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ONOMA Ymioy. Awdaktopog: Kaputidns Zupewv

ONOMA EmuA. KaOnyntn: Métoa EAévn, KaBnyntpla Tov THAPOTog

TITAOZX Awdaktopikig Atatpig: " Avamtuén, diepedivnan Kot a§LoAOYNon VOAAOKTIKWY QUTOUOTWY
PWTOYPOPHUETPIKWY PeBOSOAOYLWVY YL TNV OVTIUETWTILON EQAPHOYWY OTLG YEWETILOTHES UE ATIAUTATELC
MEYBAANG CUXVOTNTOG EPAPHUOYNG, ME KUPLA EUPOCT TNV TIAPAKOAOUONON TIEPLOXWV ETILPAVELOKWY £EO-
pLEEWV".

MEPINHWH Awdaktopikig AtaxtpifBig: Baolkodg 0toX0G TNG TPOTEWVOUEVNG SIATPLPAG Elvarl va avarTy-
&eL, va Slepeuvnaoel kot va a§loAoynoel, BewpnTIKA KAl TIPOKTIKY, VOAAAKTIKEG peBodoAoyieg yla Tnv
(PWTOYPOUUETPLKI) OVTIHETWTILON EQAPUOYWV OTLG YEWETILOTHHEG, HE KUPLA ELPOCT OE TIEPLOXEG ETILPO-
VELOKWV €£0pVEEWV. ZNToUpeVo TNG SLaTplPrig sivat va avamtuxBolv TEXVIKEC TTPOCAPUOCIHEG OTA L-
SlaiTepa XOAPAKTNPLOTIKA TNG EKAOTOTE EPAPHUOYNG TIPOKELPEVOU VOl LKAVOTIOLOUVTAL, KATA TO SuvaTtov
ATMOTEAEOUATIKOTEPQ, TA KPLTAPLX TOU RUKPOU XPOVOU KAl KOGTOUG (ETMTOMEVWG KAL TNG HEYAANG CUXVO-
NTAG EQAPHOYNG), 000 PEPata Kal TNG aKpiBElOg TWV TEALKWY TIPOIOVTWY. ATIO TNV OKOTILA auTH Ba
MEAETNOOVV OAO TOl ETILUEPOUG OTASIA ULOG PONG QWTOYPAPUETPIKOV STM/UAV. EVEEIKTIKG, POOLKEG
TIAEVPEC TNC OANG Sladikaciog TTou Ba €eTAGTOUV AVOAUTIKA Elval Kat ot €ENC:

« 'Ocov aopd TV Sl TNV guAoyn Twv dedopévwy, givarl ywwotd Twg Ta ovyxpova UAV eival
o€ BE€an VoL PEPOVV, EKTOC TWV CUMPOTIKWY pNXavwyv RGB, Kol EAaPPEG TOAVPACUATIKEG, BEPULKEG UTIE-
PUBPEG OAAG KO UTIEPPACHOTIKEG UNXOVES. ESw Ba e§eTaotel katd tOoov pmopovv va aglomolnbovv ot
SuvaToTNTEG ESIKA TWV TEAELTALWY, O OTIOLEG TTIAPEXOLVV EV TIOAU AETITOWEPN PATUATIKA TIANPOPOpia
OPWG HE XWPLKA OVAAUON YEVIKA ULKPOTEPN aTIO €KElVN TWV pnxavwy RGB. Ot teplocdTePEG atd OUTEG
€lval YPOPULIKOL COPWTEG, EVOL LOVTEAO TIOU TIEPITIAEKEL TA TIPAY LOTOL OTIO YEWUETPLKA ATTOWN KO TIPETTEL
VO LEAETNOEL.

* Baoikr TIASUPA TNG PWTOYPAUMUETPLKAG Sladikaaiog ival n yewpeTpiot Twv AQPEWY oV €-
MTIAEKEL TTOANOUG TTAPAYOVTEG. Y€ avTiBeon pe 0o cuxVa avagépouv atnv BLBAloypagia pun edikol xpn-
0TEC, O TIPOCEKTIKOG OXESLAOUOG ANWEWY — OE CUVAPTNON TIAVTOTE HE TNV HOPPOAOYIa TOU EKAOTOTE
QVTIKELLEVOU EVOLOPEPOVTOC (EKTOON, TXAMO KOL KATAVOUA VOyAUPOU) OAAX KOl TIG OTTALTHOELG OKPL-
Beilag — elval onpovtik TpolimoBean emituxiag. Ektog amd To €i60¢ UNXAVAG/POKOU, N HEAETN OUTH
TepAapPavel kKupiwg Tov oxedlaoud tng Béong kot SlevbBuvong TNV TTACEWY, ATOL TIG KAPOKEG TWV
ELKOVWV Kal TNV TANPOTNTA KAALYNG Twv 3D emupavelwy.

* Kpiowo {Atnua o TtpakTikeég epappoyég STM/UAV eival kal ekeiVO TOU €EWTEPIKOV EAEYXOU
oV, OTWG £XEL TtpoavaepBei, Bewpeital coPapn "emifdpuvon” Tng 6Ang Sadikaoiog. M TAsupd Tou
{NTAMATOC APOP& PUOLKA TO TTARBOC KAL TNV KATAVOouR TwV P/, avaAoya TTAVTOTE e TNV HOPPOAOYLa
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Tou £8&@ouc. QOTO0O, KAPLO EPWTNHA VAL KOL TO KATA TIOCOV TO PWTOYPOHUHUETPLKO TIPOPANUA ivat
SuVaTOV VO AVTIHETWTICETAL — UTIO OPOUG — KOL JE TIAVTEAN amovoia P/X (7 €é0Tw gAayloTOTONON TOV
apBpoL Toug). AuTd Sev aPOpPA HOVO TOV TIEPLOPLOUO TOU KOGTOUG (LO6IWG 08 TIEPIMTWOELG TAKTIKAG TIO-
pakoAouBNnong LETABOAWY), OAAG Kot SUCTIPOGCLTEC 1} ATIPOCLTEC TIEPLOXEG, OO0 KAl KATOOTATELG ETIELYOL-
000G avAyKng OTIou Sev UTTAPXEL XPOVOG va dpuBouv B/, Oa eeTaotouv kot Ba aglodoynBolv edw ot
EVOANOKTIKEG AVOELG VO OELOTIOLOVVTAL, WG OTOLXEIX YEWAVAPOPAC, TIPOUTIAPXOVOEG ATIOTUTIWCELG KO,
Kupiwg, N dnuovpyia DTM pepoug Kot Tou apeTAPBANTOU TIEPPAAAOVTOG XWPOU G ETTAVOAAUPAVOLEVES
MEAETEC, OO0 EVOEXOPEVWG KOL 1 SUVOTOTNTA Yla AUEDN Yewavapopd (direct georeferencing) pe @epo-
peva ovotrpata GPS/IMU.

» Onwodnmote oTig V0 TPoAVOPEPOEITEC TIEPITTTWOELG, OANG evioTE OKOUA Kol OTav SlaTiOe-
vtal /%, eival avaykaia n tpofaBupovounaon (precalibration) Tng pnxavng AnWne. ©a a&lohoynBouvv edw
EVOANOKTIKEG ETIIAOYEG Yl BaBpovounon g UNXavNG, HE EUPaon Kuplwg o TIOAVELKOVIKEG HEBOSOoUC
pe xpnon amAwv 2D mediwv eAéyxou 600 Kat TNV auTORaBUOVOUNGCN UTTAOK EIKOVWYV XWPIg Kapia e§w-
TEPLKN TIANpOPOpiaL.

* H pébodog ouvopbwang déoung (cuxvd pe avtoBabuovopnon) eival n iowg n To “okotewvn”,
ylo pun €81koUg XpRoTeg, TMAsupd pog Stadikaoiog STM. Metagl twv otoxwv Tng SlaTppng eivatl va
SloTunwBovV KaTd To SUVATOV AN Kol KATAVONTA aTOoV amAd XPRoTn KPpLThpla yia a&loAdynan Kot
€VOEXOUEVWG SLOPBWGN TOU ATOTEAEOUATOG.

* B8k yia TV Tiepimtwon oykopeTproswy, Ba agloAoynBovv mpokTikd ol Stapopég 2.5D kot
3D avamapaoTACEWY TOU AVAYAUPOU.

* TEAog, PAOS0EN TtpdOeon TG SlaTpLPng eival epsuvnoel kat o€ Ttolov Babud Ba Atav Suvatdv
Vo HEWWBEL N ouxvoTnTa pappoyng peBodwv SEIM/UAV pe Tnv, KATA TEPITITWON, PEPLKN AVTIKATAOTAON
| CUUTARPWON TOUG HE TIOAD PONVOTEPEG eTiyeleg TEXVIKEG SLAM (&eAlypévn TEXVIKA YLt TNV TOUTO-
xpovn Snuovpyia Xaptn GyvwaTtou TEPPAAAOVTOG QMO EIKOVEG KAl TIAPAKOAOVBNOoN TG Topeiag tng
MNXoVAG o€ ouTo). Mpoodokwpevo amotéAeopa TG SLatpLPig eivat n SlaTimwaon, TeKnPiwaon Kal ema-
ARBguon evaAOKTIKWY HEBOSOAOYLWV KAl KPLTNPIWY Yl TNV auTORATN 3D QVOKOATOOKEUN ETILPAVELWVY,
QTIOKAELOTIKA ATIO EIKOVEG, TIOV Ba IKavoTIoLEl, avd TiEpIMTWon €EETACOUEVOU QVTIKELUEVOV, TLG ATALTH-
o€l o€ €VeALEiQ, OLKOVOLIKOTNTA, TAXVTNTA Kot a&loTioTia.

MEAH Tpiperoug ZupBouvAsuTtikig Emitponig:

-EmBAEnwv: EAévn Métoa, KaBnyntpla Tou TpRpatog Mavemotnuiov AuTtikng ATTikAG — TuAPa Mnxa-
VIKwV Tomoypaiag k' FEWTANPOPOPLKAG

- BaoiAelog Avépitadvog, AvamAnpwtng KaBnyntng tou tuipatog-NMAAA

- Aalapog MNpappatikdTouAog, Enikoupog KaBnyntng tou tpnpatog-NMAAA

NAME OF PhD CANDIDATES: Karypidis Symeon

SUPERVISOR’s NAME: Eleni Petsa, Professor UNLW.A. Department of Surveying & Geoinformatics Engi-
neering

TITLE OF DOCTORAL THESIS: Development and evaluation of alternative automaticUAV/photogrammet-
ric methodologies for regular mapping in geosciences, focusing on surface mine monitoring.
SUMMARY OF DOCTORAL THESIS: Main subject of the proposed thesis is to develop, investigate and
evaluate alternative methodologies for automatic photogrammetric applications in geosciences, both the-
oretically and practically, mainly focusing on systematic monitoring of surface mining areas. Its objective
is to develop techniques adaptable to the particular characteristics of each application in order to effi-
ciently meet the criteria of short time and low cost, but also of the required high frequency of application,
as well as those of accuracy of the end-products. From this point of view, all individual stages of SfM/UAV
photogrammetric work-flows will be studied.

In particular, key aspects of the whole process to be studied in detail are, among others, the following:
Regarding data collection itself, UAVs can now carry, besides conventional RGB cameras, also lightweight
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multispectral, thermal infrared and hyperspectral cameras. It will be examined whether and how the
potential of the latter can be exploited, since they provide detailed spectral information, but with spatial
resolution generally inferior to that of RGB cameras. These are mostly linear scanners, a model
complicating matters geometrically which needs to be studied.

A further key aspect of the photogrammetric process is the geometric configuration of image acquisition
which involves many factors. Contrary to what is often believed by non-specialist users, careful flight
planning — always depending on the morphology of the object of interest (shape, size, relief etc.) and
accuracy requirements — is an important prerequisite for success. In addition to the type of camera/lens,
this study mainly involves the design of the flight position and direction, namely e.g. image scales, and
image block geometry in general, as well as the completeness of 3D surface coverage.

A critical issue in practical SfTM/UAV applications is that of external control, often considered as a serious
‘burden’ in the whole process regarding time or cost and, not least, considerations of personnel safety.
One aspect of the issue is, of course, the number, distribution and accuracy of GCPs (ground control
points), always depending on the morphology of the ground surface. However, an important question is
whether the photogrammetric problem could also be dealt with —under certain conditions — with complete
absence of GCPs (or at least by minimizing their number). This is not simply about reducing cost (especially
in case of regular monitoring) but also about hardly accessible or inaccessible areas, as well as emergency
situations where there is no time to establish ground control. Alternatives will be studied and evaluated
here, using pre-existing surveys for geo-referencing and, in particular, the generation of digital elevation
models (DEMs) of the unchanged environment in successive studies, as well as the possibility of direct
georeferencing with GPS/IMU systems.

Certainly, in the two cases mentioned above, but sometimes even when GCPs are available, camera pre-
calibration is necessary. Alternatives to camera calibration will be developed and assessed here, focusing
mainly on multiscale methods using simple 2D calibration patterns and self-calibrating bundle adjustment
without any further external information.

The bundle adjustment method (often with self-calibration) is perhaps the ‘darkest’ side of an SfM process
for non-specialized users. One of the goals of the thesis is to formulate, as simply and comprehensively as
possible for a simple user, the criteria for evaluating and correcting its results.

Especially in the case of volume calculations, differences between the 2.5D and 3D representations of the
3D surface will be practically evaluated.

Finally, an ambitious goal of this thesis is to study to which extent it would be possible to reduce the
frequency of application of SfTM/UAV methods by partially replacing or supplementing them, where
appropriate, with the much cheaper terrestrial SLAM techniques (a sophisticated technique for mapping
from images an unknown environment, while simultaneously tracking the movement of the camera across
it).

The expected outcome of this thesis is the formulation, documentation and verification of alternative
methodologies and criteria for the automatic 3D surface reconstruction, exclusively from images, that will
meet the requirements of flexibility, cost-effectiveness, speed and reliability..

PhD ADVISORY COMMITTEE:

Supervisor: Petsa Eleni Professor UNLW.A.

Member: Andritsanos Vasileios, Professor Professor UNLW.A.

Member: Grammatikopoulos Lazaros, Professor UNLW.A.



KAGHIHTHZ



