiag yia Tov Iovho. H GUCYETION CUTAV TV 500 petafinTdy
givon xoumAn odppava kot pe to R? = 0,085, (B) Evé tov Noépppio n cueyétion avtdv tov 560 petafAntov ivar yopmi
olppova ke pe 10 R2 = 0,005.
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Ewdva 3. Tpoguch) mapiotaen poviéhov sxtipnons vypasiag (soil) o svvipmon pe m Beppoxpasic
ebipous (T5) ke 1o Beixn Phiotong NDFT
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Euciva 4. Extipnom vypasiog ebtpons yia tovg piveg Totho kot NoéuPpo
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TVDLI. T'a ta onueio dstypatornyiag eénybnooy ot
npég TVDI ko cuoyetiotnkoy ypoppke pe tig emitd-
meg petproeis vypaciog. e ™ cvoyition tav dedo-
HEVOV UE TIG emiyeleg NETPIIOELS, apYIKE. eEETAOTNKOY
0. omotelécpato Tov Iovkiov kot tov NogupBpiov Ee-
xwprotd. Iopatnpnonkay modd yapniéic cvoyetioelg
(Ewova 2o ko B), cvvendg dgv propody va ypnoiuo-
momBodv puoéva Tovg to Sedopéva avTd Yo TRV EXTipm-
on g vypaociag eddpouc.

Enopévag, amopaciomie va yivouy cucyeticslc pe
OAa o, dedopéva ko 1o Toug §vo pfveg pali. Ipaypo-
Tomowno depopeg dokpég avantiooovtog eElom-
oe1g (oA wvopkég, exbetucég icAm.) Aappavoveag vmd-
yn pio M| meplocoTEPEg TOPAUETPOVG KAHDE KoL Yia
K&Oe nuepopnvia Eexwpiotd 1 AopBavoviog vEéyn T
dedopéva kar Tov §o nuepounvidv tavtdypova. To
OTOTEAEGOTAL IE TV KOADTEPT) TPOCUPLOYT| TAPOVGT-
Gobnkav 6tav ypnoponomfnkay Ta onpeia kot TV
300 NUEPOUNVIAY TOVTOYPOVLL, YPNCILOTOIOVTUG (G
ave&aptntes petaPintés o deiktn Prdotnong NDVI
Ko TV emeaveloxn Oeppokpocio Ts (Ewova. 3). H e&i-
GMOCT| IOV TPOEKVWYE 0Td QT TO MOVTELD Eivo ToAD-
@vopr 6suTépov Pabuod pe cuvieheoti R%>= 0,6968
Ko givan M) gEng:

Soil Moist = 38,1 —94,29 x NDVI - 1,338 x Ts +
3,275 x NDVI % Ts + 0,005172 x T3*

21 cuveyeln, EQAPUOCTIKE 1] TUPOUTAVE GYEST] KO
exTipmOnke N vypocio edapovg oy mEPLoXN HEAETNG
v Tig d00 nuepounvieg detypatoAnyicg pe wovonot-
Nk anoteréopata. Xy Ewdva 4 mopovoialovion
ot apTeg vypaciog yu Tov pivae Iodio ko NoduBpro.
Tov IobAo 1 vymAn vypooia Bpicketor oTig TEPLOYES
e Bopvaddn xon Sevdpddn PAdotmon (mepimov 20%),
EVA GTNV VIOAOUTY TEPLOYH 01 TWEG TG Elval apKeTd,
YoUnAEg oto evpog 0% - 4%.

Tehog, Tov Noépfpio n vypaoia givar vymAdtepn pe
24% - 26% omig meproyég e Bapvddn ko devéphdn
BAGoToN evd 6An 1) vEéAown TEpLoyN eppavilet vym-
AOTEPT, O€ oYEom pE TO KAAOKQipL, vYpacia pe Tiuég
>16% omotéleopo TV BpoyonTOGE®Y TG TPONYOUpE-
VNG mEP1d80v GE GuvapToN LE TN YeunAdTepn ekuTpu-
codwmvon (Ewdva 4).

4. Lovumepaouozo

ZKOTOG TG Tapodcag EPEVVOS TTOV 1) digpedvnon tav
UVOTOTATOV NG THAEMIOKOTNONG OTNY EKTIUNGT THC

vypaciog £6GQOVG, 0md TOAPUCHATIKE Kot Oepuikd
debopéva UAV. H épevva epopudomxe ot pa mepioy
Tov AmoAbmpévov Adoovg g AéaBov, bmov N wapo-
KohovOnon g vypaciog Tov eddpoug eivor onuovTicy
OTO MAGIGLO TV EVEPYELDV SLUTAPTONG TV EVPNUAT®YV.

H dvvaromro xotaypagnc deiktdv BAdotmong kot
Beppoxpaciog eddgoug pe ToAd VYNAT yopKh Sroxpl-
Tkt wovoTnTo, péom ZUnEA pog empénst Ty extipm-
OT| YOPIKDV TAPOPETPOY, OTTMS TNV VYPacia Yo GAn Ty
TEPLOYI LEAETNG pe TTOAD KoAd amotedéopoTa o8 avTi-
Beom pe 115 Tapadooiarés pebddovg TV onuelkOY
detypatornyidv. Na vo eivon Svvath 1 tavtdypovn
xp1ion 6edopévav amd 9o drapopetikés TAOTEOPES
Ko deikteg efvar omapaimTo o1 TTHoEI Vo, TPeLypaTOo-
mowdvTaL [e T xprion dedopévav GPS vynhfg axpi-
Bewag RTK. H Mjym Oeppuxdv dedopévav amd ZunEA
emnpedletal amd TIg TOMIKEG UETEMPOAOYIKEG CLVOTKES
KO Kpiedg arrd TV GTHOGYOIPLKT) VYPOSIoL YU auTo Tpé-
meL 1 Sadwkooio va Padpovopeiton pe v mopdiinin
xP1oN oTOYMV Ko popntod Beppopétpov. Télog, Ta
amOTEAEGLATOL TNG EKTINNONG TNG VYPO.Ciog SGQOE Kon
110, Toug 800 piveg BewpriBnicay tkovomoTikd, AouPa-
VOVTOG VIOYT KOl TN YEQUOPPOAOYiQ TNG TEPLOYHG.
Enopévag, ue mv npotevopevn pébodo kon tnv epop-
poyn mg teducg pobnpatucig oxéong, eivan duvarhi n
EKTIUN O TNG YWPUKTG KOTOVOUNG TG ESAQLKAS VYPOsi-
0 Y10 TV GUYKEKPLUEVT) TTEPLOYA.

Evyopioties: I épevva ypnuotodotifnke amd tnv
IIpé&n: [e-Aegean CulTour] «Awmepipeperaxos Prer-
akog Metaoynuotiopds Aryaiov Apymeldyovg otov
[Moltiopo kar Tovpiopd» - MIS 5047046 mov viomor-
giton oto mhaiocwr Tov EIL. «Aviayovictikdtnre, Em-
yewpnuatikotnTe ko Kowotopion (E.X.ILA. 2014-
2020), ovyypnuoatodotodpevo and v EAAnvuch Ilo-
Mreio (Ymovpyeio Avamtuéng kon Enevdidoemv) kon
mv Evporoixi Evoon (Evporoiké Topeio ITepipe-
pelokig AvErTuEng).
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