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IHepiinyn

O evtomoudg 5GPV KOl VTESAPIOV CTPATIOTIK®OV EYKOTAGTACE®V WE TN YXPNOM
dOPLPOPIKAV EIKOVOV Ko YeviKoTtepa TG [ewminpopopikng kot Tniemiokdnnong

UTOPEL VO GUVEICPEPEL CNULAVTIKG GTOVG TOUEIS TNG AULVAG KO TNG AGPAAELOC.

H mopodoo owatpif] mpoyloTeEDETOl OTOV EVIOMICUO VREOAPIOV Kol €0GPLOV
OTPOTIOTIKAOV OTOONKOV G€ TEPLOYES TOV KAADTTOVTOL LLE PAACTNON LE TNV VTTOGTNPIEN

EMIYELOV KO JOPVPOPIKDOV TNAETICKOTIKMY OE00UEVOV.

IMo Tovg oKomovg NG €pevVag TPUYUATOTOMONKAY EMIYEES POGLOTOPUIOUETPIKES
petpnoelg oe eleyyopeva media kob’ OA0 TO QOIVOAOYIKO KUKAO avdmtuéng tov
kpBaplov. Ot emiyeleg LETPNOELS ALPOPOVCAY GTPOTIOTIKEG amobkeg mov PpickovTat
0€ MEPLPPUYUEVOVG GTPUTIOTIKOVS YDPOLS GTOVG OTOI0VG OeV EMTPENETAL 1] EAeVBEPN

npocPoon.

H épesuva Poociotnke oe petpnioelg avakilootikdOtntog pe ) Ponbewo emiysiwv
QOCUATOPASOUETPOV KAODS emiong peTphioelg amd avtovopo cvotipate UAV
(Unmanned Aerial Vehicle) yio oxomodg ovykpiong kot emoinbsvong twv
amoteAecUdTOV. AKOAOVOMG, 01 EMIYEIEG LETPTOELS OVOKAAOGTIKOTNTAG GUOYETIGTIKOV
He Tovg dopveoptkovg arsOntipeg Landsat 5 TM,7 ETM+, 8, kot Sentinel 2A pe )

YPNON TOV PACUATIKOV GIATpmVv gvatcOnoiog- RSR.

2 ovvéreln, VToAoyiotnKay kot geappocOnkoav 13 molveoacpatikol dgikteg
BAdotnomng Kot HEAETHONKAY Ol SL0POPOTOGELS TNG PAACTNONG TAV® OO EMPAVEIEG
He LEOAPIEG KOTAOKEVEG Kot o€ GLuvNON media ywpic vreddeies Kataokevés. Ot
LETAGYNUOTIGUEVEG EIKOVES AVAOEIEQV YOPOKTNPLOTIKA TOV YDOPOL TO OTTOi0 OEV NTOV
SLOKPLTA OTIG OPYIKEG EIKOVEG 1] COUTIEGOV LEYAAO OYKO TANPOPOPIDOV GE UIKPOTEPO

aplopd KovoMov.

H ev Myo dwrpiPn éxet ocopfdier oty onuovpyio ‘mpoOTLING (QPOGUATIKNG
VROYPOPNS’, KABOPIOGUO GLYKEKPEVOL ‘PACUOTOC’, a&loAdYNoN omtd TNV EQAPLOYTN
TOV OEIKTAOV PAAGTNONG Kot TEAOG TN XPNOT) AVOIKTMV S0PLOOPIKMY dESOUEVOV TOTOV

Sentinel 2A, y1o. evTomiopd vIEdAPLOV KATUGKEVDV.

Vil



[Mopddinio, n &v Aoyo dSwrpip] ocvpuPdAier onuaviikd omnv  ovayvapilom
Jdlpopomomoemy TG PAACTNONG HE TNV €GNYNON AVATTLENG €VOG VEOL OEiKTN
BAdonoNg, Vo TantdYpova KoTOpOmoe va TPocdlopicet Ta YPOoVIKE Oplo GTa OTToio

OVTEG 01 OLOPOPOTTOCELS LEYIGTOTOLOVVTOL.

Emunpdobeta, n drarpiPr] avaeépel kot mapdAAnia Tpoteivel TV avamtuén pog véag
pebodoroyiag pe otdyo ™ YPNoN SOPLPOPIKNG TNAETICKOTNONG YL CLGTNUOTIKN

TOPAKOALOVONON GTPATIOTIKOV VIESAPIOV KATUTKELDOV.

Yvumepacpatikd, a&ilelt vo avaeepBel, 6TL N Tapovoa SatpPr, Elodyst Y TPOTN
@opd oty Kompo ) gpnon g tieniokodnnong o€ 0épato acedreiog kot apovag. To
ATOTEAECLATO TNG €V AOY® €pevvag elval EQaPUOGILN Kol EYOVV EMioNG TPAKTIKY| a&io

oe BépoTa acaielng, dpovvog Kot dloyeiplong kpicewmy.

Ta dedopéva, pumopovv va mapaywpnBodyv yio TepAITEP® VANPESIOKT aglomoinon and

TOVG APUOSIOVG POPELC.
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Abstract

The detection of underground and ground military underground structures using
satellite imagery and remote sensing could make a significant contribution to defense
and security science. The launch of the first multispectral and hyperspectral satellites
as well as high-resolution satellites confirms that the Remote Sensing industry is

capable of delivering the most in these areas.

This thesis aims to study underground military structures over vegetated areas using
both ground and satellite remote sensing data. For the purposes of this research, several
ground measurements have been carried out in military controlled areas, which are not
accessible, throughout the phenological cycle of plant growth. The research was based
on several reflectance’s measurements using ground spectroradiometers, using a SVC-
HR1024 field spectroradiometer. Field spectroradiometric measurements were
collected and analyzed to identify underground military structures using the spectral
profile of the vegetated surface over the underground target and the surrounding area
for in situ observations. Also reflectance’s measurements have been taken using small

UAV which was equipment with hyperspectral and thermal sensors.

Moreover, mean reflectances from different sensors such as Landsat 5, 7, 8, and
Sentinel 2A were used using RSR filters. Multispectral vegetation indices were
calculated to study variations in vegetation indices over vegetation areas in presence or

absence of military underground structures.

This thesis has contributed to the development of typical spectral signature, definition
of a specific spectrum, evaluation of the application of vegetation indicators and finally
the use of Sentinel 2A open satellite data for the detection of military underground

structures.

This thesis contributes significantly to the identification of variations in vegetation by
the development of a new vegetation index while at the same time being able to

determine the time limits in which these variations are maximized.



Moreover, this thesis introduces for the first time in Cyprus the use of remote sensing
in security and defense issues. Similar studies have been made in archaeology;
however, the issue of detecting military underground structures remains a difficult issue

to tackle due the inherent characteristics of such structures.

The dissertation ends with the development of a proposed methodology for the use of
satellite remote sensing for systematic monitoring of military subterranean

constructions.

This methodology can be used to provide useful data to the National Guard and to the

Ministry of Defense of Cyprus for security purposes.

Finally, this thesis cannot be published due to security and confidentiality reasons.
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Evyoprotieg

OLoKANP®VOVTOG TN GLYYPOPY] TNG OBAKTOPIKNG Hov dwTpifrg, Bo MBela va

avaeepb®d e OAOVS L TOVS OV GTAINKAV apWYOl 6TV TPOoTAOELX LLOoV.

[Ipdtov amd O6Aovg, Ba MBeha va gvyapioTom tov emiPAémovto Kabnynt) pHov,
Avtimpotovn Akaonuaikov Yrobéocemv, Kabnynt) Awdeavto I'A. Xatlnuiron, yio tnv
KaBodMynon kol cupmapAoTacn oLV Hov £0elée kaf’ OAN TN SldpKE OVTNG NG
épevvac. Tov euyaploT®d amd KOPOdG Y10 TIC OTEAEIMTEG MPEG TOV APIEPMCE OTIG
oL{NTNOELG LaG KOl OTN EPEVHVNOT EMGTNUOVIKAOV OEUATOV CYETIKOV UE TN dtTplfn],
KaB®G Ko 1o TI 010pHMDCELS KO 1010{TEPA EVOTOYEG TAPATNPNOELS TOL GTO KEIUEVO TG
dwrpPne. Elpon evyvopumv mov pov £dmaoe T duvatdtnta vo acsyoAnfm pe évo toco

EVOLOLPEPOV EPELVNTIKO BELLOL KO TTOV OV EMETPEYE PECH OTA TAIGIO VT VoL EEEALYOD

G EPELVNTIG.

Evyapioto Oepud toug epevvntég Ap. Kupidko OcpictokAiéong kot Ap. ABw Ayoamiov,
Yo T oTPIEN KoL TIG TOAVTIHES GLUPOVAES Kot PfonBglo TOVG TOGO GE EMGTNUOVIKO
0G0 KOl 0 TPOCMOTIKO €MMEd0 OV He €VOApPpLVOY VA OAOKANPOG® TNV TOPOLGH
SwtpPn, Kabdg Kot T GLUPOAN TOVE TNV EKTOVIOT TOV SNUOCIEVGE®V OV TOGO GE
EMIGTNUOVIKA TEPLOOIKE OGO KOl GE EMOTNUOVIKA Guvédpia. Elpat evyvopmv yio tov

TOAOTIHO XpOVO OV Hov S1€0esav OAL QVTA TO XPOVICL.

Evyapiotod axéun, tov epeuvnm Ap. Zika MiyomAidon yio v moAdtiun tov Porbeia
060 apopd TIC ypNoeg cVUPOVALC, emonudvoelg Ko dopBmoelg oe apkeTd onueio

TOV ONUOGIENGEWV OV TOL NTAV KATL TEPIGGATEPO OO CTUAVTIKES.

Evyapiotod axéun tov epevvnt Ap. I'dpyo [Momadovid yio Tic ypnoyes cuuBoviég

TOV TOGO GE EMOTNUOVIKO 0G0 KOl GE TPOCOTIKO EMITEDO.
Evyoapiotd axoun to Aéktopa Ap. Xpioto Aavéln yia Tig xpnoteg cLUPOVAES TOV .

Evyapioto emniong v Awaktopkn eortitpia Mapio [Ipodpdpov yio v moAdTiun
Bonbela kot cvopmapdotacn koB’OAN TV OAPKEW TOV EPELVOV OV, Yo TNV
axoVpactn cVUPOA TG TOGO GTNV TEPLOYN UEAETNG OGO KOl GTO. EPYNCTIPLO. TOV
[Mavemomov. Xwpig tnv evepyn TG CLULUETOYN 1| GLAAOYY| TV GTOLXEIMY VTTAIOPOL

dgv Ba NTav eQIKTY.
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®a NBela emiong va ekPpdom Bepud TIG ELYOPIOTIEG OV GE OAOL TAL EPELVNTIKA UEAN
tov Epgvvnticod Kévipov EPATOZ®ENHE kot tov Epyactnpiov Tniemokodmnong
tov Teyxvoroywov Iavemomuiov Kdmpov, g Zyoirg [oAtikdv Mnyavikdv Kot
Mnyovikev I'e@nAnpo@opikng, yoo v dyoyn cuvepyasio mov eiyopue OAo avtd To
xPOVIO. OTO TAQICIO TOV EPELYNTIKOV HOG OPAGTNPLOTATOV KOL YloL TNV GLVEXN
vroopiEn toug Kot Porfeln e ddpopa HIKPE Kol pEYdAo TpoPfANpOTR TOL

TPOKVITAV KOTA TN SLOPKELD TNG EPELVAS LLOV.

Oa Beha emiong, va EKPPACH TIG EVYOPLOTIEG OV, 6T0 Ymovpyeio Apvvog Kot 6To
I'evikd Emtedeio EOvikng @povpdc, o tnv Ade1or mov Lov £(0VV ToPaYOPNGEL, Yol VoL
EI0EMD® GE TEPLPPAYUEVOVG OTPOTIOTIKOVS YDPOVLES KOl VO TPOYLOTOTOO® TIG

EPEVVEG LOV.

Oa 1Bl emiong va uYOPIOTNO® TA LITOAOUTE. PEAT TIC TPIUEAOVG GUUPBOVAEVTIKNG
emrponng, Koabnynt) Evdyyeho Axdio ko KoaOnynm Ilodvvn Mo, ywoo mmyv
VTOGTNPIEN TOVG OAAG KO TIG TOPOTNPNOCEL TOVG 7OV GLVEROAAOY GTO TEMKO

amotéleopa TG StoTpiPng.

‘Eva peydio guyapiotd oto Xvvtaypatapyn [eoypapikod [apdoyov Xapdrapmo yio
TIG TOAVTIHES GUUPBOVAEG OAAG KUPIOG OV LE TPOLTPEYE VO OPYIc® TNV TOPOVG

ddaKTopikn dtatpiPi.

[ToAAég evyaprotieg opeidw emiong otnv cvlvyo pov Eiprvn kot oto wondid pov Nikdia
kot Maipn mov pe avéytnkav, yo tnv Nk vroot)pién mov pov £dmoov Kot TNV
OpEPLOTN CLUTOPACTACN TOvG. Xopig T Ponbeln tovg dev Ba pmopovoe va

oAoKkANpwBEel 1 Epguva kot 1 Tapovca daTPIPN Hov.
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