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IHPOAOI'OX

H yewpyia onpepa Ppicketol o€ £va kpicio otavpodpopt 6mov Oa Tpémel va yivouv ot KatdAAnieg
emhoyég mov Ba eEac@aAicovy T GLVEXELD Kot TN Plocttdtta Tov YE®PYKoH GuVOAoL. ATO TN pid
ol aVENEVES JATPOPIKEG OVAYKES EVOG 0AOEVO OLEAVOLEVOL TOYKOGUIOV TANBLGHOY Kot omd TNV
AN M LTEPEKUETAAAEVOT TOV PLGIK®OV TOpwV TECovV va Bpebodv ot Bértioteg Avoelg mov Oa
EMTHXOLV VO ALENCOLV HEV TNV TOPAYMOYY] TOV TPOPIL®V, TPOCTUTEVOVTOG TOPAAANAL TOLG
QLOIKOVG TOPOVG Kot eEacPoAilovtag TV agwpopio TG YEOPYIKNG Tapaywyns. Ot AVoelg pmopovv
va TpoéhBovv pudvo pécso amd TN CLGTNUATIKY EMGTNUOVIKY £pguva Kot ot ['empyucol Mnyavikoi 1
Mnyavikoli Bioocvomudtov kolobvtor vo dadpapaticovv €va kpicino Kot Kaboplotikd poro
oLVOLALOVTAG TIC YVMGELS TOVS OTIG EMOTUES TN [ewmoviag, g BroAoyiag, Tng Mnyovikig Kot Tov
[Tep1Bdriovtog yio va TpoTeivovy VEEG TEYVOAOYIES KOl GLGTILLOTA TAPUY®YNS TTOL Ba avécovy v
OTOTEAECUATIKOTNTO TNG TOPAYOYNG YEOPYIKOV TPOIOVI®OV pHe opbBoroykotepn Olaxeipion TtV
QLOIK®OV TOPp®V, OcPoriloviag mopdAAnAc TN OMudclo vyEl KOl EVOLVAUOVOVIOS TNV
EUTIGTOCVVT] TOV KOTOVOADTOV.

H Etoupeia F'eowpykdv Mnyoavikov EALGSOG £xel kaTapépel H€ca amd T TAKTIKA TNG GLVESPLO Vol
GLYKEVTPMOOEL Uio. TAoVG BifAtoypagia mave og o gupeio Bepatoroyio OTMG o1 £60pIKOT Kot ot
voatikol wOPOL, M evéPYE, TO TEPPAAAOV, TO YEOPYIKA HNYOVALOTO Kol Ol €50MAIGHOL, Ol
OUYYPOVEC TEXVOAOYIEC, 1 OAMOOKELOT KOl UETOMOINGT TOV YEWPYIKOV TTPoioviov K.o. Katdpepe
TOPAAAAC Vo ODGEL TO KIVNTPO Kol TO WHEGO G©€ TOAAOVG EMCTNUOVES KOL EPEVVNTEC VO
ONUOGIOTOMGOLY TO, OTOTEAEGLLOTO TOV EPELVAV TOVG 6ToV EAAadkd ympo. To 11o TMaveAinvio
2uvédplo g EI'ME mov mpaypatomoteitan oto Boro, otig 8 Noguppiov 2019, otig eykotactdosig
¢ [M'eomovikng XyoAng tov [Mavemomuiov Oeccariog, EAodoel va cuveyicel avt ™ mapadoon,
CLYKEVIPAOVOVTOG TO TO0 TPOGPOTO EMTEVYUATO KOU OTOTEAECUATO TV gpevvev. Emumiéov,
QU000EEL v PEPEL GE EMOPT| TOVG OVOPAOTOVG TOV JPOACTNPLOTOLOVVTOL GTOV Topéd TG [empyikng
Mnyovikng vo kKaAMePYNGEL VEEG GLUVEPYACIES KOl Vo ovamtuEel SlowAOVG EMKOVOVIOG HE T
Bounyovio kot Tov KAGOO TOVL EUTOPioL MOOTE v Yivel €Kt M Owdyvorm TG £peuvag Kot M
a&1omoinomn TV OMOTEAEGUATOV AVTAS TTPOG OPEAOS TOV EVPVTEPOL KOWVMOVIKOD GUVOAOL.

210 TOPpOV TEHYOG TOV TPUKTIKMV TEPLEYOVTIUL 57 TEPIMNYELS TOV EPYACIOV TOV TAPOVGLACTNKAY
kotd T Sudpkeia tov 11° TMaveddviov Zvvédprov Tewpyikng Mnyovikfc. Ta nTAfpn keipevo Twv
EPYOOIDV, £MELTA A0 TNV KPion TOV KPLITdV, amobétovial o avolktn Pdomn dedopévev Kot Propovv
va avalnmbovv oty 1otooelido thg EI'ME https://egme.qgr/proceedings/

Bohog, Noéuppiog 2019
Ap. Xp. Kaparapng
[Ip6edpoc Opyavotikng Emitpomnc.
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ENOTHTA 1 - KAINOTOMIA KAI NEEZ TEXNOAOTIEZ

[IOAYDPAXMATIKOXZ AIZOHTHPAYX XAMHAOQOY KOXTOYX I'TA
EKTIMHXH THX [TAPAT'QI'HX 2XE APOTPAIEX KAAAIEPI'EIEX

Aprototéing Tayapaxng'?, Marko Kosti¢®, Natasa Ljubi¢ié¢’, Goran Kiti¢*
votirovto Bioowovopiag kot Aypoteyvoroyiag (1iBO), EBvico Kévipo ‘Epevvag & Teyvoroyikng
Avamtoéng (EKETA), e-mail: a.tagarakis@certh.gr
University of Novi Sad, BioSense Institute, Serbia
University of Novi Sad, Faculty of Agriculture, Serbia

IHEPIAHYH

Ot gvepyol €k TOL GLVEYYLG OTTTIKOL ALCONTHPEG XPNOLOTOLOVVTOL OAOEVE, KOL TTEPLGGOTEPO YL TNV
TAPOYN XPNOUOV TANPOPOPIDV GYETIKMOV UE TIG WO1OTNTEG TOV PUAADUATOG KoL TNG KOTACTAONS TOV
QLTOV. ZTNV TOPovoa epYacio Tapovstaletal 1 Asttovpyios VOGS VEOL TOAVQUGUOTIKOD, EVEPYOL
ontkol asOntipa pe v ovopasio Plant-O-Meter. O aicOntipog SOKILAGTNKE GTO EPYAGTIPLO, OE
eleyyopeveg ovvinkeg, ouykpvopevog pe tov GreenSeeker handheld kot pe vrepeacpatikd ontikd
awoOnpa. Eniong mpayuatomromOnkayv mepdpato oypov yioo v afloAdynon g Aeltovpyiog Tov
awoOnpa oe mpaypotikés ovvinkes. Ta oamoteléopoto MTav evOAPPLVIIKA VTOSEIKVOOVTOS TN
dvvatdtnta xprong tov Plant-O-Meter yia ektipmon g mopay®yng Kot Yo LETAPANTES EQOPUOYES
0€ TPOYUOTIKO XpOVO 0T TAAIGLO EQAPUOYNG YeWPYiag akpiPeiog.

AéCers kleroid: omtikol oucOnpeg, TOALQACUATIKOG ousOntnpag, yempyio okpiBeioc, mpoPfieyn
TAPAYOYNG

LOW COST MULTISPECTRAL SENSOR FOR YIELD ESTIMATION

IN ARABLE CROPS

Avristotelis C. Tagarakis"?, Marko Kosti¢’, Natasa Ljubi¢i¢’, Goran Kiti¢®
YInstitute for Bio-economy and Agri-technology, Center for Research and Technology Hellas e-mail:
a.tagarakis@certh.gr
2 University of Novi Sad, BioSense Institute, Serbia
University of Novi Sad, Faculty of Agriculture, Serbia

ABSTRACT

Active proximal sensors are increasingly used to provide useful information on the crop canopy
properties and the condition of the plants in a range of crops. This paper presents the operation of a
new multi-spectral, active optical sensor called PlantOmeter. The sensor was tested in the laboratory
under controlled conditions, compared to the GreenSeeker handheld commercial sensor and the
SPECIM hyperspectral camera. Field experiments were performed to evaluate the sensor's operation
in real-field conditions. The results were very encouraging, indicating the possibility of using Plant-
O-Meter for yield estimation and for real-time variable applications in the context of applying
precision farming.

Keywords: optical sensors, multispectral sensor, precision agriculture, yield estimation
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ENOTHTA 1 - KAINOTOMIA KAI NEEZ TEXNOAOTIEZ

1. EIZATQI'H

Ot ontikol oucONTAPES YPNOYWOTOOVVTIOL OAOEVO, KOl TEPICCOTEPO YO TN OAYVMOON NG
KatdoToong TV eLTOV. O amhdg ¥EPIoHOg Kot 1 Von TG HeBoddov péTpnong n omoia eivor un
KOTOOTPENTIKN TOVG KOO10TA KOTAAANAOLG Yo éva €uplh (QACUO EPOPUOYDV GE OLOUPOPETIKEG
kaAMépyeleg (Magney et al., 2016, Kosti¢ et al., 2016). Ta amoteléopato TOAAPIOUOV HEAETOV Yid
TN YPNON ONMTIKAOV aloOnTNpoV o1 Yewpyio £xouv Tpocepipel aplOud poviédwv mov o uropovcav
Vo YPNCULOTOMB0VY 6TV TPOPAEYT TG OPIUOTNTAG, TOV JVVOLKOD TAPUYWYNS, TNG EKTIUNONG TNG
vyelog Tov eutov KA. (Zecha et al., 2018). H gacpatiki avaivon g avakioong tg OTEVIG
akToPoAlag amd To QUTA €ivol TOAVTIUN OTNV OVAYVOPLON TOV QOCUOTIKOV "O0KTUAK®OV
ATOTLTOUATOV", T0 OTTOi0l GUUPBAALOVY GTOV EVIOTICUO OPICUEVOV BLOTIK®V 1] APLOTIKOV d1EPYUCLOV
TV PUTAOV. Ot gvepyol TOAVPAGUATIKOT eONTPESG EYOVV TN SVVATOTNTO AViXVELOTG TNG OPENTIKNG
KOTAOTOONG TGOV QUTOV Kol TOv ovaykov oe dloto (N) oe apyikd otado  avamroéng
BeAtioctonowwvtag ™ dwyeipton tov aldtov (Bean et al., 2018). EmumAéov, ot evepyol omtikoi
aoOnpec dev emnpedlovion amd TG cLVONKESG PMOTIGHOV TOV TEPPAAAOVTOG, YEYOVOS TOL TOLG
Kaf1oTd Wavikn Avon yio peTaPAnNTéS epapproyés almTovyov Aitaveong o mpaypatikd ypovo (Solari
et al.,, 2008). Q¢ &k TOoUTOV, 1 EVEPYN €K TOL GUVEYYLS OVIXVELOTN YPNOWLOTolEital OAO Kot
TEPLOCOTEPO GTN YEWPYID YO TNV EKTIUNON TNG KATACTOONS KOl TNG AVATTUENG TOV KOAMEPYELDV
Kol £xel amoderyBel 0T elvar pio TOALL VTOGYOUEVT] TPOGEYYIOT YO TV EKTIUNOT TNG TAPAYMYNG OE
éva gupy pdopa Kollepyeidv (Tagarakis and Ketterings, 2017). Ot gvepyoi omtikol aicOntipeg
EKTEUTOVV TO OKO TOLG PMG KOl UETPOVV TNV OVOKAONGT GUYKEKPIUEVOV QUCUATOV GMTOS OO TO
QOAMOUO TNG KAAMEPYELNG, GVVIOW®G 6TO 0patd KOt £YYHS-VTEPLOPO, TAPEYOVTOS LI GEPA OEIKTMV
PAdoTong. Atdpopot deikteg €xovv ypnotipomondel yioo v eKTiunon TG Tapaymyng o€ aplouod
KoAAMEPYEL®V pe Tov Ogiktn BAdoTtnong Kavovikomomuévng dtapopdg (NDVI; Rouse et al., 1973) va
etva o mo dwdedopévog (Hatfield et al., 2008). O NDVI €yel cuoyeTIoTEL e TNV TEPLEKTIKOTNTO TOV
QLVTOV 6 ALMTO, TNV MEPLEKTIKOTNTO GE YAMPOPVUAAN, TN Propdlo Kot TNV QLUAAKN EMQAVELL, GE
UIKPOOKOTIKY) KOl LoKpookomikn KAipaka (Solari et al., 2008; Wang et al., 2016).

H extipmon mg mopoayoyng omd QOCHOTIKEG UETPNGELS TOV QUAAMUOTOS OTO WEGO TNG
KOAALEPYNTIKNG TTEPLOJOL ExEL 101aiTEPT) onuacio dedopévou Ott gival To TPOTO P GTNV AVATTLEN
aAyopiBumv yio epappoyég petafAnmg Alitavong aldtov og mpaypotikd xpovo (Moges et al., 2007).
H otiyun ¢ pétpnong, 66ov apopd To 6TAd10 avATTUENS TOV PLTOV, eMNPEAlel o peyaio Padbud
v axpifela TV TpoPAéyemv T Tapaywyns amd o dedopuéva Tov acnmpov (Raun et al., 2005).
[Tponyoduevec pekéteg oe KoAMépyela apafooitov vaédeiEay o V7 - V8 (7-8 mAnpwg aventuyuéva
@OAa, ooupwva pe v kAipoko Ritchie; Ritchie et al., 1993) wg ta otdd avantuéng mov
TOPEYOLY TNV VYNAOTEPT aKPIPEI OTNV EKTIUNGT TS TOPAY®YNS Kot TO V6 (6 TANPOC averTLYHEVA
QVAL0) ®C TO 6TAdI0 pE TNV VYNAOTEPN ToporriakTikdTTa otig petpinoelg NDVI (Tagarakis and
Ketterings, 2017; Raun et al., 2005), onuavtikd otolyeio yio T HEYIGTOTOINGT TOV OPEAOVLS OTOV
epappoletar petafAnNT AMmavon 6e TPayUaTiKd ¥povo.

Ot Raun et al. (2002) eionyayav tov opioud «In Season Estimated Yield» (INSEY) o¢ pa
Tpocéyylon mov kKovovikomolel Tig petpnoelg NDVI oe oyéon pe to ypodvo Kot TS Sldpopeg
TePPOALOVTIKEG GLUVONKEG TTOV EMIKPOTOVV 6TOVG dtapopovg aypovg (Teal et al., 2006). O véog
KOVOVIKOTOMUEVOG delkTNG AapPdvel vTdyn Tig cLVONKEG TNG KOAMEPYELNG Ol TN GUTELGT MG TNV
aviyvevon mapéyoviag extiunon mg nmpoéocinyne alotov ava nuépa (Lukina et al., 2001) kot ™
Bropdla mov mapdyetor avd nuépa (Raun et al., 2005).

Ot Teal et al. (2006) avéntvéav poviéda yio TV TpoPAeyN ¢ mapaywyns apafocitov pe Pdon
tovg deikteg NDVI, ko INSEY mapovoidloviag mopdpota kadd amoteléopata (o R kopaivovtay
and 0,73 éwc 0,77). Ze mpooeatn perétn mov 0eénydn amd tov Rogers (2016) emetedydn KoAn
ovoyétion (R 0,68) petald e ek mopayoync Kot ovvdvaopéveov petpioeov NDVI mov
TpaypoToTomOnkoy Katd ™ ddpkela 000 oTadiwV avATTVENG TG KaAAEpYELoS apafocitov, V6 Emg
V8. Tlapdpota amoterléoparto avaeépbnkav amd tovg Tagarakis ko Ketterings (2017), ot omoiot

15
11° MaveMAvio ZuvéSplo MEwpyLknc MnxoviKng
BoAoc 2019



ENOTHTA 1 - KAINOTOMIA KAI NEEZ TEXNOAOTIEZ

kaBopoav 10 V7 oG 10 6Tad10 avAmTuENG mov apEyel TNV aKpIPESTEPT] EKTIUNGCT NG TOPAYDOYNG
yia tov apopootro (R = 0,78).

Ot eprocdTEPOL EVEPYOL UGONTIPEG TOKIAAOVY MG TPOG TO KEVIPIKA UNKT] KOUATOG KoL TO €0POG
TOVL PACHOTOG GTO OTTOI0L AVLYVEDOLV Y10l TOV VIOAOYICUO TV deKT®V PAdotnong (Kim et al., 2010;
Yao et al., 2013). Qg ek ToVTOVL, M| TOPOVCA epyaciao £xetl deaydel Yo va a&lohoynoet T Asttovpyia
TOV TTPOCPATO, AVATTVYLEVOD EVEPYOD TOALPOCUOTIKOD oucOntipa pe v ovopocio Plant-O-Meter
1060 o€ eLeYYOUEVO TTEPIPAALOV OGO KOl GE TPOYUATIKEG GLVONKES arypoV.

2. YAIKA-MEQ®OAOI

O aiwoOnmpag Plant-O-Meter avantoydnke npoceata and to wotitovto BioSense. Eivar evepydc,
TOAVPUGLATIKOC, OTTIKOG aucOnpag mov mpoopiletan Yo yewpywkn xpnon. Elvarl epodiacuévog e
4 Aoyvieg LED o1 onoieg ekméumovv gwtevn aktivofolio Kot ototyeio aentipa 10 omoio aviyvevel
o€ TEGGEPO. PAGLOTO, OTIG MEPLOYEC TOL WUMAE, MPAcIvov, kKOKKIvov kot vreépuBpov. Iapéyst v
avakioon Eexmplotd yioo KAOE QACUO, TPOCEEPOVTOS TN OLVOTOTNTO VTOAOYICUOD TEPIGCOTEPWV
amd 20 SpopeTIKOV OIKTOV. Xvvoéetal uéow Bluetooth pe cvokevég Android yio Kotoypooen,
eneEepyaoia, YEOOVOQEOPA Kol AmOONKELOT TOV HETPNCEOV KAODG KOl Y10 TNV OTOGTOAN| TOV
dedopévov oto cloud. Aemtopépeteg Kot avaADTIKES TANPOPOPIES Yo TN AElTovPYin KO TIG 1010TNTES
oV acOntpa avaeépovtal amd toug Kitic et al. (2019).

H Aertovpyia Tov aucOntpa e€etdotnke oe ereyyouevo mepipdrAiov, o€ okoTEWVO BAALO, OTOV
ovykpidnke pe tov gumopikd acOntpa GreenSeeker handheld (Trimble Inc., CA, USA) kot pe tov
vrepeacuatikd ontikd awsntipa SPECIM (Specim, Spectral Imaging Ltd, Oulu, Finland) 1660 o¢
GLVONKEG POTIGHOV 000 Kol G GLVONKES TANPOVG GLGKOTIONG. [l TIG LETPNOELS YPNCILOTO ONKOV
dekatpeig otoyor peyébouvg 2m x 0,8m S0POPETIKOD YPOUATOS DGTE VO, SLUPEPOLY Ol POGLOTIKES
VIOYPOPEG TOVG e GTOYO VO, KOAVEOET TO duvatdv peyalvtepo evpog o€ petpnoelg NDVIL

‘Enerta amd tov édeyyo ¢ AE1TOVPYing OTO EPYACTIPLO, OKOAOVONCAY TEWPOUOTIKES LETPT|OELS OE
TPAYUOTIKEG cuvOnkeg kaAlépyswng apafooitov (Zea mays L.). H peiémm oweénydn oe d6vo
TEPOLATIKOVG aypoVg oto Bajmok kot 1o Ravno Selo, mov Bpiokovtar avtictoryo ot Popeia kot
Kkevtpkn meployn g BoiPovtiva, otn ZepPia. Ot anmootdoelg omopdc tav 70 ekotooTd petald TV
ypopumv kot 20 exotootd petald Tov Qutov otn ypapun. H pedémm mepredapPove mévie
dwpopetikég 06oelg alwtovyov (N) Aimavong (0, 5, 10, 15 ko 20 kg N avd otpéupa) mov
EQOPUOCTNKAY OQUECHS UETO TN omopd pe evoopdtoon ovplag (46% N) oe KOKKMOON HOPOT.
AxorovOnOnke to mepapotikd oyxédo randomized complete block design (RCBD) pe tpeig
EMOVOANYELG.

Y10 mepdpato oypov petpnnke o odeiktng PAdoong NDVI ce tpia dapopetikd otddio
avamrtuéng tov apafocitov, V5, V6 kot V8 (6tav ta gutd glyav 5, 6, ko 8 TAp®G averTuyuévol
@OAMO  avtiotoya). o TIc HETPNOES OVIOVAKAGONG TOV QLAAMUOTOS YPNCLLOTOONKV
tavtoypova o Plant-O-Meter kot o GreenSeeker handheld ®wote va givor duvatiy n odykpion TV
AMOTELECUATOV [LE TOVG 0VO ausONTPEC.

O awoOnmpag GreenSeeker handheld elvar evepydg aicOnmpog yewpods mov petpd v
avtavikiaon tov euAA®patog oto 660 nm (R) kot 770 nm (NIR) vroloyilovtag tov NDVI
(Tremblay et al.,, 2009). Encidf] o ovykekpiuévog oicOntipog Oev mapéyel T duvoToTnTO
Kataypoens, yewdoisiog Kot amofnkevong O0edopévav, Ol HETPNOELS  TPOYLOTOTOmONKAY
KaTaypapovtag xepoxkivnta téooepig pécec Tinég NDVI and kdbe mepapotikd tepdylo. Avtifeta o
Plant-O-Meter £yet T duvatdTTO AVTOUOING GLAAOYNG YEMOOLIGIOG KOl OTOONKEVGNG UETPOEWDY,
GUVETMG LE TOV CLYKEKPEVO arcOnTpa yaptoypapndnke o NDVI koatd pikog oAOKANpoOvV ToV
TEWPOUATIKOV OypOV KOl 0KOAOVONGE avAALGOY TV OEOOUEVOV UE YPNON TOVL AOYIGUIKOV
YEOYPOPIK®V cvotnudteov tAnpoeoptov QGIS (QGIS Development Team, 2018). O oucOnipag
petpovoe pe cvyvotta 1 Hz xoataypdeovrog mepimov 1 pérpnon/m. O perprioeig NDVI kot pe ta
000 Opyava €ytvov kovid oto peonuépt, petocy 11:00 mp. wor 13:00 pp. kpatovrog tov ke
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acOntpa otabepd oe andotactn mepimov 60 cm omd to PUAA®UO pe TN OEGUN GApPOOoNG KABETN
TPOG TN QPOPE TOV YPOUUUDY TNG KOAAEPYELOC.

270 0TS0 TNG WPIULOVONG, CUYKOUIGTNKAY E TO XEPL Ol GTASIKES OO TO KEVIPIKO TUNWO, UNKOVG 6
HETP@V, TOV OV0 HEGOIMV GEPNOV 0€ KAOE melpapatikd tepdyo. Metpndnke 10 pekto Papog kdbe
TEPOLATIKOD TEROYIOV KOl TO TEPLEYOUEVO OAMVIOTNKE Y10 Vo VITOAOYIGTEL TO KoBapd PApog TV
ondpwv. H meplektikdta tov omdpov o€ vypacio petpndnke ond tov acnmpa GAC® 2500-
INTL (Dickey-John, IL, U.S.A.) kot 1 TEMKY TOPOY®OYT KOVOVIKOTOWONKE GE TOGOGTO VYPAGIOG
14%.

Mo v avdivon tov dedopévov, ot HETPNCELS TV actntipov petacynuotiotnkov oe INSEYpap
dtupovrog tov NDVI pe tov apBud nuepadv and ) onopd. H ypnion tov INSEY xavovikomoince
TIG LETPNOELS TV osONTp®V Yo Tovg dvo mepapotikovs aypovg (Tagarakis and Ketterings, 2017).
Xpnowomombnke avdivon mTOAVOPOUNONG YL TOV TPOCOOPICUO TNG OXEONG HETOED TV
petpiioewv NDVI tov GreenSekeer kor tov Plant-O-Meter. EmumAéov, povtélo ypoppukng
TOAVOPOUNGNG YPNOLOTOMONKAY Yol TIC OYE0ELG HETAED NG TEAIKNG Tapaymyng kot tov INSEY
v KaBe 6Tad10 avAmTLENC.

3. AIOTEAEXMATA

ZOUQOVO LLE TO OTOTEAEGLOTO TOV EPYACTNPLOKMOV LETPNOEWV, TO PMG TOV TEPPAALOVTO YDPOL
dev emnpedlel i petpnoelc t16co tov Plant-O-Meter 6co kon tov GreenSekeer. To yeyovdg awtd
VTOSEIKVOEL OTL KOl Ol 000 oicHnTpeg UmOpovV Vo ypNOCIHoTombovy oTov aypd yopic vo
emmpedlovtal amd TIC GLVONKES POTICHOD TTOV EMKPATOVV TNV OTIYUN Tov yivetor n pétpnon. H
avaALoN TV OedOUEVOV TOV EPYACTNPLOKOV HeTpioewv Tov deiktn NDVI édeiov vymin
oLOYETION (R2 =0,95) petaéd tov 6vo actnmpov xelpog (Plant-O-Meter ko GreenSekeer) (Xy 1a).

Axoun Kahvtepn cvoyétion £dei&av ot petpnoelg NDVI petaéd tov actnmpov Plant-O-Meter
kol GreenSekeer pe tov vrepeacuatikd aicntiypa SPECIM (R2 =0.997 ka1 6TIG OVO TEPIMTMOGELS)
Eymua 1B). To yeyovog avtd amodetkvieL TV dLVATOTNTA TTOL £XOVV 0L VO AGONTHPES VA TOPEYOLY
dueca ko pe akpifelo LETPNOELS AVTAVAKAOGNC OO TNV ETLPAVELD TOV PUTOV.

1 4 1 -
> _
S 08 - ‘ 20.8 -
5 58
2 T QD B
g 0.6 . El % 0.6
804 . Q Q04 -
- c C
502 7 = $o
e Lo « PlantOmeter
O T T T T | 0 : : ‘ ‘
0 0.2 0.4 0.6 0.8 1
GreenSeeker NDVI 0 0.2 SP(I)E'éIM(I)\i6DVIO'8 1
(@) (B)

Yympo 1. Tpoppikn moivopdunon petald tov epyactnplakov petpnoewv NDVI (o) Tov aichntipa
Plant-O-Meter pe tov GreenSekeer kot (B) tov aicOntipov Plant-O-Meter kot GreenSekeer pe tov
vrepeacuatikd acOnmpo SPECIM.

H avéivon ypoppkng moivopdunong peto&d tov INSEYpap kot g teMkne mapaymyng £0€1Ee
OTL KO Yot Toug S0 osOnpeg pumopet va emtevydel KaAr ektipnomn g amdooons and LETPNGELS
OV TPAYUATOTOOVVTOL EMELTO OO TO 6TAd0 avantvéng V6. To edpnua avtd coppovel pe o
amoteléopata amd tovg Tagarakis ko Keterings (2017).
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Yympo 2. Ipoppikn) ToAtvopounon HeToEy g TeEMKNG Tapaymyng Kot Tov deiktn INSEY pap amd Tig
petpnoelg tov ocnmpwv (o) Plant-O-Meter ko (B) GreenSeeker yio ta tpio otdd10 avdmTuéng g
KaAMEPYELOG apafocitov mov eEgtdonkay oty £pevva (V5, V6 kot V8).

H mo akpipng extipmon g mopaymyng Kot Yo Tovg 600 aiohntmpeg emredhybnke 610 GTAS10
avartuéng V8 (o ovvteleotng Tpocdlopiopon R? nrav 0,8 kot 0,75 ywo tovg Plant-O-Meter ko
GreenSeeker avtictoyya) (Zynuo 2) opown pe to gupripato wponyovpevev peietov (Teal et al.,
2006). e yevikég ypapupés, o Plant-O-Meter @dvnke va mopéyel KaAOTEPN EKTIUNGCT TG TAPAYMYNG
Koty oo Tpion otad avamtuéng tov apafocitov. Qotoéco, n pétpnon pe tov GreenSeeker
TPOYLLOTOTOONKE YEPOKIVITA TAPEYOVTOG LOVO TEGGEPIS LETPNOELS Y10 KAOE TEWPOUATIKT LOVADQL,
oe avtifeon pe tov Plant-O-Meter mov mapeiye avtopaTo SNUAVTIIKE LEYOADTEPO OPOUO LETPCEDV
oonyawvrtog oe peyorvtepn axpipela. Emiong, yio v e€aywyn ac@aiods copmepdopatog n £pevva
npénel vo, emavaAne0et o d16.popeg TEPIPAAAOVTIKES KO KALOTIKES GUVONKEC.

1 -

0.8 -
0.6 -

0.4 -

Plant-O-Meter NDVI

0 \ \
0 0.2 0.4 0.6 0.8 1
GreenSeeker NDVI
Yympo 3. Tpoppikn toAvdpounon petacd tov oeiktn NDVI mov vroloyiotnke amd 11 PLETPNOELG
tov ausOntpa Plant-O-Meter kot GreenSeeker.
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AvAivon omAng YPOUUKNAG ToAVOpOUNoT G Ypnotomomonke kat yio T ocvykpion petald tomv
peETpPNoE®V TV 000 aohntipwv oe ocvvOnkeg aypov (Zynua 3). Iopd to yeyovog 6t ot 6v0
acOnTNpec UETPOLV TNV  OVAKANGY, TOL QLUAADOUOTOS O OPOPETIKA UNKN KOUOTOG, TO
aroteAéopata emPePaivcav 0Tt Tapéyovy mapodpoteg petabd tovg petproeig NDVI (R2 =0,89).

4. LZYMIIEPAXMATA

Ymv mapovoa epyacio alloAoyndnke mn Aeltovpyiot TOL TOAVQOAGUOTIKOD, €VEPYOD OMTIKOV
awcOnmpa Plant-O-meter. Amd TIg UETPNOES TOL TPAYUATOTOMONKOV GTO EPYUOSTNPO, GF
eleyyoueveg ovvnkeg, amodeiyOnke 6Tl 0 cucONMpog mopeiye TapOUOlEG PETPNOELS TOGO UE TOV
eumopkd awcOnpa xepog GreenSeeker 6co kol pe tov vrepeacuatikd owcOntipa SPECIM.
Eniong, 10 pmg tov mep1aAlova xdpov dev EMNPEACE TIG LETPNOELS TOV dVO EVEPYDV aloONTHPOV
Y€YOVOS TOV TOLG KAPIGTA 130VIKOVG Y10 XPNOT O€ aypOTIKA TePPdALovTa.

ATO 1O ATOTEAEGLOTO TOV HETPNCEMV TOV EAMEONGAV OO TOVG TEPAUATIKOVS AypOVS Yol TV
KaAMEpyeln apafocitov, nTav dvvatn N enitevén a&lOTIOTNG EKTIUNONG TNG TEMKNG TOPAYMYNS Ao
petpnoelg tov ogiktn NDVI 6to péco g kaAlepyntikng mepidoov. H BEATioT otryun yio ) Aqyn
TV petpnoev Ntav petald tov otadiov oavimtuéng V7 ko V8. Téhoc, o molvpoouatikdg
aoOntpog Plant-O-Meter mopeiye mopdpoleg petpnoelg pe tov gumopikd aiohntpa GreenSeeker
o€ ouvOnKeg aypod. ZOUE®VO [LE TO GUVOAK(A OTOTEAECUATO TNG EPELVOC, Ol dVO POPNTOL EvepPyOL
ontikol oucONTpeg mapéyovv aElOMIOTEG UETPNOELS OYETIKEG UE TNV KOTAOTOON KoL TNV
SVVAHIKOTNTO TOV PLTAOV, VTOJEIKVOOVTAG T dVVATOTNTO YPNONG TOVG Y10, EKTIUNON TG TOPAYDOYNG
KO Y10 LETAPANTEG EQAPLOYES GE TPAYLATIKO ¥pOVO GTA TAOIGLH EPAPLOYNG YeE®pPYiag akpiPeiag.

H mopovoa epyoacio amotelel pion mpdtn HEAETN Yoo TNV €KTIUNGOT TNG AEITOLPYIOG KOL TWV
SLVOTOTITO®V TOV TPOCPATO, OVETTVYUEVOD TOAVPAGHATIKOV ousOntipa Plant-O-Meter. Anottobvron
TEPOLTEP® PEAETEG Yo VO doKIaoTED Kot v a&todoynbel | Aettovpyia tov aicOnmpa oe OAES TIg
mOaveég oLVONKEC MOV GLVAVTOVTOL GE YeWPYIKA mepiPdriovta, eumiovtiloviag tv Pdon
dedopévev yia v egaywyn g eicmong yia v akpiéotepn TpdPreyn g mapaywyns. Emumiéov,
TO YOUNAO KOGTOG Kol 1] EDKOALD XPNONS TOV MGONTNPO AVOUEVETOL VO TOV KOTAGTHGOLY 0ELOTIOTN
K0l OIKOVOLUIK( TTPOGLTH ADGN Y10, LKPOVG KOt LEGAIOVG TOPALy®YOVG.
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EOAPMOI'H ME®OAQN I'EQPI'TAY AKPIBEIAY XE KEPAXEQNA

HAlog Kapopratldkng, Xrvpiomv Povvtds, Nikoréta Adppa.
I'ewnoviko Tav/po ABnvav, Tunua ARII-I'M, Iepd Od6¢ 75, 11855, Abfva,e-mail:
sfountas@aua.gr

INEPIAHYH

2mv mapovoa epyacio mpaypoatomombnke Mtav 1 gpapuoyn pebodwv I'ewpyiog AxpiPeioag oe
kepacedva 6to Ayradoympt [TEALaG, oTtoug TpoTodeg Tov dpovg [Tdko. Kvplog otdyog g epyaciog
NTaV 1M HEAETN Kol YOPTOYPAPNON TNG XOPIKNG TAPUAALUKTIKOTNTAG TNG CUVOAIKNG TAPAYMYNG TOL
Kepace®va Yia 10 £10¢ 2018 Kot 11 GLGYETION QLTS HE TO TOLOTIKA YOPOKTNPIGTIKA TOL BAPOVE, TOL
peyébovg ko g meplektikomrog o€ odkyopo (fabuoi BRIX) tov kaprndv. MeiemnOnkov kot
YOPTOYPOPNONKAYV ETIONG 1] KOKKOUETPIKT GVOTACT] KOl 1] NAEKTPIKY ay®YLdTNTO TOV €00povg. H
avaAvon TV JedOUEVOV EPEPE OTO PMG ONUAVTIKN YOPIKN TOPUAAUKTIKOTNTO OTO VIO UEAETN
peyén mopd to puKpo péyebog Tov KEPUGEMVOL.

Aéeis kheroia: Tewpyla Axpieiag, KOAMEPYELD KEPAGLAS, XWPTKT| TOPUALAKTIKOTNTO YOPTOYPAPNON
TAPAYOYNG

APPLICATION OF PRECISION AGRICULTURE IN A SWEET
CHERRY ORCHARD

I.Karampatzakis, S. Fountas, N. Darra
Agricultural University of Athens,Department NRM & Ag.Eng.,IeraOdos 75,11855,Athens,e-mail:
sfountas@aua.gr

ABSTRACT
This research is related to the application of precision agriculture methods in a sweet cherry orchard
at the region of Pella, and more specific Achladochori village at the foothills of mount Paiko. The
main purpose was to map the spatial variability of 2018 yield and correlate it with the cherry fruit
quality parameters of weight, size and sugar content (BRIX). Soil texture and EC were mapped too.
Data analysis brought out a significant spatial variability despite the small size of the orchard.

Keywords: Precision Agriculture; cherry orchard; spatial variability; yield mapping

1. INTRODUCTION

Cherry orchards occupy a small share of the cultivating area in Greece, approximately 14,000 out
of almost 3 million cultivated hectares, but this area is enough to place Greece at the 10 biggest
producers and exporters worldwide. Therefore, the adoption of PA practices in agricultural
production is necessary in order to maintain the competitive advantages and reap more benefits, such
as managerial improvements, higher yields, lower costs, minimization of environmental impacts and
quality improvements. However, the implementation of these methods in Greek agricultural sector
are still at the embryonic stage. Specifically, the application of Precision Agriculture methods in
Greece has started in 2001 in cotton cultivation (Markinos et al., 2003) and during the last decades
has expanded to other crops, such as apple orchards (Rappos et al., 2004; Angelopoulou et al., 2005;

21
11° MaveMAvio ZuvéSplo MEwpyLknc MnxoviKng
BoAoc 2019



ENOTHTA 1 - KAINOTOMIA KAI NEEZ TEXNOAOTIEZ

Tanos et al., 2005), olive orchards (Fountas et.al 2011, Hadjipapadopoulos & Protonarios, 2017) and
pear orchards (Vatsanidou et.al, 2014).

The main objective of this study is the investigation of the spatial variability of a cherry orchard,
according to the principal methods of precision agriculture. The cherry orchard that was selected
included three different planted varieties; ‘Early Bigi’ as the main variety and “Bigarreau Burlat” and
‘Lapins’ as pollinators. Delineation of management zones, as well as yield and quality measurements
were exploited, allowing the monitoring of significant parameters for the growth of the cultivation.
Furthermore, Soil Electrical Conductivity (EC) measurements together with soil sampling were
conducted, by using a GPS for the geo-reference of all the measurements. The analysis of the
collected data for the map creation was applied to ArcGIS (ESRI) software and a statistical analysis
was performed to determine data correlations.

2. MATERIALS AND METHODS

The research was carried out in a 0.4 ha commercial cherry orchard during 2018. The orchard is
located in the Achladochori village, near Giannitsa, at the foothills of mountain Paiko (40°49'11.5"N,
22°19'14.9"E). It is consisted by 204 trees that were planted during the year 2012 on a 4 x 5 m grid;
104 are “Early Bigi’, 52 are ‘Bigarreau Burlat’ and 52 are ‘Lapins’. All trees are grafted on ‘MxM
14’ rootstock.

The orchard has 8 rows and every row consists of 26 cherry trees. The odd rows consist of the
main variety ‘Early Bigi’, and the pollinators ‘Lapins’ and ‘Bigarreau Burlat’ are planted as pairs
from the same variety succeeding one another on the even rows to achieve maximum pollination of
‘Early Bigi’ flowers. Due to mice infestation, a percentage of 17.64% (36 trees) were dried. A total
of 32 out of 104 (31 ‘Lapins’ and 1 ‘Bigarreau Burlat’) pollinator trees have been drought, since
most of whom were not grafted on the selected rootstock of ‘MxM 14’ due to poor management
decisions.

The orchard was divided into 32 grid cells (Figure 1) for optimal data management and high
accuracy of the results. Every row consists of four grid cells and every gridcell is composed of 6 or 7
trees spreading to an area of 0.012 ha (24 x 5 m) and 0.014 ha (28 x 5 m) respectively; the 1% and 3"
grid cells contain 6 trees while the 2" and 4™ grid cells contain 7 trees. Due to the aforementioned
problems, no pollinator grid cell is in its full capacity and 3 of them lack any ‘Lapins’ trees (Figure
2).Cherry harvesting of the orchard took place in seven stages during the period May 4™ to May 30"
with high frequency of rainfalls. Harvest was performed manually by workers. Cherries were
harvested in buckets and then putted in cases especially made for cherries. Each measurement was
georeferenced using GPS and the weight of cherries was measured by using a certified professional
weight scale. The total case weight (approximately 0.35 kg per case) was subtracted by the total
weight measurement to calculate the net cherry weight. After every day’s harvest three random
cherries from each grid cell were picked and examined for the determination of quality parameters.
The weight was measured using a smaller weight scale of high accuracy. The size was measured by
using an electronic caliper and the sugar content (BRIX) of the cherries was measured by using an
analog refractometer.

22
11° MaveMAvio ZuvéSplo MEwpyLknc MnxoviKng
BoAoc 2019



ENOTHTA 1 - KAINOTOMIA KAI NEEZ TEXNOAOTIEZ

Figure 1. Aerial photograph of the orchard taken by Google Earth, and the 32 grid cells of the
experiment.

The same geo-reference method was applied for the soil sampling when samples were collected
by two or three different spots of every cell during January of 2019. The samples were collected at
the 0 — 30 cm depth below surface level using a small garden spade. Then, the samples were drought
for three days in room temperature (20 °C). Soil texture was determined using the Bouyoucos (1936,

1962) method.
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Figure 2. The variety map of the orchard (‘BB’="Bigarreau Burlat’, ‘L’="Lapins’, ‘EB’=Early Bigi)
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3. RESULTS AND DISCUSSION
3.1 Soil EC

Soil EC mapping (Figure 3) revealed a slight variability of EC in the orchard as in 56% of it, EC
varies between 2 and 15 dS/m. The biggest EC rates are recorded at the south -east part of the
orchard, something that may be induced by the small inclination that the orchards of this area have
for a better water drainage. Moreover, the A and H groups of grid cells are flanked by other orchards
being watered by the old method of flood and are always more humid. The first tree of every grid
cell from Al to H1 is planted in a distance of 6 m from the artificial drainage waterways that every
orchard in the area has.

0 5 10 0 =0 E)]
EC - — et

dSim
[ 2000000 - 5,000000
[ 5000001 - 2.000000

B =000t - 15000000

Figure 3. Soil EC mapping

3.2 Soil texture

Sand, silt and clay demonstrate different spatial variability (Figure 4) and slight or no correlation
with soil EC, as the results of Pearson correlation have shown (Table 1).
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Clay percentage ranges between 28.5% and 32% and spreads almost equally in more than 65% of
the orchard. The north-east and south-east parts of the orchard differ with a percentage of clay lower
than 28.5% and only one grid cell demonstrated higher amount of clay (Figure 4a).

The central and north/ north-east parts of the orchard display the bigger amount of silt percentages
and combined in the orchard are recorded middle and high percentages of silt at the 75% of it. Only
the south-west area has smaller concentrations of silt and some grid cells dispersed at the central and
east parts of the orchard (Figure 4b).

Most parts of the orchard have middle and high content of sand and only 18% of it has lower sand
content, especially the grid cells directly after the middle of the orchard (A3-H3) (Figure 4c).

AMMOY

.00 9

| B
T 0 scesen - 44 40002

Figure 4. Soil texture in % of clay (a), silt (b) and san (c)

Pearson method have shown moderate and strong negative correlation between sand, silt and clay
and no correlation between silt and clay. There is a relatively low correlation between EC, sand, silt
and clay.

Table 1. Correlations between soil EC and texture

EC Sand Silt Clay Silt and
Clay
EC 1.000 0.354 -0.341 -0.128 -0.354

3.3 Yield

Yield during the year of 2018 showed significant spatial variability for all cultivated varieties
(Figure 5), especially for “Early Bigi’, which is the main variety. The harvested quantities of ‘Early
Bigi’ seem to stay unaffected by the number of pollinators, an advantage for a self-incompatible
variety.
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Figure 5. 2018 yield mapping A) Orchard overall by the 3 different varieties B) 'Bigarreau
Burlat' C) 'Lapins'
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Descriptive statistics indicate that the minimum harvested quantity in a grid cell was 31.86 kg and
the maximum was 170.04 kg, but the average per cell yield was 68.53 kg (Table 2).

Table 2. Descriptive statistics for yield

N Mean SE SD Min  Mid Max Skewness Kurtosis
Mean

Yield 32 8344 707 39.98 3180 6853 170.04 0.75 -0.48

Yield variability is not affected by soil texture of EC as the Pearson method showed low negative
correlation between yield EC and sand, low positive correlation with silt and no correlation with clay
(Table 2).

Table 3. Correlations between yield, soil EC and soil texture

EC Sand Silt Clay Silt and
Clay
Yield -0.155 -0.257 0.248 0.092 0.257

Examining each variety individually to to find out how quantity and quality characteristics relate
only in ‘Lapins’ there are strong correlations amongst productivity, fruit size, weight and BRIX
(Table 6).

‘Early Bigi’ presents strong correlations between fruit size and weight but BRIX seems to stay
unaffected by variety productivity. BRIX of ‘Early Bigi’ cherries are slight related with fruit size and
weight, but tree productivity and fruit size and weight are high moderate related (Table 4).

‘Bigarreau Burlat’ finally, shows strong correlation between fruit size and weight. Fruit weight
seems to stay unaffected by the tree productivity, but there are there are very low correlations
between productivity fruit size and BRIX and moderate correlations amongst BRIX, fruit size and
weight (Table 5).

Table 4. “Early Bigi’ quantity and quality correlations

Yield Fruit size Fruit weight BRIX
Yield 1.000 -0.626 -0.588 -0.168
Fruit size -0.626 1.000 0.968 0.241
Fruit weight -0.588 0.968 1.000 0.314
BRIX -0.168 0.241 0.314 1.000

27
11° MaveMAvio ZuvéSplo MEwpyLknc MnxoviKng
BoAoc 2019



ENOTHTA 1 - KAINOTOMIA KAI NEEZ TEXNOAOTIEZ

Table 5. “Bigarreau Burlat’ quantity and quality correlations

Yield Fruit size Fruit weight BRIX
Yield 1.000 -0.179 -0.023 0.281
Fruit size -0.179 1.000 0.928 -0.410
Fruit weight -0.023 0.928 1.000 -0.369
BRIX 0.281 -0.410 -0.369 1.000

Table 6. ‘Lapins’ quantity and quality correlations

Yield Fruit size Fruit weight BRIX
Yield 1.000 0.770 0.770 0.762
Fruit size 0.770 1.000 0.993 0.997
Fruit weight 0.770 0.993 1.000 0.985
BRIX 0.762 0.997 0.985 1.000

4. CONCLUSION

Spatial variability of soil texture, EC and yield indicates that even small fields like the examined
one can be separated to management zones for a better farm management and variable rate
application of inputs and cultivation practices.

Soil texture and EC have a very small interference with cherry yield but yield and quality
characteristics act upon each other for all three studied varieties. For ‘Early Bigi’, fruit weight and
size are altered depending the cherry production volume per tree. On the other hand, in ‘Bigarreau
Burlat® fruit size and weight are not affected by the yield rather than each other in a positive
correlation. ‘Lapins’ variety seems to have the biggest interdependence amongst quantity and
quality, and quality characteristics themselves.

The results indicate that apart from spatial management zones, in cases that orchards are being
planted in a pattern like the studied one every variety shall be managed particularly.
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I[TAPAKOYAOY®HXH AMIIEAQNA ME XPHXH AEAOMENQN
EINIT'EIOY AIXOHTHPA KAI AOPY®OPIKEX EIKONEX

N. Adppa, X. ®ovvtag, E. Avaoctaciov
I'eowmoviko TTov/uio ABnvav, Tuua APTI-I'M, Iepd Od6¢ 75, 11855, Abfva, e-mail:
nicoletadarra@aua.gr

INEPIAHYH

2mv mapovoo peAétn aStomomdnkav pébodol 'ewpylag AkpiPeiag oe KoAAépyela emTpanéliov
otapuiov (Vitisviniferacv. ThompsonSeedless), pe o10x0 ™V TopakolovONGN ™G YOPIKNG
TOPOAAUKTIKOTNTOG TOV OUTEADVA amd TNV dvOon g tn cvykoudn. H perétn éhafe ydpa otnv
evpVtepn meployn tov Kidtov og évav gumopikd apmeddvo 14 oTpepdTOv KaTd T SIUPKELD TOL
é¢tovg 2017. Zto mhoiclo NG £€pevvag, TPOYUOTOTOMONKAY TEPANATIKES UETPNOELS YO, TOV
vrohoyiopd tov Agiktng BAdomong Kavovikoromuévng Awapopdg (NDVI) kot ™ yoptoypdonon
™ teMkng Topaywyns. O deiktng NDVI vroloyiotnke pe ) ypron dopveopikdv eidvov (Sentinel
2) ko tov emiyeov aicOntipa. CropCircleACS 470, étor dote va a&loloynbodv ol cvoyeticelg
petaéy tov dewtdv NDVI kol e mopaywyne. H mapaymyn tov aypotepayiov mapovsioce vynio
Babuod ywp1kng TapaALAKTIKOTNTOSC 0 oYE0T UE TO péyehoc Tov, evd ot deiktec NDVI napovciacav
OlopopeTkovg  Pabpodc cvoyeticewv o€ OPOPETIKES mMUepounvies pérpnong Kot pebodovg
TNAEMIGKOTNONG.

AéCeic wklewoa: Tewpyla AxpiBelog, emrpanéllio otapovAl, oeiktmg NDVI, tmiemokdmnon,
XOPTOYPAPNOT TAPAYOYTG

VINEYARD MONITORING BY USING PROXIMAL DATA AND
SATELLITE IMAGERY

N. Darra, S. Fountas, E. Anastasiou
Agricultural University of Athens, Department NRM & Ag.Eng., lera Odos 75, 11855, Athens,e-mail:
nicoletadarra@aua.gr

ABSTRACT

In this study, Precision Agriculture methods were exploited in table grape vineyard (Vitis vinifera cv.
Thompson Seedless) in order to monitor the spatial variation of the crop from veraison to harvest.
The study took place in the district of Kiato and more specifically in a commercial vineyard of 14
acres during the year 2017. Experimental measurements were performed for the calculation of the
Normalized Difference Vegetation Index (NDVI) and the yield mapping. The Normalized Difference
Vegetation Index (NDVI) was calculated by employing satellite imagery (Sentinel 2) and proximal
sensing (Crop Circle ACS 470) to assess the correlation between the NDVI index and the yield of
table grapes. The yield of the study area exhibited high degree of spatial variability considering the
small size of the vineyard, while NDVI index revealed different degrees of correlations with different
measurement dates and sensing methods.

Keywords: Precision Agriculture; table grape; NDVI index; remote sensing; yield mapping
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1. EIXATQI'H

H o&omoinon pebodswv I'ewpyiog Axpieiog oty apnedokariépysio opiletar g Apmelovpyia
AxpiBelag kot otoyevel ot Pektiotomoinon g kaAMépyswog g aumélov. H Aumelovpyio
AxpiBeiag, Onmg kot o teplocoTEPES £QappoYEG TG [empyiag Axpifeiag, eivar po cuveyng KUKAKN
dwdikacio (Bramley al.,2003) mov cuviBm¢ meptAapfavel T GVAAOYN Kot 0VAALGT TOV dESOUEVMV,
™ dnovpyio Kot YedOoUO SaPOPeTIKOV {ovmv dlayeipiong, T amo@dcelg dtayeipiong Kot tnv
aE10A0YN 0T TOV EQOPLOCUEVMV TPAKTIKOV.

H Apmehovpyia Axpieioc mpaypoatomomdnke yio tpdt @opd oty Avotpoiio ko otig HITA
(Katpdpvia) to 1999 oe aumeddveg mov 1 cuyKopodn ywotay punyoavikd (Bramley 2001a, Wample
1999) kol axorovOnoe n epapuoyn g oty FoAlia (Tisseyre et al., 2001). To 2001 omm X
TPOYLOTOTOMONKOY TEPALATE YOPIKNG TAPOALAKTIKOTNTOG TNG TOPAYOYNG KOl TOOTNTOS TOV
kaprmov (Ortega et al., 2003), evad otnv lomavia 1 epappoyn g Hebdd0L TAPOLGIAGTNKE Y10 TPAOTN
@opd 10 2002 (Arnd et al., 2005). [ToAAG epeLVNTIKA TPOYPAUUATO TTOL CPOPOVV GTNV Aumerovpyio
AxpiBeiag vrapyovv 1O TAEOV GYEDOV GE OAEG TIG ONUAVTIKEG TEPLOYES TOPAYOYNG KPAGLOV TOV
ko6opov ovumeprrapPavopévev, g Faidiog (Bobillet et al., 2003; Tisseyre et al., 2005; Goutouly
Gaudilliere, 2006), ¢ Iomaviag (Arno et al., 2005), tov HITA (Johnson et al.,2003), ¢ XiAng
(Ortega-Farias et al., 2003), ¢ Notog Agpwkng(Strever et al., 2004), e Néog Zniavdiag (Pratt et
al., 2004) kou g Avotpariag (Taylor and Tisseyre, 2005), 6mov N vioBEon owTOV TOV PEBId®V
QOIVETOL VAL EIVOL TTLO TTPOYDPTMLLEVT).

Ymv EAMGSa m Apmelovpyioa Axpieiog epappdotnke yuoo TpdTn @opd oty Ococaiio kot
ovykekpipéva oto Aapdot Tvpvéfov ko otnv Paydvn Adpicag yuo v KoAMepyNTIKN TEPI0d0
2004-2005 og aumeiwveg éktaong 6,5 ko 7 otpeppdtov avtiotoryo. [lapdio mov 1 €ktoon Tmv
QUTEADVOV TOL HEAETNOMKOY NTOV UIKPY|, SOMIOTOONKE UEYAAN YOPIKY TOPUALOKTIKOTNTO TOGO
TNV TOPAy®YY] 6GO KOl GTO TOLOTIKA YOPOKTNPLOTIKE, KOV Vo 00NYNOEL GE Oapdpemon (ovav
dwaxeipiong (Tagarakis et al., 2006). Enropévog, 1 peAétn g yopkng TopaAloKTIKOTNTOG OKOUOL Kot
0€ UIKPA OyPOTEUAYLOL EVTEIVEL TNV AVAYKT] Y10l O10LPOPOTOEVT LETOYXEIPION KO EQAPLOYT APYDV
I'swpyiog Axpipeiag.

H AA moapovciace toyeio eQapoyy] 6 QUTEADVEG |LE OLVOTOMGIUEG TOIKIAMES AUTEAOD AOY® TOV
VYNA0D emmédov eKUMYOVIONG 7OV Tapovctalovy. QoTOC0, VIAPYOVV TEPLOPICUEVES UEAETEG
OYETIKA LE TNV €PO. TEPOUITEP®D E£PELVO, OVTMOV TMOV EPUPUOYDOV OTN CLYKEKPIUEVNG KOAMEPYELQ.
Enopévmg, n mapodoa perétn Aappdvoviog vroéyn ta Topondve £0TIAGE GTNV €QOPRoYn HeBdOV
['swpyiag (Aumehovpyio) Axpieioc oe aumelodva @utepévo pe emrpanélio motkidio. O KOplog
OTOYOC TNG £PEVVAG TTOV EKTOVHONKE NTAV O TPOGOIOPIGUOS TNG YWPIKNG TAPUAALOKTIKOTNTAG TNG
Tapaymyns, Kabhg kot tov deiktn PAdotmong NDVI, o omoiog vroroyiotnke Pdoet dedopévmv 000
SLLPOPETIKMV TTNYDV (EMlyeLd Ko dOpuQOPIKd). 1o TAaIG10 avTtd, TpaypaTomomdnke chykpion Tov
deiktdv PAdotnong NDVI and 1ig 6vo d10popeTikeég TYEG 0E00UEVOV, KOONDS Kol GUOYETION TOV
OTOTEAECUATOV UE TNV TOPAY®YN OTOELMOV. [0 TOV TPOGOI0PIGUO TV GLGYETICEMV KOl TNV
e€aywyn aoQOADV GCULUTEPUCUATOV OEOTOMONKOY OTATIOTIKEG KOl YEMOTOTIOTIKEG HEOOSOL
(TEPLYPAPIKN GTATIOTIKT), YOPIKT] CLTOGVGYETION, Y OPIKT TOPEUPOAN).
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2. YAIKA-ME®OAOI

H nepapatikn dadikasio dieEqydn 1o étog 2017, o apunelodva 1,4 extapiov mov Ppicketol oty
gupbtepn meployn tov Kidtov Kopwbiag pe yeoypoapikéc cvvietaypéveg 37° 54.532 'N, 22° 44.798'
E (Ewova 1). Ta aunéiia eutevtnkav 1o 2006 pe v emrpoanéllo mowkidio Vitis vinifera L. cv.
Thompson seedless. Katd 1 dibpkela g KaAMEPYELNS XPNOLOTOMONKOV CNUAVTIKEG TOGOTNTES
QOTOPLOUGTIKOV EVOCEMV Kol AITOGUATOV Y10 TNV EMTELEN EUTOPIKDV TPOSLAYPAPDV OGOV 0pOPA
ot OWGUETPO TOV POYyDV KOl OTNV TEPEKTIKOTNTOS TMOV OTOQVAM®MV o€ odkyapo. Emmiéov,
epappoomkay 16 yexkaospol Sta@LAAKNG AMmaveng, puOoTdV avATTLENG KOl QUTOTPOGTATEVTIKMV
npotovtwv. To aypotepdylo mtapovstalel LETOPOA TG CVOTACNG TOL EAPOVS LE dVO SLOPOPETIKOVS
TOTOVG £6APOVE (OULULOAPYILOTNAMOES Kol apYILOTNAMOES). ‘Eva mAéypna 36 keMwv (298-404 m? avé
KeAM) dnuovpyndnke yioo vo. SIEVKOAVVEL TIG UETPNOELS TTESTIOV, TN OlayeEiplon TV OedOUEVOV, TN
GLOYETION TOV OMOTEAEGUATOV Kal TNV afloAdynon g mopaAlaktikdtnTog Tov auneAdva (Ewova
1). Avtq n pebodoroyia ypnoorombnke eniong and tovg Tagarakis et al. (2013) xon Farid et al.
(2016).

Ewova 1: H wepioyn ueiétns oe mepifotiov Google Earth ywpiouévo oe éva mAéyuo 36 keliwv

211 GLVEELD EYIVOV TECCEPLS LETPNOELS KOTA TNV SIUPKELD TNG KOAMEPYNTIKNG TEPLOSOV LE TNV
Bonbewa tov asOnpa Crop Circle ACS-470, pe otOX0 TOV TPOGOOPICUO TNG ELVPWOTIONG TOV
ovtav. Tlapdhinia, mpayuatomombnke 1 emeepyacio T@V SOPLEOPIKOV EIKOVOV UE TIG 101G
nepimov nuepounvieg Ayng (avoion, TepKAGHOG, POV Kot TEYVOAOYIKNY ®pipaven).

2.1 Merpiiogig awsOntijpa Crop Circle

IMa ) deaymyn tov peTpnoemv ypnoomodnke o evepyntikod tomov acOntmpag Crop Circle
ACS-470 (Holland Scientific Inc., Lincoln, NE, USA), o omolog exméumelr oxtivofoliio ot
KAToypaeel v avakioon g akTvoBoiiog avtig omd 10 @UAL®p. O cLYKEKPIEVOS acinTpog
YPNOUOTOIEITON EVPEMC 0 TOAAES epapuoYég Tewpylag AkpiPeiag yio Tov vwoAoyioud TANOMPOg
dekt®v PAdotnonc. Xt cvvéyela ta dedopéva etonydnoav oto Aoyiopukd ArcGIS 10.2 (ESRI Inc.,
Redlands, CA, USA) ywo v enelepyacio toug ko v e€aymyn Oespatikdv yoptov. Katd v
enefepyacia TOV 0E0OUEVOV  aQoipEéOnkay o1 axkpaieg Kol pUn  OmOdEKTEC TIMEG Ol OTmoieg
OMUoOVPYOLVTOL GTNV VO Kol KAT® TAELPE TOL OUTEADVE AOY® TNG CTPOPNG Y10 QALY YPOLLUNG
eva 0 aoOnpag cvveyilet va KoToypaget.
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2.2 I'emotaTioTiKy) Avdivon

2N CLVEXEWL OKOAOVONGE YEMOTATIOTIKY] OVAALGT] OEOOUEVMOV KOL O GUYKEKPIUEVO YMPIKN
nmapeppoin IDW. H akavéviomn koatavour Tov 0E6emv TV PETPNOEWMYV, ATOTELEL TO GNUOVTIKOTEPO
Omuo yoo TV €Qaproyn g YOPIKNG TApeUPOANG, ETOUEVMG TPOGolopioTnke apykd o Paduog
YOPIKNG EAPTNONG TV dedouévmv Tov actntpa. I'lo Tov Tpocdtopiopd tov Pabpod ™ YmPIKNIgG
OQVTOGVLGYETIONG TOV OEGOUEVAOV TPaYUATOTOMONKE 0 VTOAOYIGHOG Tov dgiktn Moran’s I o omoiog
glval yvootog and to ektevég gpevvntikd €pyo twv Cliff & Ord (1973, 1981) kou ot cvvéyewa
eQaprocTNKE YOPIKN Tapepufoin IDW.

2.3 MeTpiosis TnAEmMOKOTN 01

Ot gkdveg mov ypnoomomOnKay yuoo TV TAPovco HEAETN TPOEPYOVIOL Omd TOV S0PLPOPO
Sentinel 2 xou dwrifevion péow tov Sentinels Scientific Data Hub ®g ocOvora dedopévov
opBocikovav tov 100 km? oe UTM/WGS84. TTo cvykekpyéva, ypnotpomomidnkay ewdvee Level
2A ot omoieg £xovv VIOCTEL ATHOCPUIPIKY Kot PadOUETPIKn dtOpOwon. EmmAéov ot ewcodveg OAwV
TOV POGLOTIKOV KOVOAM®OV evadnkav cg éva eviaio dataset, pe yopikn avaivon 10m kot Tpofoiikod
ocvotua ovaeopds tov WGS84, UTM Zone 34. v cuvéyela ypnoiponomonkay 3 @oouatikd
kavaAile (Band 4,7) yio v e€ayoyn tov deiktn NDVI H ypnon tov smmAiéov kavolov (Band
3,4,6,8) éywe yuo v gufdabovvon g avAALONG Kol TN CLGYETION TMOV OTOTEAEGUATOV HE TNV
TOPOYOYT).

2.4 MeTpn6EIS Tapay®YNS

IMoa T1g pETPNOELS TG TOPAYOYNG XPNCLOTOMONKAV TAACTIKEG KAOVPES YOPNTIKOTNTOS 25 KIADV,
pa niektpoviky] Quyapld tomobetnuévn oe éva kapotodkt kal Eva GPS. Ot epydrteg apov yéulav
TAMPOS TOVG KA®POVE, TOvg TomoBeTOVGOV KATA HNKOG KAOE YPOUUNG KOl YIVOTOV KOTOYPOQY|
GLYKOMONG Yo KaOe keM Eexmpirotd. ‘Enetrta og kabe onueio mov Luyilovrav pa kKAhovPa maipvovrov
ol ovvtetayuéveg tov onueiov pe v ypnon GPS. Tho peyaddtepn axpifela ot dnuovpyia tov
xopToVv, {uyiotnke pia ddslo TAAGTIKY KAOOPa, £T161 dote va apalpedel 1o Pdpoc g omd ™ yepdt
KAoUPa kot va vtodoyiotel 1o akpiBEG PApog TV GTAPLAIDV.

2.5 ZratieTikn Avédivon

[Ma v extipnomn g cLGYETIONG HETAED TOV OMOTEAECUATOV TV dOPLPOPIKDOV EIKOVOV KO TOV
awoOnmpa Crop circle, ekTEAEOTNKE OTATIOTIKY OVAALGON, TEPIAAUPAVOUEVOV TEPLYPAPIKDV
OTATIOTIKOV KOl GUVTEAESTH GLGYETIONG. O GUVIEAEGTIC GLOYETIONG T' TOV OOPLPOPIKMV EKOVOV
Kol TV 0£d0UEVOV ateNTpa VTOAOYICTNKE TPOKEIUEVOL Vo SlomcT®OEL GV LITAPYEL GLOYETION
petalh tov ovo mnydv dedopévov. H otatiotikn avdivon Seénydn pe otatiotikd AOYIoUKo
(Statgraphics 16, StatPoint Technologies Inc., Warrenton, VA, USA).
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3. Anoteréopata
3.1 MeTpiioeig mapayoyns

H ovykomon mpoaypotomomnke tov Avyovsto, Omov £Yve YOpTOYPAPNON UE OKOMO Vo, Yivel
OLOYETION TV SOPLPOPIKDOV JEFOUEVOV, KOODS Kol TV O0E00UEVOV TOL c1cOnTipo pe TV
Topaymyn. Xtov mapokdto xdptn (Ewova 20) mopatnpodue T yoPIKn ToOpOAALKTIKOTNTO TNG
TOPAY®YNG TOV aypotepayiov yia to £€10g 2017 tov mepdpatoc.

Legend
NAPAIQrH YWYOMETPO
tniha m
4,518120 - 13,330700 N 253,1000977 - 261,3757263

113,330701 - 15,274800 1261,3757264 - 269,651355 s o v B g

115,274801 - 18,052000 e et 269,6513551 - 277,9269836 e 1213
N 18,052001 - 19,724777 1277,9269837 - 286,2026123
N 19,724778 - 26,939100 N 286,2026124 - 294,478241

Ewovo 2: a)Xdptns mopoywyns yioo v moikidia Thompson seedless yio 1o éroc 2017, p)
Yyouetpixog yaptns tov aypoteuayiov.

Ot vymAdTepeg TIRES eppaviCovtal ota kead B4 kol H2, evod ol younidtepec Tipég epoaviCovron
ota ke G2, I1. H cuvolikn| mopaywyn yia to étog 2017 koudvinke anod 4,52-2,700 to6vovg/extdplo
KOl QOIVETOL VO DTAPYEL L TAGN TTPOC TO VOTIO TUNUO TOV auUmeEA®va 6mov yapoaktnpiletor and
YOUNAOTEPT TTOPAY®YY| GE OXEON UE TO POPELO TUNLOL TOV.

H moporloktikdtnto ooty onuaivel 0Tt 1 péBodog dtayeipiong mov epapudletal 6Tov apmeL®VL
HEAETNG OeV TOPEYEL TIG KOTAAANAES KAAMEPYNTIKES TEXVIKEG GE OAEC TIC MEPLOYEG TOL OYPOVL.
Agdopévov 6tL 0 apmelmvag yopoktnpiletor and pikpn KAion mn omoilo eKTEIVETOL GTO KEVIPIKO
TUAUO TOV aypotepayiov pe @opd amd Boppd mpog Noto Bewpovpe 411 1 TomOypa@ic Tov icwg
emnpealel v mapoayoyn (Ewdva 2B). EmmAiéov, ot 1010t1E¢ TOV £6GpOVG €ivon TOAD mOavd va
aAlalovv amd onueio o onpeio Tov aypod pe AMOTEAECUO VO, ETNPEALOVYV KOl TNV TOPAYMYY|.
Eniong, ot kaAlepyntikég @povtidec Ommg Almavon kot dpdevon av dev epapuodlovial cwotd
nailovv éva moAD onuaviikd poéko omv Tehkn mopaywmyr. Télog, TuyOV TOPACITIGHOL GE
CLYKEKPIUEVOL oNUeiol TOV aypoy £€YOVV MG OMOTEAEGUO TNV EMPPON| OTN YOPIKN KOUTOVOUN TNG
TOPAYOYNG.

ATO 10 AmOTEAEGUATO TG OTATIOTIKNG avdAvong eaivetar 6t 1 motkidioo Thompson seedless eiye
Katd pEco 0po Yo 1o €tog 2017 mapaymyn 16,23 tov/ekt. H mapaywyn Bempeiton pukpn, kabng ta
TPOTNYOVLEVO SVO XPOVIL 1] LEGT] TOPAYMYY], Y10 TO CLYKEKPIUEVO aypotepdyto Eemepvovoe toug 20
tov/ekt. O ovvTELESTNG TOPAALOKTIKOTNTOS NTAV YOp®w ot0 27,93% mov givar vyniog av Anedel
VOYN M €KTOCT TOV OUTEADVO TTOV givon poMg 1,4 extdépio.
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3.2 ZOYKplon amoTEAEGUATOV H0PLPOPIKAYV EIKOVMV Sentinel

210 mopakdTo oynue (Zynua 1) mtapatnpodvpue tig TiéG tov NDVIsen ot omoieg mponABav and ta
dgdopéva tov Sentinel 2 dopveopov. Tlapatnpovpe OTL 1 KOTOVOUN TOV TGOV Yoo OAEG TIG
nuepounvieg kKot ta KeMd axkoAovBobv Ouola mopeion epgovifoviag ToPOAAAKTIKOTNTO OTO
OLPOPETIKA KEAA TOV OypOTEUOYIOV. XTO GYNMO ATOTVIMOVETAL 1] GTASIOKY aENCN TG TIUNG TOL
deiktn and tov Iovvio péypt tov Avyovsto, 6mov epgavifovior Kot ot vynAdtepeg TéS. O deiktng
eppavilel younAdtepeg TG oTO 0KPOio KEAG TOV TAEYUOTOG KOl IO GUYKEKPIUEVA 6T KEMA A4,
D1, F1, H1 ko I1. Ta ke mov yopaktpilovior and tig vynAdtepeg Tég sivon ta B2, C2, C3, C4,
D3, D4, F2, G3, H3.

NDVI

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

0

AlA2 ASAABIB2B3B4C1C2C3CA4DID2D3D4E1E2E3E4AF1F2F3 F4AG1G2G3G4HIH2H3H4 11 12 13 14

e 15.06 =) 5.06 25.07 15.08

Yympo 1: H kartavoun twv tiuwv NDVI oro to dedouéva tov dopvpopov Sentinel 2.

Amd 1o meprypagikd ototiotikd (ITivaxag 1) tov deiktn NDVIsen @aivetatl 0Tt ) pikpotepn Ty
onuewwdnke otig 25.07.17, eved n péytot T NDVI frav 0,85 kot onueiwdnke otig 14.08.17 oto
6164010 TG GVYKOMONG. O cvvterleotig TaparlakTikoOtnTag CV xoudvOnke petady 13,3-15,9%

Mivaxag 1: Iepiypogpixe aratiotia tov ocikty NDVIsen yio to étog 2017 .

Méon ELayiotn Méywotn Tomun YOVTELEOTNG
Twn Twn Twn Anoxion HoporhokTikOTnTOg
15.06.2017 0,59 0,37 0,70 0,079 13,28%
25.06.2017 0,59 0,38 0,70 0,079 13,24%
25.07.2017 0,66 0,32 0,75 0,098 14,84%
14.08.2017 0,72 0,42 0,85 0,114 15,90%
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3.3 Zvuykpion amotereopdatov areOntipa Crop Circle

ZOUQOVO LE TO OTOTEAEGLLOTOL TG XWPIKNG CVTOGLGYETIONG, O TIHEG TOL OAKOV deiktn Moran’s |
(global Moran’s I) gppdavicav gopog amd 0,21 péypt 0,82 pe p-value pukpdtepo tov 0,01 oe kébe
TEPIMTOON, YEYOVOG OV VLTOOEIKVOEL OETIKY YOPIKY] OVTOCLGYETION, M OMoio €lval CTOTIOTIKA
ONUOVTIKY] OTIC TEPLGGOTEPES MEPUTTMOOELS. LTIV GLVEXELN TPOUYUOTOTOWONKE YOPIKY TopeUPOAN
IDW (Ewova 3a) ko ypnotpomombnkav to epyaieion Zonal Statistics (Ewova 3p) ko Zonal
Statistics as Table yio va. vTOAOYIGTOVV 01 PHEGEG TIHEG avakAaonS avd KeAl. Avth 1 dtadwkacio Eyve
vy OAQ TO. UMKN KOUOTOG Kot OAEG T muepounvieg. Ot vynAég tég amekovilovtol pe oKovpo
TPAGIVO, EVGD 01 YAUNAES e 6KOVPO Hmp.

Legend . 'b’ 9
IDW_532 b

Value
- High © 0,47174

Legend

ZonalSt_730

Value
o High - 0648236

B | ow - 0,00797666 . 01020 40 60 80

. ow 0350871 0510 20 30 40
Meters N M

zzzzz

Ewova 3: o) Xwpixny mopeufoln IDW twv tiuov ovikiaons yio unxog xopotos 535 nm, p)
Zonal Statistics yio. ta. NG unxn kouatog 535 nm.

210 TEAEVTOI0 OTASIO OVTAG TNG dtdKaGiag ypnoomoOnkoy ot Tiég (p) o€ 2 UK KOUOTOG
(670nm , 760nm) yia v e€aywyn Tov deiktn NDVI péow g mapakdrtm eicwonc.

NDVI=(p760-p670)/(p760+p670)

H xatavoun tov twov yioo OAeg T muepounvieg kor to keME  epeaviCouv  pukpn
TOPOALOKTIKOTNTO OTO. OLLPOPETIKA KEALA Tov arypotepayiov. EmmAéov ot tipég tov oeiktn NDVI
avéavovtal otadlokd and tov lovvio péxpt Tov Avyovoto Omov epgovifovior Kot ot VYNAOTEPES
TIéG. O younAdtepeg TIéG evTomilovTal OTo OKPOaio KEAA TOV TAEYUATOS KO TTO GUYKEKPLUEVA T
kemd HI ko I1 v mepiodo g dvOiong.

Amd ta meprypagikd otatiotikd tov dgiktn NDVIee yia to étog 2017 (ITivaxkac2) eaivetar 6tL 1
pikpotepn i) NDVIce onueimdnke otig 15.06.17 6to 01ddt0 g GvOiong, eved 1 HEYLOTN TN TOL
deiktn NDVlice firav 0,74 kou onueiwdnke otig 14.08.17. O ovvtereotig mapariaxtikétnroag CV
Kopavinke peta&v 1,99- 6,61 %, yeyovog mov Oewpeitor Aoywd xobdg o arcOnmpog Mrav
OTPOUUEVOC OTTOKAEIGTIKG GTI KOU).
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IMivaxag 2 Iepiypagixd oratiotixd tov ociktny NDVIce yio to érog 2017.

Hpepopnvia Méon ELaypiot Méywotn Tomukn YovtereoTng
Twn Twn Twn améKiion MMopariokTiKOTNTOG
15.06.2017 0,64 0,51 0,72 0,036 5,61%
22.06.2017 0,68 0,57 0,70 0,022 3,32%
26.07.2017 0,65 0,59 0,74 0,043 6,61 %
16.08.2017 0,70 0,61 0,74 0,027 3,84%

3.4 Toykpron amoteleopdrov arcOntipa Crop Circle kot Sentinel

Mo v Tepartépm depedivnon Tov dedopévav PBpédnke N dtopopd twv Tindv NDVI and tig dvo
mYég oedopévav yia to Kébe kel Ot THEC TOV OAYPAUUOTOS TPOEKLYAY OO TNV TOPIKATE
eElowon 1 omola ePapPUOGTNKE Y10 OAEG TIG NUEPOUNVIEG TOV LETPNCEMV.

Y=NDVIlcc - NDVIsen

NDVI,. - NDVi,,,

0,4
03
OJ2 p il I_._. I .. Y

0 ‘J N> ZARe " \/ 4

Al A2 A3 AAB1 B2 BAGC]I C2C3C401D205D4 . E2 B8 E4 Rl F3"FA4'G1 G2 B3 G4 HIWH2 5 HA 11 12,43

-0,1

0,2
Yympa 2: H dropopd. twv tiucdv NDVI uetold twv 0edouévay twv ovo Tnymy ave uEtpnar.

[Mopatnpodpe 6TL OAeG Ol PHETPNGELS AkOAOVOOVY TO 1010 HOTIPO YEYOVOG OV VTOJEIKVVEL OTL 1
AOKALCT] TV OVO SEIKTMV akoAovBel Opoto potifo oe dheg T LETPNOELS Kot Elvar oTafepn] (ZyMua
2: 2). Hopoatnpodpue 0Tt ot peyodvtepeg dopopés eviomifovror ota kead C4, E4, G4, H4 ko
etavouv v Tiun Y= 0,3. Ot dapopég tov Tipdv mbovotata opsilovtol otny emidpacn g
avaxAaong e aktivofoMag amd To Yopvd £609og yeyovog mov ennpedlel OAES TIG LETPNOELS TMOV
dopveopikdv ekdévov. AvtiBeta, o acOnmpag Crop Circle eivonl oTpoppévog amokAEIoTIKG TNV
KOUN TOV QUTOV KOl Ol UETPNOELS Ogv emnpedloviol amd Tnv ovAakAaon tov €04eovs. Avtd
emPePardvetor Kot omd 10 YEYOVOS OTL Ol UEYOAVTEPEG OLPOPES CNUEUDVOVTOL GTO OPlol TOV
aypotepayiov kot apfAdvovtal kabdec Tpoympape oto KEVIpo tov. EmmAéov mapatnpovpe 0Tl o1
vynAoTepes amokAioelg eppaviCovior ot tehevtaio pétpnon tov AVyovsTo.
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3.5 XvvtereoTig GLGYETIONG

IMa va eléyEovpe OGO 1oyvpEg eivar ot oyéoelg peta&y tov dsiktmv NDVI ypnoyonomdnke o
ouvteleotG Ypappikng cvoyétiong (Pearson Correlation). ITo avaAvtikd, otov mopakdto Tivoka
(Zgaipa! To apycio mpoéhevong TG avagopds oev Ppédnke.3) oaivetor 0 GVLVIEAEGTHG
ocvoyétiong yo kdBe Cevyog petafAntodv kor n Ty P-value n omoia €xel vmoAoyiotel yio kébe
ouvteleoT) EeymPloTd e eMINEDO GTATIGTIKNG oNUovTKOTNTOS 95%.

IMivaxag 3: I poupuros ovvredeotig ovayétions Pearson uetald twv osiktwv NDVIce kor NDVisen.

Merpioeig YovtereoTiC LVGYETIONG P-Value
e 0,67 0,000
A 0,47 0,004
3" -0,27 0,107
41 0,34 0,043

Etvor avepd 6t1 o1 10yvpotepeg cuoyetioels petald tov dvo dsiktav NDVI mopatnprOnkav
KaTa TNV Oldpkela TG avOiong pe péyiom tun v nuepounvia 15.06.2017. H cvoyétion petad
TV 0vo otV NDVI xopavonke ond r= 0,13 puéypr r= -0,27. Qotd6c0 oty 3n pérpnon 6mov o
OGUVTEAECTIG GLOYETIONG €lvan apvnTikog M T P-value eivan peyoddtepn amd 0,05 yeyovog mov
VTOOEIKVUEL OTL O GUVTEAEGTIG TOV £YEL LTOAOYIOTEL dgV €lval oTATIOTIKA onuoavtikods. H younin
OLOYETION TOV OdOUEVOV TNG TPITNG HETPNONG UTOpel Vo amodidetal GTo YEYOvog OTL Ol
KOAMEPYNTIKES PPOVTIOES OTMG 1) APOELON, WEKAGHOL, KAAOELN EMNPEACAV TIC TILEG AVAKAAGTC.

Ocov apopd otn cvoyétion TG mopaymyng pHe tovg oeikteg NDVI amd v avdivon tov
dedopévov mpoékvye 0Tt ot TES Tov NDVI oe 6Aa ta Sopopetikd oTddo avamTtuéng g
KaAMEPYELOG elyav BeTikn ovoyétion pe v mapaywyn. To anotédespo avtod elvar TOAD evolapépov
00Tt pog detlyvel 0t n Tiun tov NDVI @aivetol va cvoyetiCeton pe v mopaywyn aveédptnro and
TIC EVOLAUECEC KOAALEPYNTIKES @povTidec. Ot ovoyeticelg mov Ppédnkav Nrav Oetikéc aAdd Oyt
onuovtikée. [lo ovykekpipéva, o cuvteleotig cvoyétions kopdvOnke and r=0,1 péypt r=0,3 v
OAEG TIG LETPNOELS.

Ta dopvgopikd dedopéva Edwcov TV duvatdtnTa Yo TV eufdbovvon g avdivong Kot v
e€aymyn TEPATEP® OMOTEAEGUATOV, OOV TO €0POG TOV UNKOVG KOUOTOG TOL KOADTTOLV &lval
apKeTd peyaAvTEPO amd avtd Tov actnmpa. ' avtd t0 Adyo e€etdotnkav Kot GAAol cuvdvacuol
QOCLOTIKOV KOVOAM®OV Ol 0Toiol EUEAVIGAV LYNAITEPT] GLGYETION He TV Tapoywyn. H avédivon
eotiooe oto Pacpatika kovéiio B6 kot B7 ta omoia avtiototyodv 6to £yyvg vrépubpo (Yvooto Kot
ooV «KOKKWvN oKp»), 0mov M vymg PAdotnom epeaviler andtopn avénon (Mather, 1987). H
GLOYETION TOV POGUATIKOV KOVOA®V LUE TNV TOPUYMYY| HLOG E0MCE TKAVOTOUTIKA ATOTEAECUATA.

O ypappikdg GUVTELEGTIG GLGYETIONG TOV Ok £0MOE TKOVOTOMTIKA ATOTEAECUATO WO10ATEPA
Yy TV TEPiodo ¢ avOiong Kol NS GVYKOMONG. AVTé TO ATOTEAEGUATO ATOTEAOVV EVOEIEN OTL TA
GUYKEKPIUEVO QPOGUATIKG KOVOAQL TOV 00pLPOpov OBa pmopovoav va aglomomBovv yio va yivel
TPOPAEYN TNG TOPAYOYNG OE TPOIUO GTASIO0 OVATTLENG TNG KaAMEPYELS. AvTO TO YEYOVOS eivon
TOAD CTULAVTIKO Y10 TOV TOPpay®wyO YTl uropel v eTEUPEL Pe SAPOPES KAAMEPYNTIKES PPOVTIOES LE
AmMOTEPO GKOTO TN PEATIOON NG KATAGTUGNS TOV GUTMV KOl KOT™ ETEKTACT] TNG TOPAYOYNS.
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4. XYMIIEPAXMATA

v Tapohoa EPELVA EYIVE KATAYPOPT TNG XWPIKNG TAPUALAKTIKOTNTAG TNG TOPUY®YNS, KaBMG Kot
voloylopdg tov NDVI and dopvpopikés ewkoveg Sentinel 2xon tov awsbnmpa Crop Circle,
QEPOUEVO OO YEMPYIKO EAKLOTHPA. ATO TO éva £T0C TOV TEWPAUATOS TopaTNPNONKE OTL VILAPYEL
ONUOVTIKN YOPIKT TOPUAAAKTIKOTNTO otV Tapaywyn kot oto NDVI, moapd 10 pukpd puéyebog tov
aurelova. Ta cvunepdopata g épevvog givat ta eENG:

1

To m0606Td ™G YWPIKNG TAPUAAAKTIKOTNTAS TOV EUEAVIGE 1) Tapaywyn (28%) NTav vynAod yio
0 pkpd péyebog tov aypotepayiov. H vmapén avtov tov Pabuod mwoporAokTikOTNTOG
vrodonimvel o6tt  umopobv va  aflomombodv cvotquata [ewpylag Axpifeioag vy v
BelticTomoinom g amdd0onG TOL OUTEADVOL.
O d¢iktng NDVI mov vroloyiotnke amd Tig petpioelg tov arsbnmpa Crop Circle gpedvioe
pkpn moparroktikodtnto (6,61%). Avtd to amotéreoua eivar Aoywkd Kabdg o aicintipog nTov
OTPOUUEVOS OTTOKAEIOTIKA OTNV KOUN TV ouTdv. EmmAéov éyovpe otadiokn avEnon Tov TiHov
tov NDVI and tov lobvio péypt tov Adyovoto.
O oeiktmg NDVI mov vmohoyiotnke amd TIG OOPLPOPIKES EIKOVEG EUPAVIOE UEYUAVTEPT
naporraktikomnto (15,90%).To yeyovog oavtd upmopei vo ogeidetor omv emidpacn g
avaKAaong Tov £6apovs. Avtd emPefoardverol Kot amd To yeyovog 0Tl 01 LYNAOTEPES TIUES TOL
oeiktn NDVI gvtomiotnkov 610 KEVIPO TOV AyPOTEUAYIOV, EVE OL YOUNAOTEPES OTA EEMTEPIKA
KeMA Tov TALYHaTOoG. Ontwg Kol 6TV TEPIMTOON TOL AeONTHPA, EYOVUE CTAOIOKT AvENON TV
Tip®v tov NDVI and tov lodvio péypt tov Avyovoro.
H avédivon cvoyétiong yio 1o Kabe 6tddo avantuEng Eexymplotd elxe mg 6TdY0 Vo avadeiEel v
onuavTiKOTEPT TEPi0d0 Yoo TV €EEMEN Ko TV Tapaywyn TG KoAApyelas. Me Bdon ta
OTOTEAECUATO, Ol HETPNOELS KATA TNV MEPiodog NG avbione Ba pmopovce vo amoteAEécel
a&lOmoTH TNYY TANPOPOPI®OV Yo, TV €£0Y®YT] CUUTEPUCUATOV GYETIKA HE TNV OVATTLEN TG
KOAMEPYELOG.
H obykpion twv dvo deiktdv tov NDVI €6e1&e vynmAdtepn cvoyétion peta&d Toug TV TePiodo
™G dvbiong Kol Ol PETAYEVESTEPO YEYOVOS OV UTOPEL VO OQEIAETOL OTIS KOAAEPYNTIKES
eneupdoeic mov lafav ydpa v mepiodo mov akorovOnoe. Ot tiuég Tov deiktn NDVI mov
VIOAOYIoTNKAY ad TOV ooONTAPA NTOV VYNAOTEPES OO AVTES TOL OEIKTN TWV SOPLPOPIKAOV
dedopévov o kdbe mepintmon).
H dwpopd tov tiudv petald towv 0bo dsiktdv ¢aivetor va akolovbei otabepn mopeio pe
vymAdTEpEC amokAicels va eppavifovior ot akpoio keMd. Avtd To amotélecuo Pmopel va
opeiletor otV emidpacn TG avAKAOONG TOL €JAQOLG 1 OToio, EMMNPEACE KOl TIG TECOEPLS
petpnoels. EmmAéov, dAlog évag mbavoc mapdyovtog o omoiog dvvatal va emnpedlel otabepd
TIC TWES TOV UETPNOEMV KOl OTIG TECGEPLS MEPMTOGELS UMOpel Vo lval 1O TOTOYPAPIKO
avaylveo. TéAog, o1 S0PLPOPIKES EIKOVEG ATOTLITMOVOLV TIG TILES TOL OEIKTN OV AVTIGTOLYOVV
OTNV aVAKAOGCT TNG Ave KOUNG, EVE Ol LETPNOELS TOV OLCONTAPA OTOTVTAOVOLV TIC TIUES TOL
deikTn oV avTIGTOYYYOVV OTNV AVAKAACT TNG TAAY10G KOUNG.
Ot ovoyetioelg petalh tov deiktov NDVI kot g mapaymyng nrov 0etikéc wotdco dev NTav
otatiotikd onuavtikég (r=10%-30%). And 11g cvoyetioelg peta&y mapaywyng kot NDVI o
HUIKPOTEPOG GULVTEAEGTNG OLOYETIONG MNTOV Yoo TNV TPiT] WHETPNON KO Yo TG OVO TNYEG
OedoUEVDVY, EVD M HEYLOTN TIUN EUPOVIOTNKE OTNV TPMOTN UETpnomn Vv mepiodo g avhionc.
Emopévog, o yaptng NDVI 0o pmopodoe va pog ddoel minpogopieg v v e&€MEN G
KOAAEPYEWOG KO KOT  EMEKTOCN TNG TAPAYMOYNG O TPO®PO OTAOI0 NG KAAMEPYNTIKNG
TEPLOOOV.
Epopaviomke vynin cvoyétion (53,91%) petadd g mopaymyng Kol ToV UETACYNUOTIGHO TMV
QUoHOTIKOV Kovoldv B6 kot B7 tov dopuedpov. Avtd eivar Aoyikd kabmdg 1 avaKkAaoT g
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VY100¢ PAACTNONG TPOG TO TEAOG TNG TMEPLOYNG TOV KOKKIVOL (AGHOTOS avEAVEL amdTOpO.
Enopévmg, n a&lomoinon tov CLYKEKPUEVOV KOVOMOV G€ UEAMOVTIKEG £pevuveg uUmopel va
aflomomOel e KATOOV HETAGYNUATIOUO OTTOG £YVE GE LTIV TNV £PELVA Yo THV dNUIoVPYia
KOvoOPYL®V OEIKTOV PAAGTNONG, LE ATOTEPO GKOTO TNV TPOPAEYN TNG TAPAYDYNS.
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2YNEPI'ATIKH XAPTOI'PA®HXH OITQPONOQN ME THN XPHXH
ENAEPIOY KAI EIIII'EIOY OXHMATOX

B. Movcudong, A. Katikapiong, I'. Bacuieraong, A.X. Tayapdaxneg, A. Mmoytng
Ivotitovto Broowovopiag kot Aypoteyvoroyiog (iBO), EOvikd Kévtpo ‘Epsvvoc & Teyvoroywkng
Avéantoéng (EKETA), Anuapyov I'ewpyradov 118, 38333, Borog, e-mail: v.moisiadis@certh.gr

IHEPIAHYH

Ot anoutnTikn @O0 TOV YEOPYIKOV EPYOCSIDV GE GLUVOLOCUO HE TO GLVEYDS UETAROAAOUEVO
eMEPNGLOKO TEPPAALOV VIO aypol, KABIGTOVV TNV TANPOPOPIL CYETIKA LE TN YOPIKT OVATTUEN
TOV O0YPOV OTOPOATITN Y10 TNV OVTOUATOTONIEVT] TAONYNOT| POUTOTIK®Y oynudtev. [a tov ckomd
aVTO, TO YN EMAVOPMUEVO EVAEPLL OYNUATO OTOTEAOVV L0 EVOALOKTIKY] ADGN Yio TV €0KOAN Kot
dupeon eEaywyn TG amopaitnING TANPOPOPIac. ZE QLTH TNV EPYOCIN TPOTEIVETAL 1] EVVOla TNG EVOO-
EMKOWVOVIOG OVAUESH GE EMIYEW KOU EVOEPLOL POUTOTIKG OYNUOTO WE GKOTO TNV LITOGTNPIKTIKY
ouvePYAGia T®V dV0 GLGTNUATOV Yol CVTOLOT YOPTOYPAPNOT KOl OVOyVMOPLGT TOV TEPPAAAOVTOG
610 omoio Bo TAonyNOel To EMiYEI0 POUTOTIKO OYMNILA Y10 TV EKTEAECT] YEMPYIKDV EPYOUCUDV.

Aéeis kheroia: yoptoypdonon, avtovoun tronynon, UAV, UGV

COLLABORATIVE OPERATION OF UGV AND UAV FOR ORCHARDS
MAPING

V. Moysiadis, D. Katikaridis, G. Vasileiadis, A. C. Tagarakis, D. Bochtis
Institute for Bio-economy and Agri-technology (iBO), Center for Research and Technology Hellas
(CERTH), Dimarchou Georgiadou 118, 38333, Volos, e-mail: v.moisiadis@certh.gr

ABSTRACT
The constantly changing operational environment of the agricultural fields, make topological
mapping procedure essential for the automated navigation of the unmanned ground vehicles (UGVSs).
To that end, unmanned aerial vehicles (UAVS) constitute an alternative solution for the immediate
extraction of the abovementioned data. In this paper, the concept of the intercommunication between
UAV UGV is proposed. The aim of this work is the UAV-UGV collaboration for the environment
awareness task, as a prerequisite for the subsequent task of navigation for the UGV.

Keywords: perception mapping, autonomous navigation, UAV, UGV

1. EIXAT'QI'H

Me Vv ecayoyn ™mc €vvolog g eveuovg vempyiag (M 'ewpyia 4.0 oe avtictoyio tov Gpov
Blopnyovia 4.0), epapuolovior otadlokd KOVOTOUES TEXVOAOYIEG TPOEPYOUEVEG amd TOAVLAPIOLLL
EMOTNUOVIKA Tedio. mpog Peltiowon Tov mapadociakdv yempyikov uedddwv (Weltzien, 2016;
Ozdogan, Gacar and Aktas, 2017). Ta poumotikd cvotiuata (1660 £d4PovE OG0 Kol evaEPLa)
AmOTEAODV U0 EVOALOKTIKT] ADOT OTIS TOPASOCIOKES YEMPYIKEG EPYOUCIES TOV TPAYLATOTOIOVVTOL
GTOVG aypovG.
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H Bepelmong Aettovpyia €vOg KIVOUUEVOD POUTOTIKOV OYNUATOS €lval 1 TAONynon tov péoa
ooV enyelpnolakd yopo. H yaptoypdenon tov puotkov meptBdAlovtog TV aypadv omotelel Pacikod
OTAO0 YO TNV OVTOUOTOTOIUEV] TAONYNON POUTOTIKMOV TEYVOAOYL®V UECH OE  OYPOTIKA
enmyelpnotoka wepiBariovto (Kurashiki et al., 2010; Hansen et al., 2013; Tokekar et al., 2016). Oco
aQOpPa GE EPYNCIEG ECMTEPIKOV YDPOL, EXOVV avarTLYOEL dO1dpOopot adlyoplBotl yio un eTavopOUEVaL
oynuata eddpovg (UGVS) yia tn yoptoypdenon tov emyeipnolakod mepipaiiovtog  (Grisetti,
Stachniss and Burgard, 2005; Demim, Nemra and Louadj, 2016; V. Moisiadis D. Bechtsis, 2017). X¢
avtifeon HETA TopATavV®, TO TEPIPAALOV TOV aypoDl, TEPAV TOV YUPOUKTNPIOTIKOV TOV ovVOLYTOD Kot
un eAeyyOUEVOL YMPOV, TOPOVCIALEL EMTALOV oNUOVTIKEG dSuoKOoAeS Yo T xpnon UGV. Baoukog
AOyog etvar 0 peydrog aplfuodg mopayoviov mov emnpedlovv T HOPPOAOYio. TOL OypoL M omoia
peTafaiiovtal onuovtikd kot dtopk®s. Ot cuveymg petafailopeves mepParloviikég GuVONKES TOL
Aappévovy yodpo 6Tovg aypols £x0VV 0ONYNCEL, TPOS TO TAPOV, GTNV O OUOEOOUEVT] YPNON UM
enovopopévav evaéplov oxnudtov (UAVS) évavtt tov UGVS yua yeopyikn xpnon.

H ovveydg av&avopevn dabéciun vToloyioTikn 1oyhg dSIEVKOAHVEL THV avarTuén pnebodoroyidv
Babidg padnong (Deep Learning, DL) oe O0149opeg Ye®PYIKES €PAPUOYES YO TNV VTOCTNPEN
TPOKTIKAOV OloyeIPIoNg TOV YEOPYIK®OV eKUETOAAEDoewV. Eml tov mapdvtog, €xet avomtuybel
TANOD PO EPELINTIKAOV EPYACIDOV GTOV TOUEN TNG YOPTOYPAPNONG TOL TEPPAAAOVTIOC GE OTWPDVES Ol
omoieg emkevipmOnKay otnv avayvoplon Tov dévopwv (Liakos et al., 2018). Ot Yang et al., (2009)
TpoTEWVAY £VOL CLGTNUO TTOV YPNOILOTOLEL TOV aAyOpBuo Adaboost ylo v aviyvevon dévipov and
agpo@mtoypapicc. O i610¢ akyopduog ypnowomombnke amd tovg Greenberg et al., (2005) pe Tig
aVAALOYEG TPOTOTONGELS ALPOV TPOTYOVUEVDG OAEC O1 EIKOVEC UETOTPATNKOV OTO YPOUATIKO YDPO
CIEL *a*Db * yia v e&dretyn tov @avopevov g okioone. EmmAéov, npdtetvav pio pébodo
EVIOTIOUOD TPOKEEVOL va. ekTIUNOel T0 TpaypoTikd péyefog TV avayvopiopéveoy dévopav. Ot
Amords Lopez et al., (2011) mpdtevay évo cOGTNUO. EVIOTIGHOD TOV SEVIPOV Yo KOAMEPYELEG
eomepooeld®mv. H mpotevopevn pébodog mepieddfave v evoopdtwon ewwovov RGB kot NIR g
€10000V¢ Yo TNV eKmaidevon Tov povtélov. EmmAéov, doxkpaotnkav tpelg uéBodot punyavikng
uébnong mpokeévon va PertioronombBoiv T mopayopeve amoteAEoHOTO Ve VELPOVIKO SiKTLO
Perceptron MultiLayer (Dudaet al., 2001), évog aiyopiBuoc Classification and Regression Tree
(CART) (Breiman et al., 2017) kot évag adyoptBpog unyovav dtavuoudtov vroot)piéng (Support
Vector Machines, SVM), o omoiog kot amodeiytnke 0Tt TapExEL TO TLO OKPLP1| ATOTEAEGLOTO.

2V Topovoa PYNCio TPOTEIVETOL 1) AVATTVEN EVOS GUGTNUATOG Y10, TV GLECT] EMKOVOVIL KO
ocvvepyatikn Aettovpyia petad UAV kot UGV. To mpotevopevo cOoTnUo TopEYEL T XOPTOYPAON-
on Tev otoyEiov Tov TEPPAAAoVTOg Tov aypoL pe xpnon UAV 10 omoio mopéyet TIg amapoitnTeg
YOPIKES TANPOYOpPieg Yo TN Y Apacn TS PEATIOTNG dadpoung Kot avtépatn mtAorynon tov UGV. To
cLOTNUA SOKIPAGONKE GE EUTOPIKOVS OTMPMVES KAPLILAS Y1o. TNV AELOAGYNOT| TG AELITOVPYING TOV.

2. YAIKA-ME®OAOI

H ocvAloyn dedopévav yio Ty EmKOP®CT TOV TPOTEWVOUEVOL GUOTHUOTOS TPOYUATOTOMONKE TO
2018 - 2019 pe mNOEIS O TPELS EUTOPIKOVS OTOPDVEG KOPLOLAG TOV €ivOl EYKOTEGTNUEVOL GTNV
neployn ™S Mayvnoiog. Ot em@dvelo. Tov €00QOVE NTOV EMIMEIN Kol OEV VINPYOV ONUOVTIKEG
YEOUOPPOAOYIKEG  OlapOopOomOoels. To mpdTO Pruo oG TG epyaciag mepAduPave
OLYKEVTPMOT O0€0OUEVOV ylo TNV ekmaidevon tov povtédov. o v Anym tov O0edopévov
xpnoonomdnke 1o avtdovopo evaéplo oynuo otabepnc mtépvyag eBee+ (SenseFly, Switzerland) to
onoio e€omiotnke pe ynoewokn kapepo RGB vyming avdivong (S.0.D.A., SenseFly, Switzerland).
To pourndt Husky (Clearpath Robotics, CA) ypnoipomomdnke wg to UGV yia v emainfevon g
AertovpykdTnTag TG dtacvvoeong e to UAV kat g dtadpoung evidc tov omopova (Zynua 1).
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Yympa 1. Xpnowonrotovuevog eEoniiopog: UAV (a) kar UGV (B).

‘Evoc adyoplOuog pumyovikng pdbnone exkmaideuTnke yio TV ovoyvaplon Kol TOV EVIOMIGUO TV
dévipowv. To mapayduevo poviédo evoopatdbnke oe évo Raspberry Pi poli pe v RGB
QPMOTOYPAPIKT UNYOVY Kol TO VTOGVoTNHa eveopotodnke oto UAV. To yevikd mAaicto avtod tov
VTOGLOTHUATOC NTay v AauPdvel o¢ €icodo ta dedopéva amd v RGB kduepa oe mpaypatikd
xpOvo kot va e€dyel ) Béon tev dévipwv. o v dnpovpyia g apeidpoung emkovmviag Hetald
tov UAV ko1 tov UGV avantoydnke kot evoopotodnke évag aAyopiBog 6Tov LIoAoYIoT| TOV
UGV yuw v eneepyacio Tov aepopotoypapidv mov Aappdavovtal omd to UAV kot ) dnuovpyia
TOV J1edtdoTaToL XapTn. H 0AN drodikacio Tov TPOTEWVOUEVOL GUOTHUATOG TEPLYPAPETAL GTO ZYNLLOL
2.

Exnaibeuon
Hovtélou DL

Raspberry Pi +
S100+

o Eaywyr yewypadikwv
GUVTETAYHEVWV IO TO
uGgv

* AvVayvipLon Twv

Sévipwv Ko avabeon

OUVTETAYUEVWY

* Ebee+, SODA
* Atefaywyn auTOVOuWY
TTHOEWV

* Evowpdtwon poviéAou * Avarttugn uninpeoiag pe
DL v xprion tou ROS

* Afn dedopévwy oe

TIPOYUATIKO XPOVO

* Anpoupyia
SlodLdotatou xaptn

* M\orynon tou UGV pe

™V xprion onpeiwv GPS

* Katnyoptomoinon
dwroypadLov

* Npo-enegepyacia

Sedopévwv

* Evowpdtwon s RG
KApEPAG

* Metadopd SeSopévwv

OE TIPAYHATLKO XPOVO

) RCNN

Raspberry Pi +
DL

Raspberry Pi +
uGgv

JuMoyn
dwroypadwv

Tympo. 2. ZymUoTIKn TEPTYPOUPT] TOL TPOTEWVOUEVOV GLUGTUATOC.

2.1 Zvrihoyn 0OTOYPOPLOV
Mo v ovykévipmon Tov amapaitnTtev OESOUEVOV TOV OTAITOLVIOL Yo TNV EKTOIOELOT TOV

HOVTEAOV, EYVOV TOAVAPIOUES CLTOUOTOTOMUEVEG TTNOELS OE OMMPMVEG Kapvowdg (Zynua 3). H
GLAAOYN T®V JEGOUEVOV TTOV OITOLTOLVTOL Yo TNV avamtuén Tov poviéhov AaPe yopo oe tpia
OLOPOPETIKA GTAOI0 AVATTTUENS TOV OEVIP®V, TOV Mo petd v £kntuén tov eOAAwV, To Noéuppio,
OTaV TO. PUALC NTOV OTOYPOUATICUEVO Kol To OEVTPO GPYLooV v XAavouv To GUAAN TOVS Kol TO
AekéuPpro otav to dEVIPA NTOV TANP®G OUTOPLALOUEVAL.
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Typa 3. Zyédw tmmong UAV yia Toug Tpelg ommpadveg Kapvdtdg Tov ¥pnoeortodnkay yio tnv
avamtuén, eknaidevon Kot ETaAVOEVOT TOL CLGTHLLOTOG,.

2.2 Avantoén Loylopikov

2.2.1 AlyépOpog Badrag Mabneng (Deep Learning — DL)

Koatd ™ dadikacio GuALOYNIG TV de00UEVMVY, EANPONGOY GLVOMKA OO TOVG TPELG OTMPMOVEG Y10l TOL
tplo otad avémtuéng (Avyovotog, NoéuPprog, AeskéuPprog) 1869 owtoypapies. To 75% tmv
EIKOVOV OV GLYKEVTPOONKE TaStvoundnke Kot ypNCILOTOMONKE Y10 TV EKTOIOEVGT] TOL LOVTEAOL
Kot To 25% ypnoyomoOnke yio v emkbipwon tov. Katd to otddio g npo-eneEepyasiog, OAEG ot
ewoveg petacynpatiotnkay oto ypopotikd xyopo HSV (Hue-Saturation-Value color space) yio v
Ol0KPLTOTOINGN TOV TEPLOYDV EVOLUPEPOVTOG,.

To mpotewvopevo cHOTNUA YPNOCIULOTOEL OAYOPIOLO OVOyVOPIONG KOl EVIOMIGUO OVTIKEIWLEV®OV
RCNN (Convolutional Neural Networks) yio evtomiopud kot avayvdpion Tov SEVIPOV TOL 0TmPOVOL
0EOTOIMVTOS YIoL TNV €KTOidELON TOV HOVTEAOL TNV cuvdptnon evepyomoinong ReLU xou 100
epoch.

2.2.2 MikpodmoroyroTi] Hovado.

To povtédo DL mov avantdydnike, evoopoatddnke oe pia pukpovmoroyioty povéoa Raspberry Pi 3 1
omoia. ovvdédnke pe v kdpepa RGB. 'Etol, ta dedopéva g RGB kduepag petapépovion om’
evbelag oto Raspberry Pi yuo v avayvaopion tov dévipmv oe mpayuatikd ypdvo. EmumAéov, 10
Raspberry Pi AapPaver avtopato to dedopévo g 0éong kot katebBvvong tov UAV amd tov
ovtopato maoto Tov UAV.
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[TapdAinia, avartiydnke alyoplOnog yioo TV avIioToi(1oT CLUVIETAYUEVOVY GE KAOE E1KOVOGTOLELD
™G €KOVOG Kot TNV EEQYMYN TWV GLVTETOYUEVOV TOV OEVIP®V TOV OVIYVELOVTAL OO TO GUGTILLOL.
TéNog, o1 ovvtetayuéveg and Ta avayvopiopéva dévipa petapépovior oto UGV pe m ypnon tov
Aertovpywkov cvotniuatog Robot Operating System (ROS) kot gvog cvpPotod makétov (mavROS)
YL TV EVOOUATOOT TOL TPMTOKOALOL TnAepetpiag mov ypnoipomoteitoan amdé to UAV yuo v
EMKOWVMVIO TOV LLE TOV EMIYEL0 GTAOUO.

2.3 Tpomomoinomn eEoniopov

To UAV mov ypnoomombnke otnv mapovoo epyosia givar to oktakontepo DIl S1000+ (SZ DJI
Technology Co., Ltd., Shenzhen, China) e€onAicuévo pe Pixhawk 2.1 autopilot (Proficnc®), Here+
GPS (Proficnc®) kot tnv Sony Cyber-shot RX100 111 digital camera (SONY, Minato, Tokyo) kot
TpomomomOnkKe TPokeEEVOL Vo evompatwbel To Raspberry Pi. Oleg ot avtopatomoimpuéveg Tnoelg
npaypatoromOnkav pe ypnon tov QGroundControl. Emnpoctétwg, yio v eEacpdiion emapkoic
akpifelog ot aEPOPMOTOYPAPieS opiotnke avaivon £ddpovg avd gikovootoryeio ota 0.9 cm kot
TOGOGTO OAANAOETIKAALYNG TV POTOYPAPLOV 75%.

[Ma v opn Myn v dedopévav, avartdiydnke vanpecsio 610 Aertovpykd cvotnua ROS 1 onoia
amottei “boolean handshake” yio v évapén g amootong tov dedouévov. Tlpdkertor yio o
TPOGEYYION O MPAYUATIKO ¥pOVO GOUPOVO e TNV omoid, kabmg eviomilovtal ta dévipa amd TO
GUOTNHA, OTACGOVTOL GEGH GTO YMPO YOl VO ONUIOVPYTICOLV TOV d1601A0TATO XApTn UE TIG BE0E1g
TOV OEVIPOV.

Téhog, yio v emPefaimon Tov GLGTHLATOG ¥PNOLLOTOMONKE TO EMiyelo poumotikd cuotnua Husky
eEomhopévo pe RTK GPS (ue pvBuod avavémong 0éong 10Hz), povéda pétpnong adpdvelog (IMU)
Kot éva tprodidotato (3D) capwt Aéilep Velodyne yio v amopuyn eumodiov o€ TpoyUatikd
xpévo. To cvotnua SOKIUAGTNKE GE TPAYUOTIKEG GLVONKES OoypoL Yoo TV aSoAdYNoN: o) NG
QTOTEAECUATIKOTNTAG OTNV OVAYVAOPLION TOV OEVIPOV €VIOS TOL OTWpodva, ) tng Oladikaciog
avAAVONG TOV TPOTOYEVVOV 0E00UEVOV Kal ¥) NG emkotvoviag petay UAV ko UGV.

3. AIOTEAEXMATA
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IMa v e€éraong g akpifelag e Aertovpyiog Kot TV EMKOPMOT] TOV TPOTEWVOUEVOL GLGTHUOTOC,
GLYKEVTPOONKAY EKOVEG OO TOVS TPELS OMMPMVES KOPLOLAG 01 0moiol Tapovsialayv dPOPETIKEG
Wwomtes. EmmAéov, avakmbnke o mapayduevog diodidotatog yaptne omd 1o UGV yia v
EMKVPMOOT] TOV TOPAYOUEVOV GUVIETAYUEVOV. LTV TOPOKAT® amelkovifoviol ta avayvopiopéva
oévipa (oto omoio €xel epopuootel o “pdoka’ ywoo TNV €£0y®Yr] TOV TEPLYPAUUOTOS TNG
QVTOKOUNG) To omoia tavtifovtor pe tov mapayoduevo xapt tov UGV o omoioc dnovpyndnke pe
™V XpNomn Tov capmt Aélep.

Ta amoteAéopata omd TV avamtuoypévn oadikocios avaivong €wovag cuykpiinkav pe Tig
TPOYLOTIKEG KATOYEYPAUUEVES BECELS TV dEVTPOV.

Tyqpa 5. Avayvopiopéva dévipo pe v ypnomn tov aiyopibpov PBabidg pabnong yio toug pnveg
Mawo (Avo apiotepd), NoéuPBpio (Ave o6e&1d) kon Aekéuppro (Kdtm).

210 6VUVOAO OedOUEVOV TOV EIKOV®OV TTOL amokThOnKav tov Mdio, 6tav avoartuydnke n utokdun, o
alyopBpoc amokpibnke dpiota, evromilovtag to dévipa pe vymin axpifea (100%). H axpifeta
avayvoplong TV JEVIpOV NTAV EMOPKNG, OAAG ONUAVTIKE YounAdtepn o€ oLYKPION HE TO
aroteAéspato Tov Maiov, yia ta dedopéva tov NoguBpiov (85,7%). Avtd opeiletot 6ToO YEYOVOG TNG
TTOONG KOl TOV OMOYPOUATICHOV TOV QUAA®V, KafioTdvtog SVoKOAN N dtdkplon. Akdun mo
dVOKOAO Yo TOV OAYOPIOLO NTOV TO GUVOAO JEQ0UEVMY TTOV GLAAEYONKaAY TOoV AeképuPpro O10TL lye
oAokANpwBel 1M TTOON TOV QUAA®V Omd TO OEVTPA, HE OMOTEAECMO. Vo glvar opat HOVO 1
TOVOPOLIKTY OYT TOV KOPUOV KOl KAOSIDV TOV OEVIP®V YEYOVOS OV EMNPENCE CNUOVIIKG TNV
axpifela avayvopiong (32,7%).
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IMivaxag 1. Axpifeio avoayvopiong dévipov pe v ypnon aiyopifuov Pabidg pabnong yw v
EIKOVEG IOV EAMNEON GV Katd Tovg unveg Mdio, NoéuBpro kot Aekéufpro.

Mnveg Akpipera (%)
Mdwog 92,8
Noéupprog 85,7

Aexéupproc 32,7

4. LZYMIIEPAXMATA

H mpotewvopevn mpocéyyion amotedel pion eAmdo@opa ADGM Yo TNV YOPTOYPAPNON TOL
EMYEPNOOKOD TEPIPAALOVIOS OTWPOVOV GE TPAYHOTIKO Y¥povo. To Poocikd TAEOVEKTNUA TOV
GLOTNLOTOG YOPTOYPAPNONG TOL OVOTTTUYONKE givan 1 ave&apTNoio TOV GLGTHUATOS OO AOYIGUIKA
TpitOV Kot AOYIOHIKE KAEGTOD KMOOKA. AVOALTIKG, 1| QUGN OvVOLXTOD KOJIKA TOoPEYEL EOKOAN
TEPETOIP® AVATTLEN KOl EVOMUATOOT TOL GULOTHUOTOS Yo TOWKIAES HEAETEG OLOPOPETIKMV
nepmtooewv. ‘Eva emmAéov onuavtikd TAEOVEKTNUO, TOL TPOTEWVOUEVOL GULOGTHUOTOC &ivol 1
evoopdtoon tov ROS kot 6ta dvo avtovopa oynuata (UAV kot UGV). Bdoet Tov avotytoh Kddika
tov ROS yivetar evkoloTEPN 1) EVOOUATMOOT VEOV AELITOVPYIDOV Kol aAyopifumy 6To cOGTNO.

Ta mopaydueva aroteAéopota emPBePfoincoyv To TPOTEPNUATU TOV AAYOPIOU®Y UNYOVIKIG Habnong
YL EPOPUOYES TUNOTOTOINONG EKOVAG. To avamtuypévo cuotnua avtaneEnAde Kavomomrikd otnv
avayvoplon Tov OEVIP®V amd TIC E€IKOVEG TOL amoKTHOMKOV OTav To O&vipa. €lyav TANPW®S
avamtuyRéVN eutokoun. Téhog, n axpifela peiddnke £melto omd TOV ATOYPOUATIGUO KOL TV TTMOM
TOV PUALOV KOOIGTOVTOG OIOYOPEVTIKT] TN XP1OT) TOL GUGTNUATOG GE OVTH TNV TEPIMTMOOT).

ANAI'NQPIXH [TIOPQN EPEYNAX

H mopovca epyacio mpaypatomomdnke ota mAaicia tov épyov "Epevvntiky Xvvépyesio yioo v
Avtipetomon tov Meydhov Ilpokinoceov tov I[MAéypotoc (NEXUS): Evépysw-Tlepipdirov-
Aypotikny Hopaywynq (Tpoer), Nepd, Yiwd) (NEXUS)”, pe ypnuotodotnon g levikng
I'pappateiog Epgvvag kat Teyvoroyiog (ITET) - Kwdwog Epyov: MIS 5002496.
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2YT'KPIZH AEIKTOQN NDVI ME XPHXH AEAOMENQN AIIO
EIIII'EIO AIZ®HTHPA KAI AOPY®OPIKEX EIKONEX XE
KAAAIEPT'EIA BIOMHXANIKHX TOMATAX

N. Adppa, X. ®ovvrag, B. Pnpovkng, K. I'piaxng
I'eonovikod av/po Abnvav, Tuqua AGII-I'M, Iepd Od6g 75, 11855, Adnva, e-mail:
nicoletadarra@aua.gr

INEPIAHYH

Xmv mopovoo peAétn aglomomOnkav pébodor I'ewpyiog AxpiPeiag oe KaAMEPYELD Prounyavikng
TOUATOGC, LE OTOYO TNV TAPOKOAOVONOT TNG YOPIKNG TAPUALOKTIKOTNTAG TS KOAMEPYELNS OO TO
OTAO0 NG KETAPVTELONG £WG TN cvykopdr. H pedém élofe yodpo omv gupvtepn TEPLOYN NG
Adpioag o€ po EKTaoN TPLOV eKTapiov Kotd ) ddpketa Tov £tovg 2019. Xto mAaicio g £peguvag,
TPOYUOTOTOWNONKOY  TEPOUATIKEG UETPNOELS Y TOV  VIOAOYoud Tov  Acgiktn BAdotnong
Koavovikorompévng Atagopdg (NDVI) kot ™ yaptoypdonon g teAkng mopaymyns. O dsiking
NDVI vroloyiotnke pe m ypnion dopveopik®dv ewovov (Sentinel 2) kot evog eniysiov asOntipa
Crop circle ACS 470, étor oote va a&loAoynBobv ot cuoyetioelg peta&d Tov deiktdv NDVI kot g
napoywyns. H mapaywyn tov aypotepayiov mopovcioce Eviovn yoPK TopoAAAKTIKOTNTO, EVA Ol
deikteg NDVI mopovciocav dtapopetikods Pabpodg cuoy£Tiong ova SlopOPETIKES MNUEPOUNVIES
pétpnong kot HeBdd0vg THAETIGKOTNONG.

AéCeic wierod: Tewmpyia AxpiPeiog, Propnyoviky topdta, ociktmg NDVI, tiemokdmnon,
XOPTOYPAPNOT TAPAY VTG

COMPARISON OF NDVI DERIVED FROM PROXIMAL DATA AND
SATELLITE IMAGERY IN PROCESSING TOMATO CULTIVATION

N. Darra, S. Fountas, V. Psiroukis, K. Grivakis
Agricultural University of Athens, Department NRM & Ag.Eng., Iera Odos 75, 11855, Athens,e-mail:
nicoletadarra@aua.gr

ABSTRACT

In this study, Precision Agriculture methods were exploited in a processing tomato field in order to
monitor the spatial variability of the crop from transplanting to harvest. The study took place in the
region of Larissa and more specifically in an area of three hectares during the year of 20109.
Experimental measurements were performed for the calculation of the Normalized Difference
Vegetation Index (NDVI) and the yield mapping. The NDVI was calculated by employing satellite
imagery (Sentinel 2) and proximal sensing (Crop circle ACS 470) to assess the correlation between
the NDVI index and the yield of processing tomatoes. The yield of the study area exhibited high
level of spatial variability, while NDVI index demonstrated different degrees of correlations with
different measurement dates and sensing methods.

Keywords: Precision Agriculture; processing tomato; NDVI; remote sensing; yield mapping
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1. EIXATQI'H

2mv EALGda o topéag mapoywyng topdtag yo. petamoinor koteiye mepiontn 0éon petold tov
KAAO®V NG 0ypOTIKNG OIKOVOLHOG TNG XMPOS, Yo [t LEYAAN CEpd €TV €m¢ Kot To étog 2004,
YPOVIQL TOV OMOTEAECE aAPETNPiOL GVVEYOVG TTOTIKNG mopeiog (Zynua 1). 'Etor evd to 2004
kaAlepynOnkav 183.000 otpéppota pe mapoywyn 1.187.000 tovovg mpmtng VAng ot 237.000
TGVOLVG TEMK®MV TPoidvTmV, T0 2015 katéinée vo kadiepynbet éktaon poig 55.200 otpeppdtov pe
mv mopoymyn va Kopoivetor otovg 512.695 tovovg. XOppova pe to Yrmovpyeio AypoTikig
Avantoéng évag amd Toug TAPAYOVTEG TOV OONYNCAV OTN UEIMOT TOV KOAAMEPYELOV BLOUNYOVIKNG
TOHATOGC, Etval 1 AVEAVOIEVT] ELOAVION AKPOI®V KAMUATIKOV QOIVOUEVOV e PEYOAN peTtafAntdtnTa
ol omoileg MANTTOVV TIC CLYKOUILOUEVEC TOCOTNTEG TMPAOTNG VANG Kol EMOPOVV OVGUEVMDS GTNV
oot TOVG (YoUNAog Pabudc brix). Emmiéov, ta dtapbpotikd mpofAfuata g yewpyiag otnv
yopo pog (Ukpdg KANPOS, Heyding nikiog oypoTes, YOUNAES OTPEUUATIKEG OMOOOGELS), £XOLV
apvnTikd avtiktomo otn ophn dwyeipion Tov KoAlepyelidv. o Tov Adyo avtov 1 aglomoinon
uebodwv I'ewpylag Axpipeiag ov omoieg Aapfdvovv vwoOyTM TIG OOPOPOTOINUEVES OVAYKEG TNG
KOAALEPYELOG OKOWO KOL OE LUKPEL OLYPOTEUAYLO. CUVICTA OTapaitnTN TPOHTOOEGN Yo TV OVAKTNON
NG OVTAYOVIGTIKOTNTOG Kot TN BeATimon g amddoons TV KOAMEPYELOV BLOUNYOVIKNG TOUATOG Ko
™MV PLOSOTNTA TNG EKUETAAAEVONG.
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Yympo 1: Zroyeio yia v korliepynBeioo éxtoon koi ) petomoinbeico OAn e Prounyovikng
ouarog ta étn 2001-2015. Inyn: Yrovpyeio Aypotikng Avamroéng kot Tpopiuwv

H Tewpyio AxpiBeiag eivarl pio oyeticd véa néBodog yempPyIKNg TPUKTIKNG, 1) OOl ¥PNCLOTOLEL
TANPOQOPioL LE GOPNVEIDL TPOGOIOPIGUEVT] MG TPOG TOV YMPO KOl TOV YPOVO, TPOKEWEVOL V.
LEYIOTOTOMGEL TNV AOJOTIKOTNTO TOV EIGPODV KOl VO EAUYIGTOTOMOCEL TIG TEPIPAALOVTIIKEG TOVG
emntooelg (Kapddag kot ZvAlaiog, 2000). Ot mpaxtikéc g [empyiog AxpiPeiog epapudlovtan
eumopkd Kuplwg oto ounpd omd TG apyés g Oekaetiag tov '90, evd emektdbnkay o GAAES
KaAMEPYELEG 6TO TEAOG TNG dekoeTiog Tov “90 ko Tig apyég Tov 2000 (Griffin et al., 2004). Apywd n
épevval EMKEVIPOONKE oTAL GLTNPE, VO apyOTEPA APYICOV VO YPNOLLOTO0VVTOL aoOnTpec, o€
koA Epyeleg Bappakiov (Tomasson et al., 1999; Vellidis et al., 2003), oe Coyapdtevtia (Hoffman et
al., 1995), o Bropnyavikn topdra (Pelletier et al., 1999), oe yoptodotikd putd (Auernhammer et al.,
1995; Kromer et al., 1999; Lee et al., 2005) ka1 o gotikia (Vellidis et al., 2001). Xmv EAAGda n
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epapuoyn g 'empyiag Axkpipelag Eekivnoe to €tog 2001 oe kaAMépyela PapPaxiov (Mapkivog
k.o, 2003) ko TG TEAevTaieg dekaetieg emektdOnke oe omwpmveg unMdg (Pdmmoc x.a., 2005;
AyyehomovAov K.a., 2005; Tavog k.a., 2005), emdg (Fountas et.al, 2011; Xat{nroamadonovioc &
[pwtovotdprog, 2017) ko ayradidg (Vatsanidou et.al, 2014).

2mv moapovoa Epguva, a&tomomdnkay pébodot IN'empyiog AkpiPeiog og aypotepdylo Plopnyavikig
TOMATOG EKTOONG TPLOV eKTaPimV, Le 6TOYO TN PerTioTomoino g dtayeipiong g kaAlépystoc. To
EMAEYUEVO OYPOTEUAYIO EAEXONKE MG TTPOG TN YWPIKY TOPOAAOKTIKOTNTO TNG TOPAYOYNG KOl TOL
oeiktn PAdotmong NDVI, o omoiog vmoioyiomnke Pdoel dedopévev VO SOPOPETIKMOV TNYDOV
(emiyeln kot dopvEopiKA). XT10 TEMKO O©TAO0, TPOYUATOTOMONKE 1 GOYKPION TOV OEKTI®V
PAdomong NDVI and 11g dvo O10popeTikég mYEC dedopévav, KaBMG Kol 1 CLOYETION TOV
OTOTEAECUATOV pHE TNV Tapaymyn. o tov mpocsdlopiopd tev cvoyeticemv kot v eaymyn
OCQPOADY CULUTEPUCUATOV OEOTOMONKAY OTATIOTIKEG KOl YEOOTATIOTIKEG HEDOOOL (TMEPLYpaPIKN
OTOTIOTIKY], YWPIKN OUTOGVGYETION, YOPIKT TAPEUPOAN).

2. YAIKA-MEQ®OAOI

H mepopatikn dwadikacio d1e&nydn to étog 2019, oe KaAMEpyela PlOUnyovVIKNG TOUATAS TPUDV
ektapiov mov Ppicketar oty gupvTepn ePoy ™G Adpioag pe yemypapikés cvvietayuéveg 39°
35.914'N, 22° 34.293'E (Ewova 1). H Brounyaviky topdro eutedtnke Tov Ampiin tov 2019 kot kotd
NV OIPKELD TNG KOAMEPYELNS EQUPUOCTNKAY 7 WYEKAGHOL GUTOTPOCTATEVTIKAOV TPOTOVI®V Y10 TNV
EMTELEN EUTOPIKAOV TPOIAYPAPDOV OGOV apopd 6TV TocdtnTa Topaywyns. Eva miéypa 30 kemav
(1000 t.u. avé keii) dnuovpynOnke yio va S1EVKOADVEL TIG HETPNOELG mEdiov, TN dlayesipion TV
O0edoUEVDVY, TN GLOYETION TV ATOTEAECUATOV KOl TNV 0EWOAOYNOTN TNG TOPUALAKTIKOTNTAG TNG
kaAMépyetog (Ewova 1). Avti n pebodoroyio ypnoomombnke emiong and tovg Tagarakis et al.
(2013) kou Farid et al. (2016).

Ewova 1: H wepioyn ueiétns oe mepifotiov Google Earth ywpiouévo oe éva héyuo 30 keliwv

2 ouvéyeln £yvay TE0GEPLG LETPNOELS KATA TNV OEPKELD TNG KAAMEPYNTIKNG TEPLOOOV UE TNV
xpron tov oedntipo Crop Circle ACS-470, pe 6t6)0 T0V TPOGIOPIoUd THG EVPMOOTIOG TOV PLTAOV.
[MapdAinia, mpayuatomomdnke n enelepyocioo TV SOPLPOPIKMOV EKOVOV Yo TIG 1d1eC TeEPimov
nuepopmvies.
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2.1 Metpnogis mediov

[Ma ™ 0eaymyn TOV HETPNOE®Y EVPMOOTING YPNOILOTOMONKE 0 evePYNTIKOD TOTTOL aloONTHPOG
Crop circle ACS-470 (Holland Scientific Inc., Lincoln, NE, USA), o omoiog exnéumnel axtivoBolio
KOl KOTOYPAQPEL TNV avAKAAoT TG amd To OAL®UA oTa €ENG UK KOpatog: 550 nm, 670 nm, 760
nm. Xt ovvéyela ta dedopéva etonydnoav oto Aoyiopkd ArcGIS 10.2 (ESRI Inc., Redlands, CA,
USA) 7y v enegepyacio Toug kot v e€aywyn Oepatikdv yaptav. Katd v enelepyacio tov
dedopévav apapédnkay ot akpaieg Kol U amodekTEG TIUEG O OTTOlEG ONULIOLPYOVVTAL GTHV AVE Kol
KOT® TAELPE NG KOAMEPYEWNG KOOMDG YiveTol OTPOPN Kol OAAOYN YPOUUNG. 2T OCULVEXEWL
aKOAOVONGE YEMOTATIOTIKN aVAAVLOT 0E00UEVMVY KOl O GUYKEKPIUEVA Y®P1kn Topepfoin IDW yia
TOV LTOAOYICUO TV TIUOV oe B€oelg mov Oev &yovv Kataypagel. Télog, ypnopomombnke to
gpyareio Zonal Statistics, 10 omoio Aappavovtag vwoyn to TAEyua Tov 30 KEAMMV Tov GYEOIICTNKE
KoL To raster mov dnuovpynonke pe ™ yopPkn TapePPorr), VToAoYILeL Ta TEPYPAPIKE GTUTIOTIKA Y10
10 KGOe keAl Eeywprotd. H péon tyun mov mpoékvye yuoo Kabe KeAM ypnoiponombnke yioo tov
vroAoyioud tov dgiktn NDVI.

Mo ™ yaptoypdonon tng mopaymyng ¥PNOLOTOMONKAY TAACTIKEG COKOVAEG Y10 TN GLALOYT
TOV KOPTOV, Ul NAEKTPOVIKN {uyopld Yoo Tov boAoYiopd Tov Bdpovg tovg kKou éva GPS yia v
axpipn evpeon tov keMmv. Katd tn d1dpkeia Tng cuYKoUoNg Tpoypatomoinke pio derypotoAnyio
avd keM. H cvAloyn tov delypdTov TpaylatomomOnke 6 €KTaoN EVOG TETPAYOVIKOD LETPOV m?
Kot 01 TYHEG TOV OELYHATOV KOVOVIKOTOWOnKavy.

2.2 MeTpijoeils TNAEMIOKOTN 01

Ot gikdveg ov ypnoomomOnNKay yuoo TV TAPOVoo HEAETN TPOEPYOVIOL Omd TOV SOPLPOPO
Sentinel 2 wou dwrifevion péow tov Sentinels Scientific Data Hub ®g ocbvora dedopévov
opBocikoévav twv 100 km? oe UTM/WGS84. ITwo oLYKEKPIEVQ, ypnoortombnkay ewoveg Level
2A o1 omoieg £yovV VIOCTEL ATUHOCPOPIKT Kol PadlopeTpikn 010pOwon. EmmAéov ot eikoveg O v
TOV QOCUATIKOV KavoAMov evoinkov o éva eviaio dataset (resample) pe yopikn avaivorn 10m,
aflomowmvtag TNV epyairelodnkn tov Aoyiopikod SNAP (ESA, 2017). Zn cvvéyeln, VTOAOYIGTNKE O
deiktng NDVI pe ) ypnon 1oV QocouaTIKOV KavoAldv 8 Kot 4 oV OVTIGTOLOVV GTIC POCLOTIKES
TEPLOYES TOL LITEPLOPOL KOl TOV KOKKIVOL avtiotorya. TéAog, mpaypatomomOnke 1 El0AY®YY TOV
ewovev o610 Aoylopikd ArcGIS, pe otdyo t ypnon tov gpyaieiov Zonal Statistics, to omoio
VTOAOYILEL TO TEPYPAPIKA GTATIOTIKA Y1 TO KAOE KeEAL EexmploTd.

2.3 LraTieTikn Avdivon

IMa v extipnomn ¢ cvoy€tions petald TOV OTOTEAEGUATOV TOV S0PLPOPIKMOV EIKOVOV KOl TOV
acOnmpa Crop circle, ypnoyoromdnke 1o TAEyua tov 30 kKeEMOV ®G YOPIKN Hovada cHyKPLoNG.
210 TAOIGIO0 0VTO, EKTEAECTNKE OTOTIOTIKY] OVAAVLGOT, GCULUTEPIAAUPAVOUEVOV  TTEPTYPOAPIKAOV
OTATIOTIKOV KOl GUVTEAESTH GLGYETIONG. O GUVIEAEGTIC GLOYETIONG T' TOV OOPLPOPIKMV EKOVOV
Kol ToV 0edoUEVOV oeONTpo VTTOAOYIGTNKE TPOKEUEVOL VO SOMIGTMOEL GV LIAPYEL CLOYETION
HETOED TOV OEIKTOV amd TIG Ovo TNYEg dedopuévov. H otatiotikn avaivon oeénydn pe ototiotikod
Aoyopiko (Statgraphics 16, StatPoint Technologies Inc., Warrenton, VA, USA).
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3. Amoteléopata

3.1 Xaptoypaonon mopaymyng

H ovykopidn mpayuatomombnke téAn Ioviiov, 6mov £ytve yoptoypdonon pe okomd vo yivel
GLOYETION TOV SOPLPOPIKDOV OEOOUEVMVY KOOMDS Kot TOV dEGOUEVOV TOVL 0IGONTNPO [LE TV TOPAYOYT.
Ytov mopokdto yapt (Ewkdva 2a) mopoatnpodue 1t yopikn TopoAAdKTIKOTNTO TG TOPUY®YNS TOL
aypotepayiov KabMS Kol T0 TOGO0TO TV dyovpwv Kapm®dv avd kel (Ewkdva 2).

w2ss @ 7 1w
- — —0

ATOYPEL
%

3700000 - £ 000000

500101 . 3000030
[ 2000007 - 12500000

Ewova 2: a)Xoptng mopaywyng Prounyovikns toudrog yio o étog 2019, p) Xaptns mocoarod
GYOVPOV TOUOTDV.

O vynAotepeg TS eppaviCoviar oo KEAG Tov BOPEIOOVATOAMKOD TUNUATOG TOV OypPOTELOYIOL
eved ol younAotepeg tipnég epeaviCovian ota ke D1,03,C4,C2,B2,A5,E2. H cuvoAikn moapaywyn
vy to étog 2019 xoudvOnke amd 150-310,5 tov/ekt. kol Qaivetar va LEAPYEL (o TAOM TPOG TO
VOTI00LTIKO TUNHO TG KOAAEPYELOG OOV yapakTnpileTor amd younAdtepn Tapaymyr] 6 Gyéon Ue
t0 Bopeo Tuua tov. EmimAéov mopatnpodpe TOpOAAOKTIKOTNTO GTO TOGOCTO MPILOVONG TOV
Topatwv mov €£xel €vpog 3,7 pexpr 13,5 %. To pxpOtEPO MOGOGTO TV AYOLP®V TOULOTAOV
EUQOVIOTNKE OTO OVTIKO TUNUO TNG KOAMEPYELNS EVM TO LYNAOTEPO TOGOGTO EUPOVIOTNKE OTO
KEVIPIKO TUNLLOL.

AT T0 amOTEAEGLLOTA TNG OTATICTIKNG OVAALGONG QaiveTol OTL I TowKIAla giye Katd péco 6po yiao
10 €10¢ 2019 mopaywyn 210 tov/ekt.. O cLVTEAESTNG TAPOAAAKTIKOTNTAG NTav YOpw oto 14,90%
7oL glval VYNAOS av ANeOBel LTOY™N GTL 1] £KTOGN TOV YOWPAPLOV TOL £fvar HOALG 3 EKTAPLOL.
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3.2 ZOYKpLon aToTELEGPUATOV H0PVPOPIKAV EIKOVMV

210 mopakdTo oynue (Zynpa 2) tapatnpovpe Tig TéS tov NDVIsen ot omoieg mponABav and ta
dedopéva Tov Sentinel 2 dopvpdpov.

NDVIisen

| i ORI

04

NDVI

0,2

Al A2 A3 A4 A5 Ab Bl B2 B3 B4 BS Be C1 C2 C3 C4 C5 Co6 D1 D2 D3 D4 D5 D6 E1 E2 E3 E4 ES5 EOB

KEAIA
—p—724 05 -—g=08 06 28 06 =—@=08 07 =—@=23 07 28 07

Yympo 2: H katavoun twv tiuwv NDVI oro to dedouéva tov dopvpopov Sentinel 2.

[Tapatnpovpe OTL N KATOVOUN TOV TILAOV V1o OAEG TIG NUEPOUNVIEG Kot TO KEAA aKOAOVOOVV duota
mopeio. epEaviovTog TAPUALAKTIKOTNTO GTO SLOPOPETIKA KEALL TOV aypotepayiov. Ot vynAdTEPES
Tiég eppaviCovror tov Iovvio 6mov n PAdonon eival LYNAN VO GTNV GLVEXELD 0KOAOLOET o
TTOTIKN Tdon €o¢ ™ ovykopdr]. O deiktng eppavilel younAdtepes TYWES oTO aKpaio KEAMA TOL
TAEYLOTOG KO TTLO GLYKEKPIUEVO OTIG GELPES TTOL AVTIGTOLYOVV 6TO 1 Kol 1o 6.

Mivaxag 1: Ieprypagixo. arotiotike tov dcikty NDVIsen yio. to étog 2019 .

Hpepopnvia Méon Elayprotm Méywemn  Tomkn YuvtereoTNG
Twn Twn Twn Améxion MoporiokTiKOTNTOG
1" | 24.05.2019 0,57 0,49 0,64 0,044 7,77%
2" | 08.06.2019 0,76 0,65 0,82 0,052 6,85%
3" | 28.06.2019 0,84 0,72 0,89 0,048 5,71%
4" 1 08.07.2019 0,76 0,65 0,81 0,047 6,20%
5" | 23.07.2019 0,67 0,56 0,72 0,043 6,45%
6" | 28.07.2019 0,64 0,57 0,67 0,026 4,05%

Ao ta meprypaeikd otatiotikd (ITivakag 1) tov deiktny NDVIsen @aivetor 6t1 1 pukpotepn péon
Tiun onuewwdnke otig 24.05.19, evad n péyrot Ty NDVI frav 0,84 kol onpeindnke otig 28.06.19
glkool pépeg petd ) evtevon. O ocvvieheotng mapoarroktikoTros CV kopdvOnke petald 4,05-
7,77%
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3.3 Zuykpion amoteleopdtov areOntipa Crop circle.

Zmv cuvéyeto TpaypatonomOnke yopikn wapepfoin IDW (Ewova 3) kot ypnoiporombnkay to
epyodeia Zonal Statistics (Eucova 3B) kot Zonal Statistics as Table (Euova 3B) yia va vroroyiotodv
o1 P€oeg TIHEG avaKkAaong ava keAl. Avti 1 dtedikacio £yve yio OAQ To UK KOROTOG Kol OAEG TIG
nuepopunvieg. Ot vymAég THES ametkovifovTal Le GKOVPO TPAGIVO EVA 01 YOUUNALG LE OKOVPO Lmp.

e High: 0526572

e Hign: 0267857

L]
00350157 0 15 30 50 B w0 0809881 - m—

90
Meters

Ewova 3: o) Xwpixn wapeufoln IDW twv tiumv avakiootikotntas yia unxos kouotos 670 nm, f)
Zonal Statistics yia pixog koparog 670 nm.

210 TEAELTAIO0 GTASI0 QVTHG TNG SLAAKAGIOG XPNOHOTOMONKAY Ot TIHEG AVAKAAGTIKOTNTAS () OF
2 punkn kopatog (670nm , 760nm) yio v e€aymyn tov deiktn NDVI péow g mapaxdto e&icmong.

NDVI=(p760-p670)/(p760+p670)

210 mapokdte oynuo  (Zynuo 3) mopatnpodue T Tég tov NDVICC gpeavifovrog
TOPOAAUKTIKOTITO OTO SLOPOPETIKG KEAA Tov aypotepayiov. H vyniotepn tyun speaviletor tov
Iovovio kar mo ovykekpéva otg 10.06.2019 v mepiodo g dvbiong, evd oV GLVEXELL
TOPOTNPEITAL PO TTOTIKY) TAOT £MC TI GLYKOULON.

NDVIcc

0,8

0,6

NDVI

0,4

0,2

Al A2 A3 A4 AS A6 B1 B2 B3 B4 B5 B6 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 E1 E2 E3 E4 E5 E6
KEAIA
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Xympa 3: H kotovoun twv tiuwv NDVI axo to dedouévo. aroOntipa Crop circle.
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Amo 10 TEeplypaikd otatiotikd Tov ociktn NDVIce yia 1o €tog 2019 (ITivaxag2) gaiveton 6111
pikpotepn T NDVice onueiwdnke otig 30.07.19 610 6TGd10 TG GLYKOUIONG EVD 1 UEYIOTN TIUN
tov oeiktn NDVIce ftav 0,67 kol onuetwdnke otig 10.06.19. O cvuvieheotiC TOPOAAOKTIKOTNTOG
CV xopavinke peta&oy 1,99- 13,98 %.

Iivaxag 2: Ieprypagixe oratiotike. tov deikty NDVIce yio to étog 2019.

Hpepopnvia Méon  Eldpoty Méyomn Tomuen XUVTELEGTNC
Twn Twn Twn anokien  [MoporlokTIKOTNTOS
1" 21.05.2019 0,43 0,29 0,53 0,060 13,98%
2" 10.06.2019 0,67 0,61 0,69 0,020 3,04%
3" 28.06.2019 0,60 0,54 0,66 0,027 4,41%
A 09.07.2019 0,53 0,46 0,57 0,022 4,16%
5" 21.07.2019 0,48 0,43 0,53 0,026 5,48 %
6" 30.07.2019 0,39 0,30 0,49 0,004 11,52%

3.4 XraTioTiKY) avadivon

Mo v Tepattépm depeblvNoT TOV OEGOUEVOV TPOYUOTOTOMONKE GTATIGTIKY] OVOAVGT HETOED
tov Twov NDVI ond 11 dvo mnyéc Osdopévov yio OAec Tig muepounvies ovvoikd. Ta
amoteléopato amd v avdivon petafintommrag (ANOVA) ¢aivoviol 6tov mopokdte mivoko
(Mivaxag3).

Mivaxog 3: Avalvon uetafintotnrog (ANOVA) uetald twv oeiktawv NDVIce xor NDVisen.

Mnyn AOpowspa Mécog F P-Value
petafintoTnTog Terpayovev Terpoyovmv

Movtého ‘ 0,531356 ‘ 0,531356 ‘ 231,70 ‘ 0,0000
Toaipo ‘ 0,408199 ‘ 0,00229325 ‘ ‘

THvoro ‘ 0,939555 ‘

Mo vo pmopécovpe va ektunoovpe Ty e&iocmon mov mePLypapel Tn oyéon HeTa&d TOoLug
YPNOLOTOIOVLE ULl GUYKEKPIUEVT] OTATIOTIKY] LEB0SO, TV avaALGT TOAVIPOUNONG.

MMivaxag 3: 2vvteleotng ovoyétions uetolo twv ocikrewv NDVIce kor NDVisen.

YuvTELEGTIG R R’ (Tpomomoumpévos) Eicoon P-VALUE
YvoyiTiong
0,752024 56,188 55,9419 NDVlsen = (0,985933 + 0,0000

0,215822*In(NDVIcc)) 2
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3.5 Xvuvtereo T GVGYETIONG

[Ma va eAéyEovpe OG0 10yvpEC elvar o1 oyéoelg pnetald Tov petald tov dewktdv NDVI yia kdbe
pétpnon Eexwplotd ypnopomomdnke o cvvteAeotng Ypappiknig ocvoyétiong (Pearson Correlation).
AvoAivtikdtepa, otov moapakato mivoka (Zeaipa! To apyeio mpoélsvong g ava@opds ogv
PBpédnke.4) paivovtol o1 GLVTEAECTEC GLGYETIONG Yo TO. (EVYN TOV HETARANTOV TOV EUPAVIGOV TIG
vymAdtepec TIHEG, Kabmg Ko ot Tiég P-value ol omoieg éxovv vmoloyiotel yuo kébe cvvteleoT
EexwploTd, [e EMMESO GTOTIOTIKNG oNUOVTIKOTNTOG 95%.

IMivaxag 4: I poppuxos ovvredeotig ovayétions Pearson uetald twv osiktwv NDVIce kor NDVisen.

Merpnoseig YovtereoTic LVoYETIONG P-Value
" 0,73 0,000
2" 0,68 0,000
41 0,55 0,001

Elvar @avepo 611 o1 1oyvpotepec cuoyeTioelg LeETaEL TV 6vo deiktdv NDVI moapatnpndnkayv otig
dvo TpmTEG PETPNOELS TNV TEpiodo TG dvBione. H ocvoyétion petald towv dvo deiktdv NDVI
Kopavinke and r= 0,55 péypt r= 0,73. Avtd 1o anoteAéopata amoteAovv pia EvosiEn OtL 1 ypnon
TOV GLYKEKPUEVOV QOCUOTIKAOV KOVOAMY TOV d0pu@dpov Ba pmopovoe va a&tomoinbovv yio va
yiver TpOPAEYM TNG TOPAYOYNG OO TO TPMIUO GTASI0 avATTLENG TG KOAMEPYELNS. AVTO TO YEYOVOG
elvar moAd onuavtikd yuoo Tov mopay®yd yori pmopel vo emépPel pe Spopes KOAMEPYNTIKES
QPOVTIOEG UE amMTEPO OKOMO TN PeAtion TG KOTACTACNG TOV QLTOV Kol KOT' ETEKTACN NG

TOPAYDYNG.

Ocov apopd 611 cLoYETION TNG TOPAYOYNS He Tovg oeikteg NDVI mov vrodoyiotnkav pe ta ovd
OLOLPOPETIKA HEGQ, OO TNV OVAALGT TV 0edopéEVeV Tposékvuye OTL ot TIéES Tov NDVI og 6la ta
OLLPOPETIKA oTAdWL avATTLENG TNG KaAMEPYElG elyav BeTikn ovoyétion pe v moapaywyn. [To
GLYKEKPLUEVA, O GUVTEAECTNG GLOYETIONG KVUAVONKe amd r=0,1 péypt r=0,3.

4. XYMIIEPAXMATA

2V mapohoo £pEuva EYIVE KATOYPOPY| TS XOPIKNG TOPUAAAKTIKOTNTG TG TAPUY®YNGS, KaBMG Kot
0 vmoAoywopog tov NDVI oamd dopvpopikéc ewdveg ko tov aicOnmpa Crop circle. Ta
CLUTEPACHOTO TNG £pEVVag Eivor Ta EENG:

1. To m0c0GTO TG YWPIKNG TOPUALAKTIKOTNTAG OV gRpavice N mopaywyn (15%) frav vynid
v 0 pkpd péyebog tov aypotepoyiov. H vmapén avtov tov Babpod mopaAlokTikOTnTog
vrodniovel 6tL pmopovv vo  aftomomnbodv cvotiuota [ewpyloag Axkpieiag yioo v
BeAtiotomoinomn g amdd0oNS TOL YOPOUPLOV.
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N

O deiktng NDVI mov vmoroyiomnke amd TIG OOPLPOPIKES EIKOVEG EUQAVICE  KPN
naporiaktikotnta (7,77%) eved o dgiktng NDVI mov vroroyiomnke and tov arcOnmpa Crop
circle gppavice mapailoktikdtra and 3,04 péypt 13,98%.

3. XmVv mepinton TV d0pLEOPIKOV EIKOVOV £YOVUE GTASIOKY] avENon TV Tindv tov NDVI
péypt Tov [ovvio kat 6TV cuVEKELD TOPATNPEITOL TTOTIKN TOPEiR LEYPL TNV GLYKOMLOT. AVTO
1oYVEL Kol YL ToV OgikTn ov voAoyiomnke omd tov arcOntipa Crop circle pe v povn
e€aipeon Ot M vyNAOTEPN TN gpeaviotnke vopitepa ot 10.06.2019. Avtd pmopel va
opeiletal lte 0TOV YeKAOUO TOV TTpOyHoTomo|Onke 000 PEPES TPV TNV ENMOUEVT] UETPTON
o115 28.06.2019, eite oto yeyovog Ot 0 emiyelog acOnTpog NTav oe BEoN va aviyveLGEL
vopitepa TV KaHod1KY| mopeia Tov deiKTN Kot koT’ enEKTAOT TG PAAGTNONC.

4. Tw Vv oavdivon ToAvIpOUNoNG TO HOVIELD Tov emA&yOnke NTav uUn ypoppuKd Kot O
TPOTOTMOINIEVOG GUVTEAECTNG TPOGOIOPIGLOV R’ mov e&MyOn Nrav vynAog (55,54%) yeyovoc
nov emPePordvel v 1oyvpn oxéomn TV deikt®v Tov NDVI mov vmoloyiotnkoy amd ta dvo
OLOPOPETIKA LETTL.

5. H avéivon cvoyétiong yia to Kabe 6tdoto avantuéng Eexmplotd gixe g otd)0 va avadei&et
TNV CNUOVTIKOTEPT TTEPT000 Yo TNV £EEMEN KoL TNV Topay®yn NG KaAMépyeag. Me Bdon ta
AmOTEAECUATO, Ol UETPNOELS Kath TV mepiodo g avOiong Ba pmopovoe va omoTeAécel
a&lomoTn TNY TANPOPOPLOV Yo TNV €£0YMYN GUUTEPUCUATOV CGYETIKE UE TNV OVATTLEN
™G KOAALEPYELOG.

6. Ot tywég tov deiktn NDVI mov vmoloyiommkov amd To d0pLEOPIKE OedOpEVO NTAV
VYNAOTEPES 0 AVTEG TOL JEIKTN TOV ausOnTpa o€ KUBE TEPIMTOOT).

7. Ot ovoyetioelg peta&d tov osiktov NDVI kot ¢ mapaywyng nrav Oetikéc wotdcso dev ftav

GTATIGTIKA GMUOVTIKES.

EYXAPIXTIEX

H nopodoa epyoacio ypnuotodothdnke amd tnv etopeio Corteva agriscience-Pioneer Hi-Bred Hellas.
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XPHXZH ITOAYOPAXMATIKHX KAMEPAY ~E XYXTHMA MH
EITANAPOMENOY AEPOXKA®OYX I'TA THN EKTIMHXH THX
EAA®IKHX OPT'TANIKHY OYXIAX

0. Ayychomovrov'?, N. TGérac?, A. Mraragovtng', I'. ZoAridng?, A. Mréytng'
"otirovto Bio-owovopiog kot Aypo-Teyvoroyiag (iBO), E6vico Kévtpo ‘Epevvog ko
Teyvohoyung Avantuéng (EKETA), 57001, @épun, @soocarovikn, e-mail: d.angelopoulou@certh.gr
sz'] pa I'eomoviag, Epyactpio TnAemokdnnong, @acspotookoniog kot X, XyoAr ['emmoviag,
Aoacoloyiog & DPvokov Tepiariiovtoc, AIIO, 54124 Oecoarovikn

INEPIAHYH

YKomdg TG epyaciog etvarl n aEOAOYNOT TOV OLVATOTHTMOV LG TOAVPOCUOTIKNG Kapepoag (400-810
nm) yuo. TOV TPOGOOPIGUA TNG EAPIKNG 0pYoVvIKNG ovsiac. [IpaypatomomOnke cuykpitikn avaivon
LE (QOOUATIKEG UETPNOELS OF emimedo epyactnpiov, kaAvmatovtag v mepoy] VNIR-SWIR (400-
2500 nm), oe 18 detypota £d4povg mov GLAAEXONKAY amd To 1d10 aypotepdyto. [TapdAinia, ta
€00k deiypato avoAdOnKay Kot pe TG KAUOIKEG €PYASTNPLOKES HEBOOOVG TPOKEUEVOL VL
BabuovounBovv ta povtéda mpoPieymc. o v Pabpovouncn tov poviédAov ypnoyLoromonkoy
punyoavég dtavvopdtov vroot)piéng (SVR), pe tor dedopéva g TOALVQAGUOTIKNG KAUEPOS, TIG
EPYOOTNPLOKEG QPOCUATIKEG VITOYPAPEG KOl TOVG TOPOUYOLEVOLS PAGHOTIKOVG OEIKTEG MG OEOOUEVAL
€16000V.

AéCeig KAe1did: €30.PIKN 0PYOUVIKY] OVGI0, TOAVPUCHOTIKG OEOOUEVA, PAGLATIKOT OEIKTECS.

SOIL ORGANIC MATTER ESTIMATION BASED ON
MULTISPECTRAL CAMERA MOUNTED ON UNMANNED AERIAL
SYSTEM

Th. Angelopoulou™?, N. Tziolas?, A. Balafoutis', G. Zalidis?, D. Bochtis®
YInstitute for Bio-economy and Agri-technology (iBO), Centre for Research and Technology — Hellas
(CERTH), 57001, Thermi, Thessaloniki, e-mail: d.angelopoulou@certh.gr
’Laboratory of Remote Sensing, Spectroscopy and GIS, School of Agriculture, Faculty of
Agriculture, Forestry and Natural Environment, Aristotle University of Thessaloniki, Thessaloniki,
54124

ABSTRACT

The aim of this study was to evaluate the capabilities of multispectral imagery (400-810 nm)
predictive ability for soil organic matter estimation. A comparative analysis was performed with
laboratory spectral measurements of 18 soil samples collected from the same field covering the
complete VNIR-SWIR range (400-2500 nm). The soil samples were also determined by wet
chemistry methods to calibrate the developed prediction models. Considering imagery data values,
laboratory spectral signatures and the produced spectral indices as input features, a support vector
machine algorithm was used for model calibration.

Keywords: soil organic matter, multispectral data, spectral indices.
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1.LEIXATQI'H

To £€dapog Bempeitatl £vag amd Tovg SNUAVTIKOTEPOLS PLGIKOVS TOPOVS GTI YEMPYIKN TAPAY®DYT TOL
eKTEAEL OLAPOPEG OKOAOYIKEG KO 1) OKOAOYIKEG Agrtovpyieg Ko Bempeitaice peydro Pabud un
avave®dopog mopog(Blum, 2005). H edagikn opyavikn ovcio (EOO) sivor onuavtiky mopdpetpog
TOV €064POVG OV EMNPEALEL TN YOVILOTNTA TOV, TN PIOGIULOTNTO TOV YEMPYIKMOYV GUGTIUATOV Kol TNV
TAPOYOYIKOTNTO TOV KOAAEPYEIDV. ¢ €K TOVTOV, VIAPYEL OLEAVOLEVO EVOLAPEPOV GYETIKA LE TOL
enineda g EOO, xabBdc 1 ocwoth dwxeipnon Tov £0aQikov opyavikov &vOpaka, €KTOC TOV
TpoavagepBEéviov, cvufdiel emmAéov otV UEIMON TOV EMATOCEMV TNG KAMUOTIKNG OAAAYNS
(Johnston et al., 2009, Mufoz-Rojas et al., 2017). To eAnvikd €d4en mapovstdlovvyounin
neplektikotnta o€ EOO mov xvpaiveron petald 1,0-1,5% (Tsadilas et al., 2005). Xvvenmg, vndpyet
HEYAAD €VOLOPEPOV YIOL TNV EMAOYN TNG KATOAANANG TPOKTIKNG Yoo TV emitevén Piooiung
dlayeipiong tov £06POVCTPOKEIUEVOL va. dtatnpnBodv 1 Kot evoeyouévmg vo avEnbovv ta emineda
g EOO. Qo1600, 01 cuuPatikés 60poroYIKES AVAADGELS GTO EPYUCTNPLO Elvar ¥povoPOpes Kot TO
KOOTOG €lvol APKETA VYNAOTPOKEUEVOL VOEENYDOOVV Ol OOUTOVUEVES TANPOPOPIEG OTO EMIMEDO TNG
yopkne mapoiloaktikotnrog (Viscarra Rossel et al., 2006). Q¢ ek To0TOL, VEEG TEYVIKEG
aE10A0YOVVTOL MG EVOAAAKTIKEG KOl OIKOVOULKE ammodoTikéc péBodot. H pacpatockomio avakiaong
€00(QOVG, yYlo Topdoetypa, £xel xpnoonombel oe ddpopovg Topelg, amd £PYAcTNPLUKES CLVONKES
£€0C EQUPUOYEG EK TOL OCULVEYYLCOTOV Oypd Kol €papuroyés tnAemiokomnone. Eyxer mpoceAikioet
UEYAAD EVOLOPEPOV OTNV EMIOTNUN TNG €00POAOYING AOY® T®V TAEOVEKTNUAT®OV TNG EVOVTL TOV
ovuPatikdv pebddwv, Kabhgamartel eAdylo £mg KaBOAOLTPOETOLAGIN TOV JEIYUOTOC KOTAPEYEL
™ SVVATOTNTO TOVTOYPOVNG LETPTONG TOAADVY TOPAUETP®V GE PeYOroaptOud detypdtwv péca o pia
nuépa. Emiong, m un ypnon ymukadv oviwpoommpiov eaceorilel éva acporéotepo meptPdilov
epyaciog(McBratney etal., 2006).

H avéykn epappoyng véwv teyvoloylidv otn yempyio yo mopokolodnomn Kot Kotaypoen Tomv
WO0TNTOV TS KOAMEPYELNS KOL TOV £0APOVG £XEL GTPEYEL TO EVOLOPEPOV BTN XPNOT UsONTP®V TOL
TOMo0ETOVVTOL GE GUOTHUATO U] ETAVOPOUEVOV AgpooKapdV (ZUnEA) yia ) dnpovpyioyopuniov
KOGTOVG KOl VYNANG avdAivong xoptov. H ypnon tovg €xet avénbel Adym g vymAng yopikng
avaALONG TOV TOPEYOLV Kot NG €veMElOg OTO YPOVIKO SICTNUO  AmOKTNONG OESOUEVOV
(Angelopoulou et al., 2019). IIpécpateg perétec mpoteivovy TN PN POGUOTIKOV OEKTAOV, TOL
TPOKVTTOVV OO TOV GLVOLAGUO OVO 1) TEPIGGOTEPMOV PUCUATIKAOV {OVOV, TPOKEWEVOL va eVicyLOel
n mapoyopevn minpoeopia (Gholizadeh et al., 2018). Ztn Bdon g yvdong TtV GLYYPAPE®YV,
vdpyovv meploplopéveg perétec yuoo v extiunon meg EOO pe m ypnon ZunEAce mpaypotucég
ovvOnkec (Aldana-Jague et al., 2016).

Xe autn T HeALTN emyelpnOnke n cOyKplon TCaKPIPELNG TG POUCUOTOCKOTIOG OVAKANGNS E0APOVG
0TO 0paTO Kol KOVIIVO LIEPLOPO UNKOC KOUOTOC, o€ oLVONKeS epyaotnpiovpe v ovtiotoyn
TOAVPUGLOTIKAOV EIKOVOV TTOV omokTOnKay amd kdpepo tomobetnuévn oe ZunEAywo v mpdPieyn
¢ EOO. Eniong, ypnoporombnkav14 eacpoticol deikteg kot a&toroyndnkay wg mpog tn cvupfoin
ToLvg otV extipnomn g EOO.

2. YAIKA KAI MEO®OAOI

2.1 eproyn Merétng

To meipapa mpaypoatomromOnke 1o AskéuPpro tov 2018 oe aypotepdylo 60 oTpeUUATOVKAAMEPYELNG
ocutaplovotov Pilopvio Mayvnoiog oty Osocoria (Zy 1). Ot petpioeig oeénybnoav oe cuvinkeg
YOUVOU €06POVG, GTO GTASLO TNG GTOPOKAIVIG MOTE VO EANIGTOTOMOOVV Ol EMOPACELS SAPOPOV
EMUPOVEIOKDV GLVONKAOV, OIS 1 TPpayOTNTA €6APOVS Kot 1] VTAPEN GVTMOV 1| PVTIKAOV VITOAEIUUATOV.
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Legend

Yymqpal. eproyn peréng

2.2Agrypatonyio £0GQ0VS KOl EPYASTPLOKES OVUAALDOELS

Yuvolkd cvAAéyOnkav 18 deiypata empovelakod e€ddeovg (0-30 eK.) pHe OEIYHOTOANTTN
OALOVOIKOD TOTTOL,0KOAOLOMVTAG JSAUOPP®CT TUTOL «pOUPov» M omoia Bewpeitor KATAAANAN Yo
TNV KAALYN GYETIKA LIKPp®V ekTAcE®V. Ta £d4QN avaAbONKAY Y10 TOV TPOGOIOPIGUE TG UNYOVIKNG
ovotoong e ™ pnéBodo tov Bovylovkov katl 0 £60piKOc opyavikdg avOpakag TposdlopicTnKE e T
uébodo Walkley-Black. H petotpont| Tov edagikov opyavikov avBpaka oe EOO éywve cdpomva pe
ToV aKOAovBo TOTO :

EdapunOpyavikiOveia (%) = Olikog Edapicog Opyavikdc AvOpakag (%) X 1.724 (Wiley, 1906)

2.3MeTp16Eig HE TV TOAVQUOUOTIKY] KApepa

21 peAétn ot ypnoonomdnke n moAveacpatikny kapepa Parrot Sequoia + (Parrot SA, Tlapiot,
FoAdia). H kdpepa dwobétel 1é00epic Eexwpliotong aioOnNTipec TOV KAADTTOLV TIG TEPLOYES TOV
pactvov (530-570nm),Tov gpuBpol (640-680nm), T1g TapvPEG Tov pvBpov (730-740nm) Kot TOv
Kovivov vrépvBpov (770-810nm). TomoBetOnke oto TunEA tdmov eBee (Sensefly, Awldavn,
EABetia) evdd to vyouetpo mmong nNtav oto S0 m. H ootoypoppetpiky) emeCepyacio
TPOYLOTOTOMONKE 0T AVETEEEPYAGTO OEOOUEVA TOV EIKOVDV. [0l To oKOTO avtd Ypnoomomdnke
10 Aoyopkd PiX4D (PiX4D SA, TIpuw, EAPetio) to omoio tpopodotnOnke e ta dedopéva Tev
AEPOPMTOYPAPLDV KO TOL AVTIGTOLY 0 LETAOEOOUEVO TTPOGUVOATOAGLOV.

2.4®oopaTOOKOTIKES PETPGELS 6€ GLVONKES EpyaoTnpiov

Mo tic epyaotnplokés (QOCUOTOOKOTIKES WETPNOELS, OKOAOLONONKE TO TPMTOKOAAO OV
avantoydnke and Tovg Ben Dor, Ong kat Lau, (2015). To paopato@®TOUETPO TOL YPNCLOTOONKE
ot peAétn Mrav to povtédo PSR +3500 (Spectral Evolution, Haverhill, MA, USA) pe €bpog
eacpatikng mepoyng petagd 350-2500 nm. H dwodwacio Mrav n eéng: (1) pétpnon Aegvkov
ava@opds yo ) Pabpovouncn tov opydvov, (ii) GAGUOTOCKOMIKY LETPNON TOV dVO ECMTEPIKAOV
otafep®OV YL TNV TLTOTOINGCT TOV PUCUOTIKMOV VTOYPAP®V TOV £AQOVG, kot (iil) HETpnomn Tov
detypartog eddpovc. H mpoavagepbeica dradikacio fabpovounong Kot tumomoinong enavaAneonke
v KaOe méEVTE detypato £0GPOVG.
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2.4 Xp1o1 QUOHATIKOV OEIKTOV

Zuvovalovtag Tig 0169popeg PASHOTIKEG (DOVEGTNG TOAVPOCUATIKNG KAUEPOS KOl TIG OVTIGTOLYECTOV
(QOGUATOCKOTIKDV EPYACTNPOKAOV UETPNCE®V, VIToAoyioTnKay 14 @acuatikol deiktec e otOYO ™
Bedtiwon g wavotntog tpoPreyns g EOO. Ot pacpatikoi deikteg mov ypnoiponomdnkay nrov
ot axdiovbor. normalized difference vegetation index (NDVI), Green normalized difference
vegetation index (GNDVI), transformed vegetation index (TVI), soil-adjusted vegetation index
(SAVI), CRI, normalized difference red edge index (NDRE), NIR/red (SR), NIR/rededge (SR_E),
rededge/NIR (CSM), (NIR/red edge)™ (CI), optimized soil adjusted vegetation index (OSAVI),
renormalized difference vegetation index (RDVI), weighted difference vegetation index (WDVI) ko
bright related index (BI2). Ot ntpoavapepbévieg deikteg emAéyOnkav Aoym g evaisnciog Tovg oTig
petaforés g ovykévrpoons e EOOkabdg kot ogikteg pmTEVOTNTAG TOL GLOYETILOVTOL EUUEST
pe v EOO6mwg mpoékuvye amd v Piproypaeio (Levin et al., 2007, Gholizadeh et al., 2018).

2.5 IoAvopounon Kol YEOGTUTICTIKT AVAAVGT)

o ™ PaBuovounon tov poviélov emAEyONKe aAYOPIOUOG UNYOVOY S1OVUGUAT®OV VTOGTNPIENG
(SVR) pe mopfvo “radial basis”, Ady® TG wKAvOTNTAC TOL VO YEVIKEVEL AYVOGCTO OEO0UEVO.
Aappdvovtog vwoyn 1o yaunio aplfuod setypdtmv, emedéyn n uébodog emkvpwong “leave-one-out
cross-validation” (Soriano-Disla et al., 2014).H a&loAdynon tov pHoviéAov Tpoypatonotonke pe m
YPNON TOVL GLVTEAESTY| TTPOGOlopoov R, 10 péco terpayovikd cedipo (RMSE) kot todeiktn
ovvektikotntag “ratio of performance to inter-quartile”(RPIQ).H {10 diadikacio akorovdnnke yia
TIC QOGUOTIKEG UETPNOELS TOCO GTO EPYOCTNPLO OGO Kol UE TNG HETPNGES HEcm tovZunEActov
aypo.l'a ) yoptoyphonon g maparroktikétnrag s EOO amd Tic epyacnplokés pooUaTIKEG
petpnoelg akoAovOnonke n dwdikocio mapepPoing Inverse Distance Weighting(IDW).

3. AHOTEAEXMATA KAI XYZHTHXH
3.1 ®voIKOYNUIKY] AVAAVGT TOV E00PIKAV OELYRATMV

H pnyoavikn ovotacn tov £8dpovg yopaktnpileTon apythomnAnong £0¢ AUUONPYIAOTNAMONG LUE TO
T0G00TO TG apyilov va kvpaiveror and 20,1% £wg 38,1% kot TNV TEPEKTIKOTNTA GE QUUO OO
22,3% £éwg 45,6%. H mepexticomta e EOO Bpébnke va xopaivetonr peta&d 3,74 - 8,81% mov
Bewpeital IKovomomTIKN Y10 TIC TEPICCOTEPES KAAMEPYELEG.

3.2 lIpoPreyn TG €00.QIKNGS OPYAVIKIG OVGLOG PE TNV P10 PUOCUATOCKOTIKMOV HEO0UEVOV

H extipnon mg EOO ypnoiponowmvrag 6edopéva amd Tic EPYNSTNPLOKES POCUATIKEG LETPNOELS LUE
T1 GLVOLOGHEVT XPNON TOV PACUATIK®OV OEIKTMOV TOPELYE GYETIKA KOAG ATOTEAEGIATO LLE TV XPNON
tov SVR (C = 32, sigma = 0.1218). H ototioticiy axpifewo (R? = 0.58, RMSE = 0.81% ko1 RPIQ =
1.18) £€de1&e 611 10 povTELO TTPOPAEYNC Hmopel vo KAveL O1dKpIon LETOED VYNADV KOl YOUNADV TILOV
EOO (Zynua 2a). Ze obykpion pe dAdeg peréteg (Nawar et al., 2016), o amoteAéopata deiyvouv
younAdtepn axpipela, n onoia B pwopovoe va amodobel 6To HIKPO aplBud dedoUEVOVY, TN YOUNAN
TOPOAAUKTIKOTNTO KoL TO PIKPO €0pog TV Tiumv ¢ EOO.

H ypnon tov aiyopiBuov SVR (C = 16, sigma = 0.084) vy v mpoPreyn g EOO and ta
TOADQUOHATIKG, SESOMEVE TG KAMEPOC £8e1Ee YAUNAOTEPO GLVIEAEGTH mpoodlopiopod R =
0,48.Qot6c0, 10 RMSE 1tav yapnidtepo (RMSE = 0,74%)kor to RPIQ = 1,58 vyniotepo oe
oLYKPLON UE TIG EPYACTNPLOKEG LETPNOELS. AVTO Bol UTOPOVGE VAL 0ONYNGEL GTO GLUTEPACLA OTL OL
000 mpoceyyicel mapnyayov mopopoln aroteréopoto (Zynua 2p). Mo oyetikn peAémn amd tovg
Aldana-Jague et al. (2016) £de1&e peyolvtepn axpifela, aALd aPOpoOVGE G LOKPOTPODEGLO TEIpOLOL
ov oeENYOn oto Rothamsted tov Hvouévov Baciieiov ypnoyomoidvioag dedopéva pe Peydan
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TOPOAAOKTIKOTITO GTNV TEPLEKTIKOTNTO TOV €J0QIKOD opyovikoy GvBpaxa. EmmAéov, n meployn
UEAETNG NTOV ONUOVTIKE PEYAAVTEPT). METOED TV QACHATIKOV deKT®V, 0 dgiktng SAVI mapeiye

v vynAoTePN cvoyetion pe TMVEOO. Avtd cupemvel kot pe mponyovueveg peréteg (Gholizadeh et
al., 2018).
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LETPNCEMV
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210 Zynua 3 mopovcidlovratl ot ybpteg maparraktikdtnrag s EOO mov dnpovpyndnkav and ta
HOVTEAQL TPOPAEYNC TOV  QOCLOTOCKOTIKAOV UETpNoewvV (0) Tov gpyaotnpiov ot (B) 1ng
TOALQAGHOTIKNG Kapuepag. H yopikn katavoun e EOO mov mpoékvuye amd tn yprion g nebddov
IDW @avepwvet 61t t0 poviéAo mpOPAEYNS amd T EPYOSTNPLOKG OEOOUEVOL EYEL DTOEKTIUNOGEL TIG
vyniotepeg tpég g EOO.Amd v GAAN peptd 10 poviélo pe ) ypniom tov dedouévov
tovZunEAvnepektipunoce tig mpoPrendueveg Tyég 6tav 1 EOO ftav vynin kot Tig vroektipnoe étov
n ovykévipoon g EOO nNtav younin. Avtd umopei emiong vo mapatnpnbei oto oSdypopipo
dtaomopag (Zynuo 2B). Zvykpivovtag Tig 000 EIKOVEG TTAPAUTNPEITOL TMG Kol Ol OV0 TPOCEYYIGELS
£0WG0V TOPOLOLN OTOTEAEGLOTA OTMG YOPUKTNPIOTIKA POIVETOL GTO Gved UEPOG TOL OyPOTEUA)IOV,
ToPoVCALoVTaG TV TPOOTTIKY TNG XPNons Tov TunEAywa tov mpocsdiopiopd e EOO.

4. XYMIIEPAXMATA

ZOUQOVO e TO TPOKOTOPKTIKG OTOTEAEGUATO, TOCO Ol €PYACTNPLOKEG OGO KOl Ol (PUGLOTIKES
HETPNOEIS UE TN YXPNON MOALVQAGUATIKNG Kdpepag mpocoaptnuévng o ZUnEA ntov oyetikd
amodektdylo v ektipnon g EOO. Aapfdavovrog vmoyn m yopwn kotovopr] g EOO mov
TPOKVTTEL Kot ad TOLG VO oHNTNPEG PECH TNG LOVTEAOTOINONG, PAIVETOL TO OTOTEAEGLLOTA VL
elvar mopdpota, pe v epyaoctnploky péBodo va vmeptepel oe pkpd Pabud. To mpwtdKoAro
GLALOYNG TV dedopévev mailel TOAD GNUOVTIKO POAO GTNV aKpiPfela TG EKTIUNONG TOV E30QIKMV
TAPOUETPOV VIO TPUYUATIKEG cLVOTKEG TTEdIOV Kot 1 TPAKTIKOTNTA NG e€opTdTOL OO TOPAYOVTES
Omm¢ eivar M KOTAAANAN padtopetpikn Pabpovounon kot dopbdcelg mov glval amoapoitnteg oto
oTdo TPV KOl UETA TNV TTNON (T.Y. YEOUETPIKES O0PODCEIS Yo TNV eMiteLEN EMOTNUOVIKA
amodekTOV omotelecpdtv). [aporAo mov 1 TOAVPUGUATIKY] OMEKOVION OTEPEITOL POUCUOTIKOV
TANPOPOPLOV GE CVYKPION HE TN QPOCUOTOOKOTIO £0APOVE oE emimedo epyactnpiov, £xel
duvoTdTNTo. Vo TOPEXEL  OE0OMEVOL  HE  LYMAOTEPN  YWPIKN  OVAALON  KOTABAALOVTOG
ONUOVTIKAALYOTEPN Tpoomdbelo. Xe avtd TO TANICLI0, MUTOPOLUE VO cvumepdvovue  OTL
taZunEAmopéyovv ™ OuvatOTNTO HEYAANG YOPIKNG KAALYNG YloL TNV EKTIUNOCN TOV E60PIKAOV
TOPAUETPMOV OVOTYOVTOG TO OPOLO Y10, GUVEYT TOPAKOAOVON O KoL YopTOYPAPN oY TOL £ddpovc. [a
NV EMTEVEN KAADTEPWOV OTOTEAECUATOV EIVOL EMTOKTIKY 1 SIEEAY®YN TEPAUATOV GE TEPLOYEG UE
OLOUPOPETIKES KOAMEPYNTIKEG TPOKTIKES Ko LeYAAo e0pog cvykévipmong g EOO. H gvbuypdpupion
TOV TOAQUCUATIKOV TNAECKOMIKMOV OEOOUEVOV LE EPYOOTNPLOKO (QOCUATIKG dedouéva eival o
TOUENG GTOV OTOI0 1 EMGTAUN EYEL OTPEYEL TNV TPOGOYN TNG, TPOKEWEVOL VO 0ELOTOMCEL TIG
peyaies pacpatikés PipAtodnikes edpovg mov £xovv dnuovpyndel oe OA0 TOV KOGHO.

ANAI'NQPIXH ITIOPQN EPEYNAX

H moapovoa epyasio mpaypatomromdnke oto miaicto tov épyov «Epguvnrikn Xvvépyela yioo tnv
Avtipetomion tov  Meydhov Ilpokiiocewv tov IIAéypatog: evépyesia-meptPdAlov-aypoTikn
Hopayoyn (Tpoen, Nepd, Yakd)» - NEXUS, mov ypnuatodotionke and t [evikn [popparteio
"Epgvvag kot Teyvoroyiag (ITET) - Kodikdg Epyov: MIS 5002496.
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ANAAYZH KOXTOYX YEKAXMOY ME XunEA XTH IIEPIIITQXH
THX KATAIIOAEMHXZHX TOY AAKOY THX EAIAX

Xpnotoc Kapardpng
[Tavemotuo Oeocoriag, Tunua IN'ewmoviag Putiknc [apaywyng & AypotikovllepiBdiiovrog,
006¢ Dutokov, 38446 Borog, e-mail: chkaval@uth.gr

INEPIAHYH

Ot yekaopol pe Zvotiuoto pn eravopouéveov Agpookapov (ZUnEA 1 kowvag drones), ot yewpyia
elvol poL KovoTtOpo avepyoUevn TeXVoloyio TG omoiog OUMG TO KOGTOG EQPAPUOYNG Elvol OYETIK
acaQEc. XNV Topovoo HEAETN YiveTow TPOOTAOEI TPOGIIOPIGHOD KPIGIU®V GTOlXElOV Kot
TOPAUETPOV Y0, TNV EVOEYO-IEVN Tepimton ypnong ZUNEA omv katamoAéunon tov 0dKov TG
eEMAC, e OKOTO TNV EKTIUNGON TOV KOGTOVS TG EMEUPOONC KOL TNG CVYKPIONG OVTOV, LE TO KOGTOG
000 TOPOdOCIOKOV HEDOOWV: YEKAGUOL [LE EMVOTIONS YEKACTNPES KOl WYEKACLOL LE YEDPYIKO KO
glkvotipa Kot ovAovg mov yelpilovron epydtec. H mepintwon g dakompootaciog emA&yOnke 610
N xpNomn epyoTdVv aveRAlel T0 KOGTOG Kol APETEPOV, O OOAMUOATIKOVS YOPAUKTIPOS TOV YEKAGUAOV OEV
emPaier TANPN KEALY™N TG KOUNG, YEYOVOS oL TN KaBoTd 1Weatn Yo yekoopovg pe ZUnEA.
[Ipocolopiotnke 10 KOGTOG TNG €PYNCING, M AVOAMOTN TOL KEPAANIOL, To KOOGTN EMOCKELOV KOl
GLUVINPNONG, TO KOOTOG TOV KOVGIHMV (TETPEAAion Kol NAEKTPIKOD PEVUOTOC) KOl TO KOGTOG TMV
TEADV Kot TV €1l6Qopmv. Ta amoteléopata £6ei&av 0Tl T0 KO0TOG TG eméuPaong pe ZUnEA frav
64% VYNAOTEPO A0 TO KOGTOG TMV TOPASOGLOKDV YEKAGUMY KUPImG eE01Tiog TG TEPLOPIGUEVIG
dugpkelag otkovopkng Cmng tov eEomopod kot TV LYNAGTEPY Ao TOV TIGTOTOUUEV®V
rewprotav ZunEA.

COST ANALYSIS OF UAV SPRAYING
IN THE CASE OF OLIVE FRUIT FLY CONTROL

Chris Cavalaris
University of Thessaly, Department of Agriculture, Crop Production and Rural Environment, Fytokou
str, 38446 Volos, e-mail: chkaval@uth.gr

ABSTRACT

Spraying with Unmanned Aerial Vehicles (UAVS) in agriculture is a novel upcoming technology but
the cost of the application is yet rather uncertain. The present study aims to access some critical
components and parameters in the potential case of using UAVs for control of olive fruit fly in order
to access the cost of the operation and compare this, with the costs of two methods of traditional
spraying; man spaying with backpack sprayers and man spraying with tractor assisted lances. The
case of olive fruit fly was selected because it involves costly man spraying whereas the bait character
of spraying doesn’t imply full canopy coverage, making it ideal for UAV applications. Costs of
labour, capital spending, repair and maintenance, fuel and electricity and taxes and fees were
estimated for each of the three methods. The results showed that the cost of spraying with UAVs was
64% higher than the traditional methods, mainly because the low economic life of the equipment and
the higher wages for the skilled UAV pilots.
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1.LEIXAT'QI'H

Ta Zvomuoto un Emovopopévov Aegpookapdv (ZunEA 71 kowmg drone) avouévetor vo
avoAdfouv  onuovtikodg poOAOVG OTn  YeE®PYi TOL  HEAAOVTOG EITE  GULUUETEXOVIOG OTNV
TNAEMOKONNOYN TOV KAAMEPYEUDV, E€ITE VTOKOOIGTOVTAG TO EMIYEL. UNYOVAUOTO OE OLAPOPES
KOAMEPYNTIKES €PYACIEG OTMG Ol WYEKAGHOL, 1 dlavoU MTacHAT®V Kot 1) omopd [1]. v Evpomn,
péypt o 2035, mepimov 25.000 ZunEA avopévetar va emyelpodv 61O YEOPYIKO TOUEN EKTEAMVTOG
vewpykés epyaocieg [2]. Ta ZunEA avopévetol vo €yKovidoouy fa vEo ETOYN GTN GLTO-TPOCTOCIN
TAPEXOVTAG OMOTEAEGUOTIKES, YOUNAOD KOGTOUG Kol TEPPAALOVIIKG OoQOAElS ADCELS, EO0KA
EVOVTIOV CLGTNUATIKOV EXOp®OV OTT®MG 0 dAKOG TNG EAIC.

[Mapadoociakd, n mpootacio and 1o dako ¢ ehdg (Dacus oleae) Bacileton oe emiyelovg
SOAMUATIKOVG YEKACUOVS TOV O1edyovTal amd ePYATES LE EMVAOTIONS YEKOGTPES 1 LE OLAOVS TTOV
GLVOEOVTOL GE PEPOUEVO OE YEWPYIKO eAkvoTpa yekaotipa. Ot yekaopol amogacilovrot pe fdon
ototyelo g €€EMENG Tov mANBLoHOD Tov cLAAEYovTon amd diktva moyidwv. H amdeacn eivar
KataQoTiky 6tav og ddotnua 5-6 nuepdv KatapetpnBodv 5-20 évtopa otig mayideg Aappavovtog
EMMTALEOV VTOYT] TO GTAOI0 TNG KOUAAMEPYEWG, TNV OVOUEVOUEVT] KOPTOQOPia, TNV TOIKIAIL KOl TIC
Kapkég ovvOnkes. Xovnbmg 4-7 yekaopol £Moimg eivol amopoitnTol Yoo TNV OTOTEAECUATIKY
dakompootacio. Ot yekaoupoi yivoviar 6to 1/3 t@v 3évopwv oKOAOLOMVTAG KOVOVIKOTOMUEVA
OYNUOTO KOl KOADTTOVTOG TUAKOTE TNG KOUNG. EEKIVOUV VOPIG TO TPmi Kol S1KOTTOVTOL TPOG TO
peonuépt, petd amd 5-6 dpeg, 6tav n Ogppokpacio Eemepdost tovg 28°C d6TL mowel 1
dpaoctnpota tov evtopov. H kdbe emépPaon Ba mpémer va €xel ohokAnpwbel oe éva cvviopo
daotnua 5-6 nuep®Vv.

H daxoktovio TpodmobETel TNV MTEPIGTAGLUKT OTAGYOANCT) EPYOUTAOV TOL TOAAEG POPEC OeV elval
draBéapot ko mov PERara, avefalovv onuavtikd to K0otog TG enéuPaong. Extog avton, ot epydteg
ATOPEVYOLV TNV O0KOKTOVIOL O10TL €KOETOVLV TOV €0VTO TOVG GTOV KIVOLVO TNG ¥PNONG EMKIVOHVOV
Yoo TV VYEld aypoynuKav. ATd v aAAn mAgvpd, n xpnon tov ZUNEA og epappoyéc yeKaoumv,
glvol o avepyoOuevn véo TEYVOAOYID TOL VLWOCYETOL TOYEIG, OMOTEAEGUATIKEG KOl OOQUAELS
enepfaoeic. O SOAMUATIKOC YOPOKTNPAG TOV YEKACUADV OTN OS0KOKTOVioL 0gv emPAAel TANPM
KéAVYM TG KOAMEPYELNG KaOIGTOVTAG TN W0aVIKY TepimTmon yia v ypnon ZUnEA. Avtikeipevo
NG TOPOVGOS EPYNCig ivol VO EVTOTIGEL KO VO KATOYPAWEL KPIGLLEG TOPAUETPOVS TOV YEKAGUDV
01N dakokTovio Yo VO TAPUdOCIUKEG LEBOOVE KAl pio KovoTopo péBodo yekaopuol pe ZunEA pe
oKomd TNV avATTLEN EVOC VITOAOYIGTIKOD LOVTEAOVL YOl TV EKTIUNGT] TOL KOGTOLG Yo kGOe o amd
aLTEG Kot TNV aE10A0YNOT TG OIKOVOUIKNG CKOTLATNTOS TOV YeKAGHOoU ue TUnEA.

2. YAIKA KAI ME®OAOI
MeletOnKay 3 eVOAAOKTIKEG TEPIMTMCELG

o Tlopadoclokdg YeKAGUOG [LE EMVATIONS YEKOGTNPESG

o Tlopadoctokdg YeKAGUOG e YEMPYIKO EAKVGTIPA KoL EPYATEG

o  Koawotopog pnébodog yekaopov pe ZunEA
Mo 6Aeg Tig mepurtdoelg Bewpndnke cvpPatikn elatokariépysio pe 175 dévopa ava (didtacn
mAEypoTog 8X8m).
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2.1 leprypapn mepurtOGEOV

Hepinttoon I. Yekaonoc ne EMVATIONE WEKAGTIPEC

O yekoopog SleEdyetor amd EPYATEC TOV PEPOLY EMVATIONS YEKAOGTNPES. LVYKPOTOVVTOL GUVEPYEIN
and 3-6 YekaoTéC, £vav 00MNYO ayPOTIKOD GLTOKIVIATOL (0.0.) 1) YEWPYIKOV €AkvoTipa (Y.€.) OV
peTapéPEL Tov eEoMMSd Ko Evav apylepydtn mov cvvtovilel v entyeipnon. Kdabe cuvepyeio elvar
vevbvovo yoo évav  “Topéa” éxtaong 80-150ha. Ilepimov 300ml wekaotikod SolduaTog
epapuoletar oe KA 6€vopo (avdroya pe 1o péyebog g kOUNG) pe péoov peyébovg otayoviowa
500um. H mocdétta avt| icodvvapet pe 17.5 I-hat vy Tov yekaoud tov 1/3 tov dévopwv. Xy
ovoia, £vog YekaoTNg Tov QEpeL pa yekaotpa 18 Altpov yekdletl mepimov 60 dEvopa, Kot KOADTTEL
wa éktaon 1,03ha oe mepinov 40min. Aapfdvovtag emiong veoyn 10min yo emovayéuicpo tov
YEKAGTNPOV KO AVATOVGCT TOV EPYOTAOV, VTOAOYILETOL OTL 6 YEKAGTNPES LITOPOVV VA EPAPLOGHOVV
nuepnoimng omd évav gpydtn o€ ddotnua Sh ko 22min. TTévie yekaotég evOg GLVEPYEIOV UTOPOVV
va. kelvyoov 30,9ha.

Hepintoon Il. Pekoonoc HE YE@PYIKO EAKVGTHPO KOL EPYATEC

O wyekaopdg owelayetar oamd epydreg mOv PEPOVY OWAOVG Ol OMOIOL TPOPOSOTOLVTOL OO
UNYavokivito Yekaotnpo QeEPOUEVO GE Y.€. ZVYKPOTOOVTOL cvvepyeia pe €vav 1 000 emiyglovg
yekaotéc mov Padilovv mapdAAnio pe tov y.€. Kol €vav odnyo Yo TOV V.. 0 0moiog cvvinbwmg
avalopupdvel kot To poAo tov apyepydtn. To péyeboc tov otayovidiov Kot 1 TOCOTNTA TOV
YEKAOTIKOD O10AVUATOS €ival Opoto pe v mponyovuevn mepintwon. Eva Putio yekaotipa 500
Mtpov pmopet va mapéyxel YekaoTikd dtdAvua yio tov yekaopd 1670 dévopwv, v mpocstacio S000
dévOpmV Kot TNV kdAvyn 28,6 ektapiov. Aapfdavovtoag vwoyn 15 enta dtodAeipoto avamovons Tmv
EPYOTOV ova dpa, vroroyiletar o1t €va Putio 500 Alitpwv dvvatal vo eQopUOCTEL NUEPNCIOS GE
daotnua S @pdv Kot 19 Aentdv KaAOTTOVTOG Hiol GLVOALKN £kToon 28.6 exktapimv.

Hepintoon 1. Yekoonoc pe XunEA

O yekaopog dvvartal vo epappootel pe éva ZUnEA pe dvvatotra yekacuov to omoio yepileton
évag motomompévog xeptotg ZUNEA. Mo v mapovoa perétn emaéydnke to molvkontepo TunEA
DJI Agras MGL1 [3]. H gpoppoyn yiveton kot wéAr oto 1/3 tov 6évdpmv. Avtd mpodmobétel v
Kataypoer ¢ akpiPois BEong tov KABe SEVOPOL Kol TOV SUCTACEDV TNG KOUNG owToD o€ €val
YEQYPAPIKO CHOTNUA TANPOPOPLOY 6T0 omoio Bo kotaoTtpmBovv emiong o oYEd0 TTHONG TOL
YunEA kot ov otdéyor tov wyekacpov. H ypfiomn €vOC GULGTNUATOS GYETIKOD  KIVNUATIKOV
mpocdopopod g yemypaeikng Béong (RTK-GPS) xpivetar amapaitntn yio v emitevén g
emBoun g axpifelog TG0 KATé TO0 GTAGI0 TG KOTAYPOPNG OGO KOl KATH TO GTASI0 TG EPAPUOYNG.
To ZunEA €yet ™ dvvatdmra va mpoceyyilel TAnciéstepa oI KOUN TOV dEVOPMV, GE GYEOT UE
TOVUG EMIYEWOLG WEKAGHOVG, YEYOVOG TOV EMITPEMEL TN YPNON HIKPOTEP®V GTOYOVIdIOV OV
EMTLYYAVOVV PEYOADTEPT] KAALYN TOL PLAAGNOTOC. EmumAéov, 10 KaBodkd pedpo amd toug EMKeg
tov ZUNEA evioyvel v dteicdvon tov yekaoTikov vEpovg ot koun. To MG1 Agras ¢épet éva
doyeio yekaotikov SoAvpartog 10l ko po avtdio mov tpogodotei 4 akpopvola (tvmov Teejet
XR11001) wavéd vo mapdyovv ctayovidlo kotdTatov peyédovg 130um pe g wopoyn 0.451-min™
[4]. Enopévac, poie 75ml avé 8évipo 1 4.41 -ha eivar wkavé vo emtoxovy dpota gutokdAvyn e
avti Tov meTvyaiveTon ue 300ml avéd 6évopo amd otayovidia 500um mov mapdyovior amd aAOVG.
Kot vy 11g 600 mepmrmoelg dev Anednke vmdoyn n emidpaocn ¢ O6TOPAS TOVG YEKOGTIKOD
vépoug. Me ta 4 akpo@iolo 6 Aertovpyia Kot T HiKpOTeEpPN TTapoyn, To ZUNEA yexalel 1.8 I-min™
KOTOPEPVOVTAG L0 ALTOVOUIR 25 AemTdV UExpt va adeldoel 1o doyeio (Aapupavovtag emiong vedym
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KOl TOVG YPOVOVS Yo TN petdfaon amd 1o £va 0évopo oto 30 enduevo). H ovopaotik] avtovopio
OUMOG TOV NAEKTPIKOV GLGCOPEVTAOV TOV OEPOCKAPOVS, Y10 ATOTEAEGUATIKO WYEKAGUO €lval pOMG
15min. Emopévec, 0 TEPLOPIOTIKOG TOPAYOVTAS Yio TN OWUPKEW oG TINONG o0ev €ivan 1
YOPNTIKOTNTO TOL dOYEIOV HAAG 1 ALTOVOUIN TOV GVGGMPELTY. ATO TA TAPATAVE® TPOKVTTEL OTL GE
KGOe 15hemtn mrion umopodv vo yekaotovv 109 dévdpa kat va pootatevbodv 327 dniadn 1,87ha.
Aappdavovtog emiong voyn 10Aenta pecodaotnuaTo Yo TV emotpodn tov LUnEA ot0o onueio
amoysimong, 10 emavayEUGHO TOV doYelov Kol TNV OAAMYT] TOL GLGGMPELTY, 1 AEmTO Yoo TN
petéfoacn oto emdpevo onueio oamoyeiwong kobmg emiong 20 Aemtd yio MV avamtuén TOL
eEomMopol 6to medio otV apyn TS NUEPAS KOl TNV GLYKEVIP®GOT TOV GTO TEAOG, LToAoYileTal OTL
nuepnoing dvvavtor va tpaypatomrondovv 12 nmoelg og va dtdotnuo 5,5 @pdv KOAOTTOVTOG Lo
ovvolkn éxtacn 22,4ha. H mpo-mpoypappatiopévn mionynon tov XZunEA emtpéner v OAn
enyeipnon va mpaypoatomomOetl kot vo eEAEyxeTal amd €vav pUovo XEPLoTh diymg TV avdykn yio
Bon66 mtonc.

Mo v a&loAdynon Tov POV TEPUMTOCE®V avamTLXINKE £V VTOAOYIOTIKO HOVTEAD GE UAAO
gpyaoiog Excel. Xto Ilivaka 1 mapovoidlovior ot TéES TV TapapéTpev mov swonydnoov oto
VTOAOYIOTIKO HOVTELO KOTA TN TAPOVGO LEAETY).

Mivaxag 1. TTopauetpotl YeKaGHOO Y10l TIG TPES EVOAOKTIKEG TEPUTTOCELS

LE EMVAOTIONG e y.€. Ko
YEKAGTNPES epyaTES pe ZunEA
(mep. 1) (mep. II) (mep. 1II)

ApOpdc epyatdv 78 3 1
MéyeBog otayovidimv (um) 500 500 130
Hopoy axpogusiov (1 min™) 1.2 2.8 0.45
Abon yekaopot (1 ha™) 17.5 17.5 4.4
yopntikotntoe doyeiov (1) 18 500 10
Aévdpa mov yekdlovton pe Eva doyeio 60 1669 109!
Aoyeio mov epappolovtor nuepnoing 30 1 12
Extapua (ha) mov yexalovtor nuepnoiong 30.9 28.6 22.4
Huepnotog xpdvog yekaoov (h) 5.37 5.32 551

[al 5 wekaotéc, 1 oonyoe, 1 apyiepydrnc ™ 2 wexaotéc 1 0onyéc™ ue éva ovoowpevtii (umoarapia)
2.2. Avaivon kéoTovg
2.2.1. Epyaocia

Ol YeKooTéG HE EMVATIONSG YEKAOGTAPEG 1| OWWAOVS Kol ot odnyol Tewv oynudtov sivor kuping
AVELIKEVTOL EPYATES E OYETIKA YouNAoVG HioBole. Ot apylepydteg d1a0étovy KAmowo epmelpio Kot
yUoutd apeifovror ehaepodg kKohdtepa. Ot yepiotég LUNEA ootdco elvar €dtkevpévo Kot
TIGTOTOMUEVO TTPOCHOTIKO Tov  amortel vynAotepeg apoPés. o v mapodoo peAéTn, Ta
nuepouncbia yioo 8wprn MUEPNOLXL ATAGYOANOT TOV OVEWDIKELTOV TPOSOMIKOD AN@OnKav S0€, tov
apylepyotdv 60€ kot tov yeprotdv UnEA 120€. To nuepopncbia mpocapudotnkoy aviioyo pe
TOV TPAYLLATIKO NUEPNOLO YPOVO ATATYOANGNC.
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2.2.2. Avaroon Ke@araiov

‘Eva cuvepyeio pe emvaTiong YeKaoTipeg Ypetaletal YekaoTnpes yio kdbe epydn, éva Potio 500
nepimov Mtpwv yuo KabBapd vepd kat évav y.e. | éva aypotikd LX. yio petapopd tov e£omAiouo.
‘Eva cuvepyeio pe y.€. yperaleton va y.€. Kot 10 TapeAkopuevo yekaompa. O yekaopodg pe ZunEA
eumiékel éva ZunEA pe e€aptiuota  yekaopov, Kove oplfpd ocvueompevTdv Kot oTafuo
emovaeoptiong yia dtapkn Asttovpyia, éva RTK GPS kot éva aypotikd L.X. yio otobud Paong ko
petagopd tov efomhopod. H avaykn yio mepiocdtepovg cuoomPEVTES OUmGg dev emmpedlel v
avaAmon KeQaAaiov S10TL TO KOGTOG EKQPALETOL OVAL DPES YPNOTG.

IMivaxag 2. TTopapueTpot Tov YPNOIUOTOIOVUEVOV EEOTAIGLOV Y10 TIG 3 TEPITTMOGELS.

UE EMVATIONG
WYEKOGTNPES LE V.€. KO EPYATES pe ZunEA

(mepintoon 1) (mepintoon 1) (mepintoon III)

Movéda yekoopod 501 8000™ 9000
v.e. /o 30000.0 45000.0 20000
ggg T)] Elg)(:)p o Yvocmpevtég ZUNEA 800
Y1aBuoc eoOpTIoNG 1500
RTK GPS 6000
Movédo yekao oD 15001 1500 45 ()
v.e. /o 16000 16000 10000 (dpec)
?J)‘;O(VS;;](T): Yvoompevtég ZUNEA 300 (mpeg)
TopdC POPTIONC 4 (¢m)
RTK GPS 10 (¢t)
Movéda yekoo o 116 130! 911
y.£. / oo 25.3 137.6 1.61%
igggaa(d)psg): Yvocmpevtég ZUNEA 91
Y1aBuoc eoOpTIoNG 135
RTK GPS 95
Movado. yeKao oy 0 10 20
Yroleppon] v.€./ a.o. 10 10 10
a&ia (% g Yvoocmpevtéc ZunEA 0
TG a70pds) Y1aBudc popTIoNG 20
RTK GPS 20

Bl mivarnion wekaotipes, ) pepduevoc wekaotipog v.e., ' ZunEA wexaoudv, ' aypor. avr.
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Ot vmoloywopol v v avéAmon tov Kepaiaiov PBacictnray 6 €vo OVORAGTIKO €mTOKI0 5% Kot
éva, ovvtedeot TAnBwpiopov 1%. Xtov Ilivaxka 2 mapovoidlovior Tyég ayopds (Qo) y o €1og
2019, n owovoukn {on (OZ) ko n vroiewpatiky a&io. H OZ (oe ®dpeg) yoo to y.€. Ko TOV
@epouevo yekootnpo ANednkav amd ta ASABE standards [5]. o tovg emvdTiovg YeKooTnpeg
BempnOnike emiong n OZ tov unyavokivntov yekaotpa. ['a 1o ZUnEA n OZ exkinebnke ota 4 £
e€altiog TOL KOVOTOUOV TNG TEXVOAOYIOG OV CLVETAyETAL ToEio TEXVoloyikn Ttadaimon [6] [7].
Av16 onuaivel 0Tt degv givor  etnota ypnon aArd 1 morlootnTa Tov kabopilel To 6po g OZ. To
{010 oyveL Kot Yo To oTaBRd POPTIoNG OV GLVNOMG GLVOIEVEL TOVS GLGGMPELTEG Tov ZUNEA. To
RTK-GPS mepihappavetl oxetikd opuodtepn teyvoroyia kot yi'avtd n OZ exkinebnke oto 10 étn [8].
Ot y.e. pe T0VC TOPEAKOUEVOVG WekaoTpes PEPata, OMMG KOl TAL 0.0, OEV YPTCLLOTOLOVVTOL
QTOKAELOTIKA GTOVG WEKAGHOVG. AVTIOETMG, M ¥PNON TOVG OTOV YeKAGUO amotedel cuVNOMG TOAD
HIKPO TUNHOL TG GVVOAIKNG ETNGLOG XPpNoNG avtav. [a évav “dikaio” empeptopd 10V KOGTOVG GTIG
avmbev teputtdoelg vroAoyiotke 1 «Ymobetiky owxovouukn (wn» (YOZ) tov e£omhopon, dniodn
ta €t (NG vmoBEToVTaG OMOKAEIOTIKY YPNON OTIS VIO UEAETN €PYACIES KOl OyVOMVTOG TNV
teyvoloywn maiaiowon. H YOZ (og étn) vroloyiomnke og o Adyog OZ (oe dpeg) / (Dpeg €ToLog
xPNoNG) Kot 1 etota andsPeon wg o Aoyog Qo / YOZ. H avdimon tov kepaaiov meptlapfavetl tnv
€O amOGPESN KOl TOVS TOKOVG TOV KePoAaiov. 't v amopuyn otpefAdoewv TO TEAEVLTOIO
vrohoyiomnke yw tn mpaypatikny OZ. H vroiewppotikn adio tov eEomhopod ekAnednke 20% tng
TIUNG ayopds yio to ZUnEA kot ta eaptpatd tov (ektd¢ and T0uG GLGCMPELTEG TOL ANPEONKe 0%),
10% vy 10 y.€. 10V Yekaotpa kot to L.X. ko 0% vy tovg emvotiovg yekaotpes. H vyniotepn
vroAepupatikny o&io yio o ZunEA kon ta eEaptiuata opeiletal oty mepropicpévn OZ mov divel
nepmplo Yio 0E0Toinon 6€ AyOTEPO AMANTNTIKEG EPYACIEG 1] TOANGT TOV AVTOALUKTIKOV TOVG,.

2.2.3. Emokevéc katl ovvtiipion R&M

[Ma v extipnon Tov KOGTOVG TV EMGKEVOV KOl TNG GLVTIPNONG TOL YEKAGTNPO, TOV Y.E. KOL TOV
.0 ypnowomomtnke n oyéon tov ASABE Standards D497.5 [5].

RF; RF,
S
rm = 17%0 11000 Teopy. ehk. / oyp. 1.300 2 000

auT.

6mov Cim TO0 6OPELTIKO KOGTOG EMOKELVMOV Kot cuvtpnong Qo n T ayopdc, h ot cuvolikég dpeg
xpnong kot RFy, RF; otabepéc mov oyetiCovion pe tov e£omAiopd. o Toug emvaTiong YekaoTnpeg
kot to ZUnEA mov dev vmdpyovv otorgeia yioo o KOOTY EMOKELOV & GLVINPNONG OVTA
vroAoyiotkav 6to 50% g TWng ayopag [7].

Ot emokevEG oLYVE EUTAEKOLY £val OEVTEPO, EUUECNG LOPPNS KOOTOC TO OTTOI0 TPOEPYETAL OO
v axwnoio tov eEomAlopod eéoutiag PAAPNG. Xe oplopéveg POMOTO TEPMTMOELS, 1) OTMOAELN
E1000NUOTOC OO TNV U1 £YKOoupT EKTEALECT] LOG Epyosiog Umopel va eltval vynAoTEPT aKoun Kat ard
70 1010 TO KOGTOG TNG OVTIKATAGTOONG TOV EE0TAICHOD TTOV LIESTN PAGPT. [davikd, Oa tpénel mdvta
vo vapyel OBEcIOg eQedPIkOg eEoMMOIOS. AVTO elvar g0KOAo €QIKTO Yoo YOUNAOD KOGTOLG
eEOMMOUO OTIMG Ol EMVOTIOL YEKAGTIPESG 1 AKOUT Kot Yiot akplPOTEPO EOTAMGUO OTTMC O1 Y.€. KO Ol
QEPOUEVOL GE V.8, YEKOOGTNPES, O10TL cLVNO®G VITAPYEL TANODOPO TOUPOUOIOY UNYAVNUATOV OTIG
AYPOTIKEC TEPLOYES TTOV LITOPOVV aKOpO Kot v pieBwBovv oe mepintwon avaykne. Agv 1oydel Opmg
10 1010 Yy T ZUNEA Kou Tov 6uvodd Tovg €EOMAIGHO. X€ OLTH TN TEPIMTOON, O JlOEPLETNS O
npénel va StobéTel epedpikd otoryeia yio 6ho to ypnoomolovpevo eEomhMopd. o ta ZunEA,
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ocvyvomta Brapov sivon 1/ 103 [9]. AouPavovtag vroyn Eva ufive aKvnoiog yio 10 aEpPOcKAPOg
UEXPL TV €MOKELT, LIoAoYileTon 0Tt amouteiton Eva e@edpikd XUnEA yw kédbe opnqvoc amd 33
YunEA. 1t mepintwon g daxoktoviog mov e&etdleTon, moT060, givar aniBovo £vag OloyelploTng
va owbétel mepiocdtepa and S TunEA. H avdioon tov keporaiov yia 1o ZpnEA emopévog
npocavéNdnke katd 1/5, dote va coumepthdfel kot o k66ToG ToL €Pedpkoy TUNEA ko to 1610
£yve Kot Y10 To 6uvodd eE0TAMGO.

2.2.4. Evépyewa

O 7.€. K01 TO 0.0L KATOVOAD®VOLY KoOoo vInlel evod to ZUnEA ypnotpomolel niextpikn evépysia. H
KOTOVAAW®GON KOVGILOV DTOAOYIGTNKE Y10l KAOE Lo 0md TG TOPAKAT® TEPUTTOCELS: UETAKIVION OTO
YOPAPL, LETOKIVNON OE AypOTIKO dPOUO, 1GYVOOOTNON TOV PePOUEVOL yekaotpa. H amddoorn tov
OYNUATOG, M ®ONoN TV TPOoY®V, 1 0AIcONoN KOl 1 ATOPPOPOUEVT 1GYVG VIOAOYICTNKAY OO TIg
oyéoelg mov oidovion otae ASABE D497.5 Standards [5]. H amoppo@oduevn 1oy0¢ ekpplotnke oe
1G0JVVAUN GTO OLVOUOJOTN oYY, YL TO Y.E. KOL oYV 6TO GOPOVOLAO YloL TO 0.0 KOl OO €Kel
VTOAOYIOTNKE 1 E01KN KOTOVAA®OT) KOVGIHOV Kol €V TEAEL, M KOTAVAA®GT KawGipov. Aapupdvovtag
VIEOYN pia Tipn yia o venled, 1,65€/1, vroloyiotnke 10 KOGTOC TOL KATAVUMOKOUEVOL KOVGILOV.

To ZunEA DJI Agras MG1 &ivat éva oktokontepo pe cuvolikn| 1oyd kivntipwv 3.25KW pe mnpn
eoptio [3] 7 1.95kW vy uicd @oprtio. Ymoroyiletaw 6t1 10 ZunEA Oa mpémer vo. Bpioketol oe
awopnon nepimov 3h and t1g 5,5h mov dapkel o nuepnolog yekooude. Q¢ ek TOHLTOV, N NUEPTOLLL
Katavalmon evépyelag vmoloyiletar otig 5.85kWh xou 1 etiola katavdlmon otic 180kWh.
Aappdavovtoc vroyn wo T KihoPatdpog 0.1892€/kKWh, vmoAoyiotnke 10 €1010 KOGTOG TNG
NAEKTPIKNG evEPYELag Yo To ZUnEA.

2.2.5. ®opor Kol E16QPOPES

Ot yempykol EAKVGTIPEG KOl TO. aypOTIKA ovtokiviTa emPAALETOL VO S1BETOVY ACPAAELD, OLOTIKNG
€vBvVNG N omoia YOVOPIKA EKTILATAL GTO 2501000 ™¢ Tung ayopdc. Ta ZunEA emPdiieton emiong va
owBétovv acpdiela n omoia, oe TéEg 2019, otoryiler 300€ 1o €toc. EmmAéov, odppova pe v
eMnvikn vopoBeoia, 6tav éva ZunEA ypnotipomoleiton yioo eUmoptkods 6KomTovs, TPEMEL Vo dlabETEL
TOTOMOMTIKO TINTIKNG €mApkelng to omoio Kootiler 180€ 1o €10 KOu O Yeprotg eivon
OVOYKOGILEVOG VOL OVOVEDVEL TNV AdEL YEPLoTOV KABE Tpia €11, pe kdoTtog 20€

3. AHOTEAEXMATA KAI XYZHTHXH

To cLVOMKO KOGTOG TOL TOPASOCIUKOD YEKOGUOV WE EMVAOTIONS YEKOCTPES VITOAOYIOTNKE OTO
8.82€/ha (ITivakag 3). Amo avto, ta 8,06€/ha, m0cootd 91% emi TOL GLVOAIKOD, APOPH TV aOPT
g epyocias. To vrdrowmo 6,4% apopohce TNV AVOAMOT TOL KEPAAOIOL KOl TIS EMICKEVEG KoL
cuvtpnon kot 2,5% o KOOGLL Kot TV 0GQAAELD TOV OYNILOTOG.

"o tov yekaoud pe y.€. T0 GLVOAIKO KOOTOG voAoyiotnke ota 8.81€/ha, oyedov Opolo pe ™
nponyovuevn mepintwon. To kdotog ¢ epyaciag BéPoia givar acpaids pikpotepo, 3.49€/ha,
KaBOTL gumAékovior Ayotepol epydrteg aAAd LEAPYEL £vOL GNUOVTIKGO OVENUEVO KOOTOG OO TNV
aVOA®MON TOL KEQPAANIOL KOl TIG EMICKEVEC KOl GLVINPNON 7oL ovépyetal ota 2.61€/ha kot éva
egioov vymAd KkooTOg Kowoipov ico pe 2.58€/ha. H epyasia avtimpoocwmedelt 10 39.9% tov

GLVOAMKOV KOGTOVG 1| AVAAWMGT KEQPAANIOV KOl 01 EMOKEVES & cuvtipnon 10 29% kot To KAOGLLL TO
29.5%
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To ocvvoAiKd kO0TOC TOL YeKaopov pe TUNEA ftav onuovtikd vynAdtepo amd 10 KOGTOG TV
d00 ToPadoclaKOV HeBdd®V Kot vroAoyiotnke oto 14.46€/ha. A&loonueinto gival 0Tt T0 KOGTOG TNG
epyaociag pe ZUnEA fjtav eniong vynAlotepo amd 10 KOGTOG TOL YEKAGUOD LUE Y.€. TOPOTL EUTAEKETOL
évag epyatng ovti yio tpelg. Tovto opeileTon oty LYNAOTEPN OUOPY| TOV EEEIOKEVUEVOL YEPIOTN
YunEA mov ftav 15€/h oe obykpion pe to 6.25€/h yo tovg avedikevtovg epyatec. To kOGTOC TG
epyooiag yw tov yekaopud pe pUnEA aeopd to 27,5% 100 GLVOAMKOL KOGTOLG TNG emMEUPAOTS.
[Mopoéra avtd, n vynAdTEPN cvupeToy, 65% enl TOL GLVOAIKOV, TPOEPYETAL OO TNV AVAAMOT| TOV
kepahaiov (6.54€/ha) kot T1g emokevég & cuvripnon (2.80€/ha). To vyNAd KOGTOG TOV KEPAAAIOL
opeiletol 6TV cLVTOUN OKOVOULKT (®N TOL €£0TAGHOV TTOV TEPIAOUPAVEL KOVOTOUES TEYVOLOYIES
01 0moieg VIOKEWVTAL G€ VYNAEG TEXVOAOYIKES afefardtnrteg OT®G a&lomioTio, AEITOVPYIKES AGTOYIES,
ocopfotémra, gAAEUNG VITOGTAPIEN Kol VIToKatdotaon amd vedtepeg teyvoroyies [8]. To vynAd
KOGTOG EMOKELMOV & GLVINPNONG EMIONG TPOEPYETAL AO TOV LYNAD Kivovvo BAAPNG N aTuyHOTOg
tov ZUNEA katd 1 dibpketa g mtiong [9]. Ot pdpot kot o1 acQOAMOTIKES E1GQPOPES Yo To ZUnEA
etvan emiong vymAég kar avépyovtor ota 1.08€/ha, 7.5% tov cvuvolikod kdctovg. To yauniotepo
KOOTOG TPOEPYETAL Od TN XPHON TNS NAEKTPIKNG evépyetag, 0.06€/ha.

H epyacia, o1 emoKevEG Kot 1 GLVTPNON KOL 1] EVEPYELD GUVIGTOVV TO UETAPANTO KOGTOG TV
eneuPdoewv mov givol GUECH GCLVVEAGUEVO LLE TNV €TROLA Ypnon Tov eEomAopov. H avaiwon tov
KEPOAOIOV, Ol POPOL KO Ol EIGPOPEC GLVIGTOVV TO 6TafePd KOGTOG TV eneUPacemy To omoio eivat
aveCdptro and v emota yprion. H pébodog yekaouot pe TunEA mepthapfaver éva onupovtikd
VYNAo otabepd ko6oTOG, pHeyorvtepo Tov 50%, yeyovog mov onuaivel Ot M emévdvom ot vea
teXvoloYia, P amd Tn ANy O6molwv amoedcewv, Ba mpémel va £xel oyedinotel ko eEetachel
TPOGEKTIKA LE YVOLOVO, TN LEYIOTN 0EloToinon Tov e£0mMGHOo0 6T O1dpKELD TOVL £TOVG.

IMivaxag 3. Kdotog Asttovpyiog yio Ti¢ TPEIS EVAALOKTIKEG LeBOSOVG YEKAGILOV

KO6GTOG YpNong (€/ha)
) e y.€. Ko pe

LLE EMVATIONG

WYEKAOTNPES epYATES ZunEA
Epyooia 8.06 3.49 3.98
Avalwon kepaiaiov 0.34 1.67 6.54
Emokevéc & cuvtipnon 0.20 0.94 2.80
Evépyein 0.13 2.58 0.06
Dopot ko E16POPES 0.08 0.13 1.08
Xivohro 8.82 8.81 14.46

4. XYMIIEPAXMATA

To k6ct0g yekaopov pe ZUnEA yio ™V KATOTOAEUNON TOL OGKOL TNG €AMAG OVEPYETOL OTA
14.46€/ha, 64% vyYNnAOTEPO OO TOV TAPASOGLOKO YEKOOUO LE EMVMOTIONG Yekaotnpeg (8.82€/ha) 1
ue y.€ (8.81€/ha). To vymiotepo KOGTOG OPeileTaL 6TV OWENUEVN avEA®Gon Kepolaiov eEattiog Tng
ovvTouNg oovoUIKNG CmNg TG VNS TexVoAoYing Kot e£0uTiog TV VYNAOTEP®Y AUOBAOV Y10 TOLG
enayyerpatieg xepiotég ZUNEA. To k6otog TV e16popav gival eniong oxetikd vynio. H aviimon
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KEPAAAIOV KOl O EIGQOPES GLVIGTOVV TO 6Tafepd KOGTOC NG emépPaong mov amoterel to 53% eni
TOV GLVOAKOV. YYNAQ otafepd k66T EMPAAOVY TPOGEKTIKO GYEOOGUO TV ENEVOVCEWV.

H mopovca perétn Poaciotnke o€ TopadoyEc TOPAUETP®V Ol OTOIES EVOEYOUEVMOG VITOKEWVTAL OE
nepattépm ocvlnon. [a mapdderypa, o Bo NtV N EXINTOGCN 0T0 KOOTOS YeKAoHoO pe ZUnEA
edv mn owovopkn {on Mrav peyaAdtepn tov tecodpwv etwv; Ilow Ba Mtav n enimtowon ov 1
dugpKeLn TTHONG NTaY LEYOADTEPT; AVTA Kot GALD oTotyela ¥pCOVV TEPALTEP® JlEPELYVNONG 1| OTTOTNL
elvar dvuvaty| pe 1o mopdV LVIOAOYIOTIKO HOVTEAD, Eepevyel OUmG amd To mAaiclo TG TapoVGOC
£PYNCIOG AOY® TEPLOPIGUADV YDPOV.

5. EYXAPIXTIEX

Evyaprotd Oepud tov Atevbovty AAOK Tpipvriag, ko Avidvio [Hapackevdmovio yio to otoryeio
KOl TIC TOAVTUES TANPOQPOPIEG OYETIKA HE TOVG CLUPATIKOVG WEKAGHOVS OOKOKTOVIOG, 7TOL
Bondnoav onuaviikd otn SUOPP®OT TOV VTOAOYICTIKOD HOVTEAOL UE TPOTO TOL OVTO Vo
OVTOTOKPIVETOL GT TPOLYLOTIKOTNTO.
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MEAETH OIKONOMIKHX XKOIIIMOTHTAY THX XPHXHX
POMIIOTIKOY OXHMATOX I'TA THN KATEPI'AXIA EAAOOYX ME
KAAAIEPTHTH EAA®OPOY TYIIOY

M. Aapmpion™?, A. Katépng, . T{Oidkec & A. Mroytnc'
votitovto Bro-oucovopiag kat Aypo-texvoroyiag (iBO), EOvuco Kévtpo Epevvag kat Texvoloyikig
Avamtuéng (EKETA), 57001, ®épun, O@ssoarovikn, e-mail: m.lampridi@certh.gr
“Tunpa Teonovioe, Apototéreto Hovemotipuo Osccalovikng, 54124, Oeocohovikn

INEPIAHYH

Yxomdg G mapovoag epyaciag eivar M aloAdynom TG OWKOVOUIKNG OKOTIUOTNTOS TNG
OVTIKOTAGTOONG CUUPATIKOV YEMPYIKOV UNYOVIUATOV KOl ovOpOTIVIIG €pYOciag HE «ELQLN»
yewpyikd cvotiuato. H pebodoroyio mov ypnoipomombnke viobetel T apy€g VIOAOYIGHLOL TOV
KOGTOVG YPNOMG TOV CLUPATIKOV YEOPYIKMOV UNYOVNUATOV. Xe avuTn T Bdor, yivetal extiunon Tov
KOGTOVG ekTéheong piog oLUPOTIKNG KOAMEPYNTIKNG €pyaciag HE TN ¥PNON €VOS POUTOTIKOV
OYNMOTOC Yia i oelpd omd S10POPETIKE GEVAPLO TAPAYOYNG LE PACT TV EKTOCT TNG KAAMEPYELOG
KOl TNV €QOPUOYN OlOPOPETIKOV GLOTNUATOV Agttovpykng owyeipione. Ta  amoteAéopoata
vroypappilovv v emidpacn Tng AEITOVPYIKNG OLOYEIPIONG OTNV GUVOAIKY OTOSOTIKOTNTO TETOLMV
cuoTNUATOV 1 omola pe TN GEPA TG emnpedlel To YPOVO EKTEAEONG TNG EPYOCIOG KOl TO TEAMKO
KOGTOG TNG.

Aéeigc KhAeroiq: Mn-gmovOpoUEVo  EMYEl0  OYNUO, OWKOVOMIKY avdAvom, yewpyio okpiPeiog,
POUTOTIKO GUGTNHO

ECONOMIC FEASIBILTY ASSESSMENT OF ROBOTIC VEHICLE
USE FOR LIGHT SOIL CULTIVATION

M. Lampridil,2, D. Katerisl, S. Tziakasl & D. Bochtisl
YInstitute for Bio-economy and Agri-technology (iBO), Center for Research & Technology Hellas
(CERTH), 57001, Thermi, Thessaloniki, e-mail: m.lampridi@certh.gr
’Faculty of Agriculture, Forestry and Natural Environment, Aristotle University of Thessaloniki,
54124, Thessaloniki

ABSTRACT

The aim of the paper is to assess the economic feasibility of replacing conventional agricultural
machinery and human labour with “smart” farming systems. The methodology used adopts the
principles of conventional agricultural machinery cost calculation. On this basis, the cost of
performing a conventional agricultural operation with the use of a robotic vehicle is estimated for a
variety of different production scenarios on the basis of the cultivation size and the application of
different operation management schemes. The results highlight the effect of operation management
in the overall efficiency of such systems which eventually affects the operation duration and the
resulting cost.

Keywords: UGV, economic analysis, precision farming, robotic system
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1. EIXATQI'H

H ypion tov outdvVOp®mV POUTOTIKGOV GLOTNUAT®OV cuvdéeton pe v tayeion eEEMEN g
TEYVOLOYIOG Kol TN OTPoeN o€ £€va Topoy®ylkd HOVIEAO Omov OAeg ol Agrtovpyieg eivan
avtopatomompéveg kot dtaovvoeuéveg (Ampatzidis et al., 2017; Bochtis et al., 2015; Bochtis et al.,
2014). T owtd T0 AOY0, OAEG O TTVYEC, TOGO TG TOPAYDYNG OGO KOl TOV VINPECIOV, TEIVOLV TPOG
TN «POUTOTONOINGCN» MGTE VO GLVEIGPEPOLV  OMOTEAECUATIKOTEPO otV av&avopevn {ftnon
(Qureshi and Syed, 2014; Marinoudi et al., 2019). H otpoen mpog tn pounotonoinon eivor emiong
EUPOVNG KOl GTOV OYPOTIKO TOWEN, OpOV M avAykT Yo ahENCT TG ATOSOTIKOTNTAG TMV YEWPYIKMV
EPYOCIOV PE TNV UKpOTEPT TEPIPUALOVTIKN emPdpvvon odnyel otnv e£EMEN TG TE)VOAOYiNG TTPOG
OAOKANPOUEVO EDPVT] YEMPYIKA GUGTIILATO TOV OVTIKAOIGTOOV TO GUUPATIKE YEDPYUKA LYV LLOTOL
kot TG avrtiotoweg mpaktikég (Bochtis et al.,, 2011; Toledo et al., 2014). Teyvikég yewpyiog
oKpPBElNG TOV YPNOUOTOOVY POUTOTIKA YEMPYIKA cLoTHHOTO £xovv gloayfel yio T peiwon tov
EIGPOMV AOUPAVOVTAG VITOYT TV TPAYLOTIKY KaTtdotaon Kol T avaykeg tov aypov (Bongiovanni
and Lowenberg-Deboer, 2004). ITaporo ovtd, 6nmg cvopPaivel pe OAeg Tig véeg TEXVOLOYiES, Elval
ONUOVTIKO VO EETAGTEL 1] GKOTUATNTO TOVG DOTE VO, VTOSTNPLYOEl N VIcBETNON KAl 1 ETOdOY TOVG
amo tov gupovtepo topéa (Moradi et al., 2018). Exniong, oto mAaicto pag svpvtepng a&loddynong e
aelpopiag elval onUAvVTIKO Vo KOOOPIGTEL 1] OIKOVOUIKT] GKOTUOTNTO TOV POUTOTIKMOY GCLGTNUATOV
kot vo e€etaotel N oyéon KOGTOVG-0PEAOVS OV YapaKTnPilet Tn ypMoN TOVG.

Ytov aypotikd topéa, ot Pedersen et al. (2006) emyeipncav pi avaAven TG OKOVOUIKNG
oKompudTTaG GLYKPivovtag Tpion CLUPOTIKG YEPYIKE GLGTAUOTO HE TO OVTIOTOLYO OVTOVOLO
GLGTNATO KOTAANYOVTOG OTL T OEVTEPA MTAV TLO OIKOVOUIKE ATOd0TIKA GE GYE0T LE TO, CLUPATIKA
oe Oleg T mepurtwoelg mov e€etdomkav. Ou Toledo et al. (2014) a&oldynoav éva mpodTLTTO
niektpokivnto unyovikd cvotnua er&yyov Qilaviov, yuo va kabopicovv to evepyelokd KOGTOG NG
Ae1ToLPYiOG TOV KOTOATYOVTOG GTO GUUTEPAGHA OTL 1) €EEMEN TOV AVTOVOL®MY OYNUATOV UTOPEl va
LEWDOEL TEPETAIP® TO evepyelakd kootoc. Ot Lampridi et al. (2019) npdtewvay pio pebodoroyio yio
TNV OWKOVOUIKT OVAALCT) TNG ATOGYOANCNG POUTOTIKMY CLUGTNUATOV GE OPOTPLOIES KAAMEPYELEG
voBetdvtag ™ pebodoroyio eXTIUNONE TOL KOGTOVG CLUPATIKAOV YEDPYIKAOV UNYAVILATOV.

Ewoéva 1. Mn-enavopopévo eniyeto oynuo (Unmanned Ground Vehicle-UGV)
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Me mv moapodoa epyoacio emyepeiton m €&étaon TG OKOMUOTNTOG YPNONS POUTOTIKMV
CUOTNUATOV Yo U0 GEPE Omd OPOPETIKE EMYEPNOOKE oYNUaTo oL oyetilovion pe ™
AELTOVPYIKOTNTO €VOC POUTOTIKOD oLGTHHOTOC. To poumotikd cvotnuo mov eEetdleTal Yo TOLg
oKOTOVC NG Topovoog epyaciog sival va pn-emavopopévo emiyero oynua (Unmanned Ground
Vehicle-UGV) 6no¢ napovoidletar oty Ewkova 1 mov extelel v gpyacio g Katepyasiog Tov
€0Gpovg e kaAlepynth elappod tomov (Grimstad and From, 2017). H epoppoyn Tov 6LGTAUATOG
e€etaleton og pKpn Kot LeyaAn KAMUIOKO Kot GUYKPIVETOL LE TNV OVTIGTOYT CUUPATIKY| EQAPLOYT.

2. MEOOAOAOITA

[Tpokelpévou va vTOAOYIGTEL TO KOGTOG YPNOMG TOV POUTOTIKOD GLGTILOTOS Y10l TNV KATEPYUTIO
TOV €3GPOVG HE KOAMEPYNTY] €AOPPOV TOTOVL YPNCLULOTOMONKE TO VTOAOYIOTIKO HOVTEAO TOV
napovotaletar 6to Tynpa 1. To povtého pali pe t1g oxetikés padnuatikés e£loMOES TEPYPAPETAL
pe Aemtopépela, amd tovg Lampridi et al. (2019). Kat’ avaAoyio pe tov vIoAoyIGHO TOL KOGTOVG
EKTEAEONG OGS CLUPATIKNG KOAMEPYNTIKNG €PYOUCIONG, TO GUVOMKO KOOTOG OmoTeAeiton amd TO
KOGTOG 1010KTNGI0G TOV €£0TAIGHOD KOl TO KOGTOG ¥pNong Tov. To k66Tog 1010kt oiag amoteAeital
amd T0 KOGTOG KEPUANIOV, TO KOGTOG AmdcPeons KaBMG Kol T0 KOGTOG GTEYAOTG KOl OCOAAELNS TOL
eEomMopol Kol Tov YEPLOT. AVTE TO KOGTN UTOPOVV Vo YOPUKTNPIGTOVV Kol oG otafepd KOG
a@ov dev oyetifovian pe v ekteAoduevn epyacio aAdd Kabopiloviotl amd T0 KOGTOG ayopds TMV
UNYOVNLATOV Kot GAA®Y OIKOVOLUK®Y TOPAUETPOV OTMG TO EMTOKIO Kol 0 TANOw0PIoUOG.

ZUvohKO
KaoTtog

KéoTtog KéoTtog
I&iokTnaiag MeiToupyiag
Kootoc Kepahaiou + AmooPean + Kéatoc EmoKeunic Kol ZuvTripnang
Z1éyaon + Acedheaia + Evépyeia + Epyaoia + Metagopd

Xymqpa 1. Movtélov Extipnong Kéotovg

Amo ™V GAAN mAevpd, to Agttovpyikd kO6oTog KabopileTtonr amd T QUON NG EKTEAOVUEVNG
gpyaciag. AmoteAeitol amd T0 KOGTOG TNG EVEPYELNG, TO KOOTOC EPYACING, TO KOGTOS LETAPOPAS KOl
TO KOGTOG EMOKEVOV Kot cuvTipNoNG. o ToV VTOAOYIGHO TOV KOGTOVG ETICKEVMV KOl GLVTINPNONG
oTNV TEPITTOOT TOV SLUPATIKGOV punyovnuatov ypnotponotovvtol ta tpoétvna ASABE (ASABE,
2011). TToporo owTd oTNV TEPITTOOT TOV POUTOTIKMOY GCLGTNUATOV dEV UTOPOVV VO, 0KoAovOnBohv
avtd ta wpotume. o avtd t0 okomd oakolovbnbnke 1 mpocéyyion twv Bubeck et al. (2016)
COUEMVO, e TNV Omoia TO KOGTOG GLVTNPNONG KOl EMCKELMOV VTOAOYILETOM ®G TOGOGTO TOV
avtioToryov cLUPATIKOD KOGTOVG.
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3. MEAETH IIEPIIITQXHX

H peBodoroyio mov mopovctdoTnKe GTNV TPONYOVUEVY] EVOTNTO YPNOCLULOTOMONKE Yoo TNV
EKTIUNON TOL KOGTOVG EKTEAEONG TNG KATEPYAGING TOL E3APOVE LE KOAAMEPYNTN EAAPPOV TOTOL LE
™ YPNON €VOG UN-ETOVOPOUEVOL OYNUOTOS €0G.QOVE G SLOPOPETIKA GLOTHLOTO AETOVPYIKNG
dwyeipong. Me oxomd 1 datipnon Paong avoeopds To AmoTEAECUATO GLYKPIvOvTol UE T
aVTIoTOYO, AMOTEAEGLOTOL TTOV TPOKVTTOVV GE MEPIMTMOT EKTEAEONC TNG EPYACIag Le Eva GLUPATIKO
KaAMepyNTIKO cvotnua. To cvotnua eEetdotnke 6€ 000 OUPOPETIKEG KMUOKES OVOPOPIKA LE TNV
KaAMepyovpevn éktaon. H pkpn kAiipoko agopd éktaon 10 extapiov (10 ha) eved m peydin
KAipaka apopd éxtacn 100 extapiov (100 ha). Xtnv nepint®on Tov popmroTikoh GLOTHOTOG TO 1010
POUTTOTIKO OYNUO. YPNOUOMOLEITOL OTNV  €PAPUOYN MIKPNG Kot UEYOANG KAIHOKOG EVD OTNnV
TEPIMTOON TOL GLUPATIKOD GLGTIUOTOC XPNCILOTOOVVTOL dlapopeTikol eAkvotnpes. O Ilivaxoag 1
TOPOVCIALEL TIC TOPOUUETPOVS TOL YPTCLOTOMONKAY Y10 TV EKTIUNGT TOL KOGTOVG TOV GEVOPIWV
Baong. ITo ovykekpuéva yo Tnv pikpn kAipako ypnotponoteital ekkvotipag 1oyvog 40 Kw evd yio
™ HeYaAn kAipoka ypnoiponoteiton edkvotipog 80 kw. Kat ot 800 eAKuGTHPES PEPOVY KAAALEPYNTY
era@pov tomov (C-shank). Ze 6Aa to oevapia mov e&gtdotray To emttokio frav 9%, o TAnbwpiopdg
4% won 1 otkovopukn Cmn| tov eEomAicopov 15 ypovia.

IMivaxag 1. [Tapdpetpot £16600V TOL OUKOVOUIKOD HLOVTEAOD

Xvotnuo
Popmotikd Xoppotikd Xoppoatikd
Muwkpn Meydain
Agrtovpyikig M)datog epyaciag (M) 1,2 2,6 6,0
TAPAPETPOL
aypod Taybtyra (km h?) 4 8 8
Kéotog ayopag (€) 50.000 40.000 130.000
Kéo7tog ayopdc mapehkopevov
Mapéapstpor © 1.000 3.000 6.000
emEVOVONG KUL
okt oiog Hopapévovea atia (%) 10,9 +2 10 10
YuvTeleo TG 6TEY UGG 2,25 0,75 0,75
TUVTELEGTIG 0OQPILELG 0,75 0,25 0,25
Mopayovres EMOKELVAOV KOL ) 0,003 0,003
GUVTIPNONG - 2 2
0,17 0,17 0,17
MopayovTes ETGKELVAOV KOt
Mapapetpor GUVTI PN OGNS TOPELKONEVOV 2,2 2,2 2.2
pyovnudTov
Ioyvg Mnyavig (KW) 3,4 40 80
Kéorog evépyerag (€ KWh™) 0,145 0,496 0,496
Kéorog epyaciag (€ h™) 7,5 15 15

! (Lampridi et al., 2019) * (Propfe et al., 2012)
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To un-emovdpopévo dynua gixe cuvolkn woyd kvnhpa 3,4 Kw kat gépel cvoowpevth Abiov-
wOvtov 40V yopntikotntog 70 Ah. Aapfdvovtag vroyn 0Tt yio v enéktaon e dapkelag Cong
0V cLGcmPeLTH Ba amooptiletor péxpt To 80% NG YOPNTIKOTNTOS TNS TPV TN POPTIOT| KAt OTL TO
oynua 0ev Aettovpyel mAvTo 6TO UEYIGTO TNG 1OYVOG TOV, He PAON TEPAUATIKEG UETPNOELS OF
SLAPOPOLG TOTTOVS EGAPOVS KAl OAPOPES KATACTAGELS TOL £0APOVS (G€ GYECT LLE TNV VYPOGIO TOV)
TO Oynuo. pumopet va Agttovpyel awtdvopo og to acparéc opo towv 1,34 h. Emmpdobeta, n péon
dwpkewn, @optiong petpndnke otig 3,7 h, Beopoviag opuwio pvOud @odptiong 15 A/h. H
GLVOPLOAOYNOT| KOL TNV ATOGVVAPUOAOYNGT TOV E0TAGHOD amattel cuvoAlkd 2 h. To dynua eivon
eEomMopévo e KoAAepynmy erlappov tomov. Emiong mpémel va avapepBel 011 to Oynua €xel
SuvaTOTNTO VoL PEPEL Kal SEVTEPO GLOOMWPEVTN YWPIG va ypelaletal TPocapproyr, dmiactdlovog
€101 10V Ypdvo Aettovpyiag tov. 'Evag epyaldpevog Bempndnke yo v enonteio tov eomopo, yio
TN POPTION KOl TV OVTIKATAGTOOT T®V GVGoOPELTAOV. To wpopichio Tov Bewpnnke to Wcd amd T0
avTioTolyo GLUPATIKO AOY® TNG SVVATOTNTAG TAPAAANANG EPYOCING.

Mo Vv mapovoa epyacio mpaypotomomdnke ovykKpon TV cevoapiov Pdong pe mévte
EVOAAOKTIKG GEVAPLO TOV QLPOPOVV TNV AELTOVPYIKOTNTO TOV POUTOTIKOD GUGTHUATOC GE EQPOPUOYES
UKpNG ko peyding kiipoxog. ITo cvykekpiuéva eETAGTNKOV EVOAALAKTIKG GEVAPLO TOV ALEAVOLY
NV 0mdS00T TOV POUTOTIKOD GLGTHUATOG. Ta evaAlakTikd cevipio Teptlappdvouv:

Yevaplo 1: Eykatdotoon Og0TteEPOL GLOOWOPELTH TNG 010G YOPNTIKOTNTAG HE OKOTMO TO
Sumhaclacpd TG SLAPKELNG EPYOTTOG.

Yevapro 2: Agrtovpyio TOV POUTOTIKAOV OYNUATOV TOV PEPOVY £VOL GLGGMOPELTY 6€ (gvydplo. Ze
avTO TO GEVAPLO Yo KAOE OYMUO TOL EMYEPEL OTOV aypd, LIAPYEL £val OKOUN TTOV QOPTILEL OE
OVOLLOVT] MOTE VO AVTIKOTOGTIGEL 0VTO TOL emyelpel. Me avtd 10 6eVAPLO 0 VEKPOS XpOVOG POPTIONG
pewwvetor and 3,7 h og 1,02 h.

Zevapio 3: Agttovpyio TOV POUTOTIKAOV OYNUATOV TOL PEPOLV 00 CLGGMPELTEG o€ Levyapta. To
oevaplo avtd eivor 0 pe 1O TPomyovpevo OAAG dmAactdleTor o ypdvVOg AgLTovPYiNG TOL
POUTOTIKOD GLGTHLOTOG.

Yevaplo 4: AVTIKATAGTAOT TOL GUCCMPELTH TOL OYNUATOS OV EMYEPEL (TO oYU PEPEL Eva
GLOCMPELTN). Z& OVTO TO GEVAPLO TO OYNUO PEPEL EVOV GLOCMOPELTH O OTTO10G avTIKaBioTaTAL LOALG
amoQOpTIoTEL MoTE Vo amopevyBel o vekpdg xpovog g eoptions. Tlapodia avtd Ko 6 owTO TO
oevaplo Bempeitar vekpdg ypovog 0,1 h o omoiog ypetdletar yio TNV OVIIKATAGTAGT TOV GLGCOPEVTH.

2evaplo 5: AVTIKOTAGTOGT TOL GLGGMPEVTH TOV OYNUATOG OV EMYElPel (To dymuo PEpeL 6v0
ovocmpevtég). To tedevtaio cevaplo eivat 1510 pe 10 oevaplo 4 pe ) dPopd OTL TO OYNUO PEPEL
300 GLOCWPELTEG. X aVTH TNV Tepintmon Bewpeitan vekpog xpovog icog pe 0,2 h.

4. AHOTEAEXMATA

To Zynua 2 mopovctdlel To amoTEAECUATO Y10, TO GEVAPLOL TOL APOPOVV TNV EPOPLOYN HIKPNG
KAMpokag. Aappdvovtag voyn 1o oevapilo Bdong, To poumotikd cHotnua givat 5,3 eopég mo akpPo
amd 10 cuUPatiKo.

Avto opeihetor oMV YOUNA amOOOGN TOL POUTOTIKOL GuotNUaTog (mepimov 25,6%) mov
oLVOLETAL LE TN HIKPT S1dpKELD cVVEYOVE Asttovpyiag Tptv ypelaotel eoption (1,34 h) kot tn peydin
dtapkelo POPTIONG 1 01010 AVEPYETUL GLVOALKA Gg 59,20 h yio TNV 0AoKAN PO TNG EPYACING.
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Yyfqua 2. Luvoliko koéotoc — Eeappoyn Mikprig Kiipokag (10ha)

To ovvolikd Asttovpyikd KOGTOG avépyeton oe 99,97 €ha' Y0 TO POUTTOTIKO GUOTNUO EVA TO
avTioToryo kKOGTOG Yo To SLUPOTIKO avépyeton o 18,58 €hal, [Tapora avtd, pe v eykotdotoon
€VOG deVTEPOV CLGGWPELTY (Zevaplo 1) 10 cuVoAIKd KOGTOG pEwwveTaL g 64,37 €hal koo AdYOC o€
3,46 popég, evdd M amddoon Tov cvotiuotog avEdvetar oe 39,3%. H anddoon tov cvotiuatog
av&avetor meportepo (52,18%) Otav to poUmOTIKA OYNUATO EMLXEWPOVV oe (gvyn @épovtog éva
oLGGMPELTI TO KaBEVa (Zevapto 2), aAdd AOY® TOL VYNAOD KOGTOVG EMEVOVLGONG TO GUVOAKO KOGTOG
mapopévet 3,5 popéc mo peydro and 1o copPotikd. H amddoor tov cvotiuatog gtavel 6to 66% o610
GEVAPIO 3 VD TO KOGTOC pewdveton oto 51,65 €-ha™. Tt tedevtaio oevapuo (4 ko 5) 1 anddoom
avéavetor oto 82,67% wor 83,3% avtiotoryo, yivetar onAadn TopOUOl HE TNV OTO00T TOV
ocvpfotikedv cvotnudtov. To oyetikd koctog eivor 1,7 @opég mo peyGAO amd TO avTiIoTO(O
ovuPatikod (31,17 €ha’ v to oevapio 4 ko 30,92 €ha' Y10t TO GEVAPLO 5).
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Zyqpa 3. Zuvoliko ko6otog — Eeappoyn Meyding Kiipaxog (100ha)
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210 Zymua 3 mopovcstdloviol T amoTEAEGUOTE OO TNV €QApUOYn MHEYOANS kAipokag. Kat’
apyNV, T0 POUTOTIKO cvuotnua eivat 3,48 popég mo axpiBd amd 10 cupPatikd, amAITOVTOS 7 LOVAES
Yl VoL EKTEAECTEL 1) Epyacio o€ dEOOUEVO YPOVIKO OAoTNUA, TOPOAL OVTA, O AOYOS OVTOG LELDVETOL
o€ 2,4 6tav gykabiototal 0e0TEPOG CLGCMOPEVTNG GTO UN-ETAVOPOUEVO Oxnua (Zevapto 1). Xe avt
™V TEPITTOOT 0 OPOUOC TOV ATUTOVUEVOV OYNUATOV LEIDVETAL GE 5. XT0 oevdplo 2, ypetdlovton 8
OYNUOTO Y0, Vo EKTEAEGOVV TNV gpyacia pe koéotog 42,74 €ha’, (Aappdvovtog v’ oyn ot 4
oynuota emyelpobv Kot 4 Ppiokoviol G avapovi Yo, Vo oVTIKOTAGTHo0LV), VIoypoaupiloviag to
yeyovog Ot To LYNASG KOGTOG EMEVOLONG Eival KOBOPLOTIKOG TOPAYOVTOS Yol TN CKOTIUOTNTO TOV
POUTOTIKOV GVOTNUATOV. AvtioTolo 610 oeviplo 3 to KOGTOG pewwvetal o€ 34,64 €ha, eautiag
g avénpévng amddoons tov cvotnuatog (50,8% oto cevapilo 2 kot 67,1% oto cevdpro 3). Onwg
Kol 6TV TEPITTOON TNG EPAPUOYNG LKPNG KAMpHOKaG, Ta oevdpla 4 kot 5 éxovv v peyaAdTepn
amoooon (78,3% wor 84,5% avtictoyya) evd 10 K66TOC TOLG givar povo 1,49 ko 1,38 @opég
UEYOADTEPO OO TO aVTIOTOL(O GULUPATIKO OVAOEIKVOOVTOG TIS OLVOTOTNTEG TOL POUTOTIKOV
GLGTIHOTOG.

5. XYMIIEPAXMATA

H mopovoa epyacia éxel cav okomd va eEediéel Ty e€étaon TG SKOMUATNTOS TNG LIOBETNONG
UN-ETOVOPOUEVOV OYNUATOV GE CLUUPATIKES KOAAMEPYNTIKES EPYACIEG. ZOUPOVO LUE TO. GEVAPLOL TOV
TOPOVCIACTNKOV VITAPYEL VAL EATTOOPOPO SLVOLIKO, EVTOVTOLS, TO KOGTOG OUTAOV TOV GUCTNUATOV,
T omoio axopo 0ev mapdyovtonl polikd, eival vynAd Kaf1oTOVTOG TO AGVUPOPO GE CUYKPIOT LE TO
ovuPatikd. EmmpocOHeta, vrapyovv axdpo topeic mov ypnlovv mepaitépm depedivnong yu Tov
aKp1pn VTOAOYICUO TOL KOGTOVG, OTIMG Y10l TAPAGELY LA Y10l TOV VITOAOYIGUO TOV KOGTOLG GLVTHPNONG
KOl EMOKEVAOV Kot TNG Tapapévovcos atiag. Qot10c0, TeYVIKEG PBEATIOGELS LTOPOLY VO, 001 YCOVV
otV avENOM NG OMOTEAECUOTIKOTNTAG TOLG KOL OTNV EVOEYXOUEVN OTOOECUELGT TOVS OO TOV
YEPLOT LEIDVOVTOS £TGL TEPALTEPM TO AELTOVPYIKO KOGTOG.

ANAI'NQPIXH ITOPQN EPEYNAX

H epyasio avt) ypnuoatodomfnke amd 1o £pyo ““Epguvnrtikn Zvvépyeio yioo TV AVIHETOMTION
tov Meydhov IlpokAncewv tov [TAéypatoc (NEXUS): Evépyela-Tlepipdirov-Aypotikn Tapaywyn
(Tpooen, Nepd, Yawka) (NEXUS)”, XpnuatodotOnke ond v I'eviky [poppoateio "Epgovag kot
Teyxvoroyiag (ITET) - Kwoikdg épyov MIS 5002496.
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2YTI'KPIZH AATOPIGMQN MHXANIKHY MAOHXHX I'TA
TAZEINOMHXH EIKONQN XE OYAAA KAPYAIAY MOAY2XMENA
AIIO ANOGPAKQXH

A. Avayvootnc, T. Aenuwapn’, T. Adhag, X. Appavitng’, E. Horaysopyiov™?,
X. Mupeordtic & A. Mréytnc'
otitovto Bio-owovopiog kot Aypod-teyvoroyiag, EOvicod Kévipo Epevvag kot Texvoroyikng
Avéntvéng, 6° k. Xopildov-Oépung, Oscoarovikm, e-mail:
a.anagnostis@certh.gr,athananagno@auth.gr
ZHavemcsrﬁ uo Osocariog, Tunuo ITAnpopopiknig ko Tniemikovovidv, 35100, Aapia,
*Havemotiuo Ocoooriog, Tufua Texvoroyiag, 41100 Adpioa

INEPIAHYH
H avBpdkwon eivar pior pokntiokn vooog mov PAATTEL VIOV TN QLTOKOUN TV OEVIP®V. KOOGS TG
HEAETNG glval 1] GVYKPIOT TOV TTO YVOOTOV oAyopiBuwv punyovikng pddnong (MM) yia ta&wvounon,
pe okomd va egpevvnbel to Katd TOGO €ivol OMOTEAECUOTIKOC €vog TaSivountie Pociopévog og
ewoves. Aldpopor adydpiBpor MM a&oroynOnkov. H ocbykpion owelayetor pe Paon dSidpopoug
UETPNTES AOO00TG Kol TEMKMG CLINTEITOL TO AV UTOPOVV VO EPOPHOGTOVV GE OANOIVEG EQUPLOYEG.

Aéeis kheroia: pmyovny pabnong, Ta&vounon elovey, avlpakmaon, dEvVTpa KapLvotdg

COMPARISON OF IMAGE CLASSIFICATION MACHINE LEARNING
ALGORITHMS ON ANTHRACNOSE INFECTED WALNUT TREE
LEAVES

A. Anagnostis*?, G. Asiminari, G. Dolias', C. Arvanitis', E. Papageorgiou*?, Ch.
Myresiotis'& D. Bochtis
YInstitute for Bio-economy and Agri-technology, Center for Research and Technology Hellas, 6" Km
Charilaou-Thermi RD, Thessaloniki, e-mail: a.anagnostis@certh.gr,athananagno@auth.gr
ZUniversity of Thessaly, Department of Computer Science, 35100, Lamia,
University of Thessaly, Faculty of Technology, 41100 Larisa,

ABSTRACT
Anthracnose is a fungal disease that damages intensively the canopy of trees. Purpose of this study is
to compare the most famous ML algorithms for classification, in order to investigate the
effectiveness of an image-based classifier. VVarious machine learning algorithms were evaluated. The
comparison is conducted based on several performance metrics and finally, the applicability is
discussed for real-life applications.

Keywords: machine learning, image classification, anthracnose, walnut tree

1. EIZAT'QI'H

Ot poxnTiokég vOGoL amoteAoVV £va actkd TPOPANUO GTNV AYPOTIKT TOPAYMY KOl KUPIOG OTIG
KoAMEPYELEG VYNANG 0&lag, OTmG o1 devOpoeldeic.Otav to 0évtpo TPooPAAleTol amd HOAVVOELS, T
TOPAYOYN TOV KOUPTOV HELDOVETOL CNUOVTIKA KOl O OIKOVOUIKOG OVTIKTUTOC umopel vo givon
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KOTOOTPOPIKOC. 26 KOUUATL TOL KAAdOL NG Yewpyiag axpiPeiag, n ovtouatn aviyvevorn kol 1
ta&vounom e acHEVELNS TOV PUTOV UTOPEL VO ETAVGEL ALTO TO TPOPANLLO LE CLGTHHOTO EYKOIPNG
aviyvevong ympig ETTNPNOT, T OTOI0 LITOPOVV VO TOVTOTOGOLY TNV TAPoLGia TG acbévelag ota
QOALO TOV OEVTPOV Kol Vo, TNV TaStvounoovy kotdAnAa. H eEEMEN g unyavikng ekpddnong to
TEPAGUEVA YPOVIO, EYEL EVIOYVOEL GNUAVTIKG TNV TPO0d0 6To gpeuvnTikd avtd koppdatiBharate &
Shirdhonkar 2018; Liakos et al. 2018).

Albpopeg pehéteg umopovv va PpebBovv ot Piploypapio mov aQOPOLV TPOGEYYIGELS TNG
unyovikng péonong yio tvmomoinon acbeveldv tov eOAwV PBacicpévn oe eikdveg. H aviyvevon
acOevel®V TOV PUAL®V Y10 S1POPETIKE €i0N PUAL®V Kol acBeveldv €xel epguvnbel amd KAOGIKOVG
aAyopiBuovg pnyovikng pabnong Ommg pnyovéG Jvuopatov  vrootplEng (support vector
machines, SVM) ka1t teyvntd vevpovikd diktva omicBag diddoong (back-propagation artificial
neural networks, ANN) emttoyydavovrtag akpipeto g taéng tov 88%-92% (Ramya & Lydia 2016),
vevpovikd diktva mpoocw-tpopoddtong (feed forward neural network, FFNN), xBavticuéva
dtvdouata pabnong (learning vector quantization, LVQ) kodiktva oKTIVIKAG GLUVAPTNONG
Baong(radial basis function networks, RBF)ue akpifeia 56.7%-90,7% (Muthukannan et al. 2015),
nponypéva Pabid vrorewmouevo vevpovikd diktva (advanced deep residual neural networks) pe
akpifea éwg ka1 96% (Picon et al. 2018), xabdg kot Pabiac pabnong pébodor (deep learning
methods, DL) 6nwg cuveliktikdvevpovikd diktva (convolutional neural networks CNN) ta onoia
Kataeepay va emttoyovv 96.3% axpipero (Mg et al. 2017).

210Y0G¢ TG TopovoOg HEAETNG €vOol 1) TLTOMOINGCT TOL YOPAKTNPIOHOV NG acBévelng g
avOpdKmong oe PUALL OEVIPWV KOPLOLAG, LE EIKOVEC TOL GLAAEYOMKAV GE TPAYUATIKEG CLVONKEG.
[Tapovoraletor o diepevvnTikny avdivon dokiudlovtag Kot aSloAoYOVTOS TOLG O YVMOGTOLG
alyopiBuovg unyaviknig pabnong yia tasvounon. To amotélespa avg g épevvag Ba 0dnyNoeL o€
KOADTEPT KATOVONOT TOV KAVOTHTOV TNG KAOe neBoddov yio To cuyKeKpIéEVo TpoPAnua Kot Bo pog
dei&el T cwot Katevhuvon Yo TEPAUTEP® SEPEVVIOT IO CUVOETMV TPOCEYYICEWV.

H doun avtng g mapovoioong ivon n e&ng: oty Iapdypago 2 mapovsialetor n pebodsoroyia
oL OoKOAOVONONKE Yoo TNV OTOKTNON KOU TNV TPOTETOUACIO T®V O0EO0UEVOV, Ol OAYOp1Ouot
UNYOVIKNG HABNoNS mov SOKIHAoTNKOY Kol Ol UETPNTEG omdOOCNG TOL YPNCLOTOONKaY Yo
aglohdynon, oty Ilapdypapo 3 mapovstdloviol To AmTOTEAECUATO TNG EPELVNTIKNG HEAETNG KoL
TéAOG, 0NV Topdypapo 4 yiveton pia ou{nmon kabmg Kol TAPOLGINGT) TV CLUTEPUCUATOV NG
UEAETNG QLTNG.

2. MEOGOAOAOITA

H avOpdxwon epeaviletor ot popen Tov KoE 1 KOEE-KITPVOV OTIYUOTOV GTO QUAAL NG
kapvolds. Ta otiypata covibog epgaviCovior ¢ knAideg oty emedveln 1 KAAOTTOLV TNV
TePiHETpo Tov ELVAAOL. [l To avBpdOTVO pATL, To CLUTTOMOTE NG avOpdkwong (1] TapOUOLOY
acBevelwv) givar gvkoro va aviyvevtovy. O okomdg givor vo Bpebel o pebodoroyio unyavikng
eKpaOnong mov vo propet vo omodidel e£icov Kadd pe v avlpdmivn avtiAnyn, dote 1 ddikacio
avayvVOPIoNG VO, UITOPEL vo. avTopotomonbel e am®TEPO OTOYO TNV OVTOUOTY YOPTOYPAPNON
oAOKANpov omwpmva. H peBodoroyia mov akoAovOhdnke ce avt) ™ HeEAETN TOpOLCIALETAl OTIG
ENOUEVEG TTOPAYPAPOVC.
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2.1 Anéxtnon dgdopuévov

H ta&wvounon pe Pdaon tig ewdveg amontel €vav peydro oplOud oedopévav pe  dlokpitd
YOPOKTINPIOTIKA £TCL MOTE VO, EKTOOEVTEL COGTA TO HOVTEAD KOl Vo UTOPEl Vo TEPLYPAWEL Uid
KAdom. Zuvolkd4.000 pwtoypapieg cLALEXONKAV amd Eva oT@POVA LE

dévtpa Kapudldg mov Ppicketar otov Pilopvio Boiov, EAAGSa. Ta dedopéva dwoywpiomkay og ico
aplOpd ekdvov €101 OOTE GES EIKOVEG VO TEPLEYOLY QLAAO TO. omoia, €yovv poAvvOel omd
avOpdkwon kot ot GAleg oéc vym eOAAa. A&ilel va toviotel 0Tl oplopéves pmtoypapieg amd
poAvouéva eOALO avTIGTOLXOVV 6€ eAappd TposPePAnuéva eOALa. Zto Eyfua 1(a) mwopatnpoldue
pa eKOva amd Eva vylEg eUALo,0t0 Zynua 1(B) éva ehagpd tpocPefinuévo and avBpdkmon eOALO
Kol oto oynua 1(y) éva @OALO e VYA TPocPoin and avOpdkmon.

(CY) (B) )

Yympo 1. DoAAa Kapvods yopig avBpdkmon () , pe ehagpd mposfoin (B)rot pe vYMAN TPocPoin|
a6 avOpakwon (y).

2.2 llpogTopacia d£d0puEvVOV
Apyicd 1o péyebog kdbe ekdvag peTaoyNUATIOTNKE 0€ avaAvon ikovoyneiomy 128X128. Avti
avaAvon givol apkeTd LEYAAT OGTE VO TOPUUEIVOVY OAOL TO YOPAKTIPICTIKA TOV GUAAOV KOl OPKETA
UIKPN OOTE Vo eKTAdELTEL TO povTéEAD otov emBountd ypdvo. H minpopopia tov ypodpotog eivarl
ONUOVTIKY Y10 TNV TOVTOTOINGN TG avOPAK®OONG, GUVETMG OAES OL EIKOVES YPNCUYLOTOLOVVTOL GTOVG
alyopiOuovg oe  popen RGB, omiadn 3 kovdho  (KOKKIVO, TPACIVO, UTAE)  omd
128x128swovoyneidec 1o kabe €va. Kdabe ewova ot ovvéyeto petaoynpatiletal £to1 ®OTE TO
oynuoe g amd 128x128x3 va yiver éva dwvvopo 1x49.152. Avtd owedniydn vy kdbe
ewovaoynuotifovroag teAkd évav mivaxo 2.000x49.152 mov mepiéyel OA TO. XOPAKTNPIOTIKA TMOV
gkovoyneidowv. Mo televtaion oTNAN Tpootédnke otov mivaka 1 omoio mEPLElye TV ETIKETA TNG
KkdOe ewovag (T.y ‘pe avhpdkmon’ 1| “Vymg’) emopévag o mivokag amoktd dwuotdoelg 2.000x49.153.
H omAn mov dnidver v etikéta g Kabe gikovag 1 omoio £ivol KOTYOPlOTOUEVT), LETUTPETETOL
o€ OLOJIKN Hopen, ‘0’ yio avBpdkmon kat ‘17 yio vy @OAAA. Tehkdg, ot Ypappés and tao dedopéva
avaKatehovior 000 QPOopEC He OVO JPOPETIKEG HeBOOOVE YEVVITPLOV TLYOMOTNTOS UE OKOTO va
amopevydel éva pepoAnmtkd delypa mov Bo odnyoboe oe akatdAAnAa povtédo ekmaidgvons. Xto
ymua 2 mapovotdlovtal o PRaTo TNCTPOENEEEPYACTAGUING EIKOVAG EVOS PVALOVL pE avOpaKwon.
H oapyumn ewdvo (o) petatpénetor oe ewova pe khpoka 128X128(B).Ztn ocvvéyewo dwoupeitan
0eRGBkavéla (v) dote va dnpovpynBoiv ot Tvakeg e TIG TIEG TV EIKOVOYNPIdmV (0), Kot TEAOG
SlOVUGLLOTOTTOOVVTOL MGTE Vo umopel v mpootebel 1 avtiotoyn kAdon kot vo glval o TEMKN
HOPPN Y10 TOVG aAYOP1OLoVG (€).
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128 256 4

52 0 39

38 118 67

52 39 59

38 67 153

206 204 43

133 43

Yopmecpévn Avdivon eikovog o€ IMivakeg Tipn®v
Apyukn ewkova () gwkova (P) RGB kavéia. (y) EIKOVOYN POV ()
Asbopéva eLgaywync KAdon
128 256 4 . 52 39 59 . 78 130 159 . 0

Awvvopartomoinon kot avdleon og katnyopia (€)
Yympa 2. [Tpoeneepyasio eikdvmv amd v apyikn popoen (a), oe KAipoka (B), oe RGBxoavaa (),
og avaBeon TIUdV o€ Tivakes (8) Kot TEAOS G€ dVLUGHOTOTOIN o™ Kol avafeon KAdonNg (€).

2.3 Awoyopropdg dgdopévov

[Iptv TV 0TO10ONTOTE EQOPLOYN TOV HOVIEA®V, TO OEOOUEVO YOPIGTNKAY GE TPio TUNHOTOL. APYIKA,
Ta 0edopéva ywpioTnKav g avTd Tov Bo ypnoiononBodv yio TV EKToIdEVOT) TOV LOVTEAOL KOl GE
avtd mov Bo ypnoyomomBovv yio Tov EAeyxo TOL HOVIEAOL pe mocootd 80/20 avtictorya. Ta
dgdopéva mov Ba ypnoomomBodv yio Tov EAEYX0 TOL HOVTEAOL givol TeAElmg KPLEE Ao TNV
ddkacio exkmaidgvong tov, £tol dote vo ANeBovv TpoPAréyelg ol omoleg eivan dyvwoteg GTOV
exmadevpévo ta&vounty. To devtepo ydpiopa apopd ta dedopéva mov Ba ypnopomomBovv yo v
exnaidevon and to onoio to 20% ypnoomoteitan Yo emainfevon. Qg anotédespa, Oo amopgvyOel
N VIEPPOPT®ON TOL aAYOPIOUOL KaTd TN dldpKeln TG ekmaidevong dote vo dtatnpndel 1 KoAn
yevikevon Tov HovTéEAov. A@OD TO HOVTEAD EKTOOEVLTEL, TO dedouéva, oL KpatHOnKav yio Tov
éleyyd tov Ba ypnoyomomBodv yia va yivouv mpoPréyelg Bdoel Tov omoiwv Ba Tpoodioplotel 1
axpifeld tov.

2.4M£00001 pnyovikng padnong

IMo ) peAdétn pog, emdéydnkav 11 amd tovg mo d1aded0UEVOVS aAYopiBovs unyovikig pdonong pe
okomo va avadelydel TOco KaAd Kabe po amd T OpopeTIKEG pebodoAoyieg pmopel vor emTHyel
eEaptopeves amodocels. Ovopootikdololyopidpot:

1. Gaussian Naive Bayes (GNB) (Russell & Norvig 2002),

2. Linear Discriminant Analysis (LDA) (Blyikoztiurk& Cokluk-Bokeoglu 2008),

3. k-Nearest Neighbours (kNN) (Altman 1992),

4. Decision Tree (DT) (Breiman 1984),

5. Random Forest (RF) (Breiman 2001),

6. Adaboost, (Ada-b)(Freund & Schapire 1996),

7. Gradient-Bosting (Grad-B)(Mason et al. 1999),

8. Avo mopariiayéc tmv Support vector machines (SVM & nu-SVM) (Vapnik 1999),

9. Avo &idn g kornyopiag Artificial Neural Networks (ANN) (McCulloch&Pitts 1943),
10.’Evog multi-layer perceptron (MLP) pe éva kpoppévo otpopa 100 dtokAaddoemv kot
11. Bafv vevpovikd diktvo (deep neural network DNN) pe oapyrtektovik 5 otpopdtmv

dudtaéng 8,16,16,16,16 kot pe 50% m0c0GTO £YKATAAEIYNG AVAKPVUUEVO GTPDLLAL.
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2.5MeTpntéc amddoong
Ot petpntéc amddoonc mov YPNOOTOMONKAV GE QTN TN HEAETN TEPLYPAPOVIOL GE GLTNV TNV
Tapdypapo. Aol ekmodevtel o tagvountng, mpoPAémel v KAdon pog véag €10600V Omd Ta
dgdopéva Tov ypNoLoTolovvTon Yoo EAeyyo. Me Bdom v mpoOPAeyn Kot TNV TPAYUATIKY KAGOM
otV omoia ovAKeL, M TPOPAeymn pmopel vo givar aAnbwa Oetikn (truepositive, TP) 1 aAnbwa
apvntikn (truenegative, TN) av ta&voundnke cwotd 1| yevdog Oetikn (falsepositive,FP)f yevdmg
apvnrtikn (falsenegative, FN) av dev ta&ivopunbnke cwotd.

H opbdotnta (accuracy) eivar o mo €OANTTOG HETPNTHG, OGOV 0POPA TO. GUUUETPIKG OEdOUEVO,
npocdopiletar g 0 AdYog T®V GMOTO TPOPAEMOUEVOV TOPATNPNOE®V TPOG TIG GLVOAKES
mapotnpioeickot opiletatl og:

TP+TN
TP+TN+ FP + FN

accuracy =

H axpipela (precision) givat o Loyog v 6moTd TPoPAETOUEVOV DETIKOV TOPATNPHCEDV TPOG TIG
GLVOMKEG TPOPAETOUEVEG BETIKEG TOPATNPNCELS Kot 0pileTon C:
TP

precision = m

H avéaxinon (recall) ivatr o Adyoc t@v cmotd mpoPAendpevov BETIKOV TapotnPNCEDV TPOG OAES
TIC TOPATNPNOELS OTNV GVYKEKPIUEVT] KAAOT Kot opileTon og:

TP

recall = =5——7~

To Fl1score, 1o omoio mpotipdror dtav 1 davour| oTiG KAAGELS €ival Un 16oppomnuévn, givat o
otofKog pésog ™ axpifelag (precision) kot g avaxinong (recall)kor opileton oc:

Fle 2 Recall - Precision
" “Recall + Precision

Télog  AoyapOukn andieia (logarithmicloss)uetpdet v anddoon tov poviéAov Ta&vounong.
Ye 1€1010V €ldovg povtéda, 1 mPoOPAeyn divetan cav por mBavotnta pe T and 0 éog 1. H
AoyopBkn ammAieio avéaveton Kabmg 1 TpoPrepbeica mOavOTNTO OTOKAVEL OO TV TPAYLATIKTY
T pe Wovikd otdyo va glayiotomoteital 6to 0. Mabnuotucd n AoyoptOpukn arxdAE Yo, SVOOIKY|
TaSIvOUN O Y10 Lol GUYKEKPLUEVT] TTOPATIPTOT TPOGIIOPILETOL GAV:

—(ylog(p) + (1 — y)log(1 — p))

Omnov yeivor évag dvadikog deiktne (0 M 1) mov delyvel oe mown amd TIG dVO KAAGES OVIKEL M)
dgdopévn mapotipnorn kKo peivar n mbavotnto mov TpoPAEPONKE amd TO HOVIEAO YO TO OV 1|
doopévn TOavOTNTA OVIKEL OTN GUYKEKPLUEVT] KAGOT).

3. AIOTEAEXMATA

Ta amoteréopoto TV ahyopifumv unyavikng pdnong mapovstalovial 6€ avTn TV ToPAypaQo.
Olot ot alyopBpot exmardedtray o Nvidia Titan 1080 Ti ko mpoypoppatiotkoy cePython pe tig
Biprobrkeg Sci-Kit Learn, Keras (pe Tensorflow), Pandaskor Numpy. Ztov Ilivaxa 1,
TAPOLGLALOVTOL TO OTOTEAEGLATO OA®V TOV alyopiOumy.
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Mivaxkag 1.Metpntéc anddoong yio T cVYKPIoT TV aAyopifU®V TOV unyovey padnong.

AlyopiOpor OpOotnta Axpifera Avaxkinon F1  AoyoplOpiki aroirero

GNB 81.25% 0.81 0.81 0.81 6.479
LDA 88.50% 0.89 0.89 0.88 0.532
KNN 71.25% 0.8 0.71 0.69 4.503
DT 81.75% 0.82 0.82 0.82 6.303
RF 88.00% 0.88 0.88 0.88 0.369
Ada-B 87.25% 0.87 0.87 0.87 0.631
Grad-B 89.25% 0.89 0.89 0.89 0.247
Nu-SVM 89.25% 0.89 0.89 0.89 0.263
SVM 85.00% 0.85 0.85 0.85 0.338
MLP 87.75% 0.88 0.88 0.88 3.256
DNN 90.25% 0.9 0.9 0.9 0.295

210 Zyfua 3 mapovotdletor por GOYKPIoT TOV UETPNTP®OV 0mddoong TV oAyopiBuwmv mov €xovv
emruyel ot alyopiduotl. Ev ovveyela, oto oyfua 4 anewkoviCetoar 1 opfoTNTA £KAGTOL OAYOP1OLOV
enidoong, Kabmg eniong 6to oo S 1 AOYOPIOIKT OTOAELN TOV TPOAVIPEPHEVT®MV aAydp1Ouwv.Me
Bdon ta oynuoata 4 Kot 5, TV TO A0d0TIKN aPYLTEKTOVIKN TNV £)xEl To Pabv vevpwvikd diktvo, TO
omoio epgavifer v péytotn opBOTTA Kot TV ELAYIOTN AOYUPIOUIKT OTDOAENCE GUYKPIOT LLE TOVG
VTOAOITOVG OAYOP1OLOVG.

To Baby vevpovikd diktvo(DNN), ot punyavég davvopdtov vroot)piéng (SVM) kot n pébodog
Beltimong kAiong (gradient boosting) métvyav v kaAbtepn amddoor. Avtoi ot Tpelg adydpiduot
UTOPECOV VO TETVYOVV Ul YOUNAT AOYaptOKn am®AELd, TapOAo aVTE 0 ¥POVOG EKTOIOEVONG TOL
BaBéwc vevpwvikoh SIKTLOV NTOV TOAD O WKPHG GE GVYKPIOT UE TOLG GAAOVE KOl GUYKEKPIUEVA,
74s. To PaBb vevpwvikd diktvo paivetot OTL tvat 0 KOAVTEPOS OAYOPIOLLOG Y1 QLTY] TV EQOPLOYY.

OpOdtnTa alyopiOpwv

0,
95.00% 89.25% 89.25% 90.25%

% e co 87.75%
90.00% 87.25% 85.00% gamm

85.00%

80.00%

75.00%

70.00%

65.00%
Q)éb &v \&e S X Q S0 ~

Yympoa 3. XOykpion opBotnrag tv adyopifumy Tov unyavov pabnong.
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&

Q

Metpntég anddoong alyopibuwv
1
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05
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3 & & &
Typa 4. ZOyKpLon HETPNTAOV amdO0oNS TV OAYOpIOU®V TV unyovayv pddnong.

$\)

M AkpiBela ®AvAakAnon mF1

NoyaplOpikn anwAsia

7 ~6.479 6.3033

6

. 4503

. 3.2563
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2
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Typa 5. Z0ykpion AoyoplOpikng ammAELnS TV aAlyopiBpmy Tov unyavay udinong.

4. Xolqtnon ko copmepdopaTa
Mo cvykpitikny ovéivon oeénydn o6cov apopd v gpappoctudtTTe. Kot TV omddocn Tov
odyopiBumv Tov unyovov ekpddnong v v taivopnon tov QOUAA®V ToV dEVIPOV KOPLOLIS CE
avtd Tov £xovv avOpdKmon Kot oe autd Tov givarl vym. ‘Evag eraping apBpdg 2000 potoypapiodv
mhpbnke pe 1600VVAHO aPBUd LYIOV Kol HOALGUEVODV HE avOpdkmorn @OAAwV. Zvvolkd 11
alyopBpot dokpdotnkay Kot agtoloynonkayv pe Bdon v arddoon kot Ty akpifela Tov TETVY OV
ota cvuykekpéva dedopéva. Ot axpifeteg tov adyopBumv kopaivovtat and 71.25% éwc 90.25%, pe
TOVG TTEPLOGOTEPOVS VAL OTAVOLY TAV® omtd 85%. O alyodpBuog pe v Kaidtepn anddocn Ntav 10
Babd vevpwvikd diktvo 0 omoiog mETVYE Ko yaunAn Aoyoapdukn ammAeia (0.295) ko évav péco
xPOVO ekmaidevong 74s. Me Bdon v amddoon TG apYITEKTOVIKNG TOL Pabéms veupmvikoD dkTHOov,
N aviyvevon g avOpakmong TV GUAA®V otd To OEVTPO KOPLOLAIS EIVOL L0l EPIKTY] EQOPLOYT.

AvTt M €pgLVNTIKN avAAVOT OElyVEL TOV OPOUO TTPOG Wi o €K PabBEmc HEAETN TV aAyopiBumy
mov  Pacilovtar otg Pabiég vevpwviKég OOpHEG, OMWG TO  CUVEAKTIKAVELPOVIKA dikTLO
(convolutionalneuralnetworks, CNN) kot ta  emovoloppovopeve  vevpovikd  diktva
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(recurrentneuralnetworks, RNN). Melloviikd oyéda mepthapfavoov v €pguva o cLvOET®V
TOPAYOYOV, OT®G Kol HeTA-op)tekToviKEG Tov CNN 7ov pmopovdv va deEdyovv evtomopud
AVTIKELEVOV OTT®G Kot Tunpatomroinon eikoévov. Emmpdcdeta, pébodor emeEepyaciog ekévov 0nwg
o1 petaoynuoaticpot Fourier kot arocuvBeon tov waveletsmpénet va peretnovv.

Q¢ mPoc TN YVOON TOV CLYYPOQE®MV, OAAeG HeAéTeG AyylEav TOPOUOLEC AMOJOCELS GTO
OLYKEKPIUEVO TPOPAN U TV dEVIpOV Kopvdtdc/avOpakmong (Gamal et al. 2017). Zkomdg owthg ™G
UEAETNG Kol TG ouvéylong g eival va ytiotel €vag ta&vountig peydang axpipeag (>99%),
Bactopévog oe dedOUEVA TPAYUATIKOV GLVONKOV amd dévipa kapvudldc. Mg avtd Tov TpOTo 16YVPA
avtdvopo cuotiraTe Bo pmopodv vo aviyvedoovv acBéveleg oe POAAA pe peyddn axpifeta, yopig
v eniBAeyn avOpdTOV.

EYXAPIXTIEX

Hepyoasio avtmypnuotodombnke omdtoépyo “Epsvvntikny Zuvvépysio yio TV AVIWHETOTION TOV
Meydrwv Ilpoxincewv tov IMAéypuatog (NEXUS): Evépyewa-Ilepifaiiov-Aypotikn I[Moapaymyn
(Tpooen, Nepd, Yawka) (NEXUS)”, XpnuatodotOnke ond v I'eviky [pappoateio "Epgovag kot
Teyvoroylag (ITET)-Kwokdg EpyovMIS 5002496.
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APPLICATIONS OF COMPUTATIONAL FLUID DYNAMICS IN
PRECISION CROP FARMING

T. Bartzanas
Agricultural University of Athens, lera Odos 75, 11855, Athens, e-mail: t.bartzanas@aua.gr

ABSTRACT

Computational fluid dynamics (CFD), numerical analysis and simulation tools of fluid flow
processes have emerged from the development stage and become nowadays a robust design tool. It is
widely used to study various transport phenomena which involve fluid flow, heat and mass transfer,
providing detailed information for spatial and temporal distributions of flow speed and direction,
pressure, temperature and species concentration. The CFDtools provide a cost-effective way of
carrying out equipment and process design and optimisation, and can reduce risk in equipment
modification and process scale-up. In recent years, CFD modelling has been gaining attraction from
the agri-food industry. The present paper provides a state-of-the-art review on various CFD
applications for precision crop production such as, soil tillage, sprayers, harvesting, machinery, and
greenhouses. The challenges faced by modellers using CFD in precision crop production are
discussed and possibilities for incorporating the CFD models in decision support tools for precision
farming are highlighted.

Keywords: Tillage, harvesting machines, sprayers, greenhouse, decision support tools

1. INTRODUCTION

Historically agriculture has covered the even increasing human population by increasing its
productivity. In the last century most of this increased productivity was the result of genetic
improvement of crops and the use of chemicals and machinery. In the next years agriculture is
expected to produce not only food and raw material but also to maintain the landscape and contribute
to the reduction of Greenhouse Gases (GHG) in the atmosphere. It is anticipated that the new
increase in productivity in the next fifty years can also be the result of Information and
Communication Technology (ICT) use in agriculture.

The introduction of advanced ICT technologies into agriculture has enabled farmers to acquire
huge amounts of site-specific data for their farms, with the ultimate aim to improve their decision-
making process (Blackmore, 2000). Precision Agriculture, Site-Specific Management, Precision
Farming are all synonymous of innovative agricultural techniques to improve production and reduce
environmental pollution. Precision Agriculture (PA) can be defined as "the application of
technologies and principles to manage spatial (in-field) and temporal (over time) variability
associated with all aspects of agricultural production for the purpose of improving crop performance
and environmental quality” (Blackmore et al., 2003). The first applications of PA around the world
started in the early nineties but the initial adoption started at the end of the nineties.

The PA is intrinsically information intensive, and farmers face many difficulties in efficiently
managing the enormous amount of data they collect. They may lack sufficient time or are reluctant to
invest the time needed to analyze the data and interpret the information. The challenge lies to identify
the usefulness, importance and relevance of the gathered data for optimising farm efficiency. It
became clear that it is not a lack of available data that will impede progress in PA. Farmers have to
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think systematically about their information needs, the costs of information, alternative sources and
the value of the information, identifying what is the necessary data to collect before making
decisions (Fountas et al, 2006). There is no “cook-book” available on how to systematically analyze
the gathered data to help them make farm management decisions. This has become a drawback on
the wide adoption of PA worldwide. It becomes more evident that the analysis and interpretation of
PA data will be a new role for agronomists, as separate service or as complimentary to agrochemical
and fertilizer suppliers.

PA is effectively a suite of methods, approaches and instrumentation that farmers should examine
in detail to decide which is the most suitable for their business. In a report by Knight et al. (2009) the
cost/benefit of many of the components of this “suite” were discussed, suggesting what is needed for
each case. The growth in the adoption of PA in countries such as the UK has shown that between
2009 and 2012 the proportion of farms using PA increased. The increase for GNSS was greatest,
from 14% to 22%, for soil mapping from 14% to 20%, for variable rate application from 13% to 16%
and for yield mapping from 7% to 11%. The two most common reasons for adopting precision
farming techniques were to improve accuracy in farming operations (76% of farms in 2012) and to
reduce input costs (63% of farms in 2012).

In most cases data gathering is related to management of quantitative inputs in several production
related processes. Several proposals for data treatment can be found in the literature such of Godwin
et al. (1999) for data-gathering techniques, Oliver (1999) for interpolation techniques (geostatistics)
and Blackmore (2000) on interpretation of trends from year to year. Simulation models have also
been used, since they provide insights on the relationships between variables and their influence on
systems behaviour. In addition, using the gathered data several authors have validate and propose
models for optimal decision making at farm level (Shaffer et al., 2000).

Apart of the above mentioned data treatment and modelling methods, numerical modelling
techniques such as CFD can offer an effective way of accurately quantifying the influence of
machinery design, environment parameters and weather conditions within a virtual environment.
Thus, the amount of physical experimentation can be reduced considerably, although, as of yet, not
eliminated. CFD is a simulation method that can efficiently estimate both spatial and temporal field
fluid pressure as well as other chemical and environmental scalars, and the method has proven its
effectiveness in system design and optimization within the chemical, aerospace, and hydrodynamic
industries (Zhang et al., 2006). The ubiquitous nature of fluids and their influence on system
performance has caused a widespread take-up of CFD by many other disciplines. As a developing
modelling technique, CFD has received extensive attention throughout the international community.
As a result, CFD became an integral part of the engineering design and analysis environment of
many companies because of its ability to predict the performance of new designs or processes prior
to manufacturing or implementation (Schaldach et al., 2000).

The application of CFD in precision farming is concentrated mainly in greenhouse systems and in
the optimisation of sprayers. Few works have been done to optimise the design and functioning of
harvesting machines and some to analyze soil characteristics during tillage.

The present work reviews the main issues in the context of the current status and capabilities of
CFD in precision crop farming and identifies its potential for contributing in the design of more
efficient decision support systems for precision agriculture applications.
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2. APPLICATIONS OF CFD IN PRECISION CROP FARMING
2.1. Tillage

Study in tillage tool modelling mainly focus on energy requirement to operate the tool at different
soil, tool and system conditions. Though tillage is a dynamic process, most of the previous studies
are based on quasi-static analysis following the passive earth pressure theories. During tillage, soil
particles move ahead and around the tool as they fail in shear. As the tool engages soil during tillage,
undisturbed stiff soil sustains the exerted tool thrust up to its elastic limit before failing in shear. Soil
shear failure can be visualised and analysed as a flow pattern in front and around the cutting tool.
Soil failure front, the maximum longitudinal distance of the disturbed soil from the tool face, is
associated with slip surfaces generated by yielding and plastic deformation. The advancement of the
soil failure front depends on the operating speed, tool shape and size, tool orientation, and the soil
conditions.

Soil pressure exerted on the tool surface was also simulated using CFD (Karmakar, 2005).
Mathematical modelling was based on Navier stokes relationships for incompressible, single phase
soil flow in a free-surface flow channel with specific boundary conditions. Using CFD the soil was
treated as a visco-plastic fluid using the Bingham-plastic material model. Dynamic analysis of soil-
tool interaction with CFD helped understand visco-plastic soil flow phenomena and formation of
furrow and soil build-up around the tool (Fig. 1). Free-surface simulation improved the prediction
and description of the dynamics of soil-tool interaction and enabled visualization of soil surface
deformation representing furrow formation at the back of the tool and ridge formation in front of the
tool (Karmakar and Kushwaha, 2005).
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Fig. 1. Velocity profile showing furrow formation behind the tool and soil build-up in front of tillage
tool (Karmakar, 2005).
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Pressure bulbs in front and around the tool, depicting the soil stress due to the tool motion is
shown in Figure 2. The contour lines describe the range of pressure on the horizontal plane at
halfway below the soil surface i.e., at 50 mm depth. The normal stress on the soil in front of the tool
at 50 mm depth and 1 m s-1 operating speed decreased from 177 to 20 kPa along the direction of
motion forming a set of pressure bulbs. A negative pressure zone existed behind the tool due to flow
suction and pressure drop.

«— Tool

Rupture distance

Negative
Pressure

177

Fig. 2. Velocity profile showing furrow formation behind the tool and soil build-up in front of tillage
tool (Karmakar, 2005).

2.2 Sprayers

Most computer simulations for pesticide spray applications focus on droplet movement and air
flow after they are discharged from sprayers and spray droplet displacement under simplified field
conditions. Lagrangian trajectory approach is used to calculate droplet movement in laminar or
turbulence air flow fields. CFD accuracy to determine the relative effects of droplet size, wind speed,
turbulent intensity, initial droplet velocity, droplet discharge height, temperature and relative
humidity on droplet displacement (Zhu et al., 1996) was validated in a wind tunnel (Reichard et al.,
1992) and was used. Spray drift potentials from ground sprayers were also simulated (Nuyttens et al.,
2011), to improve sprayer performance (Molari et al., 2005), assist design of a pneumatic shielded
spraying system for increasing spray deposition and reduce spray drift (Tsay et al., 2002), simulate
jet flow in sprayer tanks to increase tank mixture uniformity (Ucar et al., 2001), and simulate air flow
and droplet movements inside canopies for an air-assisted orchard sprayer to increase spray
deposition on leaves (Delele et al., 2005). Tsay et al. (2002) used CFD simulation to evaluate
different designs of mechanical shields attached on boom sprayers and demonstrated that the addition
of a double-foil shield on a sprayer could reduce potential spray drift up to 50% while adding an
inclined plate ahead of the shield would worsen the shield performance. With CFD simulations
Endalew et al. (2010) were able to determine droplet trajectories inside pear canopies for choosing
optimal nozzles for air-assisted tower sprayers to maximize droplet deposition on leaves and
minimize off-target loss (Fig. 3).
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Fig. 3. CFD simulated droplet trajectories passing through a pear tree for the air assisted tower
sprayer equipped with (a) hollow cone nozzles and (b) flat fan nozzles (Endalew et al., 2010)

2.3. Harvesting and machinery design

In modern harvesting machines, one of the critical factors to fulfil the current demand of capacity
and output under a wide range of field and crop conditions is the capacity of the cleaning fan. With
the increasing power and output demands of the modern grain combine, the cleaning section capacity
has become a limiting factor. In order to obtain an effective cleaning action, the fan has to generate a
forceful and even air flow over and through the complete width of sieves.

Gebrehiwot et al. (2010) investigates the effect of an additional inlet opening on the performance
of the cleaning fan using CFD. They combined simulations with experimental measurements by
hotwire anemometers, to study the influence of a cross-flow opening on the performance and flow
distribution of a forward curved wide centrifugal fan with two parallel outlets. Three forward curved
fans of the same dimension were considered (Fig. 4). Fan-1 is an ordinary forward curved centrifugal
fan with two axial inlets, while fan-11 and fan-111 have a cross-flow inlet in addition to the axial inlet
opening in fan-I.

To assess the effect of the cross-flow opening on the performance of the centrifugal fan, CFD
simulations were performed. The transient, three-dimensional, viscous, incompressible URANS
equations were solved and the Re-Normalization Group (RNG) k-3 was used as a turbulence model.
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The calculation is performed unsteady, because of the highly transient flow in the blade channels.
There is a relatively large amount of air coming out of the frontal middle area across the width. In the
other parts of the opening, air is entering the fan through this opening at a relatively smaller velocity.
Thus, even when running at no load this opening is not completely an inlet. Close monitoring of the
flow in this opening shows that a small net amount of air enters the fan. Using the CFD simulation
results, Gebrehiwot et al. (2010) observed that availability of the cross-flow opening increases the
flow rate created by the fan at low loads. At higher loads however, all fans generate similar flow
rates. Comparison between measurements and simulations showed that the three-dimensional
URANS CFD simulations could predict the performance of the cleaning fan with an error of less that
10%.

Cross-flow
opening

Plane of /

symmetry
Fan-I Fan-Il Fan-lll

Fig. 4. Geometrical configuration of the fans under consideration (Gebrehiwot et al., 2010).

CFD modelling allows the prototypes of the harvesters to be developed and tested to obtain
essential parameters for engineering design without building a physical prototype, which requires
more time and is relatively expensive. Consequently, the CFD modeling allows the harvester designs
to be more easily optimized, creating greater control over the physical process of gas-particle
separation. In this research, the three dimensional design of nut harvester geometry was
computationally generated based on an initial prototype of commercial almond-harvester developed
by a commercial manufacturer (Flory Industries, Salida, CA).

Ponpesh and Giles (2008) applied CFD modelling to improve the design a nut harvester in order
to reduce particulate matter emissions while maintaining product quality and harvesting speed.
Fluent® was used for the simulations and the Realizable k-¢ and Stochastic Lagrangian Discrete
Phase Models were used to study the gas-particle flow in the harvester. Model validation was
performed using experimental measurements of static and dynamic pressures of the flow fields,
particle flow pattern and collection efficiency. As indicated by Ponpesh and Giles (2008), this may
benefit the collection efficiency of the particles by minimizing particle movement and the re-
entrainment of the particles into the gas stream which proceeds toward the outlet. The velocity is
increased during the semicircular section and is decreased toward the outlet. Larger (heavier)
particles moving at a lower speed are exerted by greater centrifugal force become detached from the
flow and driven toward the wall of the separating chamber. In addition, the simulated vectors of
velocity predict some recirculation near the upper wall of the outlet section, slightly down stream
from the semicircular section.
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3. DISCUSSION

The complexity and importance of agricultural operations management has increased as
agriculture has adapted capital-intensive production systems, thereby stimulating the development of
more formal planning techniques. Also, during recent years the general trend towards sustainable
farming practices has shifted the very nature of farm planning. From mainly dealing with the
traditional way of planning what to do - which crops to grow and which machines to use - the focus
has been moved towards problems of how to schedule and carry out different operations. CFD can be
combined with other models and experimental devises and it can be effectively be a part of decision
support tools in precision crop farming.

Bochtis et al (2011), presents a diagnostic tool which involves a combination of a sensors
network for the acquisition of real-time data in order to provide the actual conditions within the
biomass storage facility and a real-time computational fluid dynamics (CFD) modelling approach
fitted with selected updated weather data in order to provide the predicted conditions within the
storage facility assuming ideal conditions with no interfering events. The two conditions (actual and
predicted) are depicted graphically in a user interface allowing the user to evaluate the deviation
between the two conditions and decide if preventive actions are required. The principal components
of the diagnostic system (Fig. 5) include, a sensor network functioning as a data acquisition unit, a
wireless communication unit for the transmission of sensor data to an on-site data storage unit, a data
storage unit, a central server running the CFD model and a user interface for visualization purposes.
In the near future it is anticipated the CFD models will be used more often is such systems enabling a
more precision crop production.

sensors network

weather station

CFD model central server

interface yser

Fig. 5. The basic physical components of the diagnostic system (Bochtis, et al. 2011)
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The perspectives of this diagnostic system, and maybe similar systems using CFD models, is to
be integrated on farm management information systems where the visualization and alerting can
involve multi-delivery mechanisms such instant messaging through e-mail, or wireless devices (e.g.,
cellular phones). This continuously updated information will provide the manager a solid basis for
necessary preventive measures in precision crop farming.

4. CONCULSIONS

CFD modelling has been successfully used for precision crop farming. Application of CFD to tillage
has been proved to be an important tool in addressing many unresolved issues related to dynamic
soil-tool interaction. Modeling of energy requirement and predicting of soil failure patterns in large
soil deformation during tillage have been successfully analyzed by CFD modeling. CFD simulations
advanced also the improvement of pesticide sprayer efficiency for crops comprising of many
varieties and species. Future CFD models should accommodate uncontrollable canopy characteristics
and weather conditions with the sprayer design and operation to present real-time droplet trajectories.
Concerning the comparison with experimental data, although in general there was a good agreement
between measured and simulated (CFD) results, there was some deviation between the pressure from
the experiments and the simulations at the location before the flow entering the separating chamber
and in the outlet region. It is possible that this difference arises from the effects on the flow field of
the pitot tubes due to their relatively large dimension and shape of the probe tips. Other factors such
as the uncertainty of turbulent flow measurement, outlet boundary condition and the steady state
assumption are also pointed out by the authors
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ABSTRACT

The transition from extensive to intensive housing has induced in great changes in pigs’ husbandry.
The social issue that arose from this transition, is the lack of space for pigs to express their natural
behaviours such as exploration and foraging. Changes as such, resulted in aggression heightening,
the appearance of undesired and abnormal social behaviours (e.g. belly-nosing, tail and ear biting,
etc.) and unstable dominance hierarchies posing risks to health, welfare, deteriorating the quality of
the end product and thus, reducing the economical income of the units. Precision Livestock Farming
(PLF) is the fully automated continuous monitoring of animals, emphasizing on the individuality, by
using technological advancements as part of the management process. Pig husbandry is one of the
most technologically advanced forms of farming and the use of PLF is considered a given in the
production process. The data may be collected by cameras (CCTV, infra-red, thermal, etc.) and real-
time analyses systems, by microphones and sound analyses systems, or by any other sensor within
the production unit or on the animal such as accelerometers, flow meters, etc. In this paper, various
PLF research and PLF applications on the pig production are presented.

TEXNOAOTI'TEX AKPIBEIAZ(PLF) XTHN XOIPOTPO®IA

Xpnotog T avidaxns®, Havayidtng Zlun‘rCf]gb, Kovetavtivog Appavitne ko
Mavoyidg Haveydknc®

INEPIAHYH

Me Vv petdfaocn omd v EKTATIKN GTNV EVTATIKY EKTPOON LETAPANONKOV oNUAVTIKE 01 GUVONKES
dwPioong Tov yopwinv. To mpdfinua mov gppaviotnke egortiog ot ™G petdpaong, sivor 1
OVETAPKELDL YDPOL YL TNV EKGPACT TMOV QUOIKAOV GUUTEPLPOP®V, OO 1 €&epedvion Kot 1
avalnmon tpoens. EmumAéov, avutéc ot orhayéc siyov ®g amotéhecpo TV avénon g
eMBOETIKOTNTOC, TV EUEAvion avembountov cvumepupopodv (w.y. belly-nosing, tail kot earbiting
KAT.) Kot T S1atapoyn TOV KOWOVIKOV GYEGEMV LE OPVNTIKES EMTTAOGCELS Yio TNV vYEia, TV evlmia,
TNV TOWOTNTA KOl GUVETMG, Y10 TNV OIKOVOMIKY OOTEAECUATIKOTNTO TV povadwv. Ot Teyvoloyieg
AxpBelag oty Kmvotpopia (PLF) eivar  ovveyng mapakorobnon tov aypotikdv (Oov, HE
EUQOOT] OTNV  OTOUIKOTNTO, EVOOUOTOVOVTOS TIC CUYYPOVEG TEXVOAOYIEG OTNV  TAPOYWYIKY
dwdwkacio. H yopotpopio eivar amd Tig mo eEeAypéveg TEXVOAOYIKA, HOPQES EKTPOPNG TMV
aypoTik®v (owv Kot ypron twv PLF Bempeitar dedopévn oty mapaymyikn dwwdwkacio. H cuAloyn
TOV 0£0OUEVOV UTOPEL Va YIVEL LE TO CLVOLAGUO GLOTNUATOV AVAALONG CE TPAYLATIKO XPOVO Ko
ovotnudtov Kataypapng ewkovag (CCTV, infra-red, Bepuikéc kauepeg KAm.), | Myov, €ite pue
YPNOTM OTOLOVLONTOTE AAAOL cUGONTNPA EYKOTESTNUEVOL EVTOG TNG LOVADO TOPOY®YNG 1) OTA XO1pidia
VIOOEPIKA, OTMG OEEAEPOUETPA, UETPNTEC PONG KA. XTO Keipevo Bo TapOLCIHOTOVV OPIGUEVES
UEAETEC KOl EPOUPUOYES TOV CLGTNUATOV CLTOV.
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1. Introduction

The demand for meat and dairy products from the growing global population is continuously
increasing (Ahrendt et al., 2011; FAO, 2011; Berckmans, 2017). Today, 60 billion animals are
slaughtered each year for food production and it is expected that in the next 15 years this number
will increase up to 40% (Berckmans, 2014a) and 70% by 2050 (Berckmans, 2017) due to the rising
economies in Asia, India, South America and China. In particular, 770 million pigs are housed
globally each year, producing approximately of 110 million tons of meat (USDA, 2017). This
demand incentivizes producers to further expand their farms resulting in higher energy demands
and in less time spend by the farmer for each individual animal (FAO, 2011).

Up to the 1960s pig production was typically based on extensive rearing systems (PCIFAP,
2008) with approximately 4,000 m2 of pasture access per 20 pigs (HIS, 2014). During the last half
of the 20th century changes in animal farming modified the applied practices and management and
the production was converted from extensive to intensive commercialized facilities (PCIFAP,
2008). By the 1990s, the dominant production type was ‘’megafarms’’ (i.e. more than 10,000
breeding sows in a single location) covering more than half of the pig production globally (HIS,
2014). Due to this great change pig production units have grown a lot bigger, negatively affecting
the health and welfare status of animals (TFECHP, 2014). According to HIS (2014), the largest pig
production company in the USA and globally (Smithfield Foods) keeps nearly 1.1 million breeding
sows and the next top 9 companies keep more than 100,000 sows each. In addition, TFECHP
(2014) reported that in the UK the average herd size for fattening pigs was 1,000 or greater
compared with that in 1994, when the average herd size was less than 600, implying that the animal
number per worker has been greatly increased over the past two decades.

The transition from extensive to intensive housing has induced in great changes in pigs’
husbandry. For example, the piglets are naturally weaned at approximately 17 weeks of age (Jensen
and Recén, 1989) while, under intensive housing conditions, they are commonly weaned
prematurely at approximately 4 - 5 weeks of age (D’Eath and Turner, 2009). In addition, sows
housed extensively will breed twice a year while, when housed intensively this number is
significantly higher by at least 15 - 20 % (FAO, 2011). This indicates that the pigs grow in size and
reach puberty and adulthood much faster than their free-ranging or extensively reared counterparts.
The social issue that arose from this transition, is the lack of space for pigs to express their natural
behaviours such as exploration and foraging. In particular, in observations on the foraging
behaviour of domestic pigs housed extensively, each group member kept a distance of 3.8 m on
average from their nearest neighbor and different herds kept a distance of 50 m or more (HIS,
2014). In contrast, each pig housed under intensive commercial conditions has only 0.25 - 2.25 m2
at its disposal (FAO, 2011), depending on its characteristics (e.g. age, gender, group size, etc.).
Changes as such, resulted in aggression heightening, the appearance of undesired and abnormal
social behaviours (e.g. belly-nosing, tail and ear biting, etc.) and unstable dominance hierarchies
(D’Eath and Turner, 2009) posing risks to health and welfare (Hintze et al., 2013).

As the pig herds grow bigger and at the same time the number of farmers is decreasing
worldwide, it is almost impossible for the farmers to assess every animal and assure their wellbeing
individually (Berckmans, 2017). Precision Livestock Farming (PLF) could provide solutions for
this problem. PLF is the fully automated continuous monitoring of animals, emphasizing on the
individuality, by using technological advancements as part of the management process (Banhazi et
al., 2012; Berckmans, 2014a; Berckmans, 2017). When a problem within the production unit is
detected, a warning signal is triggered so that immediate action can be taken, leading to an early
problem solution (Berckmans, 2017). It can potentially improve animal welfare, reduce livestock
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emissions, improve the performance and the marketing and minimize the annual costs of the
production unit (Banhazi et al., 2012; Nilsson et al., 2015).

1. Precision Livestock Farming - data collection and analysis in pig barns

Every living organism is a Complex, Individually Different, Time-Varying and Dynamic (CITD)
system (Quanten et al., 2006). In biological research the majority of statistical analyses and
comparisons are between groups of living organisms by comparing the differences between the
averages of the groups (Berckmans, 2014b). However, no living organism lives or responds
according to this average bioresponses. In addition, the time varying characteristics of each
individual means that an individual will express different response to an environmental change or a
stressor each time it occurs (Quanten et al., 2006; Berckmans, 2014b).

According to Berckmans (2004) PLF:

(@) is a support tool and does not intend on replacing the farmer,

(b) is an animal-centric tool — the animal is the main part of the process and

(c) needs ideal conditions for the monitoring and control processes.

The process of developing an early warning system for the farm is based on the hypothesis that
when a pig experiences dis-comfort conditions, it will exhibit a bioresponse in terms of behavioural
changes (Nilsson et al., 2015; Berckmans, 2017). The first signs of a behavioural change should be
detected by the PLF system — either image processing, sound analysis or implanted sensors.
Therefore, the first step of creating a system that automatically monitors pigs’ behaviour and
manages a problem based on their bioresponses, is to observe and label video recordings that are
captured over a suitable time period. With the resulting video analysis it is possible to build an
automatic classifier that classifies patterns leading to behavioural differences due to unsuitable
conditions (Berckmans, 2008; Statham et al., 2009). The second step is to develop dynamic
mathematical models based on the posture/movement parameters, to define specific indicators for
these behaviours (Berckmans, 2014a). This particular protocol unified with a computer-vision system
that can track and monitor pigs continuously, can produce a tool for real time problem solution that
will improve the housing conditions and minimize the annual costs of the pig unit (Berckmans,
2014). These systems can help the producers in identifying a pig or groups of pigs that need special
attention (Dominiak et al., 2018). It should be noted that the CITD nature of the living organisms is
greatly affecting the algorithms used to measure individual bioresponses and it is necessary to be
constantly adapted (Berckmans, 2017).

The data may be collected by cameras (CCTV, infra-red, thermal, etc.) and real-time analyses
systems, by microphones and sound analyses systems, or by any other sensor within the production
unit or on the animal such as accelerometers, flow meters, etc. In the following paragraphs, various
PLF research and PLF applications on the pig production are presented.

1.1. Camera-based monitoring

McGlone (1986) stated that camera monitoring is generally used for detailed observations of
individual behaviours concerning their characteristics such as frequency of appearance, duration,
speed, acceleration, etc. He reported that only full time periods can be used in behavioural analysis.
In particular, he found that behavioural data sampling will result in great standard errors that will
negatively affect the results of the study and lead to inaccuracies. The recorded behaviour can be
analysed in (a) slow motion (Stygar et al., 2014) or frame-by-frame (Oczak et al., 2013) for
analysing individual fights and behavioural patterns or behavioural interactions such as bites
(average duration 0.5s) (McGlone, 1986), or (b) a faster speed for general activity analysis such as
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that of classifying the standing and lying behaviour of the animals (Nir et al., 2018). By performing
the above analyses, researchers can save valuable time and effort without compromising the accuracy
of the results (McGlone, 1986). It should be noted that a single camera above the pig pen is efficient
enough for any data collection needed and at the same time the total installation costs of the systems
are minimised (Berckmans, 2014a). Table 1 provides the definitions of the basic instrument
parameters to be used when evaluating a PLF system.

Over the past three decades, computer vision approaches in PLF have been used in multiple
livestock behaviour analysis and classification related applications. Their core purpose is to
determine even the slightest detail affecting the production (Halachmi et al., 2018). Nilsson et al.
(2015) developed an algorithm for thermal dis-comfort detection and automatic micro-climate
control management at pen level using a simple camera installed above the pen, based on pigs’ lying
positions within the pen. In addition, they reported that the system could potentially be used to detect
health issues and diseases with some modifications. Kashiha et al. (2013), successfully monitored
and identified the resting behaviour of 10 individual pigs, with a success rate of 88.7 %. It should be
noted that a PLF system can potentially trigger bioresponses in order to prevent certain behaviours of
the animals (Berckmans, 2014a). For example, real-time monitoring systems have been successfully
applied for investigating and controlling the feeding behaviour and weight estimation of the pigs
(Kashiha et al., 2014; Stygar et al., 2017; Nir et al., 2018) and possible prevention of aggressive
interactions by distracting the pigs with candies (Ismayilova et al., 2013).

Table 1. PLF system evaluation parameters

Parameter Definition

The maximum difference between
the value that the sensor reads and a

Accuracy known benchmark (Prichard, 2001; MC,
2008; NI, 2019)

Sensitivity/r The minimum input of physical

ecall parameter for a detectable output change

by the sensor (MC, 2018)

The discrimination between the
Specificity | parameter of interest and everything else
in the matrix (Prichard, 2001)

The degree of reproducibility of a
measurement or in mathematical terms,
Precision | “the random component of the
measurement error of the method”,
Prichard, 2001)

Another camera-based application is Thermal cameras. Thermal camera equipment has been
used in various areas of pig production including disease detection based on body temperature
analysis (Islam et al., 2015), the feasibility of thermal cameras and infrared thermometers as core
body temperature measurement tools instead of the common rectal thermometer (Schmidt et al.,
2013) and inflammation and lesions detection (Ruminski et al., 2007). In addition, Soerensen and
Pedersen (2015) reported that Infrared Temperature Equipment (IRTME) is a useful tool for efficient
automatic detection of pigs’ movement and evaluation of their health status. It should be noted that
usually there is inadequate equipment in field research and limited knowledge on its functions
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(Soerensen and Pedersen, 2015). However, these studies showed very promising results suggesting
that in the near future IRTME technology will be in the centre of PLF research and commercial on-
farm applications.

These studies have shown a great potential in solving health and welfare related problems in the
area of livestock farming and at the same time reducing the time spent with the pigs by the farmer
(Oczak et al., 2013; Oczak et al., 2014; Berckmans, 2014a).

The most common problem in today’s camera-based systems is “blob merging” (Viazzi et al.,
2014). This may be caused due to illumination or environmental changes such as humidity
condensation or dust concentration on the lens of the camera during the day, interfering with and
increasing the noise of the recordings (Lee et al., 2016). In the studies of McFarlane and Schofield
(1995) and Viazzi et al. (2014), when the pigs got too close to each other, especially when they slept
in piles (i.e. one on top of the other), the tracking software merged the individual blobs
misinterpreting two individuals as one and eventually, it could not identify which pig is which
(Figure 1.1.). In addition, Viazzi et al. (2014) software lacked in complete detection of aggressive
behaviour as it showed a value of 89% for accuracy, 88.7% for sensitivity and 89.3% for specificity.
McFarlane and Schofield (1995) recommended an increase of the image-capture rate of the camera
to 1 image/50ms (= 50 frames per second) with the intention to minimise this problem. Lee et al.
(2016) developed a tool based on the Kinect depth sensor and used it to track and classify aggressive
behaviours within the pig pen but they also faced the same problems as Viazzi et al. (2014) (Figure
1.11.). The average classification accuracy was 90.2% and the average precision and recall were
90.2% and 90.1%, respectively. Even though the software developed by Lee et al. (2016) showed
improved precision, accuracy and recall, the problem of real-time monitoring and complete
automatic aggression detection is yet to overcome.

l. .
Figure 1. Blob merging in today’s camera-based systems. (I. Adapted from: Viazzi et al., 2014, 11
Adapted from: Lee et al., 2018).

Sound surveillance

Vocalisations and screams are behavioural expressions among pigs that convey information about
their current state of health and welfare (Hillmann et al., 2004; Vandermeulen et al., 2015). This
information can be of extreme help for the farmer in detecting problems early or preventing
outbreaks. In particular, high frequency barks are linked to high cortisol levels in the blood and
increased stress (Manteuffel et al., 2004; Vandermeulen et al., 2015).

It is known that pigs have a strong tendency for coordination and synchronization of behaviour in
space and time and even one bark alarm by a single pig may make the whole group or even all the
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groups in the chamber to freeze and attend towards the sound source (Spinka, 2009). Therefore, the
technology used for monitoring pigs, should not interfere with their lives as even a slight sound such
as a ‘pling’ could be the reason of inaccuracies in the experimental results. This was evident in Aerts
et al. (2005) where the pigs got used of the labelling sound of the system and started coughing
voluntary to hear this particular sound, leading to experimental errors.

To develop an automatic scream classifier a reference set of data is necessary (Vandermeulen et
al., 2015; Hemeryck and Berckmans, 2015). This reference data set can be built with audio labelling
captured data by a single observer (Guarino et al., 2008; Chung et al., 2013), the same method as in
camera-based systems. Schon et al. (2004) developed an Artificial Neural Network tool, the
STREMODO, for automatic stress detection based only on vocalisation analysis. During the
development process of the tool they found that the duration and intensity of screams are better stress
indicators than the actual number of screams. STREMODO was tested under commercial conditions
and the results were compared against six human experts’ audio observations and against the cortisol
levels in pigs’ blood, achieving more than 99% of accuracy and more than 95% precision.
Vandermeulen et al. (2015) developed an automatic classifier for pig screams definition and
subtraction from other production process sounds. An event was labelled as a scream if its duration
was longer than 0.4s. The thresholds that determined a scream’s characteristics (i.e. duration, low or
high sound power, frequency, specific formant structure and variation between screams) were
combined into a simple voting system, where each feature had one vote to determine if a certain
sound was a scream or not. Thus, this classifier was based on votes making it adaptive. The
developed tool achieved a 71.83% sensitivity, 91.43% specificity and an 83.61% precision. The
classifier was then compared with STREMODO in terms of specificity, sensitivity and precision. It
was found that STREMODO demonstrated improved results in sensitivity and specificity while for
calculating the correlation between the two systems and a labeler for ten minutes both systems
achieved comparable results comprising, a correlation of 0.80 (P<0.001) for the VVandermeulen et al.
(2015) method and a 0.84 (P<0.001) for STREMODO.

Ferrari et al. (2008), developed an automatic tool that detects and classifies cough and screams
related with pulmonary diseases. They reported that there was a significant difference between the
Root Mean Square of healthy pigs (0.215) and the infected with disease (0.124) (P=0). Moreover,
significant differences between the average peak frequency and length of coughs found (P<0.001);
non-infectious coughs had an average peak frequency of 1600 Hz and average length of 0.43s
compared with the infectious coughs that were recorded at 600Hz and 0.67s. Chung et al. (2013)
achieved a 94% accuracy and a 91% sensitivity with their automatic cough and screams detection
tool. It was noted that even a cheap microphone can be used to collect the data further reducing the
system costs. Cordeiro et al. (2018) classified the screams of 40 pigs (i.e. 20 male and 20 female) for
a full production cycle. It was found that the intensity differed significantly between males and
females (i.e. 194 Hz and 218.2 Hz, respectively) and among the stages of the production cycle. They
developed a tool that automatically classifies the age, sex and stressful events with precision of 81%
based on voice recognition exclusively. Von Borell et al. (2009) developed a tool based on the
classification of three different classes of piglet vocalisations (i.e. grunting, squealing and
screaming). They found that vocalization analysis in pigs can help identify both pain and behavioural
changes indicating that a system that combines both camera-based and audio analysis system could
potentially improve contemporary PLF systems. The aforementioned studies provide evidence that
utilization of certain pigs’ behaviour elements through sound analysis is feasible and it will be an
essential part of future PLF systems.
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2.3.0ther Communication Information Technology (CIT) sensors

Various sensors could be used to monitor any parameter of interest within the pig barn such as
radio-frequency identification (RFID) chips (Adrion et al., 2017) and depth sensors (Kim et al.,
2017) along with more complex systems including electronic feeders and drinkers (Berckmans,
2015).

Adrion et al. (2018) tested an ultra-high frequency (UHF) RFID system for its efficiency in
tracking pigs’ trough visits using cameras. This system showed a 49.7% sensitivity, 99.0%
specificity and a 97.9% accuracy. They reported that this technology needs further research and
development. In addition, Maselyne et al. (2015) placed a high frequency RFID system around the
nipple drinkers and 55 RFID tags were put on equal number of pigs to monitor pigs’ individual
drinking behaviour. The system was validated by live observations and flow-meters installed before
each nipple drinker. It successfully registered 97% of the total drinking bouts, hence the 99.2% of the
total drinking duration. However, they reported that the number and duration of the drinking bouts
was overestimated by 10 and 19% respectively, implementing that further research in needed for a
PLF early problem detection, signal warning application.

Cornou et al. (2008) proposed an oestrus, lameness and health disorders detection method using
data collected from electronic sow feeders. This model showed specificity higher than 93% for all
three tested parameters (P<0.003). Sensitivity was not higher than 75% and was reported as
satisfying compared with other commercial methods. However, these methods result in high number
of false alarms and further research is needed for more concrete results.

Scheel et al. (2015), proposed a method to automatically detect lameness in sows at early stages
using acceleration data collected from ear tags. In particular, they measured general activity such as
daily variance, average variation and average squared variation, of 14 sows, 7 of which were
diagnosed as lame at the end of the experimental period which lasted 14 days. They assumed that this
data followed a normal distribution. A feature was classified as abnormal if the probability of
observation was lower than 0.08. “Features per sow in state on” (i.e. mean, med, min, max) were
significantly higher (i.e. 14.6, 11, 1, 41 on day 13 and 18.4, 15, 6, 50 on day 14), than in healthy
sows (i.e. 5.4, 3,0, 12 and 8.3, 8, 1, 20, respectively). They reported that they are working towards
the development of an on-farm application with an early warning system based on the proposed
method.

Wallenbeck and Keeling (2013) developed a model that predicts future tail biting outbreaks
(TBO) 9 weeks before the first visual tail injuries based on data collected from electronic feeders,
comprising daily frequency of feeder visits (DFV) and daily feed consumption (DFC). More
specifically, 6-9 weeks before a TBO took place, the pigs demonstrated 23-51% less DFV than the
pigs in pens with no development of TBO. Moreover, during the 5th week before a TBO, the future
tail bite victims showed a 33-47% greater DFV compared with their pen mates that would not
become victims and a 24-29% greater DFV compared with pigs in pens where no TBO was set in
course.

Manteuffel (2009) developed a system for active feeding control in pigs. Groups of 8 pigs at the
age of 7 weeks old were trained to individual jingles that were produced from Call Feeding Stations
(CFS) in stall in their pens. The CFS produced a jingle sound and if the appropriate animal entered
the feeder, feed was provided. The experiment lasted for 13 weeks and was repeated with 6 more
groups. In the first day of the experiment all pigs positively reacted to the jingle sound on average of
49.1+3.2%. By the 4th day they reached correct response rate of 82+7% while, the frequency of
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appearance of abnormal behaviours such as belly nosing was lower and healing of skin lesions was
improved compared with the control groups. In addition, the experimental groups showed better meat
quality (comprising, 0.2% less intramuscular fat, 1.1% less drip loss and 7% more oxidative muscle
fibres) and growth performance was not affected. It was reported that CFS minimised the
competitive fighting, improved health and welfare and in general reduced stress levels.

The above studies suggest that although there has been a lot of work the previous 30 years and
PLF area has improved greatly, more research is needed in order to reach the next level — on farm
applications development and installation.

2.4.Modelling - methodology

Research and developments in the area of modelling of animal behaviour has been in the centre of
focus the past decade providing very promising results such as preventing environmental degradation
and health issues (Exadaktylos et al., 2008) and aggressive behaviour precognition (Oczak et al.,
2013; 2014) in pigs.

The final step in developing an automatic dynamic control tool is to develop a model that links
behaviour responses such as resting, feeding, drinking, panting, huddling, floor occupation area,
aggressive interaction and activity to the parameter of interest e.g. temperature, relative humidity,
airborne particle concentration, etc. Controlling the parameter via aspects of behaviour requires
knowledge of how the animals respond to different conditions and variations of the parameter of
interest. The responses are likely to involve both steady-state and dynamic components, therefore
both traditional statistical analysis and dynamic modelling can be used to describe them (Smouse et
al., 2010). As a result the model should be able to first describe a relationship between the parameter
of interest and the behaviour and secondly predict the animal behaviour from past information. As a
third step the comparison between predicted and real measured behaviour reveals if the animal status
has changed (i.e. from comfort to discomfort). The change in status can be either determined by the
prediction error, namely the error between predicted and real measured value, or the change in the
model parameters that are defined by the model structure. The information to what extent the animal
state has changed can then be used as input for the model-based controller defining what adjustments
in the parameter settings must be done to bring the animal back to its normal state e.g. comfort
behaviour. The monitoring and control algorithm would be trained by the experimental data and first
validated on an extra data set that would have been gathered throughout experimentation but not used
for the development of the algorithms. These algorithms should have a sensitivity of at least 85% and
a specificity of at least 89% in order for the system to be commercially adoptable (Petrie and
Watson, 2006; Oczak et al., 2013; Oczak et al., 2014; Viazzi et al., 2014; Berckmans 2014a). Thus,
the pigs would unconsciously control the parameter of interest themselves.

3. The future of PLF

Pigs tend to destroy any system they have access to thus, the future of PLF in this area is geared
towards under-the-skin sensors, Information and Communications Technology (ICT), cameras and
microphones (Berckmans, 2014a). Although, PLF technology has been mainly developed under
laboratory conditions, it has been proven that it is feasible to develop systems for commercial pig
barns (Berckmans, 2017). This technology is just a daily management decision making tool that
assists farmers improve their units and minimise the reliance on human labor (Kamphuis et al.,
2015). However, PLF technology in farm adaptation has been rather slow the past years. This
phenomenon could be mostly attributed to the cost-benefit ratio and the lack of perceived economic
value (Russel and Bewley, 2013) mostly. For example the automatic weight monitoring and
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estimation of pigs, although it seems very interesting, it has almost no value at all for the farmer as
the collected data and the weight deviation alarms cannot be translated in to actions. Therefore,
research in this area should be more focused on applications development rather than technology
investigation. In addition, there should be an economic analysis that would demonstrate the
economic benefits of PLF technology on on-farm applications (i.e. value for money). This may be
one of the most important research concepts in today’s PLF development centres.

The impact of PLF in pig barns could be of great benefit for the farmers. More specifically,
aggression in a pig barn may cost the farmer either due to deaths or, medical treatments and delayed
growth for the injured pigs. A PLF system that is able to reduce the costs due to aggression even by
2%, it is estimated that it will greatly benefit the farmer compared with its installation costs
(Tzanidakis, 2018). In addition, a system as such could potentially be used in other animals with
some alternations.

Under-the-skin sensors will be installed in the near future as Europe and the US are already
working towards the definition of acceptable laws in terms of animal welfare and well-being. Imec
R&D nano electronics and digital technologies companies have already developed a sensor that can
detect and treat an infection at the first cell of a pig’s body by measuring the pro-inflammatory
cytokine, acute phase proteins, effector molecules and several other blood and body fluid variables.
This sensor is attached on pig’s body and the blood is being pumped through the sensor. Today,
researchers are working towards the development of an algorithm that identifies which concentration
of infected cells is infective for each person individually. In particular, this algorithm will be able to
measure variations in the individual (Barckmans, 2014a).

Another debate is the installation costs of a PLF system. PLF technology can potentially be fairly
cheap. Berckmans (2014a) reported that in 1989 M3-BIORes group started an experiment to measure
heart rate, temperature and body movement using an implanted sensor for chickens and pigs and the
cost for each sensor was 12,300 euros. In 2014 the same sensor costs 400 euros each and the
manufacturer stated that could sell it for 0.12 euros if they produce 100,000,000 sensors per year.
Therefore, it is evident that if a certain technology find useful applications within the pig barns then
the installation cost could almost be eliminated.

It is evident that technological power has risen the past decades and it will continue rising this
century in even faster pace. Researchers in the PLF area have a huge variety of sensors and systems
to test for possible in pig barns in almost every aspect of the production process. It is known that
today the developed sensors can measure almost everything needed to be measured (Berckmans,
2014a). These technological advancements are a challenge towards developing systems that will be
economically viable, easy to use and efficient targeting a more environmental friendly pig production
in terms of welfare, quantity and quality.
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IHHEPIAHYH

H oviwpatiky ouovimapén ¢ mopadoclokng Ye®Pylog Kol TOL  GLYYPOVOL KOGHOL NG
ymoomompévng TaAnpoeopioc, Ba Enpene va amotelel TOPAYOVTIO EMLTAYLVONG TOV EKCLYYPOVIGLOD
TOV &V AOY® TPMOTOYEVOLG TOUEN Kol TV Un-Pedtictomompéveov pebddov mov tov Siémovv.
Epappoopéveg mpaxtikég PacilONEVEG GE EUMEIPIKES TOPOTNPNCELS TOV 001 YOVV GE GTUTAAN TOPWV
KOl OTOQEPOVY  OVEMOOUNTA  OMOTEAEGUOTO, OIKOVOUIK®V Kol TEPPUALOVIIKOV  OPVNTIKOV
EMNTAOCE®V, WTOPOVV VO, AVTIKOTAGTAOOVV amd cOyypoveg eVOALOKTIKES. Ta mapamdve amoTeAovV
mpofAnpata mov Bo pmopovcay vo eEoAEPOOVV Le TNV aE0ToINoT TOV TEAELTAUIMV TEXVOAOYIKMV
eEeMEewV OV GTOYELOVY GTN YPNON CLTOVOUMOV OYNUATOV Kol TANPOPOPLIK®Y cuothudtov. To
TANPOEOPLOKO GUGTNUO TOV TOPOLGLALETAL, OMOTEAEL TO TAQICIO TOV EVOOUOTOVEL OAOL TOL
EMUEPOVG aVTOHVOUNG Agttovpyiog vrToovoTHHate Kot eEAcQaAilel ™MV aueidpoun emkowvmvia
peta&d Toug.

AéCeig KAe1did: poumoTIKY, Ye®PYie, ooONTPES, UN EMOVOPOUEVO EVAEPLO OYNLUO, U1 ETOVOPOUEVO
eniyelo oymuo

ROBOTICS APPLICATIONS IN AGRICULTURE WITH THE USE OF AN
INTEGRATED INFORMATION SYSTEM

I. Menexes, V. Kolorizos, C. Arvanitis, G. Banias, D. Kateris & D. Bochtis
YInstitute for Bio-economy and Agri-technology (iBO), Center for Research and Technology Hellas
(CERTH), Dimarchou Georgiadou 118, 38333, Bolos, e-mail: i.menexes@certh.gr

ABSTRACT

The contradictory coexistence of Agriculture and the modern world of digitized information, should
act as a factor in accelerating the modernization process of this primary sector and of its non-
optimized methods that it is governed by. Applied practices that are based on empirical observations,
leading to inefficient resource use and yield undesired results of negative environmental as well as
economic impact, might as well be replaced by modern alternatives. Such matters are considered
problems that could be eliminated by using the latest technological advancements, the aim of which
is focused on the utilization of autonomous vehicles and information systems. The presented
information system is the framework within which the integration of numerous autonomously
operating subsystems is viable with an ensured bidirectional communication among the information
system’s entities.

Keywords: robotics, agriculture, sensors, UGV, UAV
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1. EIXATQI'H

O xocpog ommg eibiotor va 1o yvopilovue €xel aAraéel Exel eelybel mAéov oe éva mepifaiiov
YMEKNG TANPOQOpiag Kot 0EO0UEVOV, SOUNUEVO EVTOC TOL TAOUGIOV 7OV £Yel dNUIOLPYNOEL TO
oLYYpPovo dadikTvo. KHplo yopaktnpiotikd toveivat 11 SUVOUIKE OGN TOV, TAPAYOVTOG TOV KOOIoTA
™V avaykn yu avoaducn tov oTotyelmv TouTo ETTOKTIKN od ToTE. 26T0C0, TAPOAO TOL VTN N
dwdkacio Ppioketar oe dapkn eEEMEN Kapd TOpa, ivor peavég g dev €yovv Adfet 6Aot ot
ToUElg TN 0€0VCA TPOGOYN OVTMG MGTE O OVOAOYIKOS, AAAOTE, KOGUOG oG Vo petoPel opaAd otnv
EMOYN NG TANPOoQopiag. Avotuydg, 1M yewpylo avikel o€ avtny T AloTo KAAS®V 7oL £YOLV
mopofAreebel Kol KOTA CULVEMEWN, OV €£YOLV KATAPEPEL VO TOPAKOAOVONGOLV TIG TEAELTOHEG
teyvoloykég eEeliéelc. Qg OmMOTEAEGHO TG ONUOVTIKNAG OVTNG OGVVETEWNG, TAN00G Hebddmv g
EMOTNUNG NG YeWPYIOG TOPAPEVOVY OEGLIES EEMEPACUEVOV TPOKTIKOV 7ov Pacilovtal o€
TOPOTNPNOES KOl GE EUTMEIPIKE CUUTEPACUATO TOV VOTEPOVV OMOTEAECUOTIKOTNTOG Kot ypilovv
dupeong Pertiotonoinong. I' avtd 10 AOYO, £)xel TEPAOTIOL ONUAGIO 1 GTOXELON TPOG CLTHV TNV
katevhBvvon kabmg vVIapyovy Tpopepég duvatoTNTeS PeATioons Tov dAvwbev Tacyovomv HebddwV,
epoocov a&lomombovv vmevbuva kol pefodikd ot SvVVUTOHTNTEC TOV TEAELTOUMV TEXVOAOYIKAOV
eeAilemv.

Téroteg e&eMelg KaoTOOV EQIKTN TNV EVEOUATWOGCT TEXVOAOYLOV, GUVIEGEUEVOV LUE TIG EVVOLEG TOV
QOPNTAOV KOl OGVPUOTOV EVPVLOVIKOV GUVOECEDV KOl TOV VITOAOYIGTIKOD VEQOLS, GTN PaCIGUEVT
ot yvoon 'ewpyio(Morgan and Murdoch, 2000), kot tkov)) Vo GUTOUOTOTOWGEL EPYAGIEC OV
AmOLTOLV OVOPOTIVO SVVOULIKO, LEUDVOVIOG CNUOVIIKG TO KOGTOG TETOIWV EPYOCIMV. LG AUECO
emakoOAovbo avtov, eEacpaiiletor 1 peiwon kKaTavAA®oNg TOPWV TN OTIYUn Tov ov&dvetor 1M
TAPOYOYY, EMTVYYAVOVTIOS TO OTOXO oG emBountig tooppomiog mopaddémv. O otdyxoc avtdg,
kabopiopévog pe kptnplo t PuootpdmnTe, TOL CNUAOEVEL 6 {TNoN LYNAOTEPNG TOPAYWOYNG,
EKTANPAOVETOL Kol ovTIKATOTTPILETOL OTIG BETIKEG EMATMOOELS OV £YEL EMAV® OTIC, UETAED GAA®V,
TEPPOALOVIIKEC KOl OIKOVOUIKES TTLYEG TNG Propnyavia thg Pro-otkovouiag(Von Wirén-Lehr, 2001).
[MopoAMAmg Ouwg, pe tov oloéva av&aviopevo avBpomvo mAnbvoud va aokel mEGES Yo
HEYOADTEPY] TOPAYWYT, OE GLVOLOOUO HE TOLG OVOCTOATIKOVG TOPAYOVIEG TNG GCLUTIECTGTOV
eda@kov dvvapukov(Hamza and Anderson, 2005) kot g kApotikng actabeiag(Mueller et al.,
2012), mpooBétovv axoua peyolvtepo PBapoc oty (Rtnon. Emmpocbitmg, katd tov Opyovioud
Tpooipwv ka I'ewpylag tov Hvopévov EBvov, pla avdivon oe Babog eikoot etmv deiyvel advénon,
mg taEemg tov 0,49% emoioc, oe Oepuidikég amartioelg Kotd kepain. H avénon avtr|, mov
petappdleton oe éva a&oonueioto 10.25% vy 600 dekoetieg, oamoktd 101aitEPO PAPOS ®C
peTaPANT otV €£I6MOTN TOL EMOTUAIVEL TNV AVOYKOIOTNTO Y10 TEPALTEP® AOENGN TNG TPOGPOPAG
TpoKeWEVOL va avTiotadotel  {Rnon.

H Teyvoloyia g ITAnpogopiog mapéyet Tnv LWOSOUN Yl TN ONUIOVPYIC TOL TOAD OVOYKO{iOL
nepPdArovtog yuo | Fewpyla mov givar Paciopévn oty minpogopic. IIAnpopoplakd cvotrpata
TOL CLYKEVIPp®VOLV Kot emefepydloviar TOAVTIUEG TANPOPOPIEG OYETIKA UE TN YeE®PYia,
eEumnpeTohv oKomovg mov Ba PEATIOGOVY TO €MIMESO TNG ELPLOVG SLAYEIPIONG KOl ATOPACNS TNG
veopywnc mapaymync(Serensen et al., 2010; Yan-E, 2011). Ta dedopéva £166600 6TO TANPOPOPLAKO
GUGTNUO TTOV OPOPOVV GTNV TOWOTNTO TOL E€XAPOVS, OTNV KATAGTOON TOV YMPOELOL Kol TNG
KOAALEPYELOG, OTNV VYELD TOV QUTOV KAO®G EMIONG KOl 0€ TOAAEG AALES KPIGIECUETPNOELS, UTOPOVV
va Aopfdavovtor afldmoto Kol OMOTEAEGUOTIKG [E TN YPNON OVTOUOTOTOUUEVOV POUTOTIKMOV
vroocvotnudtwv(Sgrensen et al., 2010), oe cvvdvacud pe e€ehyuévo e€omhiopd (ocOntnpec,
kauepeg kAm.)(Adamchuk et al., 2004). Exiyeia (UGV) ko evaépia (UAV) un emavopouéva
oynuato tehevtoiog teyvoloyiag, eEomMopéva pe eElocov aventuypévo Kot eEeMypévo e€omMaud,
umopovv va gwsaybovv ot lewpyio g [TAnpogopiog pES® OAOKANPOUEVOV TANPOPOPLOKAOV
ovotnudtov(Sarensen et al., 2011).

Q061660, SIKOOAOYNUEVO, TPOKVTTEL 1 OOpiet Yo TNV amovcio. evog TETO0V TTEPPAAAOVTOG, TOL
omoiov N Ymapén Ba avéPale Tov Ty dvvaToTHTOV TG Yewpyiag kot Oa v avaPfabule oe eninedo
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avta&lo TV VIOAOITOVKAAS®V TG Propunyoaviag, kabng, ev €11 2019 kot pe v paydaio dvOion g
TEXYVOAOYIOG, MUl TETOWL Omovcio Timote GALO mapd €viovo mpoPAnuatiopd Bo pmopovce va
npokaiel. H artia g, £0¢ tddpa, advuvapiog ovamtuéng mopoolmy OAOKANPOUEVEOY TANPOPOPLIKOV
CUCTNUATOV YL TNV LAOCTNPIEN TOV  EYXEPNUOTOS EVOOUATOONG OVTOVOU®V POUTOTIKOV
vrocvotnudtov ot Fewpyla g [TAnpogopioc, eviomileTol o€ AEITOVPYIKES KOl SOUIKES OVGKOALES.
O J10QOPETIKNG PVOEMS TOTTOG TOV EMUEPOVS VTOGVOTNUATOV EUTOOILEL TNV O1GHVOIEST] LTMOV KOl
avaoTEALEL TN poN| TV dedopEVOV HETAED TOVG, KAOIGTMOVTAG TIC TPOOSTAOELIES Y10 GUVEPYATIO TOVG
un-Aertovpykés. EmmAéov, n peténerta emeCepyacio Tov 0E00UEVOV, TOL GLAAEYOVTOL OO TO
POUTOTIKG OYNUOTO, (OOCTE VO UHETATPATOVV G€ €QUPUOSIUN TANpoeopio amontel TN ypnom
TPOYPUUUATOV,AVETTUYUEVO GTO TANIGL0 KAEIGTOD KMOIKO, TOL EML TG OVGIOG ATOTEAOVV «UOVPL
KOUTLA» GTO, OTOiloL O XPNOTNG OV €YEL KavEVAY EAEYYO ®OC TMPOC TOV TPOMO EMEEEPYOSING TNG
TANPOPOPIag €16O00V KOl, Kot EmEKTAOT, Kopio PefordTnTo ®G TPOS TNV EYKLPOTNTA TNG
nwapoyopevng eE6oov. ‘Emetta, akoun kot oty Tepintwon mov ta avembey avtipetoniloviot EnTuy®g,
T0 TPOPANUa Tov BETEL PpayUd oTNV 0El0TOINGT TOV ATOTEAECUATMOV €IVl O KOTAKEPUATIGUOG TNG
napoyopevng manpoeopiag. TloAvdpiBueg povadeg emelepyaciog dedopévav cuveyohs TopoymYNS
TANPOPOPLOYV, Guverdyovtal e&icov moAlvdplOumy Tyodv Tapayouevne manpoeopioc. H cviioyn
AVTAOV KOl 1] GUYKEVIPOTIKN OlaXEIpIon TOVG, HECH OO Lo DTOOOUY TOV TPOGPEPEL dVVATOTITEG
QPUATPOPICUOTOC TOV TOPOTAVED TAPOPOPLOVY Y10, TNV KAADTEPT] KO ATOTEAEGLATIKOTEPT 0E10TOINoN
TOVG, €tvat 10 TPOPANHE Kot 1) TPOKANGT GTO OTTO10L EMKEVIPADOVETOL TO EVOLOPEPOV.

Ye aut ™V €pyaocia, TPOTEIVETOL £V OAOKANPOUEVO TANPOPOPLOKO GCUGTNHO TOV GULAAEYEL
dgdopéva PEcm Un emavOp®UEVOV emlyEl®V Kol evoéplmv oynudtov. To cvotnuo avtd GToYEVEL
GTOV EKGUYYPOVIGUO KOl TNV OUTOUOTOTOINGY] OPIGUEVOV OO TOVG TPOUVUPEPOEVTEG KAAOOLE TNG
vewpylog kot avapévetor va Bepamedoel mpoPAnuata to omoion wnydlovv 1060 amd pedddovg
otploueveg oe TOPUOOCIOKES TPOKTIKEG OGO Kot amd TNV EAAEWYN KEVIPIKA GLYKEVIPOUEVOV
dedopévmv.

2. AOMH XYXTHMATOX

2.1 AertovpyikoTnTO TANPOPOPLOKOD GUGTILATOS

Avantuén kat . Ynnpeoiec . . AnoBriksuon kat
Siaysiplon ebappoyiv Yriohoylapée Siavopn mepLeyopévou
paon AWS Cloud Avahvri
Sz bopevwv .
Services
Moxeipion kal
aoddlsio
Kuwwnrd kat

CUOKEUEG

. Awtdwon
Ewéva 4. AWS Yrodopn vanpeciodv vEQog.

To mlaiclo oto omoio evoopoatdvovior ta vroovotuate tov UGV xor UAV egivan 10
TANpoeoplakd cHoTra Tov Tapovstdletat. H vrodoun mive oty onoia Paciletor o eEumnpetng
oV TANpoeoplakod cvotiuatog (back-end), o pdrog Tov omoiov givan va Aappdvet, vo amodnkedet,
va enegepydletor kot vo Tapéxel TOGO GTO ¥PNOTN TNV TEAMKN TANPOPOpio. 0G0 Kol TNV ovayKoio
TAnpoopia HeTAD TOV VTOGLOTNUAT®V, VTOSTNPILETOL OO TIC VITOOOUES TTOL TPOSPEPEL | Amazon
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HEGO TOV VANPECSIDOV VITOAOYIOTIKOD VEQOLS(Amazon, 2016) mov aviKoVV 6TO EVPVTEPO GUVOLO TOV
vanpeotdv otod g Amazon (AWS)(Ewova 11). H vynAn aélomotio kot or duvatdtnteg yiao
€0KOAN TPOGOPUOYN TNG KAMHOKOG TOL GUOGTHUOTOS MOTE VO OVTOTOKPIVETOL OTIS AEITOLPYIKES
ATOLTAOELS OTIMG AVTEG dlapopPavoval, kKabhg emiong kot ) Aettovpyia “serverlessapplication” rov
ol Tpelg AGYolL TOV 0ONYNGAV GTNV EMAOYN TOL LRWOAOYIGTIKOD VEPovg AWSwmg v TAatedpua
@uo&eviog Tov TANPOEOPLOKOD GVoTAATOC Tov avortuydnke. To povtédo “serverlessapplication”
QOOEGUEVEL AVOPDOTIVOLG TOPOVS OO EPYAGIEG TOV OPOPOVV GTN GLVINPN G TOL eEVTNPETNTH], Ko
avti avTov 1O avOpOTIVO awTd dvVaKO umopel va a&lomomBel Yo TNV avATTLEN TNG EPAPUOYNS
€0TIALOVTOG TO EVOLUPEPOV GTO KOUUATL TOV TANPOPOPLOKOV GUGTHILOTOG LE TO OTOT0 AAANAETOPA O
yprotg (front-end).

o v avartvén tov front-end, ftoav amnapaitnto va ypnoponondel £va 6OVOLO SOPOPETIKDOV
epyareiov hoyiopukov. O yAddooeg ReactStrap(Hernandez, Burrell and Sharp, 2018), BootStrap(Otto
et al., 2019), HTML kot CSSviofethnkav yio ) dnpovpyio tov ypaeikod mepifailovtog g
EPOPLOYNG HECH TOL OTOTOV 0 YPNOTNG UTOPEL VO AAANAETIOPA [LE TO TANPOPOPLOKO GUGTILLO KOL VL
éxel mpocPoaon oe avtd. H emkowmvia peta&d tov back-end kot tov front-end tov cvothuartog yia
™V avtoAdayr] dedopévev petald Tomv dvo, mpayportomoleitor pe Tt Ponbeln g YAdocog
React(Facebook Open Source, 2017). H React sivar pia Bipriodnkn Paciopévn oty JavaScript
YADGGO, TOL YPCILOTOIEITL KATA KOPOV GTNV AVATTUEN 1I0TOCEAIO®V KOl IGTO-EPUPLOYDV, Kot ivart
KOTAAANAN Yoo TN ONUOVPYIO YPOPIKOV SIETAPOV HEGHD TMV OTMOIMV EMTLYYAVETAL O XEPICUOC TNG
EKAOTOTE OVETTLYUEVIG EQAPLOYNG 0d TOVS avtioTotyoug ypnotec. H BootStrap eivar éva gpyadeio
OV YPTCLUOTOIEITAL Y10l TY) LOPPOTOINGN TNG EUPAVIONG TOV IGTOGEAIO®V, TOL KOOIGTA TOAD EVKOAN
™V TOAV-GLUPATOHTNTO TOV 10TOCEAIO®V e TOALAPIOUEG OOPOPETIKEG CLOKEVEG OMMG KvNTd,
@OopNTOL - Kol U1 “VTOAOYIGTEG KAT., Y®PIC VO AAAOLDVETOL O TPOTOG EUPAVIONG TNG IOTOGEAIDNG OF
dwpopetikoy peyéBovg o86veg. H ypnon tg BootStrap ce cuvévaoud pe ™ React yAdoco mov
kaBiotaton amapaitnn Yoo TV avadmtuén Tov TANPOPOPIOKOD GLGTHUOTOC, TPUYUATOTOEITOL LECW
g yA®ooag ReactStrap mov amotedel éva pEC® €100YMYNAG TOV GTOWEIOV OV TPOCOEPEL M
BootStrap ot yAd®cca React.

2.2. AELTOVPYIKOTI|TO, POUTOTIKOD GUGTILOTOS

To “RobotOperatingSystem” (ROS)(Quigley et al., 2009) eivor éva mhoicio Pocicpévo oto
Aertovpykd ovotnua Linux, mov mpooeépetar yioo TV ovVATTLEN AOYIGUIKOD Y10l POUTOT.
AmoteAeital amd TV KEVIPIKN povéda mov ovoudleton “Rosmaster” kot and éva diktvo kOppwv. To
diktvo avtd dwuyepiletar o Rosmaster, kat dev €xel mePOPIGUO G PO T0 TANB0G KOUPwV OV
umopet va prhoEevnoet. Orot ot kOpPot avtol etvar aveEdptnTot amd ToVg VITOAOITOVGS, LE TOV KaBEva
va e&umnpetel SLPOPETIKOVS GKOTOVG EKTEAMVTOS OLPOPETIKNG PVCEMS EPYUCIES, ONUIOVPYDVTOG
€101 £va TOAOTA0KO, ®GTOCO amAd oTn Pdomn Tov, dikTvo EMEEEPYOSTIKMY LOVAS®MY TTOL AELTOVPYOVV
TopdAANAo. péoa 610 1610 01KOGVOTNA (ZQIANE! AYVOOTY TUPAPETPOG GALAYNG.).

Ros

Master
Mnvuopate I Mnvupata

KoupBog_1 4= KouPog_ 2 e Koupog_v

‘ MnvUpata ’

Ewova 5.Aoun tov diktbov ROS.
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Ot kopPot €govv ™ SLVOTOTNTA VO ETKOWVOVOLV 0 £vag e TOV GAAO aVIOAAAGGOVTOG dedopéva
HEC® SLOPOPETIKMOV TOT®V, Y. KAOE TEPIMTMOOTN, UNVOUUATOV Kol OAOL TOVG cuvtovilovtal amd To
Rosmaster.

To Aoyopkd ROS ypnoyonoteiton og onuovtikd Babud ot Prounyavio 0tTav eUmAEKovIoL pOUToT,
N aKopa Kot 6TOAOL 0md poumoT, Kot ival SNUOPIAESG yapn otV AVolKToy AOYIGUIKOD QUGT| TOV,
OTt®¢ emiong Kot AOY® NG TAOVG10C GLALOYNG oo PAI0ONKESG AOYIGLUKOD TTOV TPOCPEPEL O1 OTOTEG
UTOPOVY VO GLVOLOGTOVV GE SLUPOPETIKES £Qapproyés. EmmpooBétmg, o ROS mapéyst por peydin
TOKIAlo 00N y®dV Aoyiopkov (softwaredrivers), digvkoAdvovtag €161, EVILTOGCLINKE, TN dtadtkocio
ouvoeong Propnyavikod, terevtaiog teyvoroyiag, efomiiopol ota poundt. Tétorog eEomMopdc
umopel va. apopd a1cONTAPLO KOl GUOKEVEG, OTTMC Y10 TOPASEIYUO OEKTEC SOUEVOV TAONYNONG TOV
npoépyovtal amd 10 Aopveopikd Zvotnua [laykoéopag IThonynong (GNSS), aicOntmpeg cdpwong
Aéep, kauepeg PaBovc/RGB, Movadeg Métpnong Adpdvetag (IMU) khr., pe t gpnom tov omoiov
To. poumdT givol wovd vo avtiAapPévovtol Tov TPoyUaTikd KOGUO Kol VO KvoOVTal EVTOS QUTOV
ATOPEVYOVTOG EUTOSLO TTOL AVIXVELOLY 6TO YMPO YOpw Tovg(Thrun, 2008).

2.3. AELTOVPYIKOTNTO GVVIEIEPNEVOV GUGTILATOS

Ta UGV mov eivar eomMopéva pe t€toov €idovg egomAiopd, emiyelpodv avtdvopo €viOg TOL
TAOLG10V OV TTOPEYEL TO TANPOoPoplakd cvotnuo(Sarensen and Bochtis, 2010), to omoio pmopel va
avaféoel epyocieg 6To POUTOT Ol 0T0lEG Bal EKTEAEGTOVV GUUP®VO LE TO TPOYPULLLO EPYOCIDV OTMG
aVTO SWHOPPOVETOL OO TO YPNOTN TOL CLOTHHOTOS. To TANPOPOPLOKO CVLGTNIA TOPAKOAOVOET Ko
KATOYPAPEL SLPKADS TNV KOTAGTACT] T®V POUTOT TOV dtayepiletal, TapEyovtag TANPOPopies yio T
GUVOAIKY] ETMOTTEID AVTAOV. ZNUAVTIKY YPNOIHOTNTA £XEL 1| {OVTOVY] EVIUEPWOGT] OEOOUEVOV GYETIKAOV
pe v tomobecio, TV ToyVINTO, TO EMMEdO Kol OPTIOTNTO TG Mmatapiog, TNV Tpdodo Tng
avatedeicng epyaciog Kot T GLVOAIKT OldpKEL AEITOVPYIOG TOV EKAGTOTE POUTOT, KOOOTL KPATA TO
YPNOT TOL GLGTNLUATOG EVILEPO Y1 TNV KOTAGTACT, 0vToV. To dtacuvderévo GOGTNA KAVEL duvaTh
mv vroPonbnon g avtovoung mionynoncrov/rwov UGV(S) andé UAV(S) to omoio emtyelpovv
TOVTOYPOVO, GTOV EVOEPLO XDPO TOL AYPOV, TPOPOJIOTMVTAS, GE TPUYUATIKO YPOGVO, TO TANPOPOPLOKO
ovotnuo pe dedouéva Tov emtyelpnotokod ydpov (m.y. 3-Dmapping) to omoio peTo@EPOVIOL GTO
TANPOEOPLOKO GVOTNHO Kot ovalvovtal ®dote va, petagépovv ota UGV minpopopieg vmootpiéng
omv eniyvoon nepiPdirovroc (Ravankar et al., 2018). Zvykekpuéva, 1o UAVS cuiréyovv
QOTOYPOPIKO VAKO TOV OTOioL 1) OVAALGN TOPEYXEL TOAVTULEG TANPOPOPIES YO TOV EVTOMICUO
entyeltmv eumodiov. Ta dedopéva avtd E10AYOVTOL GTO TANPOPOPLIKO GUGTNLUO OO OTOV O YPNOTNG
&xel TpOGPaon 6To CLALEYHEVO evaéplo VAIKS Kot pumopel va dgt {ovtavd v gidéva tov PAETEL TO
EVAEPLO OYMULA, Y10 TO OVTIOTOL(O YOPAPL. AKOUN, omd TNV OVAALGN TOV TAPUTAVE® OEOOUEVOV Eival
EPIKTO vaL cuvTayBovv TAdVa TopEiag [LE TO OTTOl0, EVILEPDOVOVTOL TO. ENLYELD. POUTTOT. XTO TAAICLO
™G vrofonBovpevng mhonynone, to UAV otédvouv eidonomoelg ota UGV, mov onuotodotodv v
vmopén eumodiov oe ovykekpuéva onueia evtodg tov yopaplov. ‘Eretta, ta UGV ypnoyomolovv
QLTAV TNV TANPOEOPIn. KOl GE GLVOVOCUO HE TO dEdOUEVA TOL AQUPAVOLY HEG® TOVL €EOTAGLOV
TOVG, EMOANOELOVY TNV EYKLPOTNTO AVTAOV TOV EWBOTOWCEDY KOl OVOVEDVOVV TO TAAVO SL0OPOUNG
7oL Ba 0KOAOVONGOVY TPOKELUEVOD VAL TTOPVYOLV TEPLOYES EVTOS TOL AyPOL Atd OOV OEV UTOPOVV
va 0tEABoLV.

3. EPAPMOTI'H XYXTHMATOX

O onuavtikdg GyKog OEOOUEVOV OV GUYKEVIPMOVETOL GTO TANPOEOPLOKO GOGTNUA, Yo Vo
amoOnkevtel 6T0 VEPOG Kot va cuvtaybel oe epapuociun TAnpoeopio Yo, peAloviikny ypnon. To
QOTOYPOPIKO VAIKO Tov cLAAEYeToL pécm Tov UGV katd ) Acttovpyia Tovg VIO TOL aypov, £xEL
wwitepn aéla oe moAvdpOueg epapupoyés (Ewova 13X@dipa! To apyeio mpoéievong g
avapopag oy Ppitnke.).
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Ewova 6. AAnAenidpacn TV OVIOTHTOV TOL TANPOPOPLIKOD GLGTHUATOG, LLE TO XPNOTN.

H mopaxorovdnon g vyeiog tov putov petaTpénetal o epyacio Tov Oev amotel TAEOV GNUOVTIKO
avOpomvo dvvapukd(Liakos et al., 2018) evd tovtdypova avédvetal evivnmolokd 1 akpifeia Tov
dedopévav mov avtAovvral katd thv dieknepainon me(Khirade and Patil, 2015). Q¢ dueon cvvéneia
VTOV, TPOKVTTEL KOAVTEPN Kot peyaAvTEPOL Pabpod a&lomotiog TpdPAeyn Tapay®YNG, TOL UE TN
oepd ™C odnyel o vyNAOTEPNG OKPIPENG OIKOVOUKEG EKTIUNAGELS Y1O. TOVS YPNOTEG TOV
mnpoeoplakod cvotiuatog. Emiong, o yekaoudg yio v avipetonion tov Qllaviov pmopel va
TPOYPUUUOTIOTEL Kot va. dPOHOAOYNOEl Y10 GUYKEKPIUEVEG TEPLOYEG EVTOG TOV OYpdV, OTOL TO
TpoOPANpa cvykévipoong Cllaviov evtomiletol va eivar evtovotepo, cuufdiiovtag £Tol 6T pelmon
OTATAANG TOP®V Kal, KOT EMEKTOCN, OTNV AENCT TNG OMOTEAECUOTIKOTNTOS Kot HeElmwon Thavdv
apvntik®v mepiPorroviikdv emmtocemv(C. Nithya et al., 2011) (Ewova 14).

Emtinedo 2 Eminedo 3 Eninedo 4

Ewkéva 7.X06tpa mopakoAovdnone aypoTikng Tapoymyng TEGGAP®Y ETTEOWMV.

v ewova 4 mTopovcstdloviol TEGGEPH TAPAOEIYLLATO OLUCVLVOEUEVNG TTANPOPOPIOG TPOEPYOUEVIG
oo T€ooeplc daPOoPeTIKEG TNYES (Téooepa emineda TapaKoloHONoNG). XT0 TPAOTO EMIMESOAVIKOVLV
ot dwdkacieg GuALoYN G dedopévav pe ™ xpnon UGV oyetikd pe v avayvopion avlpdkmonc oe
@OAM kapvdldc. H dudyvoon g acBévelng vAomoteitor amd  petémerta enefepyoasio g
ovMeybeioag mAnpoopioc, pe ohyopiBpovg pnyovikng padnong. Xto emduevo  emimedo,
ypnowonowwvtag UAV, Tpayuatomoteital avayvdpion dEVOPOV TOL KOPLIEDVO LE TO, JEGOUEVO TTOV
GUVAAEYOVTOL VO OMOGTEAAOVTOL GTO TANPOPOPIOIKO GCUOTNUO KOl, KATOMY €MEEEPYNTInG, Vo
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petagépovior oto UGV yia v vmoompiEn g mAonynong tov. Akoun, oto eminedo 3,
otapopetikod Tomov UAV culAéyel omToypapikd LAIKO amd To omoio yivetor e&oymyr|, apyikd,
LOCOTKOV TPOG EMOANOELOT TG EYKVPOTNTOS SOPLVPOPIKAOV EIKOVOV Yo TNV OVTIGTOYN £KTOOT,
OT®G €MioNG Kol TOIKIA®MV SEIKTMOV 1010{TEPNC KPIOIUOTNTAS, Y10 TOVG YPNOTEG TOV GLOTNHLATOG, GTOVG
omoiovg evtdoocovtar ot deikteg NDVI, EVI, MDPI, NDWI kabob¢ ko mAnbog dAimv. Télog, to
TANPOPOPLOKO CVLOTNUO UTOPEL VO LITOGTNPIEEL TANPOPOPID, TYETIKN LE TOVG TAPOTAV® OEIKTES, TOL
poépyetol amd dopveopikd dedopéva, va cuvoebel kol vo amobnkevtel oV LTOOOUY OOCTE
apyotepa va ontikonombel oto mAaiclo eite cOYKPIONG e TA OEOOUEVO TTOV TTOPAYOVIOL OO TO TN
xpon UAV eite evioyvong avtodv dote va dlevkoAvviel 1 dtadikacion Myme GYETIKOV omo@dcemv
amd TO YPNOTN TOL GLGTNOTOG

4. LZYMIIEPAXMATA

Ev xoatakAeidl, 10 mANPO@OpPloKd GUGTNUO TOL TAPOLCIALETOL, EVOMUATMVEL HUN-ETOVOPMOUEVOL
EMIYELN KOl EVOEPLOL OYNUOTO TTOLLTTOGTNPILOVY TIG ALTOVPYIEG EVOG GTOAOL aVEEAPTNTOV CLALEKTMOV
oedopévov, to omoio Obétel mepetaipm duvaTdOTNTEG OMuovpyiac-avdbeone kol HETAO0OMG
gpyaoctov mpog ektédeon. H avtoparomomuévn arinienidopaocn tov UGV kar UAV pe 10
TANPOPOPLOKO GUGTNLO GTOYEVEL OTN ONUIOLPYi EVOC PLOGILOV SIKTHOL GLUVEYXOVG POTG dEGOUEVDV
avapesa oTlg OVIOTNTEC MOV OIAOEEVOUVTOL KOl EMYEPOVV €VTOS TOV OIKOGLOTHUATOS Tov. H
TpoPAeym mopaywyne, vy moapddetypo, Bo pumopel va vrootnpileton mALov oamd amoteALoUATO
avadAlvong HEYIA®V OYKOV QOTOYPOPIKOD DAMKOV, TPOKEWEVOL VO PNV LroKeltal o€ ofEPaieg
extypnioelc. H pnyaviopot mov Ba mloicidvouv v mopakolovbnon g vyeidg Tov QuTov,
oe014ovTal 00VTMC MGTE VO EVIULEPMDVOVY TO YPNOTI TOV TANPOPOPLOKOD GUGTHUATOG Yol TOOVOHG
KIVOUVOUG GYETIKOVG E TOONGELS PLTAOV, EVTOG TOL OYPOV, KOl VO EAOYLCTOTOMGOLV TO TEPBMPLO
AdBovg ot ddyvoon cvvnbicpévev €& avtdv. Téhog, n pebodikn mTapakoAovdncn TV aypdv yio
tov gvtomiopd avantuéng Qillaviov avapévetor va moapéyel kabodnynon vy yekacpd akpipeiag,
aglomoumvtag YOpTeG €VTAoNg Ol Omoiol PEPOVY TANPOPOPIEG TOL VTOJEIKVOOLV TOIEG TEPLOYES
avtipetonilovy  to  peyoAvtepo  mPOPANUO.  ZTNVIOPOVGOEPYUCIUTOPOVCIACTNKEUOGVUVTOUT
TEPLYPOPY] TOV TANPOPOPLOKOV GLOTHHATOC. To choTue Ppioketanr VIO dtopkn AVATTVEN KoL LEP
avtov &yovv NOM viomombel. Ta amoteléouato TOV TPOKVATOVV OO TNV £MG TAOPO YPNOT TOL
TANPOPOPLOKOD GLGTHATOG EVOAPPHVOLV TNV TTEPETAIP® GLVEYLOT TPOS ALTHY TV KaTELHLVON.

ANAT'NQPIZH MIOPQN EPEYNAX

H moapovoa epyoasio mpayuatomrombnke ota mAaicwo tov épyov "Epevvnrikn Xvvépyeia v tnv
Avtipetomon tov Meydhov Ilpokinceov tov IMAéypoatoc (NEXUS): Evépysuo-Tlepipdirov-
Aypotikn [Moapaywyn (Tpoen, Nepd, Yiwd) (NEXUS)”, pe ypnuatoddtnon g Ievikng
Ipoppareiog Epevvag kat Teyvoroyiog (ITET) - Kmowdc Epyov: MIS 5002496.
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POMIIOTIKH KE®AAH AYTOMATOY KOPYOOAOT'HMATOX KAI
EAEI'XOY TQN OYAAIZIQN XTON KAIINO

N. Zadxkag, A. KoroBog, A. Xtapoving, T. Bapraykag, O. IN'arapdc, 1. I'papairog
[Moavemoto Oeooariog, Xyoln 'eomovikdv Entotnudv, 41110 Adpica e-mail: gravalos@teilar.gr

INEPIAHYH

2T0V KOmvO, 1N OQOIpES TV KOPLE®OV (KOPLPOAOYNUWM) KOl GTN) CUVEXEWL O EAEYYOS TMV
poacyoioiov Practdv (§eyyoc uAMiiov) sivor arapaitnteg epyacieg, mov ennpedlovv Betikd Ta
TOL0TIKA YOPAKTNPIOTIKA TOV ENpod Kamvoy. TKOmOG TNG €PYNCiag avTng, €ival 1 avamTuEn piog
POUTOTIKNG KEPOUANG OV KOPel avtopata v tadlavlio Kot Tavtdypove Sufpéyel oToxevuéva e
avTiLAMELoKO Stdlvpo tor Koppéva euta. H poumotikn) kepain meptlopfdvel évav OyoAwmto
UETOAAKSO 0010, TOV UNYavIoHO KOTNG Kot ToV pnyovicpd yekoaopob. H kepain mpocaprootnke
KATOAANAQ TAVD GE pio Tpitpoyn mAATEOpUa, Le KABetn puBuion avdioya pe 1o emBountd vVyog
Komng ¢ taStovOiog. AoKipndotnke 1060 G€ €PYOCTNPLOKES, 000 Kol o€ ovvOnkeg mediov. Ta
amoteléopata emPefainoay ToV KOVOTOUO GXEOAGUO TG POUTOTIKNG KEPOANG.

AéCeig rAe1did: KaAMEPYELD KOTVOV, KOPLPOAGYN LA, EAEYXOG GLAMEIWV, aypOTIKA pOUTOHT

A ROBOTIC HEAD FOR AUTOMATED TOPPING AND SUCKERING
OF TOBACCO PLANTS

N. Ziakas, D. Kolovos, D. Stamoulis, T. Varlagas, Th. Gialamas, I. Gravalos
School of Agricultural Sciences, University of Thessaly, 41110 Larissa, Greece, e-mail:
gravalos@teilar.gr

ABSTRACT

In agricultural crops, such as tobacco, the budding part of the plant (topping) is removed and
subsequently the growth of axillary shoots (called suckers) is controlled with chemicals in order to
produce good quality heavy-bodied darker tobacco leaves. In this study, the design and development
of a novel robotic head is presented, whereby the topping and suckering treatments can be performed
in an automatic fashion. The head includes a topper unit, a high-precision sprayer and a bifurcated
metal guide, designed to keep the plants in an upright position and guide them to the circular saw
blade. The robotic head and auxiliary equipmentwere mounted on a three-wheeled mobile platform.
It was tested in both laboratory and field conditions. The results obtained confirm the benefits
achieved by the use of our innovative design.

Keywords: tobacco plant, topping, suckercide treatments, agricultural robotics
1. EIZATQI'H

2T xOpO HoC KAAAEPYOVVTAL TPELS SLOPOPETIKOL TOTTOL KOmvoD: o) Ta avatoAkd, B) ta Virginia
kot y) ta Burley. I kdBe tOmo kamvod vdpyovy ToAAEG TOIKIAIEG Ot 0T01eC SlaPEPOLY HETAED TOVG
®WG  TWPOG  TO  HOPPOAOYIKA  YVOPICHATO, TO  TOWOTIKG  YOPOKTNPIOTIKA KOl TIG
€0aPoKMpaTIKECOLVONKES. Omoloodnmote TOMOG Kamvod Kot ov KoAAepynOei, ypeldletor OAeg
eKelves TIC KOAMEPYNTIKES PPOVTIOES, YL Vo ODGEL LYNAN GTPEUUATIKY OmOO00T) OALL KLPimg
vYNAR oot Ta ENPod Komvol (dnAadt| yevon-apmpo Kotd to kdmviopa)(Steinberg&Tso, 1958).
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O kamvég tvar Eva eutd pe éva oTéde)0g To 0moio KotaAnyet o€ pia taglovOio pe oynue Botpuoc.
H opipovon mmg taavbiog epmodiCer v avantuén tov mAdyiov Practdv (puAliliov) oTtig
HOoYAAES TV OAA®V. Xe KAOe HooyOAn uHmopel vo gUEOVIGTOVV £€m¢ Tpelg TAGYlor PAactol
(ocvvnBwg 6vo Practol). H ta&lavBia ypnotipuedel oty avamapoymyq Tov KOTvoD Kot Yo To AOYo
AT TO0 ELTO SLOYETEVEL VEPO KOl BPETTIKA GTOLYEIN GE QLT YV, LE AMOTEAEGILO TAL VTOAOUTA LEPT] TOL
@LTOV Kol Kuplwg To EOAA vo ydvouv oe Papog Kot molotnTa petd v amoénpovon (Hannam,
1968). 'Etot, 1o kopveordynua (topping) eivor pior KOAMEPYNTIKY TPOKTIKY Yio o kamve Virginia
kot Burley, n onoia cuvodedeton and éleyyo tov uililiov (chemicalsuckercontrol).

Me 10 KOpLQOAGYNUA TO GVAAL TOV HEVOLV GTO PLTO LEYOADVOLV KOl YIVOVTOL TAOVGLOTEPQ GE
Bapoc. Emiong, 1o pilikd cvotnua tov utod avEavetot Le omoTéEAECUA: VO ALEAVETAL 1) OVTOYY| TOV
QULTOL oTNV ENPOcio KOt TOLG OVELOVG, VO BEATIOVETOL 1] IKOVOTNTA TOV GTNV TPOGANYN TOL VEPOL
Kol TV Opentikdv otoyeiov Kot emouévmg va éxovue ovvleon meplocdtepng vikotivng (Elliot,
1976).To kopv@oAidynua Bo TpEMeL Vo TPOYUOTOTOLEITOL OTAV TO MGH QUTE TNG KOAMEPYELNG EYOVV
apyicet va avBilovv (dnAaodn o kabe PuTd Topatnpovvtar 2-3 avin avorypéva). To Kopveorldoynua
TOV QUTOV OAOKANPOVETOL PETE amd HEPIKES MUEPES, OTOV Kot To. LOAowa eUTA avBicovv. Ta
ATOTEAECLATO LOKPOXPOVIOV EPELVAOV £JEIENV OTL GTNV TMEPIMTOON 7OV TO. PLTA TOL KOTVOD OEV
KopueoAoynBovv eykaipmg, n anddoon peidvetar kotd 2-3 Kg avd otpéupa kot ava nuépa. Emiong,
TEWPAUOTIKA EYEl TPOGOIOPIOTEL TO VYOG TOL Kopveoroynuatos. Ta komva Virginia Oa mpénel va
KOpLEoAoyoHvTal 6T0 VYog TV 18-20 ypnotpnwv ALV, evd ta kamva Burley oto vyog tov 20-22
ypnowov eOAov (Yazdani, 2013). To kopveordynua yio vo dmoel To entbountd amoteAécuaro,
npénel va cuvovaletal and Ereyyo tov euAMiiov. H mapovsio puilliov dev emitpénel ota @OAAL
Tov Komvoh vo avamtvyfobv kot va Papovovv kavomomtikd. O €heyyoc TV @UAMCI®V
npaypatonoleiton  pe  Practoldynua M avtipuAlllokd okevdopato  (ynukog €ieyxog). To
PAactoAdyNUa YiveTon pe To ¥€ptL pia popd v ePodopdoa. Tpio pe téooepa PAacToroypaTo elvarl
apKETE Yoo amoAdayovv ta eLTE omd To EUAAIC. Emiong, pe 1o PAactoldynuo moapatnpeiton
pelwon otV amdd0oT oL OPEILETOL GE GTACIUO TOV PUVAAW®V A0 ACTOYES KIVIGELS TOV ETOYLOKMDV
EPYOTMOV YNG OVAUESO OTIS GEWPES TOV QLTOV TOL Koamvoy. Télog, mpémel vo onuewwdel O6TL 1O
BAacToAdYNUO deV elval TO 1010 OMOTEAECUOTIKO HE TNV €QPAPUOYN OVTILPLAMIIOKOVOKELOGUATMV
(Sadri & Dehghan Zade, 2014).

Ta aviipuAMllokd okevdopoto  Owakpivovion o€: o)  ovtipAM{oKkd  emaeng Kor )
StovotNUATIKAVTIQUAMEIoKA. To avtipuAAillokd CKEVACUATO ETAPNG VEKPOVOLV TO, QLAAI I
TOAD YPNYOPO, OUECMG HETO TNV €QOPUOYN TOVG (cLveEm®G 0ev emmpedletanl TO0 amOTEAEGUA 0o
evogyopevn Ppoxdémtmwon mov pmopel va  axolovbnoel). Ta  SacvotnpoTikdovTiQUAMIIOKE
€10EPYOVTAL EVTOS TOL GUVTOV KOl S1OKOTTOVY TNV avamtuén Tov euAAliov. O araitovpevog ypoOvog
YL TV €{6000 TOV GKEVACUATOG GTO PLTO gival TEPITOV 6 MBPEG. XTO SASTNU AVTO dEV TPEMEL VO,
Bpééer 1 va mpaypatomomBel dpdevon Twv @utedv. Mo Tov Adyo 0ovTO TPOTHOLVTOL TO
avTieVAAMLLokd okevdopata eraens. H d6om tov avtipuAiillokoy StohdpaTog mov cuvieTtdral eival
15-25 cm® ava @uto. H ypnon tov avtipuAMEioKoy GKELAGHOTOS TPEMEL VO YIVETOL LE UEYAAN
TPOCOYN, MGTE TO OGALHO VO PapUOleTOl OKPIPDS TAV®D GTO KOUUEVO GTEAEYOG TOV (LTOV, GTN
ocvvéyeln va apedel va "tpé€erl" mpog Ta KAT® Kot KoTd UNKOG TOL GTEAEYOLG HEYPL TN Pdom Tov, Yo
va dafpé&et Oheg Tig paocyareg Tov eOAAwv (Taylor, etal., 2007/2008; AdAag, 2014).

To wopvpordynuo. yivetor pe ovtokivovuevotopper mov ko6PBer v toSovbio, &vd  To
avTIEUAMEIOKO GKEVLOGLO ETAPNG EQPOPUOLETOL [UE YEKOOGTHPO TAATNG 1) AVTOKIVOVULEVOYEKAGTIKO
unyévnuo(Swetnam&Walton, 1998). H opBotepn epapuoyn tov aviipuAlliokod yivetor pe évo
piKpO TAaGTIKO d0YElo TOV 0oiov TO GTOMO EKPONG elvat SapéTpov 5 MM, Me Tig TPOKTIKEG OVTEG
Eyovpe peE®UEVN emTuyia. oTov EAeyY0o TV QLAMCI®V, KoOMG Kol OTATAAN avILPLAMEIOKOD
SWAVUATOG GTO. UALD TOL KOmvoy kol oto £€30pog. Emiong, m epappoyn tov oviipuAlliokon
OloAdpaTog pepukpd mAaoTikOd doxelo etvar pia ypovoBopa dwadikacio (éva dtopo owPpéyel 3-4
oTp/MUEPQL).
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2Komog TNcepyaociag gival n Tapovoioon Hiog POUTOTIKNG KEQAANG oL KOPel v TaStavlio Twv
QLTAOV TOL KATVOL KOl TOVTOYPOVA OaPPEXEL e GTOXELOUEVT PiyM AVTIQLAMEIOKOVIIHADLOTOG TO
KOUUEVO OTEAEYOG KAOE UTOV, J1AGPUAILOVTAG TN COOTH TOCOTNTO YMPIG TEPAULTEP® EMPapvvon
TOV QOAL®V KOt TOV €04.(QOVG LE AVTIPLAMEIOKS d1dAV L.

2. YAIKA KAI MEO®OAOI

H poumotikn Ke@aAn ovTOUATOL KOPVOOAOYNLATOS Kot EAEYYOVL TV QLAMI®V amoteleital amd
TPELG KOPLEG LOVADES: 0) TOV OLYOAMTO UETOAMKO 0dNYO pe T Pdon Tov, ) ToV unyavicpd Komng g
taglavBiog Kot y) to ovotnua yekaopov vymAng okpifelag. Xmv Ewova 1 moapovoialetor 1o
TPOTOTVTO TNG POUTOTIKNG KEPOANG, M omoio pe T Ponbewn evdg MAEKTPIKOV YPOUULKOD
EVEPYOTOMTHTPOCAPUOLETOL GE 10, TPITPOYT TAATOOPLLOL.

Ewova 1. To mpowtdOTLMO NG POUTOTIKNG KEPOUANG: 1) OoA®TOG HETOAAMKOS 0ONYyos, 2)
kivnmpagDCuovipov payvitn, 3) odovtwtdg dickog Kommg, 4) acOnmpag déoung vrepvbpwv, S)
Prnuatikdg Kivnmpag, 6) ypapupukods oonyos, 7) eopeio akpo@uciov, 8) TepUOTIKOS OlaKOTTTNG, 9)
YoOVIoKOG oHVOESHOG, 10) NAEKTPIKOG YPOUUKOS EVEPYOTOUNTNG.

O JoA®TOC PETOAAIKOS 00MYOC amoTedeiton amd 600 mapdAAnia pEAN cvvoedepéva pPeta&d
TOVGUE EVOVYOVIOKO 60vOespo. Ta gutd Tov komvol eykAmBiloviot amd Tov o1 aAmTO 001Y0, KaBMG
1 TPOYOPAOPOC TAUTPOPLLOL KIVEITOL KT UKOG TNG GEPAS TOV PLTAV, LE TPOTO TOL Vo d1oTPovVTAL
o€ 6pOla B€om Ko va 001 YOUVTOL GTOVUNYXAVICUO KOG TNG KOPLPNG (KOPLPOAOYNLLAL).

Ounyovicpockomng  tekopueNCreEPAaUPAvEL €vav  KIVIITNPO GLVEXOVS PELUOTOS  UOVILOL
payvnn (PMDC) kot évavreplotpe@Opnevoodovimtd o6ioko,cuvdéovion dgpe ) Ponbetopuog
petaAMkng Péong, oto eumpdcsOio TN TG POUTOTIKNG KEQUANS. KabBdc ta putd 0dnyovvTol mpog
TOV UNYOVIGUO KOTNG,0 TEPIOTPEPOUEVOCOioKocapapel v Kopven. O éleyxog Tov KvnThpQ
emTLyYaveTal pe Evav oakomtn dvo Bécewv.

To cvomuayekacpovevtonilel avtopata v akpipn 0€om Tov kKoppévov oTteAéyovg kibe PUTOL
Kot epappolel o avtipLAALIokd okebasHOETOEG Katevbeiovy otoonueio komngc. [Ipoketton yio pa
Aertovpyio e€apeTikd VYNNG axpifelag,mov vekpovel ta. GUAAILIOGYETIKA Ypriyopa, Tepimov o
opa petd mv epappoyn. To cvomuo yekaopod vyning akpipelog arotedeitor and to. akOAoLO
HEPN: 0) TOV UNYOVIoUO Kivnong Ke dvta, B) T Hovada YEKAGHOV Kol Y) TO NAEKTPOVIKO GUGTI O
e éyyov.

O pqyoviopdg  kivnong  pe  wdvto  mweprapPdver  évavpnuotikd  kwvntipa, 600
TpoyaAiecalovvion, Evav 000VTOTO AvT, Evav YPappiKd odnyd aiovuviov V-oyioung (20x40
mm). To cuvolkd pnKog ¢ avtokivnong eivor 420 mm. O Prpatikdg Kivnmpag mov Kivel pio
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amd Tig Tpoyaiieg etvar évagSoyo SYS7ST76-0686B pe avdivon 1,8 poipeg / rpa. O kivntnpog €xet
péyiom axtvikn ovvaun 75 N ko péyiom agovikn ovvaun 10 N. H kivinon tov dvta petatpénet
TNV TEPIOTPOPIKN Kivnom Tov Pnuotikod Kivntipa 6€ YPOUUIKn Kivnon tov oAlcBaivovtog gopeiov
OKPOPLGIOL.

H povéda yexoaopot anoteAeiton amd pio cwinvoedn ParPida 12 V de, éva akpo@vcio kat Evav
@eopnto MAexTpikd yekaotnpa (Ewdva 2). To akpoeiHoio, mapdio mov elval TOAAATAGY OTMOV,
TapEXEL TUKVES dOEG YeKAoUOOTANpovg kdvov. H niextpopayvntikny Baifida kot to axpo@Holo
yekaouov etvon tomobetnuévo oe pia LeTaAMKN Baon, n omoia £dpdleTaImAVEd GTOV UNYOVIGUO TOL
oMoBaivovtog  @opeiov. O  @opntdg  wekaotpog  mEPAapPAveEl  p{omAeKTpIK  OVTAiL
Stppaypatog,puion 0egapevny PP (molvmporvAeviov) twv 16 Altpov kol £vav eVIGYVUEVO EDKOUTTO
coAva yekacpov PVC yia peyddn didpketo {one. Tpogodoteitan amd pio aveEaptntn pmotopio
12V [ 8Ah, n omoia pmopei va ypnoponomnel cuveydc yio 4 ®peg UETA 0md TAN PN OPTIOT.

Ta 600 dkpa Tov dvta givar cvuvdedepéva pe tooMcbaivov eopeio pe e&aptuato cOoEEng.O
wavrtag kel topopeiopali pe 10 akpo@Holo yekaouol oe pia kabopiopévn andotoaon. H kivnon
TOV 0KPOPLGIOV YeKAGHOV eival evBOYpappunpekatevduven gite TPog To EUTPAC,EiTE TPOG TA TG®.
OmnicOio Bewpeiton  kivnon amd tov TeEpHATIKO dtokdTTN emavekkivnong (apykn 0éom) mpog Tov
SKOTTN TEPUATOSIIOPOUNG (TEAKN BEom). AvTi N Kivnon gival avtiBetn Tpog Teopd Kivnong g
Tpitpoyn TAaTEOppas. Katd t dtdpkelo avtng g Kivnong, 1o akpopOolo yekaouoh Kiveiton pe
Un opotdpopen TohTNTO TOL CLYYPOVILETAL PE TNV TOYLTNTO KIVIONG TNG TPITPOYNS TAATPOPLLOGC.
Me 10V TpOTO 0LTO, 0KOAOVOEL TOKOUUEVO OTEAEXOG TOL (LTOV Kot epapuolel pe axpifela to
avTipuAAlokd okevacpa eraens. Eunpochia Bewpeitarl n kivnon tov akpoguciov yekaouov, Otav
oVTO EMOTPEPEL oTNV OpyIkN Tov B€om. Katd ) didpkela avtic g Kivnong, To aKpopiolo Kiveitot
YPNYOPO. Kot e oTaOEPT] TOYXVTNTOL.

Ewévo 2.X0otnua yekoaopov: a) olobaivov @opegio akpopuoiov, b) cwinvoedng Parfido ue
aKPOPVG10 YEKAGLOD, C) popnTds wekaothpac, d) mivakag eEAEyyov yekaoThpa.
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O éheyyoc «ivnong TOL  OKPOQLGIOL  yeKaopov  yiveton pe 1t Ponbela  TOL
pikpoeheyktnArduinoUno, Tov 0dnyod A4988 tov Pnuatikod Kivntipa, Evav aentipo vépudpwv
axtivov (IR), 600 teppatikots drokdnteg Kot Evav avéntikd ontikd kwdikomowth (Ewova 3).

O owénTiKdg onTIKOG KMOKOTOMTNG &ivar ovvdedepévocotov d&ova Tov eumpdcstiov de&lov
TPOoY0V NG TPitpoyNs TAaTeOpuras. H cuokeun avt ypnolonoteital yio T HETPMNOT TNG TOYVTNTOG
g mAateoppog. O pkpoeieykticArduinoUno Stafalet Tig HETAPOAES TNG YOVIOKNG TOYVTNTOS TOV
0e&100 TPOYOV Kot OTOV TO KOUUEVO GTEAEXOG TOV PLTOV OLOUKOTTEITN OECUN TOV VITEPLOPOVIUKTIVOV,
OLUKPOEAEYKTNG HEG® TOL 001YoV A4988 meplotpépel Tov PriHatikOKvnTipo e TV 1010 Tay TNt
oL  WEPLOTPEPETOL KOl O  0eEl0¢  TpoxOSTNG  mAoTPOpupag.  Tnv  dww  otiyun, o
LIKPOEAEYKTNGEVEPYOTIOLETL TNEOANVOEWN PaAPida TovGLGTAUATOG WekaoHOV pe Eva TpaviicTop.

H poumotikn kepodn meptlapPavel nAeKTPIKOVS KIVINTHPES, aloONTAPES, EVEPYOTOMNTEG KOl VAV
eleykt], mov OAa ypeldlovtal MAEKTPIKY evépyela Yo tn Aettovpyio tovc. 'Eva @wtofoAtaikd
CUOTNUO OVOTTTUYONKE YloL Vo, TOPAYEL TNV OTOITOVUEVT MAEKTPIKY evépyela. To cvotnue avtd
amoteleiton amdEVOTOAKPUOTOAAKOQ®TOROoATA KO (PV) mhaicto (povtého LA361KS1, KYOCERA
CORPORATION), évav eieykt) ooptiong (10A, 12V / 24V, PWM), ko évav cuoompevt
poAvpdov o&éog (SLA) (GPC12-13) g etapeiog OSAKA tov 12V ko 13 Ah. H 1oydg
TovemToPfoArtaikovmAaiciov umopel va etdoet ta S W. O eleykmg @OpTIoNG TPOoTATEVEL TOV
oLGoMPELTH Oomd VIEPPOAKT @Option. Emiong, to ¢owtofoltaikd cvotnuo meptiapfdvel Evav
OLOKOTTN VO BEGEMVY Y10 TEPIMTMOCELS EKTOKTNG OVAYKTG.

r

iy

Ewoéva 3. Zovita owoOnmpov:a) oacOnmpog oéoung vrepvbpwv, b) oavéntikdc omtikdg
KOIKOTOINTHS, C) dlakdnTng emavekkivnong, d) dlakomtng tépuatog S10d0poung.
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Hrpitpoyn miatpopua oyedldotke pe Pdon Tig 0outepodTeg TV cLvONK®OV gpyaciog mov
EMKPOTOVV  OTNVKOAAEPYEWL TOV  Komvoy. XtnvEwovodnapovcidletor T0  TPOTOTLTO  TNG
TAateopuag ot Tooyedd tov potdlel pe eKeivo €vOG OVTESTPAUUEVOD TOIOIKOD TPIKLKAOL
modnAatov. H  oyedloon oavty emuapéner otovg 000  gumpocHovg TPoxovg  va
SO PP®VOLVUEYOAOELEVDEPO VYOG Yo TNV TAATEOpPUOLEVD O omicBiog Tpoyxds elvar
O1eLOLVTNPLOGOIELKOAVVOVTOG TNV Kivnon TG TANTEOPUAGOVALESH OTO QUTO TOV  KOTVOD.
Owaotdoelc g mAateoppag eivar 1820x1630x2000 mm (LxWxH),to dvorypa tov eunpochimv
TpoxdV etvar 1465 mm, evd 1o petagovio givar 1160 mm.

To mlaiclo g TAATPOPUOGEIVOL KATOOKELOGUEVO OO YOAVPOIVOVS KOIAOOOKOVS UIKPNG
dwtoung, ovykoAnuévoug petald tovg. o va ypnopomomBel otnv KoAMEPYELD SLOPOPETIKMV
TOTOV KOTVoy, T0 TAaiclo givor pvOulopevo g mpog 1o Vyog kot TAdtoc. EmmAéov, mepthapfdvet
éva paet and ddtpnn Aapapivaya v eykatdotacntov npodchetov eEomhopov. To miaiclo €yet
éva, (evydpt TapAAAA®V TOdUOV 6T0 EUTPOcHo TUNHO, TO KoBEVa amd ta omoio otnpileton pe Evav
p0Y0,evdTO Tpito OO oTO OmMicOo TUNHAPEPEEVOY Unxavicpd dtevBuvvong. O pnyaviopdg
dtevbuvong, mov exteivetol mpog Ta Tow, TEPIAapPaverl Eva TILOVL, Eva TPOVVL Kol EvavTpito Tpoyd
10imv d100Tdoe®mV e TOVg 000 EUTPOGHIOVG.

Ewova 4.Tpitpoyn mAaT@Opro GEPOVCH TN POUTOTIKY KEQOAN Kol Tov mpdcsbeto eComhoud: 1)
POUTOTIKY KEPOAN, 2) NAEKTPIKOS YPOUUIKOS EVEPYOTOMNTNS, 3) P®TOROATAIKO GVOTNUA TOPOYNG
evépyelog, 4) Hovado YEKAGHOV, 5) Tpitpoyn TAATQOPUA, 6) NAEKTPOVIKO GUGTNUO Kol TIVOKOG
eAEYYOL, 7) aéNTIKOG OTTIKOG KOIKOTOM TG,
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3. AIOTEAEXMATA KAI XYZHTHXH

Metd amd Vo mepimov ypdvia avATTUENG TG POUTOTIKNG KEPOANG KOt TOV GOpEa TG, ONAON TNG
TPITPOYNG TAATPOPLOS, VI0OETHONKE Lo GEPE SOKIUMOV TOGO GTO EPYOCTIPLO OGO KOl GTOV aypd Yo
vagleyyBobvn aflomiotio Kou M aoQOANG Aettovpyio TovovvoAlkol eEomiiopol. Ot dokiuég
aPOPOVCAVKLPIMG TOV EAEYYXO TNG CUUTEPIPOPES TOVUNYXAVICUOD KOG TWV QLTMOV TOV KOTVOD Kol
TOV GLGTHLOTOG YEKAGHOV VYNANG akpiPeiag TV avTipuAMIIoK®V GKELOSUATOV, KaBhg emiong g
TpoémpNg eBopAc UNYaVIKOV eEapTnUiTOY, ovEnong g Oeprokpaciog TOV MAEKTPOVIKOV
KUKA®UATOV KOl TNG CLVOMKNG amrdd06NS TOL NAEKTPIKOV cuotipatog. Ta texvikd TpofAnpate mov
TPOEKLYOV AVTILETOTICTNKOV OTOTEAEGLOTIKA KO 1) GUUTEPLPOPE TOV ETUEPOVS UNYOVIGUOV 1TOV
TOAD 1KOVOTTOUTIKY.

(a) (b)

600

G C)
¥ 400 g
g g
a o
‘8 200 g
3 3
< R
0
6
4
Xpovog (ERdopadEG) Xpovog (ERdopadeg)
2
UAM
ZTEAEYOG PUMa ZTEAEXOG
Pia Pica
(c) (d)
600 /
c B
n
g 400 g
N+ S
«© =1
Ne]
g 200 k=
3
% 2
O.—
6
Xpovog (ERdopadeg) Xpovog (ERdopadeg)
2
. PUAAa
. ZTEAEXOG GUMa ) ZTEAEXOG
Pi¢a Pi¢a

Ewova 5. H onuocia tov xopveoroynuoatog kot eA&yyov tov @uAMiiov otoyhopd Pdpog tov
QOAL®V, TOL GTEAEYOVS Kal TG pilog TV eLT®V KamvoD g Tokidiag Virginia: a) akopv@oidynra,
b) kopvpordoynua 2 pUAA®V, C) KopvPoAdyNUa 4 EOAL®V, d) KOPLPOAGYNLA 6 EOAL®Y.
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Me 1 Poffela TG POUTOTIKNG KEPOAANG, 1 OmOid TPOGUPUOCTNKE KATAAANAQ GTNV TPiTpoyM
TAQTQOPLO, TPAYUATOTOMONKE CEPA TEPAUATOV YLOL VO, SLOTICTOOEL 1 ATOTEAECUATIKOTNTA TOL
OAOV GLGTNUATOG GTOKOPLPOAGYNLUA KOl TOVEAEYYO TV GUAMII®V 6T0 YAWPS PBdpog TV UAA®Y,
TOV oteAéyovg kot g piac @utdvoe pio mepapoatiky  KoAAEpyswo,  koamvovVirginia.H
detypatoAnyia apyloe apécmS LETE TOKOPLOOAGYNLLO KOl TOV EAEYY0 TOVEUAMII®V Kot cuveyioTnke
KOTA TN OlgpKeEwWL TG OevTEPNG, TETOPTNG Kot €ktNg efdouddac.Ta delypota petapépbnkoav oto
€PYOOTNPLO, OOV T dpyave KABe @uToD drywpiomkav (T.y., T EOAAA dtoywpioTnKay omd T
oteAéyn Ko TG pileg) war  Quyiomkav. HEwévaSmapovoidler 1o amotelécpota
TOVKOPVOOAOYNLOTOG Kol €AEYYov TV @LAMIioveni tov YAw®pov Papovg TwV EVAA®V, TOV
oteAéyoug kol G pilog TV ELTOV KATVOL COUPOVO HE TIC OoKOAovOeg petayelpicels: o)
aKopLuEoAOYNTA, B) KOPLEOAGYNUO 2 EUAA®V, V) Kopv@oAdyNUa 4 EOAA®V, &) KopvEOAdYNUa 6
@eOAM V. Ta amotehécpata delyvouv Ot 1 pila TV KOPLPOAOYNUEVOV QLTAOV NTOV UEYAAVTEPT KO
WoYLPOTEPN O GYECT WHE TAL OKOPLPOAOYNTA QULTE, VO TOYA®PO PBAPOG TV PUAL®VIOPEUELVE
nePimov 6TafePOTOGO Y10 TAL AKOPLPOAOYNTO OGO KOl Y10 TOAPLTA LE TO KOPLPOAOYNLA TV 4 Kot 6
QOAOV.

H epyacia avt) mapovotdlel o mAat@opuo He TPES TPOYoVS, 1 omoio GEPEL TO TPMOTOTLTTO
POUTOTIKNG KEPOANG YLOL AVTOUOTO KOPLPOAOYNUO KOl EAEYYO TOV QUAMII®OV VIOV TOV KATVOL.
Metd TOKOpLPOAOYNLLO, 1| POUTOTIKY KEPUAT EQapUOLel ToavTipUAAILIoKOETaPNG. H epappoyn tov
avTieUAMELoKOD TTpémel vor yivetal pe akpifeld doTe Vo EAOYIGTOTOOVVTOL TO. VITOAEILUATO OTO
outd. O Beau(2011)a&oroynoe 010popeTIKoVs TOTOVG Kot BECELS EYKATAGTACTG TOVOKPOPLGI®OV Y10
Vo BEATIOCEL TNV €QOPUOYH TOV avTIPUAM IaK®V ota Karvdburley. To amoteAéopata kot GAA®V
gpevvtav, omwcor Eliot(1976), Tayloretal. (2007/2008),emiPePoardvovv 61t 1 tomobétnon Tov
aKpOPLGIOVLOKPIPDS TV amd TaPLTA elvar o TOAD KPIoUN TAPAUETPOS Y10, TOV ATOTEAECUATIKO
éEleyyo ToveLAMCioV. Etopévag, taaviipuAMllokd ckevaopata Tpénel vo epapuolovrol amevbeiog
OTNV KOUUEVT] EMLPAVELN TOV GTEAEYOVG TV GLTAOV TOL KOTVOV. AVTO gival EPIKTO, LE TO GLGTNLLO
oL OVOTTTOYONKE V1o TOVEAEYYO NG B€0MCTOL OKPOPLGIOV YEKOGHOD WE HAVTO TNG POUTOTIKNG
KEPAANG, TO OMOI0 EMITPEMEL TNV OLTOLOTY KoL LE VYNATN axpifelomapakoloddnon Tov KoppUEVo
oTEAEXOVE KABE PUTOV Kamvov. Me autdV ToV TPOTO OmoPEVYETAL 1) PO TOADTAOK®VGLGTNUATOV
UNYOVIKNG 0paons (OTmG: KAUEPO, AOYIGHIKO OpOoNG K.AT.) YOO TV OVOYVOPICT TOV KOUUEVOV
OTEAEYDV TOV QUTAOV, HELOVOVTOS £TCL TO GLVOMKO KOGTOG TNCPOUTOTIKNG KEPAANS. To akpopOolo
WEKOOUOD LE UAVTO TNG POUTOTIKNG KEPAANGTAPEXEL LEYOADTEPT akpifela amd vty Tov GuVHBWG
EMTLYYAVETOL LE OVTOKIVOVLEVO YEKAGTIKA UNYAVILLATO NOEPOUEVOATOYEDPYIKOEAKLGTIPAL.

4. YYMIIEPAXMATA

O kamvég etvarl eutd pe Eva otédeyoc mov Katainyel o€ pio tagiavBio. To gutod, HOMG eppovioTel
n taéovbio, opyiler va OloyeTevEL TPOC oV vEPO Kol OpenTikd ocvotatikd. Avtd €xel ¢
amoTéEAECHE  TA  QUAAD va yAvouv o©€ PAPOG KOl TOWOTIKA YOPOKINPoTIKA. Emouévac,
TOKOpLPOAGYNHO. €ival pio amd TIG ONUOVTIIKEG E€PYOCIE TOV TPEMEL VO EKTEAOVVIOUKATO TNV
KOAALEPYELD OA®V TOV TOTOV KAmvoy. To KOPLEOAOYNLO Yol VO €IVl OTOTEAEGUOTIKO TPEMEL VL
yiver 6ToV KatdAAnio ¥pdvo, Ge GLYKEKPIUEVO VYOGS Kol va cLVOVALeTaL e EAeyyo TV uAMEiov. H
YEPOVOKTIKNOPaipeon TV LAMEIOV €xel amoderyBel 0Tl elvar eEAPETIKA AMOTEAEGUATIKY YlOL TN
Bavatmon tov TAdyiwv PAactodv (uAMIioV), aAld avt) 1 TpakTikn givol évtaong epyacioc. o
oV AMOYo avtd 0 €Aeyyog TV UAALIOV pE yNUIKd okeLAcHATO givol ETiONG VOGS AMOTEAEGLATIKOG
aALG Kot O1KOVOIKOG TPOTOG Yia Vo, BeATiwbel 1) oot Ta TOLENPOV KATVOL.

H mAatpdppo pe Toug Tpelg Tpoyovs Kot TNPOUTOTIKN KEPUAT TOL Tapovoldloviol 6TV Epyacio
avT amodeiytnke Ot etvart £va 1WaiTEPA KATAAANAO GHSTNUA Y10 TNV KOAMEPYELD KATVOD GE UIKPEG
exthoelg (0nmg ovuPaivel otnv EAALGSR). Eni Tov mapodvtoc, To kOplo pelovekTpa g OANg otdTtaéng
elvar 0TL 1 TAaTEOpua elvar yEPOKivNTy. XT0 HEALOV, 1] TAATOOPLATOV TPLOV TPOXDOV TPoPAmeTaIVaL
€EOMMOTEL LE LAPOPOA CLGTNUOTA, OTMG TNG NAEKTPOKIVIONG KO TG OLTOUATNG TAOYNONG.
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2XEAIAXMOX POMIIOTIKOY XYXTHMATOXZ ET'KATAXTAXHX
OITQPQNQN

I'. Basueiadng™?, A. Katikapidnc', B. Moveadnc', A. Ketépne' & A. Mrdytnc
"votitovto Bio-owovopiag kat Aypo-tegvoroyiag (iBO), EOvico Kévipo Epevvag kat Texvoloyieig
Avamtoéng (EKETA), Anudapyov I'empyradov 118, 38333, Borog, e-mail: g.vasileiadis@certh.gr
2Aptototédeto Movemotio Osscalovikng, Tyod F'ewnoviag, Aacoroyiog kot Pvokon
[Teppdrrovtoc,ITavemotniovnoin,541 24, Osccaiovikn

INEPIAHYH

Zmv gmoyn g avoiong g ['empyiog 4.0, n £yKOTACTACT OTOPDOVO TAPOUEVEL IOl XEPOVOKTIKY Ko
Baciouévn oe gumepikn yvoon epyoacio kot ennpedletl v amddoon tov ko’ OAN TV drdpkel {ong
tov. H epyacio mov mapovcidletar otoyevel va emdpdoel BeTiKd 610 GUGTNUO UE TNV EICAYOYN
ouyxpovev TeXVoAoYIdV. Kevipikd muAdva avantuéng Oo omotelel 10 poumotikd Aettovpyikd
ocvotnua Tov eEAcPAAlel cLUPATOTNTA KO EMEKTAGIULOTNTO TOL AOYIGUIKOD, TOV TEPLPEPELNKDV,
OT®G .. TOVG ooONTNPES EAEYYOL TOL GLGTNUATOG, KOl TNV EMITEVEN TG OWTOVOUNG epyaciag. O
UNYovoroyikog oyedlacpog Bo eEacpaiioet cuuPatdTnTo He aVTOVOUO EMIYED OXYNUOTO OAAL KOt
ovuPatikd yewpykd unyoviuato. TEAOC, 1 apOpmT| apyITEKTOVIKT KOO1OTA TO GUOTNUO TPOCHP-
OGO OTIC OL0POPOTOMUEVES AVAYKES TV YMPIKE O10GKOPTIGUEVOV CNUEIOV EQOPUOYNG. BOeTiKA
ATOTEAECUATO OVOUEVOVTOL TOGO OTNV AELTOLPYIKN ATOS0CT, TNV OLVATOTNTO TPOETOYLUCIOG
EMEPYOLEVOV EPYACLOV OALY KOl 0TV PEYAANG axpifetog dedopévev yemdaisiog KaTd TV eUTELON.

AéCeig KAe1did: €yKOTAGTACT OTOPDOVA, POUTOTIKT GVTELGT, LT EXOVOPOUEVO ETLYELO YN

DRAFTING A ROBOTIC SYSTEM FOR ORCHARD
ESTABLISHMENT

G. Vasileiadis, D. Katikaridis, V. Moysiadis, D. Kateris & D. Bochtis
YInstitute for Bio-economy and Agri-technology (iBO), Centre for Research and Technology Hellas
(CERTH), Dimarchou Georgiadou 118, 38333, Volos, e-mail: g.vasileiadis@certh.gr
?Aristotle University of Thessaloniki, Faculty of Agriculture, Forestry and Natural Environment,
AUTH Campus, 54124, Thessaloniki

ABSTRACT

Orchard establishment is a cornerstone work for a multiyear cultivation that can benefit greatly from
the technological advancements Agriculture 4.0 has to offer. Standard practices consist of intensive
manual labour based on empirical knowledge. In this light, the system proposed uses a robotic
platform and creates a framework of subsystems to support establishment. Based on Robotic
Operating System, compatibility and future development both in software and hardware is
guaranteed. Mechanical design ensures integration on a selection of Unmanned Ground Vehicles as
well as conventional agricultural machinery. The modular architecture allows partial or full adoption
of the system depending on the mix of spatial and fiscal conditions. Positive impact is expected to
enhance operational performance and enrich future operations with data, e.g. documented
georeferenced maps.

Keywords: orchard establishment, robot planting, UGV
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1. EIXATQI'H

H Tewpyia £yl ompi&et v owovoukn avdntuén taykospiog kad’ 6An v wotopia tg. [a va
TO EMTVYEL AVTO KOAMEPYNTIKEG TEYVIKES, UTA Kol epyaieio eEeliyOnkav Kot Edwoav ®ONoT yio
TEPALTEP® TPOOOO TOV AYPOTIKOL TOpEN £MNPedlovTaC onUavTIKA OA0VG Tovg dAlovg Topels. Evo n
avénomn Tov TayKOGUOL TANOLGHOD avapEVETOL VO €XEL OKOUO LYNAGTEPOVS PLOLOVG ACKMVTOG
ONUAVTIKEG TECELS GTNV AyPOSIATPOPIKT TOPAYMYY], Ol EMATOCELS TNG TEPPAALOVTIKNG OAACYNG
€YOuv apvNTIKO OVTIKTUTO OTIS OMOOOGES TOV ayp®V OAAG Kol otnv SbecuodTNTO YNG HE
amotéAecpa 1 oewpopion pe ocvppatikéc mpoktikég va unv sivar gpwkty (Gerland et al., 2014). H
I'swpyio AxpiPeiog éxet ewcdyel éva mAaiclo dwyeiptong TOpV Tov VIOCYETAL TNV 0PHOAOYIKY| Ko
Beltiotomomuévn ypnion tovg (McBratney et al., 2005). Avtd emutpémer v KoAMEPYELD pE
ALENUEV OTOTEAECULOTIKOTNTO EI0POMY KOt OATNPNOT PUGIKDOV TOPMV OTMG T.). TO VEPH APIELOT|S,
EVO TOVTOYPOVA Opa BETIKA GTNV ardd0CT) TOV aypoD Kot T1 TOLOTNTO TV TOPAYOUEVOV TPOTOVIMV
(Blackmore, Godwin and Fountas, 2003). T'ia tv epapuoyn ¢ 'ewpyiog Axpieiag n ypnion
TEXVOAOYLOV TANPOPOPING KOl ETKOIVOVIOG, CUTOUATOTOINGT KO TOL AVTOVOLLO OYTHOTO LTOPOVV VOl
ovvovacHovv Yo va emttdyovy TV avénuévn akpipelo Tov amortei n yeopyio akpiPeiog (Sarensen et
al., 2010).

H Popmotikn, ot teyvoroyieg minpoopiag kot entkowvoviag (TTIE) kabmg kot 1 avtopatonoinon
EMEKTEVAV TO TEGIO TNG EPOUPLOYNG TOVG UE ToElg puBpovg otV yempyia. [Tapddetypa amotedodv ot
UETAOKELES KOt ovaabpicels cuUPATIKOV PUNYOVULATOV LE CUGTHLOTE AVTOUOTNG TAONYNONG Kol
pe Real Time Kinematic (RTK) cvothuata naykdcspuov dopvgoptkod evromiopod (GNSS) aAld kot
Ol JLOCTOOTIKA KOLVOTOUES POUTOTIKEG TAATPOPES IKOVEG VO EKTEAECOVV OUTOVOLLO. EPYOGIES GTO
nedio. Ot Blackmore et al. (2009) mpdtevav €va GUGTHHO KOTNYOPLOTOINGONG TOV POUTOTIKMV
CLGTNUATOV TOL £XOVV MG GTOYO TNV EKTEAECT] EPYOCLOV GTO MEJO TNG YPOUUMKNG KOAAEPYELOS.
Adpopa pounotikd cvotiuata govv avantvydei ta tehevtaio ypovia (Bergerman et al., 2013; Ball
et al., 2015), opiopéva and to 0moio. GTOXELOLV E181KG TNV KAAMEPYELD OmwPOVOV. Idaitepa yia
gpyoaoieg emipreymg mov umopodv va ektehestobv TtOco amd to UGVs 600 xou oamd to pun
emavopouéva agpookdaen (UAVS) pe m gprion oxetikd etvov actnmpov (Pravakar et al., 2015).
Axopa €govv mpotabel GLCTAHATA Y10 KOAAEPYNTIKES PPOVTIOES , TOV AMOTEAOVV 1010iTEPQ EVEPYD
TOpEN avATTLENG Ko €pevvag. H avaykn yio TANP®E OVTOUATOTONUEVES, TPOYPOUUUATIGUEVEG,
eEAEYYOUEVES, LETPNOIUEG KOl TEKUNPLOUEVEG ETYEIPNOELS EIVAL EMTAKTIKY), TOPOAO TOV Ol YEMPYOi
tetvouv va T avtilapupdvovior o¢ mTepttd OpTO epyaciag mapd wg ypnoo epyoreio. o va
pelwfel aut M avtiAnymn, to cuoTHUOTA TPETEL Vo Elval o BEom v Ae1ToLPYoLY VTOVOUO KOt LE
KOTOVON TN POT| £pYaACiag omd TOus aypOTEG.

H eykotdotaon amotelel pio oNUAVTIKY €py0cio Yol TNV TOAVETH KAAMEPYELD OMWPAOVOV KoL
umopet va. openBel onpavtikd and v ewcaymyn tov TIIE kat v avtopatonoinor. Emumiéov, n
KOVOTNTO OVOKOVPIOTG TMV GUVETEIDV TOV CQUAUATOV G€ oVTO TO OTASI0 &ivol ONUAVTIKA
TEPLOPICUEVT], oV Ol AOLVOTY], VIOYPOUUILOVTAG TNV OVAYKY TEKUNPLOUEVOV Kol EAEYYOLEV®OV
EVEPYELDV.

H mopovco epyocio otoxebel oty €MEKTOON TNG EVOOUATMOONG TNV OVTOVOU®V EMIYEUDV
omudtov (UGV) omv KoAMEPYELDL OTOPOVOV HECH TOV TPOTEIVOUEVOD POUTOTIKOD GUOTNLOTOS
7oV TTPOKELTOAL VO OvOTTLYOEL Y100 Vo EEVTNPETAOEL TIG AVAYKES TNG EYKATAGTOONG OTMPDOVOV.
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2. ATAITHXEIX XYXTHMATOX

H eykotdotaom evog ommp®mva amoTeAEL ol VYNANG EVTOONG YEPMVOIKTIKY €PYACia TOL GVVIOWG
amotel €vav peydio aplBpd epyalopévov. O dayeptome tov onwpadve kabopilel v didtaén
@OTELONG KOl TIC TOPAPETPOVS OV CYETICOVTOL UE TNV KOAMEPYOOUEVT] TOWKIAMO OAAG Kot TNV
tonofecio. Metd amd ovTd TO TPOTOPACKELOACTIKO OTAS0 aKOAoLOOVV cLVNB®G Ol gpyaocieg
onpovong tov Bécemv uTELONC, O1GVOIENG TOV OTAV Kol PVTEVCTG TOV VEAPOL PUTOV.

[Tpoxeévou To TPOTEIVOUEVO GUGTNLO VO AEITOVPYEL OTOTEAECUOTIKA GE 0VTO TO TEPPAAAOV, TO
oymua Ba TpEmeEL vo EXEL TNV IKOVOTNTO LETOPOPAS EOTAMGHOV Kol VAIKGOV. Mio emiong onpavtikn
nopapetpoc anoterel 1 ovppototra pe ICT epyareio. Avt) | mpodiaypaen omoterel Tnv Pdon Y
NV TAPOG OVTOUATOTOINUEVT] KOl OTTOUAKPLGHEVA EAEYYOUEVT] AettovpYia TOGO TOL OYNUATOG OGO
KOl TOL TPOTEWVOUEVOL €PYOAEIOV O1voIENG TV OV ot onueion puTevong. Emumiéov 1o dynua
pEMEL vou eivol apKeTa oTIPapd dOTE Vo PEPEL TOV EEOTAMGUO Kol VO, EKTEAEL OTOTEAEGUATIKA TNV
gpyacia.

Ta ovomuota GNSS anotehovv Bocikd eEomAopnd TALov o€ TOAAG oynuata oAAG O TPOTOG LE
TOV 07010 T 0ESOUEVA, AVTA ival TPOGPACIULA ATOTEAEL TPOSIOLYPAPT] Y10 TO TPOTEWVOUEVO GUGTNLLO.
Ta dedopéva Ba mpémel va Tap€yovtal 6€ SUOOUEVE OVOLYTA TPOTOKOALD EMKOWVOVING MOTE VO
glval €popuOCIUa TOGO GTOVG OAYOPIOLOVG Kivong KOl EVIOTMIOHOD OAAL Kol OTOV OAYOplOuo
extéleonc g epyaciag. EmmAéov 1o emimedo axpifelag eviomopod Bo mpémel va sivon g Taéng
tov 1-3 ekatooTdV MCTE Vo €EACQOAIOTEL VYNAOTEPO EMimed0 Aertovpyiag o€ oyéon He GALQ
VILAPYOVTA GLGTNLLOTO.

H avtovopia givat pio oo T1g oNUAVTIKEG TPOSAYPAUPES Y10 TO GVGTNLLO TOV £XEL CLUTEPIANPOET
amd o TpdTa Ppato Tov oxedocpol Tov. H avtovopio cuppdiel 660 oty evepyelakn 660 Kot
TNV EMYEPNCLOKT adGO0GT TOL GVGTHHOTOS. T POUTOTIKA GUGTAUOTA TPETEL VOL EMLTOYOVY LVYNAL
enineda avTOVOUNG Agrtovpyiog MOTE Vo €ivol OKOVOUIKA PLOCIUEG EVOAAUKTIKEG EVOVTL TOV
ocuopfotikev pnyovnudtov. Iepartépm o@éin ™ vyMANng avtovopiag givat 1 TANPNG eKUETAAAEVOT
TOV GLYVE TEPLOPICUEVOL YPOVIKOV 0pilovTa Yo TNV EKTEAECT) TG EPYACIOG.

Téhog, to PdBog ddTpnong amoteAel Aettovpyia mov ennpedlel TOV GYESAGUO TOL GLGTHHOTOG
onuovtikd. [Iépa amd T1g O106TAGELS TOL YEOMTPOTOVOL, 1| EVEPYELD TTOVL OMOLTEL 1) Epyacia oyetileTon
KOl UE TOV TOTMO TOL €0G(POVG o010 omoio Oa eykotactabel 1 KOAMEPYELD. ZVVERMOC pior TAEWGON
€00QIKOV TAPUUETp®V B peretnBovv mpokeévov va kobopliotovv HE okpifelo o TEYVIKA
YOPUKTNPLOTIKA TOV GLGTIULATOG.

3. XXEAIAXMOX XYXTHMATOX

Aoppdvovtog vwoy”n ToVG TAPUTAVED TAPAYOVTES, 1) TPOTEWVOUEVT] OPYITEKTOVIKT TOPOLGLAlETOL
oTIg EMOpEVES TOPAYPAeovs. To cHOTNUA TOV TPOKVTTEL AMOTEAEITOL OO GTOLYEIN TOV GTOYELOVV
OTNV OTAOTOINON TNG KOTAOKEVNG OAAG Kot TNV ¥pnomn texvorloyiog mov &ivarl 6€ TETO0 EMIMESO
eToOTNTAG BOTE Vo uopel va evoopatwdel duecsa. H apyttextovikn mapovoidletol oto Zynua 1.
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H mpotewvopevn apyrtektovikn faciletar oto avtovouo exiyeio oynuoe Thorvald (Zynua 2). Avty

N TAATEOPUO SLOBETEL TIG KOTAAANAEG UNYXOVIKEG KOl GYEOIOOTIKESG 1O1OTNTEG TOV OTAOTOLOVV TOV
oYEOGLO KOl EVOMUATOGCT VTOGVOTNUATOV oNUAVTIKA. E1dukodtepa 10 mePUETPIKO TANIGIO LLE TOV
OLBECIHO ECGMTEPIKE YDPO KOL TO HETAPANTO TAATOG amoTeEAOVV oNUOVTIKA TpoTepHata. To TpmdTo
EMUTPENEL TOV GYEOOACUO EPYOAEIV OV OV PETOPAAALOVY TO GUVOAIKO OTOTOHTWILO TOV GUGTNHOTOC

Kot TV €votdfsio Aoy kEvipov Papovg avEavovtog

™ ovvolkn otifapdtra. Emumiéov, to

HUIKPOTEPO AMOTOHTTOLO AEITOVPYEL EVEPYETIKA OTIS GTPOPES VD OLEAVEL TNV gveMEla TOV OYNUATOG
KoL TNV €OKOAN HETAPOPE TOL amd Kot tpog Tov aypd. To petafAntd midtog ivol onpovtiko yuoti
emuTpénel TNV oWEOUEIMON TOL TAATOVG €PYACiOG Kol TV EMXEPNOLOKY YopnTikoOtnTa. TEAog, 1
HETAPANTOTNTO TOL TAATOVG KOOIGTA TO MAGTOG UN-KPIioun HETAPANT Yy TOV oXeSAGUO TOL
GUGTNLOTOG.

11° MaveAAvio ZuvESpLo MEwpyLKAC MNXOVLKAG

BoAoc 2019

Yympa 7. Avtovopo dynpa Thorvald

135



ENOTHTA 1 — KAINOTOMIA KAI NEEX TEXNOAOTIEZ

Onwc &xel mpoavapepbel, T0 cHGTNUO OTOLTEL TAONYNOT KOl EVTIOTIGUO GTOVG OypOVG LE LEYOAN
axpifela. Mia teyvoroyikn Avon cvuPatny He oVTEG TIG OMOUTNOES €lval n ypnon piog Hovadog
GNSS pe dwopbooeig RTK dote va avénbel n axpipeta. Emkovpikd Asttovpyel eniong 1 Movéada
Adpavelakng Métpnong (IMU) mov kataypdeet Tnv katevbuvon kivnong.

H «Opia epyacio o extereite ypnoiponoumvtog £va tpomomomuévo Bevivokivnto yemTpOTOVO.
H ypnon PBeviivoxivntov GUGTNUATOG TPOGPEPEL CNUAVTIKA TAEOVEKTILLOTO GE EMIMEDO AVTOVOLING.
H pnyovn ecotepkng kavong (MEK) mapéyet v amapaitntn oy yio v epyacio dtdTpnong kot
eEac@ailel v un evepyelaxn emPApLVor TV NAEKTPIK®OV GLGGOPELTAOV ToL UGV kdtt mov ivan
amopoitnTo Yoo TV petaxkivnon ota onueia evolapépovtog. H debtepn mnyn evépyelag pmopei va
ypnooromel kot yioo 10 KOKA®UO TEMEGUEVOL AEPO TOV TPOPOOOTEL TO TVELUATIKO GUOTNLO
Vyoug Tov yewtpimavov. H amodotikdtnta Tov cvotiuatog 8o ovénbel dedopévov 6t 1 MEK Oa
TPOPOJOTEL £iTE TO YEMTPOHTAVO €1TE TO KOKAMUA TEMECUEVOL AEPQL.

[Ma va emtevyBel  amapaitnn €voTAOEID TOV GLOTAUATOG, 1) KIVLOTIKY] TOL OYNUOTOC UTOPEL
VO GUVEICPEPEL KATA TNV EPYOGio S1ATPNONG OTPEPOVTAG TOVS TPOYOVG KATA 45° TPOS TO E0MOTEPIKO
OKIVI TOTOLMVTOAG TO OYNUO OVTICTOOULOVTOG HEPIKMG KoL TIS POTEG OV dNUIOLPYOVVTOL KATE TNV
dwtpnon. o v mepartépw e€aocpdiion otabepdtntog Exel oxedoTel £va Kivntd cHGTNUO TOL
aKWVNTOTOEL TO POUTOT KOTA Tn OlpKel TNG OTpNonS €vd amocLVOLETOL OTOV Ogv elvar
amapoiTnTo.

Ta vroocvotquota ypetdlovior mapakorovdnon kot ovvtoviopd. To mhaiclo daucHvoeong
eEumnpeteite and to Poumotikd Agttovpyucd Xvotpa (ROS) mov ehéyyer to UGV kan to GNSS evd
EMKOWMOVEL UE TOV EVOLOUECO EAEYKTN O OMOI0G GLVOEEL TOLG aUGHNTNPEG Kol TapaKoAovOel 1O
gpyoreio. O evoldpecog eheyktg umopel va elvar €vag vmoAoylomng piog mAakétag 1 évag
TPOYPUUUOTICOUEVOS WKPOEAEYKTIG 7OV WIopel va. SloPdoel To €10EPYOUEVE. CNUOTO, VO TO
enefepyaotel o Paoikd eMimedo Kol Vo TO LETAOMGEL GEPLOKE Y10l TNV EVUEPMOT TNG KATACTOONS
TOV GLGTNLOTOG,.

3.2 Mnyoviké cvotnpa

Yympa 8. IIpofoin toung Tov yemtpvmavov oe UGV.
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Xypa 9. Evoopdtoon yeotpinavov oto UGV.

AVOADTIKOTEPO, TO TEYVIKA YOPOKTNPLOTIKG TOL YEOTPLTOVOL Bo KaBopioTovy HETA Omd TNV
a&loldynon UG GEPEG TEPAUATIKOV dedoUEVOV OV TPdKELTAL VoL ANeOovV , Tpocdiopilovtag pe
aVTOV ToV TPOTO TIS PEATIOTEG TAPAUETPOVG GYESOGHOD KATA TIC cuvOnKkeg Aettovpyiag. H yovia
eMkoong, n yovio g potng, 0 apBIds TOV CLAAKMOGE®MY Kol OAAEG TTapdpetpol Bo mpémel va
TPOCOOPIoTOVY  avdAoyo pe T OOvoun Kot T pom mov Oa acknoovv ot doun. Mia
TPOKOTAPKTIKY] €KOOYN]  TOL TPOTEWOUEVOL GULGTNUOTOS TOPOLGLALETAL GTOL GYNUOTO OV
akoAovBovv. (Zyfuo 3 kot Zynua 4).

H mpoavapepbeica dradkacio mpokettal va kobopicel Tov aptBud tov onueiov aykhpmong mov
ypedletan To cHoTNU Yoo TNV MiteLEN oTabepOTNTOG KOTA TN Asttovpyia. To choTnua aykOPp®ONG
Ba eivoar Kivntod Ko o ypnowyomotel €va vromAaiclo pe mpoéviaon mov PBondd oty aykvpwon
petah Tov GLOTHUATOS KoL TOV £6APOVG.

H Aertovpyia tov cvotiuotog PacileTor oe péPN TOL ATOGVLPOVTOL KOl EUTAEKOVTOL AVAAOYQ LE
T1G avaykes. To mvevpatikd cHOTNUO TOL TAPEXEL QLTI TN AEITOLPYIN TPOKELTOL VO YPTCLLOTOCEL
éuPora memecpévov aépa pe ypoppkn kivnon. To ocvomuo o yproiponolel v evépyela mTov
napdyetal amd Tov kvntpo MEK mov tpogpodotel 1o tpumdvi. Avtd GuUBUAAEL GTIV QVTOVOUIN TOV
GLOTNLOTOG, KUPIWG EMELDN O TEMEGUEVOS 0EPOG Elvar pia amd TIC o evepyoopeg Aettovpyieg.

3.3’ Eleyy0¢ TOV GLVOTHRATOS

Ta xkwodpeva vmoovotnuate Bo mpémel vo eA&yyovior Kot vo mapoakoAovBodviar omd To
evoldpeso Aoyopikd. H avBekTikdtta T0U TPOTEWVOUEVOD GLUGTHUATOG GE SLUPOPETIKEG GLVONKES
Aertovpyiog eivor évag Pacikdg mapdyoviag mov mpénet vo Anedel vdym, Kabmdg to mepPdilov
Aertovpyiog elvanr dvopevég. EmumAiéov, ta dopkd otoryeio Oo mpémer va givar 660 to duvatodv
amAoVGTEPO Kol SLOBECIUO MOTE VAL EVOL AEITOVPYIKE KO OVTIKOTAGTAGLUA. YO avtd To Tpioua,
EMAEYOMKAY LOyVNTIKOL OOKOTTTES V1o TNV EMITEVEN TOL EAEYYOV TOV TEPUATIKAOV dtadpouns. Kabdg
N apyn Aettovpyiog oev Paciletor 6TV PLGIKT ETAPT), VITAPYEL OVOYT] GTNV ELOVLYPELLUIOTG KOl GTOVG
pOTTOVG oo TO TEPIPAALOV.

o vo petpndet pe oxpifero m Béon odnynong tov tpvmaviov, o emAeybel €voc omTikdg
aoOnpog mov PacileTon oe PETPNOELS ¥POVOL TTNONG oG 01000v Aéilep. Agdopévov 6Tl awTdg
glvanl emiong évoc aoOnpog yopic emaer Ko yopic kwvntd uépn, pmopet va Bewpndel apketd
avOeKTIKOG Yo Agttovpyia 610 Tedio.
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Toco n mieon g delapevng memeouévou aépo 660 kol 1 otabun Tov kavcipov e MEK 6a
mapakolovfohvtal GuVEYEID He TN ¥PNON EVOG HAVOUETPOV KOl €VOC OTAOD OLOKOTTN-TAWTPO,
avticTolya.

3.4 Aoyropko grEYY 0V

Ot aioOntpec eAéyyov mov meprypapovtal otnv evotnta 3.3 Ba mpémel va cuvdeBovv pe Evav
TPOYPOUUOTICOUEVO UIKPOEAEYKTH, O omoiog B evompatwbel 610 gpyoieio dvolEng TV ondv.
AVT106 10 TPOTEVOV EMimEdO eAEYYOV Ba BonONGEL GTNV AvaPOPE TNG AEITOVPYIKNG KATAGTOONG Kot Oa
TapoKoAovBel v TPAodo TV €PYAcIOV TOv cvotHuatog. H avaykn Omapéng eheykt) pecaiov
AOYIOUIKOV VIToyopeDETOL EMIONG OO TNV AMOITNON TOL GLGTHLATOS Vo, €ivol EopPNTO Kot €HKOAM
TPOCAPUOCIUO o€ GAAa oynuata. EmmAéov, o £€Aeyyog YounAotepov emimédov Umopel va
OVTILETOMIOTEL ECOTEPIKA, TVTOTOUDVTOG T YOPAKTPICTIKA Kot TIG O1001K0cieg TOV €E0TAIGHOD Kot
EMTPEMOVTOG TNV EVOOUATMOOT N TNV avAmTLEN VEOL AOYIGUIKOV TPITOL.

O Baockdg VITOAOYIGTIKOG TOPOS GE AVMTEPO EMIMEDO EIVOL O EVOOUATOUEVOS VTOAOYIOTNG TOV
UGV mov yepileton kvpimg OAec T Aettovpyiec tov oynuatoc. Agdopévov ot 10 UGV ektelel
ROS, o mpoypoppationds g Sdpounc tov £pyov umopel va yivel amd TOVG OVTIOTOL(O0LG
alyopiBpovg tov ROS ko 1) emkotvovia pe To eVOIAUECO AOYICHIKO Umopel va emttevydel oelplokd.
YUVEMMG, VIAPYEL OVAYKN YIoL OVATTLEN AOYICUIKOD 7OV UETOPEPEL EVIOAEG OTO EPYOAEID KO
avTioTPOPa, EVM EPUNVEDEL KOt T OEGOUEVA TTOV HeTadidoVTAL Old TO EVOLAUESO AOYIGLUKO.

4.XYZHTHXH

To mpotewdpevo cOGTNUO EYEL GYEOIOOTEL MGTE VO OTOUATOTOM|GEL O JAOIKOGIO VYNANG
évtaon gpyaociag. o va emtevyBel ovtd, ¥PNGILOTOIOVVTAL SIAPOPO VITOGVGTHLLATO, Y10 T GUVOEST
evog véou gpyaieiov mov pmopel vo evompatwbel e avtdvopa pounotikd oynpata. To cvotnua
Baciletar oe 600 TNYEC TPOPOOOGING, TOVG NAEKTPIKOVG GuoowPeLTeS Tov UGV kot tn deapevn
Beviivng g MEK mov ypnouomoteitor yioo To Tpumavl Kot Tov cuumiesty) oépo. Ot peAhovtucég
eKO0YEG OYEOIAGLOV TIPETEL VAL EMKEVTP®MOOVV G Hio TANPOS NAEKTPIKY| £KO0ON. ZVYKEKPIUEVA, 1)
nepapatiky ddkacio kabopiopod Tov PEATIOTOV YEOUETPIKOV TOPAPETP®V TOV KOYAio Oa
TapAoyEL EMIONG TOAVTIHO OedoUEVO OTTMG TIG TPUYUATIKEG OTOLTHOELS EPYOCIOG KOl 16YVOG. AvTtd
UTTOPOVV VO, YPNGILOTONO0VV V1ot TOV VTOAOYICUO EVOG IKOVOD EMTEOOV OVTOVOUIOG TOV TANPOL TG
EMYEPNOOKES OMOLTAOELS TNG EYKATACTOONG ONWPOV®Y. TEAOC, mapdAo ToOv TO CLOTNUO
oyedlaletor EEEOIKEVUEVOL Y10 GLYKEKPUUEVEG €PYOCIES, KPEG TPOTOMOMCELS UTOPOVV Vol
BeATIOOOLV TN AELITOVPYIKOTNTA TOV GE TAPOUOLN EPYOUGIN TESTIOV. Y. 1) OEYUOTOANYIM TOL €04POVG
B pumopovoe emiong Vo EKTEAEGTEL YPNOILOTOIDOVTAG TO TPOTEWVOUEVO GUGTIILM, OVTOUOTOTOLDVTOG
L0 KOLPOOTIKY Kol OAmovnpr] Slodkocio, EMTPETOVTIOS GTOVS OYPOTES VO CUUTEPIAABOLY PN CILOL
dgdopéva avaAvong £6AQOVG OTIG OAOKAGIEG ANYNG OMOPAGEWMV.
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MONTEAOIIOIHXZH TOY AEIKTH BAAXTHXHY CCCIT'TA THN
EKTIMHXH THX [TIOIOTHTAX KAI [TAPATI'QI'HX XE EIIITPAIIEZIO
XTADOYAI

Owovopiong A., Avacstaciov E., Teovlag N., Eavlorovrog I'. & Dovvtag X.
I'eonovikod Iav/po Abnvav, Tunua AGII-I'M, Iepd Od6g 75, 11855, Adnva, e-mail:
alexandoikon@gmail.com

INEPIAHYH

Xe aumedmvo mowkiMag Vitis vinifera L. cv. Thompson seedless pedetnOnie n xopiky Kot ypovikn
TOPOALOKTIKOTNTO TOV OEIKTN TEPLEKTIKOTNTAS YADPOPVAANG NG koung (CCCI), katd ta Kpioa
oTdo avamTuéng Kot M EMOPOCN TOL OTNV OMOS0CT] KOlU OTO TOLOTIKEL YOPOUKTNPIOTIKA TNG
KOAMEPYEWNG, OLVOVACTIKA HE TIC EMKPATOVCEG UETEMPOAOYIKEG ovvOnkes. Ta  dedopéva
TEPLYPAPNKOV CTOTIOTIKA Kot cuYKpiOnkav peta&d tovg, dote vo ektiundel 1o KaAdtepo dvvatod
povtédo cuoyétions. Moviédo Baciopévo og tpitov fabpod TOAVGOVLUO TaPoLGIiacE TV KAAVTEPN
ocvoyétion, evd o CCCI onueiwoe younAn cvoyétion pe v péon Beppoxpacio tov aépa, TV
e€atpioodianmvon kot v péon vypooio tov aépa (R2=0.49 ko otig tpelg mepimtdoelg). TéAog,
TapoTNPNONKE LYNAN GLGYETION TOV OEIKTN UE TOL OAMKA JOAVTA GTEPEA OTOLXELD, TNV ATOJ00T
aALG Kot Tov apBpd Botpvwv tpéuvov (R2>0.75).

AéCeig kherdia: Apmehovpyia axpifeiog, NDVI, CCCIL, Anddoon

MODELLING CCCI VEGETATION INDEX FOR THE ASSESSMENT
OF QUALITY AND YIELD IN TABLE GRAPE

Oikonomidis A., Anastasiou E., Tsoulias N., Xanthopoulos G., Fountas S.
Agricultural University of Athens, Department NRM & Ag.Eng., Iera Odos 75, 11855, Athens, e-
mail: alexandoikon@gmail.com

ABSTRACT

The study took place in a commercial vineyard cultivated with Vitis vinifera L. cv. Thompson
seedless, concerning the spatial and temporal variability of the canopy chlorophyll content index
(CCCI) at the critical stages of growth, and its effect on the yield and quality characteristics of the
crop, combined with the prevailing meteorological conditions of the area. The data were described
statistically and compared to each other in order to assess the best possible model of correlation. The
model based on the 3rd degree polynomial depicted the optimum correlation, while the CCCI
revealed a low degree of correlation with the average of air temperature, the evapotranspiration and
the average air humidity (R2=0.49, in all cases). An important correlation was also observed with the
total soluble solids, the yield and the number of branches (R2>0.75).

Keywords: Precision viticulture, NDVI, CCCI, Yield
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1. EIZATQI'H

210 TAoio1o EVOG CLUVEXMS OENVOLEVOD OVTAYWOVIGHOV OTIS d1elvelg ayopéc, yivetal OA0
KOl O EMTOKTIKN 1) OVAYKY Yo TNV €MITELEN LYNAOTEP®Y TOLOTIKMOV TPOSOYPUPDV GTO
yYewpywkd mpoidvta. Ta tehevtoio ypdvia eapuolovtal VEEC TEXVOAOYIEG KOl TEYVIKEG OTIG
YEOPYIKEG KOAMEPYELEG, Ommg eivar Ta ovothiuato [ewpyiog AxpiPeiag (I'A), movyw
TNVKOAMEPYELD TOVL apmeAtovavapépovionr o¢ Apmelovpyioa AxpiPeioc (AA).H I'A givan éva
oLOTNUA SLoYElPIONG AYPOKTNUATOV TO OTOI0 YPNOUYLOTOIMVTAG TNV TANPOPOPIKN KOl TO
NAEKTPOVIKA epappocuéva ot yempyio, Pondd tov yewpyd omn Ay omoedace®v yio TV
KaAvTEPN daxeipion tov aypoktiuatog (Gemtosetal., 2002). O 6pog koAvTEPT Srayeipion
umopet va onpaivel PeATimon TG OIKOVOUIKNG 0mdd00TG TOL ayPOKTILATOS, £iTE pe advEnon
™G TOPAY®YNG, €ite pe pelmon tov €16pody, gite pe cvvdvacud kot tov dvo. Emmiéov,
umopet va emtevyfel Peitioon TtV TUXOV APVNTIKOV EMATOCEOV TG YEMPYIOG OTO
nepPaArov, epdcoov e@apuOleTOL 1| avoyKoio TOGOTNTO EI0PODYV GE KABE onpeio Tov aypod
(Fountas&Gemtos, 2015). MdAoto, 1 peTaPOA] TOV UETEMPOAOYIKOV cLVONK®OV Toilet
KaBoploTiKd pOAO Ol LOVO GTNV EUPAVIOTN OCHEVEIDV KOl GTN SLOTPNOT TNG OTOLTOVLEVNG
fAdotnong oto  @utd, OAAGL KOl Yo otV EMTELENTOV  eMOLUNTAOV  TOLOTIKAOV
yapoxtpotikov (Ali, 2012; Fragaetal., 2012) mov kabiotovv 1oV Kapmd 1 T0 TPOIOV TOV
KOpmoH KOTAAANAO Yo Koatavdilmon. o mwapdaderypo oto aumérl, 1 Ppoyn ennpealel Tov
deiktn  PAdotnone  kavovikomomuévng owagopds (NDVI) (Hashemi, 2011), svd n
GUYKEVTPMOT] TOV OMK®V O0AVTMV GTEPEMY GLOTATIKMOV TNG PAYOS emMNnpedleTol omo
Oepuoxpacio (VanLeeuwen&Darriet, 2016). Eropévmg, ot deikteg PAAoTNONG HWItopovv va
EMMPEACTOVY O TN UETAPOAN TV pETEOMPOAOYIK®V cuvOnkmv. IIponyodueveg peléteg oe
aumeAdVeES €0e1Eav OTL Ol HETABOAEG TV JEKT®V PAACTNONG CLVOEOVTOL UETOL TOLOTIKA
YOPOKTNPIOTIKA OAAG Kot TV omoddoon e kaAMépyelog (Gonzalez-Floretal. (2014);
Anastasiouetal. (2018)). O otOY0g awTNG NG HEAETNG eivan va eEgTdotel M1 dvvotdTTA
EKTIUNONG TG TEMKNG TOPAY®YNS Kol Toldtntog emrtpanéllov oTapuldv, Bdoel Tov
GLVOVACUOD LETEMPOAOYIKMOVOIEOOUEVOV KOLOEIKTMV PAACTNONG OO LETPNGELS TNG KOUNG TNG
KOAMEPYEWOG, Le TNV eQoproyn HeBodwv AA. H pedétn g oxEons TV amoTEAECUATOV EXEL
®G OTAOTEPO GKOTO TNV APTIOTEPT) EPOPLOYN TOV EICPODV KOl TOV KOAALEPYNTIKAOV EPYACLOV
TPOG OPELOG OYL LOVO TOL TAPOYW YOV KOt TOV KOTAVOAMTY, 0ALY Kot TOL TEPPAALOVTOG.

2. YAIKA KAIMEGOAOI

Xmv moapodoa peAET oLAAEYOnKkav dedouéva pe ovotnuota A oe  oumeAdva
KoAMEpyeLag emtpomédlov oTapuAlod ¢ motkihiog Vitisviniferal. cv. Thompsonseedlessotnv
nepoyn g Néag Duteidg (37°54729.36” N, 22°44°43.47” E, Koépwbog, EArada), mov
aPopovoOV TIG HETEMPOAOYIKEG ouvOnkes, ta eminedo PAAOTNONG KOl TO TOLOTIKE
YOPOKTNPLOTIKE 6TV KoAMEpYel. O aumeldvog Ektaons 15 oTtpeppdtov, Kot Stopdppmong
tomov “V” ota gutd, elye anootdoelg 2.6 Mueta&d TV ypoppodv, kot 1.8 m petaéd tov
QLTOV €T TOV YPaUU®V eOTELONC. TéAOC, 0 aumelmvog yopiotke oe 8 kead (blocks) yia
NV SEYHOTOAN Yo TV TAPOUETPOV TG TAPOYWYNS SOUP®VA HE TIG peBodoroyieg g TA.

2.1 Mete®poroyka ogdopéva
Ta petewporoyikd dedopéva cLAAEXONKOY pHEc® Tov avtdpatov cvotiuatog 'ASynField
(SynelixisSolutionsS.A., Greece). To dedouévo 1oL YpnoloToONKay GLAAEYOVTOV
NUEPNGIOG HE ovLXVOTNTO TEPiTOL gikool Aemtdv and v 24" Maiov 2018 (évapén tov
otadiov g avinong) £mg v 4" Avyovotov 2018 (évapén g cuykoudng), Kot apopodcav
mv péon Oeppokpacia tov aépa (OA) (°C), v péon oyetiky vypacia tov aépa (YA) (%)
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kot v e€atucodtanvon (EEA) (mm).I ' kéBe mopdpueTpo vwoAoyiomke o HEGOS OPOG TOL
YPOVIKOV OLOCTNUATOC TEPIMOV OeKOMEVTE MUEPDV TPV TNV KAOe pétpnomn €mog v
nuepopnvia g kée pétpnonc. Aniadr|, LTOAOYIGTNKOV Ol TOPAUETPOL Y10 TOL SLOCTHUATO
24/05/18 — 09/06/18 (Ztddo kapmddeonc), 10/06/18 — 30/06/18 (Ztadio mpactviocuatog thg
payag), 01/07/2018 — 09/07/2018 (Ztdo10 avacyeons g avénong tov kaprmv), 10/07/2018
—23/07/2018 (X110 mepkoouov), 24/07/18 — 04/07/18 (14610 GLYKOMNG).

2.2 Agikteg fractnong

ZUVOMKA TPAYUATOTOMONKAV TEVTE OEIYUATOANYIES Y10 TOV DTOAOYICUO KOl TNV 0VAALOT)
tov deiktdVNDRE, NDVI kot CCCI otov aprelova. H ka0 derypatoinyio arotereiton omd
éva, GUVOAO UETPNoE®V Yo KaOe keAl Tov aypov.H kabe derypotoinyio aviictoyel o éva
oTad0 ovamtuéng: v kopmoddeon (09/06/2018), tompacivicpa g payag (30/06/2018),
mvavdoyeon g avénong tov kapmodv (09/07/2018), tov mepkaouod (23/07/2018), ko
ocvykomdn (04/08/2018). Ta dedopéva ANebnkav pe 1 ovokevy RapidSCANCS-45
(HollandScientific, USA)ce «dBe keAl TOL aumeAdvo, TOiPVOVTAG UETPNOEIS OVA TPELS
YPOUUEG QUTELONG KOl avE TPEG OTOAOLG OTNPIENG KATO HNKOG TOV YPOUU®Y, TOV
aVTIoTOLY0VoE € TTepimov 7.8 m Ko 5.4m, avtictotya. Xe kdbe kel avtiotoryovv mepinov 40
petpnoelc. Ot petproels ANednkav pe okdémevon ond to TAdywo pe 0.5 mandotacrn and v
KOUN Kot Yopig yovio okOTELONC.

O aetnmpog HeTpdel TOVTOYPOVO TNV OVAKANGT T®V KAAMEPYEIDOV/EdAPOLS 6T 670 nm,
730 nm kou 780 nm.Emiong, eivar kavdg vo cLAAEyel dedopéva amd Tt PAdotnon oe
amOoTACELS UETOED aloONTApo Kot KOunG, mov Kvpaivovtal amd 0.3 émoc 3 uétpa. Avti 1
KavoTNTO TOV oeOnTpa €ENyel TV emppon TV TOAVOV KEVOV aVAPESH GTNV KON TNG
ApIEAOL, KOOMG LETPAEL TNV AVAKAQGT OO TNV ETOUEVN GEPA PVTELONG.

Ooco meprocotepo evepyo givorl to utd, TOG0 LYMAGTEPN Ba lvo 1 avdkiaor, oniadr Ha
elvat duvatdg o evtomiopog {OVMOV LYNANG Kot YOUNANG SQUVOIKOTNTOG LEGO GTOV QUTEADVOL
(Halletal., 2002). Ot mwo dwdedopévol ocikteg otqv AA eivon o deiktng PAdotnong
kavovikomomuévng dwpopdc (Normalized Difference Vegetation Index, NDVI) (oyéon 1)
Kot 0 Oelktng Kovovikomompévng otopopdc koxkivov dxkpov (Normalized Difference Red
Edge index, NDRE) (oyéon 2). ONDVI kvpoivetoan peta&d -1 kou +1 (Hallet al., 2002) o
Baciletor ot dopopd petald g avtavakioaons e aktivofoiiag oty yyvg vaépudpn
QoaopoTikn ovn Kot TG avtavakiaong oty epudpr eacpatikny {ovn. Opeove pe Toug
Caietal. (2010) n oxud dev emmpedlel T1¢ TWES mov AauPdvovrar. Ouv deiktec mov
nepthappdvouy mpdowva kot kékKiva KavaAla (kovtd ota 700 nm, moapdpota pe t0v NDRE)
avéavouv v evoucOnoic tov NDVI oty mepiektikdmra yAwpo@OUAANG otn PAdctnon
(Gitelson & Merzlyak 1997; Bonfil 2017). Ot éeikteg NDRE ka1 NDVI vroloyilovton amd Tig
eEiomoelg (Halletal., 2002):

NDVI = (NIR - RED) / (NIR + RED) (oyéom 1)
NDRE = (NIR - Red-Edge) / (NIR + Red-Edge) (oyéom 2)

Omov, NIR (Near-InfraRed) ot Tég avaxkAd®UeEVOL QAGHOTOC KOVIQ oIV Laépubpn
neployn (760-850 nm), RED n avtaviakiaon oto kokkivo @daopo (630-685 nm) ka1 Red-
Edge n avtavaxioon oto dkpo tov gpudpod edouatog (690-730 nm) (Rouseetal., 1974).
Eniong, amd6 tov ocvvovacud tov deiktdv NDRE war NDVI mpoxdmter o dsiking
TMEPLEKTIKOTNTOG NG KOUNG oe yAwpoevAin (Canopy Chlorophyll Content Index, CCCI)
(oxéon 3). Odeiktng CCCl vroroyileton and v e€icwon (Eiteletal., 2010):

CCCI = NDRE / NDVI (oyéom 3)
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O deiktmg CCClIrapéyer mAnpogopiec ywoo TNV KATAGTOOT TOL (QLAADUOTOS KOl 71O
GUYKEKPIUEVOL Y10, TNV TEPLEKTIKOTNTA TOv o€ YAwpoeUAAn (Eiteletal., 2010). Axoupo, o
deiktng CCCI mpoteivetan ¢ £va OmMOTEAEGHOTIKO EPYOAEIO YLOL TNV AVIXVEVOT] TOV EMUTESOV
tov aldtov (N) TG Koéung, emedn e€nyet Tig petaforéc ot cvykévipmon Tov N g KOUNg
katd ™ dwbpketn g emoyng (Devadasetal., 2011; Bassoetal., 2016; Ruddetal., 2017).

2.3 ITowoTiKd YopaKTNPLOTIKE KOl arddoon

H cvlhoyntov moloTikdv dedoUEVOV TG KOAAEPYELNS TPOYLLOTOTOONKEKATH TO GTAO10
NG CLYKOUIONG, OTOV HETPNONKOV TO OAKE O10AVTA GTEPER cLoTaTIKA NG payas (OAXY)
(°Brix), n &duetpoc tc payog (APB) (mm), o opOudc tov Potpiov TOL TPEUVOL
(ABIT)(adwdotato péyebog)konr m amddoon oe kb Porpvwv avd mpéuvo(All) (Kg). H
ddkacio Tov akoAovOnOnke yo ™ Ay TV dedopévov (N=8) ftav, apyikd, 1 €TA0YN
evog mpépvou-paptopa og kéOe kel (block), n pétpnon towv cvvietaypévov g B€ong Tov e
™ xpnon GPS kot ot cuvéyea n Kataypaen tov ABIT. AkoAovOnoce amokom twv fotpdwv
Kot ToToBETNO TOVG 0€ KOPAGL Yv®aTov Bapovg, yio {hyion pe T xpnon ynotokng Cuyaptig
yewpocue akpifela petpnoewv £0.03 Kg. 'Etol, vnohoyiomnke n AIl. And v pétpnon tov
peyedmvABIT kot AIT wpoékvye €va edkd péyebog mov anotédece Evay deiktn amddoong g
kaAMépyewog. H oyéon mov yapaktmpiler avtd tov deiktn givor o apBpds twv Boptdwv Tov
TpEPVOL TTPog TNV amddoot| Tov (ABII/AIT) (Botpeig/Kg). Me avtd tov TpOTO DTOAOYIGTNKE O
apBpoc Tov Potpiwv avd KAd g amddoons. Téhog, petprinkepe ™ ¥pPNoMN YNOLOKOL
nayopetpov n APB (N=10), kabnd¢ kot ot Babuoi brix tov OAZE(N=5) pe tn ypnon evog
OLOAAGTIHETPOV YEPOC, amd SLAPOPETIKOVS POTPELS TOV 1010V TPEUVOV TOV AVIUTPOCHTEVE TO
Kkd0e ke tov aumeddva. To dwwbAacipetpo Exer akpifela pétpnong £1%, evd 10 ynoelokd
moyopeTpo +£0.02 mm.

2.4Eneepyacio oedopévmv

Ta dedopéva mov AEONKaV amd TIg LETPNGELS OPYOVOONKAY GE VTOAOYIOTIKA VALY LLE TN
xpnon tov mpoypaupatog MicrosoftOfficeExcel (version ProfessionalPlus 2013, Microsoft
Corporation, USA), pe 10 onoio dnpuovpyndnkov ot cuvEYEd dlorypapLLata Yol T XPOovikn
petoforn tov petafAntadv. I'a T oToTIoTikéG avaADGES TV OEO0UEVOV YPNCLULOTOONKE
TO GTOTIOTIKO TOKETO Aoylopkoy International Business Machines Corporation Statistical
Package for Social Sciences, IBMSPSS (version 23, SPSSInc., IL., USA). £10 Aoylouiko
avTd €EETACTNKE 1 OTOTIOTIKN TEPLYPOAPY], T OLGOYETION kKotd Pearson, to povtéia
TOAVOPOUNONG KOl 1 OVOADGT TOPOALOKTIKOTNTOS OA®V TV OEOOUEVOV TNG TOPOVCOG
HEAETNG. Xt ouvEreld, Oha Ta dedopéva eneEepyaoTnKkoy Yo, Yneloroinorn Kot dnpovpyio
Oespoatikov yaptov ota mwpoypdupato ArcGIS (version 10.4, ESRIInc., USA) ko Global
Mapper (version 20, Blue Marble Geographics Inc., USA). H yopwn moapspfoin
npaypoatorombnke pe ) péBodo ywpwkng avdivong InverseDistanceWeight (IDW). H
EMAOYN OVTOL TOV HOVTEAOL &yve AOY® NG KOAVTEPNG AELTOVPYIOG TOV O UEAETEC Ue
mePLopocpévo  aplud  detypdtov. Emiong, pe 1o IDW  dev AapPdavetar vmoéyy o
TPOGIOPIGHOG TNG YOPIKNG AVTOCLGYETIONG, ONAadN TO0 TG KaBopilovTal 01 GUGYETIGUEVECS
UETOPANTES GE SUPOPETIKEG amooTAGES. AKOpa, 610 IDW 0gv ¥p1oipomolodvtal GTATIGTIKA
povtéia, onwc cvpPaivel oty pébodo Kriging, kot yivetar ypnomn povo yvootdv TIHOV Z Kol
amOGTACNG YO TOV TPOGOOPIoUO dyveotwv meploy®v (A. Setiantoetal., 2013). Télog,
ypnoonomdnke to npodypappo CurveExpert (version 1.4, HyamsDevelopment, USA) pe to
omoio e&etdotnkay ta BEATIOTO THOVA LOVTELD GULOYETIONG TMV OEOOUEVMV TNG TTAPOVCAG
UEAETTG.
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3. AMIOTEAEXMATA
3.1Metemporoyikd ogoopéva

ATO TVYPOVIKY] HETOPOAT TOV UETEMPOAOYIKMOV CLVONKOV TopatnpiOnke OTL Kotd N
OlapKELNL TOV GTASIOL TPAGIVIGUATOS TNG PAYAS UEXPL TO GTAOI0 TOV TEPKOGHOV, dNANOT TNV
EPI0d0 TOV EVIOVOV KALOTIKOV dAAAYDV Yoo Tov piva [odA10, mapovstdotnke por Eviovn
petaforn oy YA, v EEA kot v @Amov mbavdg ennpéoce onuovtikd v PAdotnon,
dpatov deiktnCCCIL, aAAd Kot TNV TOOTNTO KOt TV TEAIKN AOd00T| TG KOAMEPYELNG (Zynpa
1).H YA (%) peiobnke and 10 63% 610 56%, evd ot OA (°C) xou EEA (mm) avéndnkav omd
tovg 24 otovg 28 °Crar amd ta 6.06 6to 6.59 mm, avtictorya. Téhog, afilel va onuetwdei 611
Tapd TG €vioveg KAMUATIKEG aAlayég v mepiodo avty), 1 0OPOICTIK] GLUGCMOPELCT TNG
Bpoyng otV CLYKEKPIUEVT] TEPLOYN Yo OAN TNV VIO WEAETN TEPI0d0, GUUPOVO HE TOV
HETEMOPOAOYIKO oTaBNO, épTace Ta 1.33 mm. Mepovopuéva kot To 6TAd10 TG KOAPTOJIEST,
TOV TPACIVIGHOTOG TNG PAYOS, TNG OVAGYESNG TS AOENONS TOV KOPTDV, TOL TEPKOCUOD Kot
NG GLYKOUONG onuedOnkay katd péco 6po 0, 0.03, 0.05, 0 kot 0.03 mm, avtictoryo.

Xpovodiaypappa petaBoAng YA (%), EZA (mm) kat OA (oC)

51 63 61 56 65
6.29 6.06 6.40 6.59 6.05
25 24 27 28 27
A B r A E
OA (oC) EZA (mm) YA (%)

Yyqpa 1. Xpovikn petafoin) twv PETE®POAOYIKAOV dedopévov g YA: Yypaciag Aépa(%),
e OA: Ogpuokpoasiog Aépa (°C) kan Tng EZA: Eéatpcodiamvong (mm), kotd v mepiodo
09/06/2018 — 04/08/2018, 6émov A: Ztadto kapmddeong (24/05/2018 — 09/06/2018), B: Xtddio
npacwviocpatog payag (10/06/2018 — 30/06/2018), I': X1ad10 avdoyeong avEnong TV Kapmmv
(01/07/2018 — 09/07/2018), A: Xtadw0 mepkacuov (10/07/2018 — 23/07/2018), E: Ztddo
ovykoudng (24/07/2018 — 04/08/2018).

3.2Agiktng praostnoncCCCI

Oocov apopd ta dedopéva tovdeiktCCCI, katd 10 6Tdd10 TNG KAPTHOEGT GOl VYNAITEPES
TIWEG TopaTNPNONKAY GTNV AvATOAMKN TAELPE TOV apmeddva (Léytotn pnéon Tyun: 0.38), evd
o1 YoUNAOTEPEG 0NV OLTIKY| TAEVPA (EAQyiotn péon Tyun: 0.32)(Eympa 2). Eniong, oto otddio
avtd onuewdnke tomikn ondkion (0.02) kot cvvieheotg Ooaxvpavons (7%). Katd to
6TAO10 TOL TEPKAGLOV TOPOVGLAGTNKE AENCT TOV TIULDV TOVOEIKTN GTO KEVIPIKO TULOGTOV
AUTEADVA,EVD UEION TOPOVCIACTNKE OTO POPElo, OLTIKO KOl OVOTOAMKO KOUUATL TOV
(eMdyrotn péon tyun: 0.32). A&iCer va avagepBel mwg oe avTd T0 GTASO KOTAYPAONKE 1)
vynAotepn péon tipn tov CCCI kaBoAn ™ kadhepyntikny mepiodo (0.52), aArd Kot TLmTIKN
amokAion (0.03) ko cvvtedeotg daxvpaveng (8%) (IMivaxoag 1). Télog, katd 0 6TAd10 TG
oLYKOMONG onuelddnke avénon tov tudv tov CCClomn voTlo Kol 0VOTOAKY] TAEVPALE
péytotn tiun (0.39), eved mopoatnpndnke peiwon oe ddpopa onueio HEGH GTOV OUTEADVA
(eMdyrotn péon Ty ion pe 0.31). Xg avto T0 0TAd0 TAPUTNPNONKE YOUNA TN TUTIKNG
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amoOKALoTcKat ovvteheotr| drakvpavong tov CCCI (0.02 kot 5%, avtictoya).Katd to otddo
oV mepkaocuov mopatnpeiton pkpn avénon tov CCCIn omoia cuvodedeton amd elaPP®G
avénuévn OA kot EEZEA ko apketd petopévn YA (ITivakag 1).01 yapteg pe v yopikn
nmopoArakTikoTnto tov ogiktn CCCl ota S1opopeTikd PavoAoYIKA GTAdATOPOVGLAoVTaL
6TO ZyNua 2.

IMivaxag 1. ITeprypagikd otatiotikd ototyeio Tov dgiktn PAdotnong CCCI katd 10 614d10
¢ kapmodeong (09/06/18), Tov mepkacpot (23/07/18) kot tng cvykodnc (04/08/18).

Ytad10 EAdyiot Méyiot Méon TPann ZDW,& AeoTicoioK
amoKAIoN Vpovong
Kapmodeon 0.32 0.38 0.35 0.02 7%
Mepraocpods 0.32 0.52 0.36 0.03 8%
Zuykopidn 0.31 0.39 0.35 0.02 5%
Z1ad10 Kapmrodeang Iradio Nepkaopol

/.0)*
‘

cecal ccel
I 0.315-0.338 I 0320348
| 0.339 - 0.345 | 0.349-0.356
| 0.346 - 0.352 0.356 - 0.36
[T TR s
I 0353-0378 o w0 o [l 0361 -0517 01530 60 90 120

Zradio Zuykomdng

cccl
Il 0313-0338
0339 - 0.344
0.345 - 0.351
NN W orers
[ 0.352-0.388 01530 60 80 120

Yympoa 2. H yopwn toaporiaktikétnto tov dgiktn CCCI katd ta 6tadio TG KapmoOdEoN
(09/06/2018), Tov mepracpov (23/07/2018) ko g cvykoudng (04/08/2018).
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[TapatnpnOnke vynAog cvvtereotng cvoyétiong Pearson peta&d tov deiktov PAdoTnong
NDRE «xat NDVI (r=0.8 1y p<0.01). To molvevoukd poviého 3% Bobuod
(y=a+bx+cx’+dx®) mepiéypaye Ty vYNAOTEPN CLYETION AVAUEST GTOVSEIKTNPAGSTONG
CCCI «ar T petempoAoykés ovvOnkeg, oOmov ¢ eapmmuévn  petafinm  (y)
ypnoworombnke o deiktng PAdomong CCCl xowwg avefdptmmn petafinm (x) ot
petewporoyikoi mapdperpotr. O deiktng CCCI mapovciace yauniés cvoyetioelg pe v OA
(SEE=0.02, R?>=0.49), v YA (SEE=0.02, R?=0.49) ko v EZA (SEE=0.02, R?=0.49)
(ITivakag 2).

IMivaxag 2.Xvoyétion Tov petewporoyik®v (N=322) dedopévav pe tov deiktn PAdotnong
CCCIL pe 0 %pHoN TOL TOAOVVLIKOD poviéhov 3% Paduod (y=a-+bx+cx’+dx®), omov SEE:
TO TUTIKO GOAALLQL, R% o GUVTEAEGTIC TPOGOIOPIGLLOV.

X a b c d SEE R?
OA 3.56E-06 1.14E-01 -7.20E-03 1.28E-04 0.02 0.49
YA -1.15E-04 6.52E-03 9.50E-05 -1.76E-06 0.02 0.49
EZA -5.37E-06 2.78E-01 -6.46E-02 4.65E-03 0.02 0.49

3.3 ITowoTikd dedopéva Kol amdédoon

Ot vyMAOTEPES TIHES TOV HETAPANTOV TOWOTNTAG KO amdO00NG ELPAVICTNKOY KVPIOS GTO
OVTIKO KoL VOTIO KOUUATL TOV OUTEADVA, VD OLYOUNAOTEPES TILEG TOVG KLPIWG GTO KEVIPIKO,
OVATOMKO Kol SUTIKO KOUWATL Tov aumelova (Zynua 3). Ilponyovpévod, avaeépbnie mog ta
TOL0TIKA YOPOKTNPIOTIKA Kol 1 amddoorn ovoyetilovtor pe tovg deikteg PAdotnonckot
emnpedlovtar amd T petaforn tov petempoloyikdv cuviOnkmv(Gonzalez-Floretal., 2014).
Enopévmg, umopel n petofoAn] auty tov HETE®POLOYIKOV cuvONKOV va £xel mbavn emppon
OTO TOLOTIK( YOPUKTNPIOTIKG Kol TNV amddoon TG KoAApyswng tov aumeAdvo (Orduna,
2010). Qotdoo, mopatnpndnke 6Tt  peyardtepn Ty tov CCCI (0.37) kataypdonke ot
younAotepn T tov OAXY (=13.5 °Brix) (Ilivakog 2). H meplektikdmTo 68 GaK)opo.
oyeTileTon OVTIOTPOPM®G AVAAOYO LLE THNOVVOLUKOTNTO TOV TPEUVOVKOL TNV TOPUY®YY], Kabmg
omw¢ ovagépovy ot Nuzzo & Matthews (2005) n peiwon g KOAMEPYELAG AVEAVEL YEVIKA TNV
T tovpuvBuod avénong g ovykévipwong ocokydpwv. Emiong, otnv meployn mov
onuetwdnkepo and 11 younAotepeg tinég tov deiktn CCCI (=0.34), katoaypdenke vynin
Tiun ABII (=14 Botpeig), AIl (=11.8 Kg) koaw APB (=20.6 mm) (ITivakac3).

IMivaxag 3. [eptypapikd otatioTikd oTotyeio TV d£d0UEVOV TOLOTNTOS KOl OTOS00MG TG
KOAMEPYELOG KATA TO 6TAO0 TG cvuyKopdng (04/08/18), 6mov OAZE: Olkd AloAvtd Zteped
Yroyeio, APB: Adpetpog Paywv Botpv, ABIT: ApiBudg Botpdwv IIpéuvov, AIl: Amddoon
[Tpéuvov, ABIT/AIL: €181k6 péyeboc ApBuod Botpowv Ipéuvov mpog Anddoon Ipéuvov.

OAZXX (°Brix) 135 18.9 16.1 15 10%
APB (mm) 18.0 21.6 20.0 1.2 10%
ABII (Botpei) 8 16 12 3 20%
ATl (Kg) 8.9 12.3 10.4 11 10%
ABII/AII (AdiGotato) 0.8 15 11 0.2 0.2
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ArGgperpog Paywyv BoTpu
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Yympa 3. H yopu maporioktiotnto tov ABIIT (Botpeig), tng APB (mm) kou g AT (Kg)
0TO GTAJL0 TNG CLYKOLLONG.

YOueova pe Tov mivoko 4 6V TapOVGLAGTIKAY CTATICTIKOS CNUOVTIKEG GUGYETICELS KATH
Peasron pe to €0pog TV TWOV TOV ocvoyeticewv va kovpoiveror petald -0.35 €wg
0.40.(OAXZ-APB: 1=-0.23, OAXXE-ABII: r=-0.22, OAXX-AIIL: r=-0.35, APB-ABII: 1=0.18,
APB-AII: 1=0.40, ABII-AII: r=0.27). O1 Peacock & Simpson (1995) Bprikav 611 1} S1GueTpog
TV payodv oty motkidic Thompson Seedless enxnpedlel o Pépog Tovg Kot Katd GUVETELD, THV
anddoor, Kabng 660 avidvetar | SAUETPOC TV paydv otnv motkihioo Thompson Seedless,

1660 aw&dveran 1 amodoon g (Ilivaxog 4).

IMivakag 4. Zvoyétion Katd Pearsonpeto&d TV mO0TIKGOV YOPUKTPIOTIK®OVY KOl TNG
AmOO0CNG TOV ALUTEAMVAL.

OAXX APB ABII AIl
OAZX - -0.23 -0.22 -0.35
APB -0.23 - 0.18 0.40
ABII -0.22 0.18 - 0.27
AIl -0.35 0.40 0.27 -
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To ToA@VOIKO poviého 3% Pabpod (y=a+bx+cx’+dx’) mepiéypaye v vynidtepn
OLYETION OVAUESH OTO TOWOTIKA dgdopévo Kot tov ogiktn PAdommong CCCI, 6émov g
eCaptnuévn petafAnt (y) ypnowomomoOnkav to 0edopUéVe TOlOTNTAG Kot amdd0oNS KOmS
aveaptn petapinty (x) o doeiktng PAdotong CCCI (ITivakag 5).

H petaporn tov dciktn CCClrapovsioce onuovtikd Babud cuoy£Tiong pe v HeTafoAn
TOV TOOTIKOV HETAPANTOV Ko TG amddoong (ITivakag 5). [To cvykekpuéva, pe ta OAXE
onueinoe Padud cvoyétiong R*=0.97 (SEE=1.22).3¢ mponyodpeves perétec mopatnpionke
onuavtiky ovoyétion peta&d OAXYE ko NDVI (r=-0.714, p<0.01) (Anastasiouetal., 2017).
Me v APB onuetddnke Padudc svoyétiong R=0.97(SEE=1.38). Ot Anastasiouctal. (2018)
oLYKPIvOVTog dtapopetikovg Tpdmovg Ayng tov deiktn NDVI kot cvoyetilovtag Tovg pe
OlIPOPO. TOLOTIKA YOPUKTNPIOTIKG, Ppnkav 6Tl Katd 1o O6TAd10 TG PIpavens Kot Tng
GLYKOMONG, N cvoyéTion tov NDVI pe v APB mapovciace 6TatioTik®dg SnUavTiKy Younin
ocvoyétonue r=0.47, p<0.01 kon r=0.42, p<0.01, avtictoyya. O ABII kou n All mopovciocav
fetikli ovoyétion pe tov deiktn CCCI (SEE=2.90, R*=0.76 &SEE=1.28, R?=0.92,
avtiotorya), oeiyvovtag 0Tt ot meployég pe vynid CCCI gpoaviovv vymAdtepn TOpAY®OYN
Botpéwv ava mpépvo. To €101kd péyeboc ABIT/AIL mapovoince GNUOVIIKNGLGYETION LE TOV
ogiktn CCCI pe pukpd tomikod c(pdkua(R2=O.85 SEE=0.13). Avtd odciyver 611 10 €101KO
uéyebog ABIT/AIT amoteAel pior ac@aAEoTEPT EKPPOACT] TG ATOOOCNG OTI TEPUTTMOGELS TOV M
ABII ko1 1 AIT dev cvoyetiCovian atov id10 Pabud pe tov deiktn CCCI.

Iivakag 5.Zvoyétion Tov tooTik®v (N=8) dedopévov pe tov deiktn fAdomong CCCI pe
™ ¥PTIGT TOL TOAOVVLIKOD HovTéAov 3% Babuod (y=a+bx+cx?+dx’), 6mov SEE: 1o tTumikd
opéApa, R%: 0 GUVIELESTAC TPOGSLOPIGHOD.

Y a b c d SEE R?
OAXY -7.85E-05 -3.01E+03 1.76E+04 -2.52E+04 1.22 0.97
APB 1.65E-05 -7.49E+02 4. 71E+03 -6.88E+03 1.43 0.97
ABII 2.73E-04 -5.73E+02 3.34E+03 -4 57E+03 2.90 0.76
ATl 3.31E-06 1.42E+03 -7.71E+03 1.07E+04 1.28 0.92
ABII/AIT 9.44E+03 -8.07E+04 2.30E+05 -2.18E+05 0.13 0.85

4. LZYMIIEPAXMATA

Ye oaumeddvo aloroyndnke o Pabuog ocvoyétiongtov deiktn CCClue tomototikd
YOPOKTINPICTIKA KOl TNV TEAIKN TOPOY®YN TOV GTAPLALOD. MEGm NG Yaptoypdoiong tng
YOPIKNG KOL YPOVIKNG TOPUALAKTIKOTNTOC, KAODS KOl TG OTATIGTIKNG OVOAVONG TOL deikTn
CCCI mapoatnpndnke otL elye cvvolkbyopnAd Pabud cvoy€tiong He TIG UETEMPOAOYIKEG
ocuvinkec. Qotd60, 0 delKTNG ONUEIMOE VYNAT CLGYETION LE TO TOLOTIKA YOPOKTNPIOTIKE TOV
ota@uAov koutnv AIl tov aumeddvooce cvykplon pe tovg deikteg PAdotnong NDREkm
NDVIpepovopéva.Eniong,umopel vo fondncer o wpdPreyn tov ABII tov aumeidva.
Enopévmg, o deiktng evoeyouévog vo. amoteAEGEL £va, TOADTIHO €PYOAEID YO0 TOV TEMKO
YPNOTN, KAOMG ivar amoTEAEGHATOV 0VO TIO EVPEMS YPTCILOTOLOVUEVAOV OEIKTOV PAAGTNONG
YL TNV EKTIUMON TNG TOOTNTOS KOl TNG armdd0oons g mapoymyns. Tlapodiavta, amaitovvrot
TEPUTEP®  EPEVLVEG  UEYOAVTEPNG OEIYHOTOANYIOG YL TNV EKTIUNON TOV  TOOTIKOV
YOPOKTNPIOTIKOV KOTA TO KPioa oTddle ovamTuENG Tov oumeAod pe tov ogiktn CCCI,
KaBmg Kot TNV ebpeo 0KV peyebmv mov cuoyetilovian oe peydio Pabuod pe tov ogiktn y
EYYLPOTEPEG EKTIUNOCELG TNG TOLOTNTAG KOl ATOI00NG TNG KAAMEPYELNG.
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IMPACT OF DROUGHT ON CROP WATER REQUIREMENTS USING
REMOTE SENSING AND GIS

R.M. Stefanidis & S. Giakoumakis
Laboratory of Reclamation Works and Water Resources Management, School of rural and Surveying
Engineering, National Technical University of Athens, Iroon Polytechniou 9, 157 80, Athens,
Greece, e-mail: marios_stefanidis@hotmail.gr

ABSTRACT

The present work suggests that the achievement of integrated water resources management, requires
geospatial data concerning crops. These data were extracted using remote sensing techniques and
GIS. Moreover, rainfall and temperature data were used in order to calculate reference
evapotranspiration and then, the reconnaissance drought index (RDI). Thematic maps based on this
index, indicating drought’s spatial distribution, were derived. Potential evapotranspiration of crops
was estimated through the appropriate crop coefficients. Also, effective rainfall was taken into
account for the irrigation period. Based on the total area that the crops cover, the annual volume of
water that the crops need was estimated and then was compared to the effective volume of water of
the reservoirs of two interconnected dams that are to be constructed in the area. Crop requirements
were derived for the driest year.

Keywords: Drought, GIS, remote sensing, water requirements.

XPHXZH THAEIIIZKOITHXHXE KAI GISTTA AIXNEYXH THX
EINIAPAXHY THX EHPAXZIAY XTIX ANAT'KEX NEPOY TQN
KAAAIEPT'EIQN

P.M. Xtepaviong & X. Naxkoopdaxng

IHHEPIAHYH

l'soyopucd dedopéva mov apopovv kaAMEpyeleg ypnoyoromdnkay gvpéms. To dedopéva ovtd
eENyONoOV YPNOOTOLOVTOG TNAETIOKOTIKES TeXVIKEG Ko [ewypapikd Xvotiuota [TAnpogopidv
(TZIT). Emmdéov, ypnoyomomdnkav dedopéva PBpoxdmtmong kot Beppokpociog pe okomd va
vroloytotel 1 eoTiocodiamyvon avapopdc katl ev cuveyeio o deiktng avoyvopiong Enpacioag (RDI).
Me Bdon avtdv tov deiktn, dnpurovpynnkay Bepoticol ydpteg YOPKNG Katavouns g Enpacioc. H
SuvnNTIKN €0 TUIC00OMVOT] TV  KOAMEPYEIDV eKTIUNONKE HECH® TOV KATOAAANA®V  QULTIKOV
ocvvteleotwv. Eniong, AMednke vmoyy n evepydg Ppoydmtwon yia tnv apdevtikn tepiodo. O £1o10¢
OYKOC vEPOV, O OTOI0G OMOUTEITOL YO TNV KAALYT] TMOV VOOTIKOV OVOYKOV TOV KOAMEPYEIDV,
VIOAOYIoTNKE [E BACT TN GLVOAIKT EKTOGT) TTOL OVTEG KAADTTOLV Kol €V GLUVEYEiD GLYKPIONKE e TOV
OPEMIO OYKO VEPOD TMOV TOMEVTHP®V TOV 0V0 J0GVVIEOEUEVOV PPAYLATOV TO. OTTOi0 TPOKELTOL VO,
KOTAGKELAGTOVV otV mePLoy]. Ot vOUTIKEG avAYKES TV KOAMEPYEIDV VTOAOYIGTNKOV Ylol TO
ENpOTEPO £T0G, EMTLYYAVOVTOG £TGL TNV OAOKANPOUEVT SLEIPLOT VOATIVOV TOPMV.

Aéeis kheroia: Enpaoio, ['ZI1, TMAEmoKOTNON, VOUTIKES OVAYKES.
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1.INTRODUCTION

Understanding future changes in crop water requirements and irrigation demand in the context of
climate change is essential for long-term water resources management and agricultural planning
(Acharjee et al., 2017). More specifically, Tavronitis’s river basin in Crete (Greece) was used as case
study. Tree crops such as olive trees, avocados and orange trees are widely cultivated in the region.
More specifically, each plant species was recognized by applying several techniques to emphasize
the role of remote sensing in detecting crops (Assatse et al., 2016). Google Satellite has played a key
role in crop detection. Like every other Google Earth Engine, Google Satellite aims at providing
planetary-scale geospatial data which are useful in a variety of high-impact societal issues associated
with land reclamation works such as drought, water management, climate monitoring, environmental
protection, crop yield estimation, flood mapping and land use change (Gorelick et al., 2017). Inside
the river basin two interconnected dams (Sempreniotis dam and Papadianon dam) are planned to be
constructed so that the effective volume of their reservoirs will be used to cover the water demand of
the tree crops during the irrigation period between March and October (Giakoumakis, 2017). In order
to check the effectiveness of the design of the interconnected dams in the river basin, the annual
water requirements of the driest year, indicated as the year with the highest water requirements for
the irrigation period of March-October, were compared to the secured demand at almost 100%, from
the reservoirs of the proposed dams (Hydro-System Consultants Engineers, 1992). Drought is
considered to be one of the most important extreme natural phenomena within the climatic variations
(Nalbantis and Tsakiris, 2008). In general, drought may have different expressions depending on the
examination parameters and the climate of the area (Rossi et al., 1992). Besides, drought has serious
consequences on the water supplies, economy and environment, due to the fact that is inarguably one
of the most challenging and complex natural disasters from management perspective (Mera, 2018).
Remote sensing and water demand estimation, especially during dry periods, over the cultivated area
are used to manage irrigation and minimize losses during the crop growing cycle (Vanino et al.,
2018) underlining the purpose of the present study, which is to propose a methodology for
investigating the impact of drought on the water requirements of crops in river basins of the
Mediterranean region.

2. METHODOLOGY
2.1 Remote sensing and GIS

Geospatial data, concerning the area of the tree crops inside the river basin, were estimated in
order to have a complete hydrological view over the river basin. Remote sensing techniques and
geographic information systems (GIS) software were used. These techniques mainly concerned the
so-called photo interpretation characteristics, which are: shape, size, pattern, hue, texture, shade,
spatial location and spatial arrangement (Argialas, 1999). The recognition and digitization that
followed was performed in Quantum GIS using online — free — imagery that this software provides,
called Google Satellite. The recognized crops were olive trees, avocados and orange trees. The
projection system used was GGRS87 / Greek Grid. The featured orchards were digitized with
maximum precision, so that the risk of failure of intergraded water resources management gets
minimized (Hooper, 2003; World Meteorological Organization, 2009).

2.2 Drought characterization

In this study meteorological drought, meaning the period of time without enough rainfall
(Tsakiris, 2013), was investigated. As a matter of fact, meteorological drought is directly related to
the examined area, because the atmospheric conditions, which differ from area to area, play a key
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role to its formation. Greece, as a typical Mediterranean country (mild rainy winters and hot dry
summers with high evaporation), due to its geographical position and climate, is fairly prone to
drought outbreaks. Insufficient rainfall is one of the main factors that causes drought, while the
phenomenon can be represented by its intensity, duration and spatial distribution (Vangelis, 2012;
Hassan et al., 2019). So, knowing that rainfall is very low during summer, drought is more likely to
appear on the second semester of a hydrological year (April-September). This six-month period is
also considered as the core of the irrigation period under Greek, and general Mediterranean, climatic
conditions.

The method used here adopts an index that can detect the existence of drought in an area, at a
specific time period. This index is called RDI (Reconnaissance Drought Index) and expresses
meteorological drought through the balance between input and output. RDI is based on rainfall (P) as
input and potential evapotranspiration (PET) as output (Tigkas et al., 2013). Recently, several studies
have shown that temperature methods for estimating PET can be fairly sufficient for the calculation
of RDI in various regions with different climatic characteristics, thus providing a realistic
representation of drought conditions while concurrently limiting the required data to rainfall and
temperature (Thomas et al., 2016; Tigkas et al., 2016). RDI involves three different forms: the initial
value (ay), the normalized form (RDI,) and the standardized one (RDlIg). The initial value ag is
calculated for the i-th year during a time of k months:

. k ..
al = % i =1(N and j = 1(1)k 1)
with Pj; being the rainfall and PET;; the potential evapotranspiration of the j-th month of the i-th year,
while N is the total number of hydrological years of the available time series.

The following expression is the normalized RDI or RDI,:
O
RDIY = ﬁ -1 ()

where af{l) is the arithmetic mean of ag).

The standardized value of RDI, RDly, is calculated as follows:
RDIW = yW-y (3)
st 0;‘,

in which y; s the In(a "), ¥ its arithmetic mean and o'y its standard deviation.

The values of RDIg; can be classified in 7 classes (Table 1) and can be calculated for a 3, 6 or 12
month-period (Vangelis, 2012).

Table 1. Classification of drought conditions according to RDl,

RDI values Drought classification
>2.0 Extremely Wet
1.50to0 1.99 Very Wet
1.00 to 1.49 Moderately Wet
-0.99t0 0.99 Normal Conditions
-1.00 to -1.49 Moderately Dry
-1.50 to -1.99 Very Dry
<-2.00 Extremely Dry
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3.CASE STUDY

For the river basin studied, that spans 131 km? rainfall and temperature data from three different
meteorological stations were available. The stations chosen for the present study were: Tavronitis
(+15m) with 660.8 mm of average annual rainfall, Zympragou (+235m) with 1171.5 mm of average
annual rainfall and Palaia Roumata (+316m) with 1251 mm of average annual rainfall.

Discretization was performed, involving 167 squares of 1 km? each (1 km side), to cover the
whole basin’s area. Every square was represented by its center. Hydrological information was
transferred to each square from the nearest stations, using the inverse distance algorithm (Vangelis,
2012; Tsanakas et al., 2013). After both monthly rainfall and temperature data were transferred to the
centers of all squares, Thornthwaite method (Thornthwaite and Holzman, 1942; Thornthwaite, 1948)
was applied in order to determine the reference evapotranspiration (PET). This method is one of the
most commonly used method of PET calculation, because it provides the best results on regional
level using only temperature data as input (Cadro et al., 2017). In this paper PET was calculated as:

a
PET thomthwaite=16 (Tm%) (4)
I=Y12,(0.2T,)1>* (5)
a=6.75-10"713-7.71-107°124+1.7912-10721+0.49239 (6)

where Tmean is the mean air temperature (°C), | a thermal index imposed by the local normal climatic
temperature regime, and the exponent a is a function of I.

Then, RDIg; (eq 3), for a 35-year period (1971-2006) available here, was calculated using Drought
Indices Calculator (DrinC) software (Tigkas et al., 2015). RDI values for every square unit were
calculated for the six months period (April to September) of each hydrological year. According to
these values, thematic maps of drought were created using AutoCAD and ArcMAP software. As an
example, for some years, drought appeared to be significant (Figures 1, 2). In other cases, there were
relatively wet years (Figure 3).

RDI
2003-04
SCALE A

RDI

1986-87
SCALE

RDI

1988-89
SCALE A

<-2.00 <-2.00 2.00

150 to -1.99 -1.50 to -1.99 150t -1.99

-1.00 to -1.49 1.00 to -1.49 -1.00to -1.49

0.99 to 0.99 -0.99 10 0.99

-0.99 to 0.99

1.00 to 1.49 1.00te 1.49

1.00 to 1.49

1.50 te 1.99 1.50 to 1.99 150 te 1.99

EEEEEN
EEEECTEN

> 2.00

Seus oSl

Figure 1. Spatial illustration Figure 2. Spatial illustration Figure 3. Spatial illustration

of drought for the dry year ~ of drought for the dry year of drought for the wet year

1988-89 according to RDI 2003-04 according to RDI 1986-87 according to RDIy
six month period values. six month period values. six month period values.

In Figures (4) and (5) are presented the most vulnerable areas of the river basin examined in detail
under dry and humid conditions respectively. In addition, the main hydrographic network of the river
basin as well as the areas covered by tree crops, as extracted during the remote sensing process (i.e.
olive trees, avocados and orange trees) are included. Hydrometeorological stations and the location
of the interconnected proposed dams, are also depicted.
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The estimation of the water requirements of these crops was carried out using the Penman-
Monteith method (Allen et al., 1998; World Meteorological Organization, 2008; Zotarelli et al.,
2010; Spiliotopoulos, 2014). Reference evapotranspiration PET (ET,) was first calculated. The
relevant data were taken from Souda meteorological station, which was the nearest to the river basin
with complete records (Giakoumakis, 2017). Using, then, the appropriate crop coefficients K. for
each of the three types of tree crops in the area, potential evapotranspiration PET. (ET.), which
represents the crop water needs under certain climatic conditions (Zhang et al., 2010), was computed
for the irrigation period (March to October) as:

PET.=PET-K, (7)

where, PET. is the actual or potential evapotranspiration of the crop (mm/day), PET is the reference
evapotranspiration (mm/day) and K. the crop coefficient at a specific growth stage. K. depends on
crop properties (e.g., height of crop, resistance of canopy, albedo), soil and climatic parameters, such
as soil surface, evaporation, wind speed and direction. Albedo is the fraction of solar radiation
reflected by the surface of crop and soil, where, as the canopy means the leaves and branches of
crops at the top (Chowdhury et al., 2016). So, resistance of canopy is the resistance of the crop
against vapor transfer (Allen et al., 1998). As a result, K. varies not only on the type of crop, but also
on the growing stage of the crop (initial stage, mid-season and late season), which practically reflects
the canopy development due to agronomic practices over the course of the growing season. At the
same time, PET plays an important role in global energy exchange and water cycle, whereas it
depends on climatic data like air temperature, wind velocity, sunshine hours and air humidity (Du
and Sun, 2012). It follows the FAO approved Penman-Monteith equation as:

900
0.408A(Rn—G)+ym uz(es —ea)

ET= (8)

A+y(1+40.34u;)

where, PET is the reference evapotranspiration (mm/day), R, is the net radiation at the crop surface
(MJ/m?/day), G is the soil heat flux density (MJ/m?/day), T is the mean air temperature at 2 m height
(°C), uy is the wind speed at 2 m height (m/s), e is the saturation vapor pressure (kPa), e, is the actual
vapor pressure (kPa), es-e, is the saturation vapor pressure deficit (kPa), A is the slope of vapor
pressure curve (kPa/°C) and vy is the psychrometric constant (kPa/°C) (Farg et al., 2012; Zheng et al.,
2012).

For the water balance, effective rainfall P, (mm) was also taken into account (Allen et al., 1998).
Therefore, P, was considered as the part of total rainfall that could be used for crop development,
directly or indirectly. The percentage of total P that was considered as P, depends on several factors,
practically related to infiltration, runoff and evapotranspiration. The equations used to represent P
are the following (Tigkas et al., 2016):

P<250mm, Pe- {P-(125-0.2-P)}/125 9)
P>250mm, Pe= 125+0.1-P (10)
with P (mm) being the monthly rainfall.

Results are illustrated in Table (2). In this table, IR, (mm) represents net water requirements (i.e.
IR,= PET¢-Py).

Considering the whole cultivated area of each crop, the average annual water requirements were
calculated (Table 3).

156
11° MaveAAvio ZuvESpLo MEwpyLKAC MNXOVLKAG
BoAoc 2019



ENOTHTA 1 — KAINOTOMIA KAI NEEX TEXNOAOTIEZ

Table 2. Average values of crop evapotranspiration (mm) for the irrigation period (Mar-Oct).

Mon. PET Pe Kc Kc Kc Or. PETc PETc PETc IRn IRn IRn
(mm) (mm) Ol Av. Ol. Av, Or. Ol Av. Or.
MAR 911 1144 065 0.6 0.7 59.2 54.7 63.8 0.0 0.0 0.0
APR 1179 566 0.7 0.85 0.7 82,5 1002 825 26.0 43.6 26.0
MAY 1579  21.3 0.7 0.85 065 1105 1342 1026  89.2 1129 813
JUN 1827 8.0 0.7 0.85 065 1279 1553 1188 1199 1473 1108
JuL 195 1.3 0.7 0.85 065 1365 1658 1268 1352 1645 1255
AUG 1727 3.4 0.7 0.85 065 1209 1468 1123 1175 1434 1089
SEP 1294 293 0.7 0.85 0.65 90.6 1100 841 61.3 80.7 54.8
OoCT 95.2 76.5 0.7 0.75 0.65 66.6 71.4 61.9 0.0 0.0 0.0
SUM 11419 3107 7948 9383 7527  549.1 6924  507.2
Table 3. Average annual water requirements of crops.
Annual water Annual water
. 2 Area .
requirements Area (km?) (ha/10) requirements of the total
m*/(ha/10) area 10°m°

Olives 549.1 28.51 28510 15.65

Avocados 692.4 1.58 1580 1.09

Oranges 507.2 0.06 60 0.03

30.15 30150 16.78

W Cumailative IRn

D Effective rainfall

Hydrodogical year

Figure 6. Comparison between cumulative IR, and effective rainfall.

According to the preceding drought analysis, for the driest hydrological year the water
requirements were estimated as equal as 20.2:10° m® (minimum effective rainfall). The driest
hydrological year was considered as the year where the deficit between potential evapotranspiration
and effective rainfall was maximum. In this case, the deficit presents its highest value during the year
2003-04 (Figure 6). This was compared to the secure annual demand at almost 100% from the
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reservoirs of the dams that are going to be constructed in the area, which was determined as equal as
22.7-10° m® (Hydro-System Consultants Engineers, 1992).

Finally, according to the present study, the water requirements of the crops, even for the driest
year, can be satisfied by the dams. The areas that are more likely to suffer from an impeding drought
outbreak are located, mostly, below the proposed dams where the altitude is lower. At low altitude
temperature (and PET as a result) is higher and rainfall is lower than at higher altitude. These factors
combined escalate the crops water demand, making them more vulnerable during a dry year. On the
other hand, a wet irrigating period seem to benefit most of the cultivated area, due to the fact that all
crops lose less water due to evapotranspiration.

4. CONCLUSIONS

Extended satellite imagery interpretation, along with GIS mapping, can give high quality crop
data (crop classification and delineation), which can be used as background information for further
hydrological investigation.

The calculation of RDI and the creation of thematic maps of drought, for a number of consecutive
hydrological years, can give a good estimation about the regions where drought is likely to have
more severe effects on crops.

The volume of water that is required to cover the water demands of the crops is equal to the
volume of water that these crops need during the driest year. According to the present study, the
water requirements of the tree crops, even for the driest year, can be satisfied by the two dams.
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EKTIMHZH ITAPAT'QI'HX 2E KAAAIEPTEIA X KAHPOY XITOY ME
XPHXH AEIKTON BAAYXTHXHX AIIO TO AOPY®OPO SENTINEL-2

X. Kaparapne, K. Avatoritng & A. Kvrapicong
[Tovemomuo Oeocoriag, Tunua IN'ewmoviag Gutikng [apaywyng kot Aypotikov [Mepipairovtoc,
086¢ DutoKov, 384 46 Néa Iovia, Mayvnoia, e-mail: chkaval@uth.gr

INEPIAHYH

2Komog TG mapovoag peAétng ftav 1 a&loldynon Tpldv deiktav Prdotong (NDVI, NDRE, EVI),
npoepyOuevemy omd dedopévo Sentinel-2 yio v ektipnon g anddoong okAnpov citov. Ta
dgdopéva ¥pNOILOTOONKOV Yol TV KOTOGKEVT XPOVOGEPAOV JeKTOV PAdctnons (AB) koatd
dugpketla TG kaAlepyntikng meptdodov 2017-2018 og 9 aypoic citov 6t Oeocario. YToloyiotnKay
T OAOKANPAOUOTO T®V YPOVOSEP®V TV AB 7y doapopetikd ypovikd SooTAHOTe NG
KOAMEPYNTIKNG TEPLOGOL KOl EEETACTNKOV Ol GULOYETICELG HE TNV amdOOCT 7OV UETPHONKE e
Beprloarmviotikn unyovni. [ 6Aovg tovg AB, ot GuVTELEGTEG GLOYETIONG AVEAVOVTOAL GTOIIOKE 0T
YOUNAEG TIHES, Y10 TOL OAOKANPOUOTO TG GUVOAKNG TEPLOOOV, GE VYNAEC TIUES, Y10l OAOKATPOUATO
peta v mepiodo avbopopiag. Or NDVI kot NDRE napovcidlovv mapopoteg emdOOGELS LE [ LK
vepoyn tov NDRE, evd o1 péyioteg ovoyetioelg eppaviCovioan yia tov EVI. Ta amoteléopota
deiyvouv 611 01 AB amd dedopéva Sentinel-2 mov avtictoyovv oty mepiodo LeTA TV avBopopia,
@aivovtal 11itepa KATAAANAOL Y10 TNV EKTIUNGON TNG 0mdO0GN G GKANPOV GITOL LYNANG aKpifelag

Aé&eig kleroid: oxnpdg oitog, anddoon, Sentinel-2, tmiemokdénnon, NDVI, NDRE, EVI

YIELD ESTIMATION OF DURUM WHEAT WITH USE OF
SENTINEL-2 SATELLITE VEGETATION INDICES

C. Cavalaris, K. Anatolitis & A. Kyparissis
University of Thessaly, Department of Agricultural Crop Production and Rural Environment,
Fytokou Str. 384 46 Volos, Greece, e-mail: chkaval@uth.gr

ABSTRACT

The purpose of this study was to evaluate three common vegetation indices (NDVI, NDRE, EVI),
derived from Sentinel-2 data for durum wheat yield estimation. The data were used for the
construction of vegetation indices (V1) time-series throughout the 2017-2018 growing period over 9
wheat fields at Thessaly, Greece. The VIs time-series integrals were estimated for several intervals of
the growing period and their correlations against yield measured by the yield monitor of a combine
harvester were examined. For all Vs, the correlation coefficients were gradually increased from low
values for the whole growing period integrals to maximum values for integrals after the flowering
period. In all cases, NDVI and NDRE showed similar performance with a slight superiority of
NDRE, while the best correlations appeared for EVI. The results of this study indicate that VIs
derived from Sentinel-2 data, corresponding to the post flowering period are particularly suitable for
high accuracy durum wheat yield estimation..

Keywords: durum wheat, yield, Sentinel-2, remote sensing, NDVI, NDRE, EVI
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1. EIZATQI'H

O oxinpdc oitoc (Triticum turgidum L. var. durum) amotedei Paciky KoAMEPYEW Yoo TNV
napaokevy] Lupapikav. Xxedov 10 60% e maykOSHoS KOAAEPYELaS GKANpoL oitov, mepinov 7,8
EKOTOUUDPLO. EKTAPLO, TpayHaTomolEiTon ot Aekdvn g Meooyeiov (Royo et al., 2017). Qotdoo, n
KaTavarwon Copapik®v otig Mecsoyelakés xdpeg etvat vynAdtepn omd TNV TOTIKY TOPAYWOYT), OTOTE
ol PBropnyavieg tpoeipwv eéaptdvior and T eloaywyEc and GAleg meployés, kvupimg ™ Bopewa
Apepwen.H tehikn mopayoyn eoptdror onpovtikd amd Tig Kopikés cuvOnkes, wdwitepa Katd To
otad0 ™G wpipavong tov ondpov (Diacono et al., 2012). To petapintd Mecoyewaxkd kAipa, ce
GLUVOLAGHO LE TNV TPEXOVO KALOTIKY 0AAOYT], TPOKOAEL LEYAAES OIUKVUAVGELS TV OMOSOCEMY TOL
oKANpoY citov and £10¢ 6€ £10¢, dNUOLPYOVTG Kivdvvous kot afefatdtnteg oty Propnyavia, 6to
EUTOPLO, GTOVS VILELHVVOLG XAPAENG TOATIKNG ALY KOl GTOVG 101006 TOLG Tapay®YoLs. H mpdPieyn
g amdd0onG ToL GKANPOY oitov givar (TIKNG onuaciag Yoo OAOKANPN TV aAvcida Topoymyns
Tpogipmv. Ot aypdTEG UTOPOLY VO TPOGAPUOGOLV TIG YEMPYIKES E10p0EG (Mmdopata, dpdevuon) yiao
VO IKOVOTIOMGOLV TIG E0KEG OVAYKES TNG KOAALEPYELQS, EQAPUOLOVTOS TEXVIKES EVELVOVGS YEWPYING 1
vewpylag axpieiog, evd 0 TOUEng TNG GLYKOMONG UTOpEl Vo TPOypappaticel T dlayeipion TV
0ep1lo0AOVIGTIKOV UNYOvVOVY Kot TIG S1001KOGTES LETAPOPES Kot armofNKELON G TOL GTOPOUL.

[Tapdio mov N Y®PIKN TOPUAAOKTIKOTNTA GTNV OTOO0C TWV KOAAEPYEUDY GUVOEETAL GTEVA LLE TIG
1010TNTEG TOV €£5GPOLE Ko TN dtabesudTnTa vepod ko Bpentikmdv (Diacono et al., 2012; Johnen et
al.,, 2014), n tAemoxonnon g PAactnong g KoAMEpyelng Oewpeiton U0l OTOTEAEGHIATIKT
puéBod0¢g Yoo TNV extipnon g andooons, Kabdg n PAAcTNON £ival ovT) TOV TEMKEO OTOTVTMOVEL TIG
emdphoelg 6hov tov mapondveo mopayoviov (Satir and Berberoglu, 2016). Metald tov
OLOPOPETIKMY TPOGEYYIGEMV TOL YPNGLLOTOLOVLVTAL Y10 TNV TPOPAEYT T®V OTOOOGEDV, Ol EUTEIPIKES
pébodor mov Pacilovtar otV AmAY] EQOPUOYN MG CTOTIGTIKNG ToAvopounons petosd AB kot
amodooong elvar ot mo cvvnbiopéveg, AOY® NG OmMAOTNTOG KOl TOV TEPLOPIGUEVMV OTOITNOEWV GE
dedopéva (Ren et al., 2009; Bolton et al., 2013; Lopresti et al., 2015; Nagy et al., 2018). To kbpto
petovéktnua givatl 6t o1 oyécelg AB - amddoong cuyva meplopiloviol oTIC TEPLOYES Yo TIC OTOLES
TpaypatomomOnke mn apyikn Pabpovouncn kot 0gv £€(OVV IKOVOTONTIKY] EQOPUOYN OE OAAES
neployég (Moriondo et al., 2007; Lopresti et al., 2015). Ot Bhattacharya et al. (2011) anédmcov v
TEPLOPICUEVT] EQOPUOYN HOVIEA®V eKTIUNONG TG omddoong otov kopeoud opiopévov AB (my.
NDVI) cg vynAd eninedo LAI kot v pun evoictncio tov AB otnv dtaxdpavon tng vypaciog Tov
€0GpOVG, €101k o cLVONKES PETPLOC EmG TAPOVG edapokdivync. TToap' Oha avtd, ot Becker-reshef
et al. (2010) avémtvav €va poviélo Yoo T0 YEWEPWVO OLTAPL, OOV 1 OO0 CLOYETIOTNKE
ypoppkd pe to emoytokd péyioto NDVI and dedopévo MODIS. To poviédo Pabuovoundnke ko
epapuoomnke yoo v moAteio tov Kdvoag (HITA) xou amodeiybnke dueco petafifdoio ot
epapuootpo yo v Ovkpavia.

Ot tolvgaopatikol oeOntmpeg dapopmv dopvedpav (m.x. LANDSAT, MODIS, SPOT) napéyouvv
OgdOpEVA IOV YPNGIULOTOLOVVTAL EKTEVADS Yo TNV TapoakoAovdnon ¢ PAdotnong (Hatfield, 1983;
Labus et al., 2002; Salazar et al., 2007; Becker-reshef et al., 2010; Nagy et al., 2018). Qot600, N
xPNoWOTTA TOVg cLYVa mEeplopiletar amd ™ younAn yopwn (MODIS) i ypovikry (LANDSAT)
avaivon N v erevBepn tpodcPacn ota dedopéva (SPOT). Ipdoeara, o Evponaikdg Opyaviopog
Awomuotog (ESA) é0ece oe Aertovpyion €va Cevydpt dopuveopwv (Sentinel-2 A xor B),
eEomopévav pe éva moAveacpatikd oawsOntipa (MultiSpectral Instrument, MSI), mov mapéyet
elebBepa dedopéva kabe mévte nuépec, oe 13 paopatikd koviio (443 — 2190 nm), pe yopwm
avaivon 10, 20 ko 60 m (Sentinel User Guide). Avtd ta dedopéva @aivovtot Wdloitepo KatdAAnio
YL EQOPLOYES Yempyiog akpiPeiog Kot EKTIUMON 0mod00EMV, 1O10UTEPO G YOPAPLO LKPOVL peyEBoe.
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Qo010060, AOy® T™C WKPNG TEPLOdov Aettovpyiag tav Sentinel-2, ot epguvntikég mAnpoeopies yia
OLYKEKPIUEVEG KAAMEPYELEG KOl TAPAUETPOLS PAAGTNONG elvan axoun apkeTd meploptopévec. Ot Xie
et al. (2019) ypnowonoincav dedouéva Sentinel-2 yia va ektyunoovv tov LAI kou v mepieyopevn
YAOPOPOAAN o€ YeEWePVO ©ito, ovykpivovtag To amoteAéouato pe in SitU  petpnoelg ko
OTOOEIKVOOVTOG TNV KATOAANAOTNTO TOL aucOnTpa MSI v tnv ektipnon Plouoik®v mapapéTpov
TOV KOAMEPYELDY. € [0, GVYKPLTIKY peAétn, ot Prey and Schmidhalter (2019) katédei&av 01t 0
atsOnmpag MSI capdc vaepépn tovg aodntipeg twv Landsat-8, Worldview-2 kot RapidEye otnv
extipnon AB mov cvoyetilovtatl pe v amddoon KaAAEpyelag oitov, Kabds Kat pe TV TpOSAnY”
Kot ™ ovykévtpwon ald@tov. Ta mieovektipoto amoddOnkay 6to kKavail red edge kot tnv kaAdtepn
KdAvym ¢ meproyng pneta&d 800 kar 1000 nm and tov Sentinel-2.

XKomdG TG Tapovoag HEAETNG efvan 1 dlepedivion TG duvatoTnTag YPNong dcdouévmv Sentinel-2 yo
™V EKTIUNON TOV 0moddce®V 6KANPOY Gitov, Tov Ba ypnoiomomBody yia TV avarTuEn HOVTEA®DY
TPOPAEYNM S mOS00TG, KATAAANA®Y Yo T puKkpol peyébovg yopdoo e Mecsoyeiov. o to okond
ovto eEetalovral tpelc AB, mov ypnoyonolovvioan cuvnbwg o poviéda mapayoyikoétntag (NDVI,
NDRE, EVI), évavtt dedopévaov amddoone mov petpiinkav pe 0eptloaimviotikn eE0TAMGUEVN HE
GOOTNLO XAPTOYPAPNONG THG TAPOYOYNG.

2. YAIKA-ME®OAOI

2.1 Ieproyég perétng

Ye autn T peAétn ypnowomomdnkay 9 yopdolo oty mepoyn ¢ Oeccariag (Zynua 1), mov
KaAMepynOnkav pe okAnpo oitdpt Kotd T Sdpkeld TG KOAAEPYNTIKN)G Tteptddov 2017-2018. H
éktoomn tov aypov ntav and 2,3 éog 8,4 ha (uéoo péyebog 5,9 ha) ko 1 cuvolikn éktoon 52,9 ha
(ITivaxog 1). T'a v emioyn tov aypadv eEetdotnkay d00 Kpitinpla: Ta Yopaeta Oa Expene vo £xovv
GLYKOMGTEL e U0V GLYKOMIONG EEOTAGUEVT LE GLGKEVT LETPNONG TNG amdO0oNG Kot To PEYEDdS
toug B émpeme va elvor apketd peydAo dote va gival KATAAANAO Yo SOPLPOPIKN TOPAKOAOVON .
Ta yopdela ondpOnkav Kotd ™ ddpkelo Tov Nogpuppiov-Askepppiov 2017 kot cuykopicTnKOV TOV
Iovvio tov 2018 (TTivaxag 1).

Yympo 1. Xaptng e EALGOag pe tor vmo pedétn yopaoia (e KOKKIVo ypmdua) 6to £vOeTO.
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Mivaxkag 1. Ta 9 vo pehét yopdeo Kot Bactkd TOVG YOPOKTNPIOTIKA.

oo P AL omepis oo oS
1 4.9 275 28/11/17 31/5/18 Svevo 240
2 6.7 480 26/11/17 7/6/18 Givraltar 230
3 5.3 327 28/11/17 4/6/18 Iridae 230
4 6.7 429 12/11/17 2/6/18 Iridae 240
5 2.7 126 16/11/17 31/5/18 Svevo 250
6 2.3 147 14/11/17 31/5/18 Svevo 250
7 8.4 611 12/11/17 3/6/18 Iridae 240
8 8.0 452 8/12/17 6/6/18 Svevo 230
9 7.9 537 24/11/17 7/6/18 Normano 230

2.2 Métpnon amédoong

210 TEAOG NG KOAAEPYNTIKNG TTEPLOOOV, OAN TO YOPAPLO cuYKopiotnkay pe pnyovn John Deere
S660i eEomAopévn pe cOGTNUO YOPTOYPAPNONG TG TAPOYWYNS KOl TapxOnoav YapTeg omodocemy
YOPIKNG avdivong 1.5X1 m amd 10 oyetikd Aoywopkd MylD (Zynuo 2a). Ot apywol xdpteg
vroPAOnkav oe mepartépw enefepyacio pe 10 Aoyopkd avoiktod kmoka Yield Editor (éxdoon
2.0.7) (Sudduth et al., 2012) ywo v amopdkpovven tov axpaiov Tipuodv. Télog, ot yapteg amddoong
(vector) petatpamnkov oe ewoveg (raster) pe péyebog ewovootoryeiov 10x10 m (Zynuo 2b),
avtioToryov pe To. €lKovootolyeio TtV ewoévov Sentinel-2 (Zynuo 2c), XPNOLOTOIDOVING TO
hoywopkd QGIS. H petatpomn amd Vector ce raster mpoypotoromdnke pe v eoywyn tov HEGov
OpOv OA®V TOV TIUDV TOV TEPLEYOVTAY EVTOG TV opimv kdbe eikovoototysiov Sentinel 10x10 m.

2.3 Aopo@opikd dgdopéva,

Yvvolkd 32 ewkdveg Sentinel-2 (A ko B) Anebeiceg and tov Oktmppio tov 2017 £mg tov lovvio tov
2018 avaxmOnkov and to Copernicus Open Access Hub tg ESA (https://scihub.copernicus.eu/).
2mv mapovoo peEAETN ypnotpomombnkay tpoidvta avakiaotikotntog Level2A (padiopetpucd kot
atpocalpikd dtopbopéva). Oreg o1 ewoveg pe péyebog eikovootoryeiov peyoivtepov tov 10 m,
vroPfAOnkav oe emavaderypotoinyio oe péyebog ewkovootoyeiov 10 m ypnolyomoi®vTag TO
erevBepo  Aoywopkd  avoyytov koo SNAP (ESA  Sentinels Application Platform v6.0.4,
http://step.esa.int). Metd v eoy@yn S£S0UEVOV Y10 TO. EIKOVOGTOLYEID TOV VIO HEAETN YOPAPIOV
(ovvolkd 3384 ewkovooToryEid), KATOOKELAGTNKOV YPOVOGEIPES YL TOVS akOAoLOOVE OgikTeg

BAdotnong:

Normalized Difference Vegetation Index, NDVI = Rga2_Rees

Rg42+Rees

. R -R
Enhanced Vegetation Index, EVI = 2.5 842 665

Normalized Difference Red Edge Index, NDRE = Rga2~R705

Rga2+R705
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omov Ry, 1 avaxAaoTiKOTNTO 08 UNKOG KOUOTOG X, LLE TO X VO OElYVEL TO KEVIPIKO UKOG KUUATOS TOV
oYeTIKOL kovolMov Tov Sentinel-2. AxoAoVOwc, or mevOnuepeg ypovooelpéc Twv 3384
gwkovootoyeiov ywoo tovg 3 AB vmoPfAnOnkov oe amAn ypoppiky] mopeUPoArn, Tapdyoviog
KaOnuepvd dedopéva yia Kabe elkovooTiyeio Kot Yoo oAOKANpM TV Ttepiodo avantuéng (OktmPprog
2017 - Iovviog 2018). H omdn ypoppikny mopeuPorn kot 1 amovcio omolacdmote S1adikociog
eEopdAvvong TV Ypovooelp®v emALYONKaV mpokeEvoy vo dtatnpndel n dadikacio 660 1O
duvatoéV AmAOVOTEPY, MOOCTE VO UTOPEl VO €QUPUOCTEL €DKOAN GE O100IKOGIEG LOVIEAOTOINGNG
TPAYUATIKOD YpOvov. Ot YPOVOGEPES NUEPNOLOY TIUDV YPNCLOTOWONKAV GTN GLVEXELD Y10, TOV
VTOAOYIOUO TV OAOKANPpOUATOV Yoo KaBe AB, yio mowila ypovikd ScTNHOTO KATA TN SdpKELD
™G KAAMEPYNTIKNG TEPLOOOV.

(c)

Yield, kg hat i
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Tympa 2. Apywd dedopéva mapoywyng (), xapTng Topay®yNg LETG TNV OTOUAKPVVOT] TOV 0KPOimV
TIL®V Kot LETATPOTN o€ raster ue didotoon wkovoototyeiov 10 m (b) ewova Sentinel-2 NDVI yuo tig
29 Ampidiov 2018 (C) ywo éva amd ToL VIO PEAETN Y OPAPLOL.

3. AIOTEAEXMATA

Onwg paivetot 6to Zynpo 3, T0 ETOYLKO TPOTLTO YEWEPIVIG KOAALEPYELNG AmOdIdETOL KOAL amd TN
dwkdpavon tov AB, pe yopnAég Tég katd Tt Odpkeln TG mePLOdov omopds (NoéuPprog),
otadlokn avénon péypt v mepiodo avBopopiog Tov ATPIAiov Kot GYETIKA amdTOUn HelmoTn Kotd
v mepiodo wpipavong tov ondpov (Mdawog). Qotdéco, mapodtt kot ot Tpelg AB amodidovv 10
EMOYOKO TPOTLTO, VILAPYOLY dtaPopéc petasy avtdv. Ommg gaiveton oto Zynua 3, o NDVI
av&davetal ToyvTEPA 0O TOLG AAAOVS dVO OEIKTEG KOl PTAVEL GE KOPECUO OPKETA VOPIG, TEPimOL GTAL
péoa Moptiov, evdd o NDRE éva puiqva apyotepa, ota péca Anpiiiov kat o EVI ota 1€An Ampiiiov.
H enidpaomn kopecpov otov NDVI éxet avayvmpiotel wg KOplo peloveEKTNUO Yo TNV TOpaKoA0VONoN
™G Propdloc, kabmg n ypoukn oxéon petald tov deiktn ko g Propalag ybveton yro Tyég LA
nave oamd 3 (Prabhakara et al., 2015; Gaso et al., 2019). H avbnon tov citapiod oty meployn e
®cocoMMag ovuPaivel ocuovnBwg oto péco Ampidov, pe TN UEYIOTN EMQAvVEID QUAA®V Vo
emrvyyaveral 10-15 nuépeg mpv amd avtnv (Lopresti et al., 2015).
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Yyqna 3. Xpovocepéc NDVI, NDRE and EVI ywo ta 9 vd pehét yopdota. T'a kdbe yopdet Exet
VoAOYIoTEL M Héom T OA®V TV €KOVOoTOlXEl®V Yo kdBe nuepounvia. Ot Ypopupés oQaANATOg
avtpoownevovy £SD.
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Yympoa 4. Zvoyetioelg petald orokinpoudtov AB (NDVI, NDRE, EVI) yia 3 ypovikd dwuotipato
Kol amodocemv. O kdbe aypOc VTOOEIKVVETOL LE SUPOPETIKO YPpDUa. Ol CUVTELEGTEG GLGYETIONG
eaivovtol 0to emdve deEl PéPog Tov KAOE dtoypapLOTOC.
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[Tpoxewévovr va a&ohoynBovv ot AB yia v ektipnon ¢ amdd0ons TV KOAMEPYELDV,
VTOAOYIGTNKOAY TO OAOKANPOUOTO Y10l SLUPOPETIKES YPOVIKES TEPLOOOVE KOl CLGYETIOCTNKOV  LE
dedopéva amdo0oong Tov peTpnonkav pe ) unyovy cvykopdone. H apykn pog vedBeon nrav o6t ta
OAOKANPOUOTO YLoL OAOKANPN TNV avamtvélokn mepiodo Oa mapovsiolav younAOTEPT) GLGYETION e
T dedOUEVE, ATOOOCNG, CLYKPITIKA [E TO. OAOKANPOUOTO Y10 TNV TEPI000 amd TV avOnon £wg
ovykopdr]. H vrdbeon avt) dwpopembnke pe Baon 1o yeyovdg 0Tl 68 TOAAL Qyp®GTMON TO
TEPLOCOTEPQ OO T TPOIOVTA TNG POTOCVLVOESN G HETA TNV AvONnon katevBHvovTal 6TV avATTLEN
tov oneppdtov (Gonzalez-Navarro et al., 2016). IIpdayuatt, 6tmg @aivetor oto Zynua 4, yio GAovg
T0VG AB 0VG106TIKA deV VTTAPYEL CLGYETION UETAED TOV OAOKANPMUATOG Y10 OAOKANPN TNV TEPI0d0
Kol TNG 0mAS00MG, EVO 1) GLCYETION YiveTol PHEYAAVTEPT KOOMG N TEPI0d0C YivETAL GUVTOUATEPT KoL
mnociéatepn oty mepiodo avBopopiag. A&ilet va onpelmbel 6TL oTa Sty pAUHOTO Y10, TO GUVOLO TNG
ePLOdOVL Kal Yoo 6Aovg Ttovg AB (Zynua 4a, d, g) ta yopdow 5 kot 8 dtaywpilovtol coendg amd To
volowma, Pe T0 S va Peavilet TIC VYNAOTEPES KOl TO 8 TIG YOUNAOTEPES TIUEG, OE GLUEMVIN LLE TOVG
TPOTOVG pNveEG TG avantuéng (Zynua 3). o to tehevtoio ypovikd NAGTUA TNG AVATTVEIKNG
ePLOO0oV, 6oV Aol ot AB delyvouv ) péylotn cuoyétion pe v anddoon (Zynua 4c, £, j), ot NDVI
kot NDRE oeiyvouv mapopowa akpifeio mpdpreyng, pe pkpn veepoyn tov NDRE, evd o EVI
epeaviCel v vYNAGTEPT GLGYETION UETAED TOV TPUDV.

Ta yopdeo TG Topodeg HEAETNC TAPOLGIAGHY CNUAVTIKY] SIUKVUAVOT GTN HETAED TOVS Amddoon
aALAG Kol EVOOYEV(DS, HE TIUEG TOL KupavOnkav and 2 éoc 8 Mg ha™. Avt N TOPUALOKTIKOTTO
amod0Onke capmg kol and toug AB, OTmg @aiveton 6to Zynua 3, HE TO YOPAEL S va givol To To
TPOIO KoL TO 8 TO MO OYIHO, EVD 1 EVOOYEVNG TOPUALAKTIKOTNTO VTOSEIKVOETOL OO TIG YPOLLLES
oQAaApOTOG. AvtioTolyo HEYGAO MTOV KOl TO €VPog TudV Twv AB y to ovvolo towv 3384
€IKOVooTOLYEiMV: T.Y. KaTA TV TEPiodo tov Maprtiov ot Tipég kKupaivovtar and 0,45 wg 0,90 yio tov
NDVI kot 0,30 émg 0,70 yia tovg NDRE xot EVI. H vynAf yopikn avaivon tov Sentinel-2, wov
napelye TN SOLVUTOHTNTO AVOALTIKNG eE€TOONG TOV ayp®dV o€ d1dotacn10x10 m, og GuVILAGUO pE TV
HEeYAAN dlakvpaven oty amddoon Kot Tovg AB, mbavdg eEnyel Toug oxeTikd VYNAOHG GUVTELECTECG
ocvoyétiong mov Ppédnkav otnv mapovoa perétn. H onuoacia g tovtomoinong g €vooyevolg
(evtdc 0V aypov) TOPAALOKTIKOTNTAG TNG OmOS00NG HEC® TNAEMIOKOTNONG €xEl avapepOel amd
OPKETOVS GLYYPOQEIS TOV TPOCTAONGAV VO, TV TOGOTIKOTOMGOLV GTO YMPO Kot 610 ¥pdvo (Dang et
al., 2011; Lai et al., 2018). Zvykprtikd pe mponyodueveg mpooeyyioelg pe dedopéva Landsat yopiknig
avaivong 30x30 m (Rudorff et al., 1991; Gaso et al., 2019; Lyle et al., 2013), o Sentinel-2 @aivetot
Vo TOPOVGIALEL GOPT) VITEPOYT).

4. XYMIIEPAXMATA

H vynA\) yopwn avdivon tov dedopévov Sentinel-2 enétpeye TV €KT{UNON TOV ATOOOGEMV
oKANpov citov pe kavomomtikn akpifela, mepinov 80%. H extiunon Paciomke otovg AB NDVI,
NDRE 1} EVI kot e€gtdomke pécm ypappik®v cuoyeticemv pe v omddoor. Ot NDVI kor NDRE
Tapovciocay TapOUolES emdOoeLg Le o pukpn veepoyny tov NDRE, evd o EVI vrepioyvoe tov
AoV 600. To BEATIOTO YPOVIKO SLACTNLA YIoL TV EKTIUNOT TNG ATOS0GG TAV OO TV TEPIOJO TNG
avBoopiog (Léoa - TEAN ATpidiov) ¢ To TEAOG TNG KOAMEPYNTIKNG TEPLOOOV. AV KOl 1| EKTIUNOT
™G Topay®YNS HETA TV avBogopia dev gival duvatd va ypnotpomombei yia dopbwtikéc evépyeteg
dwyeiptong g kaAMEpyeLag, amoterel OUMG (ot TOAD GNUOVTIKY TANPOQOpia Yo T dtoeipton Ko
0pYAVOGT TNG EPOJACTIKNG 0AVGIOG (0pYAVMOT| TG CLYKOONG, LETAPOPE, 0mobnKeELOT KTA.)
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