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PhD Thesis’ Title & Abstract

PhD Thesis’ Title: An Innovative Supply Chain & Logistics Model for Tackling Humanitarian
Crises with the Support of Internet of Things (IoT) Technologies and Unmanned Aerial
Vehicles (drones)

Abstract: Contemporary logistics networks, even under normal operating conditions are
inherently faced with a plethora of issues, which become even more challenging in the event
of disasters and emergencies, either disrupting existing networks by imposing additional
pressure or requiring the creation of ad-hoc humanitarian logistics networks for disaster
management, to relieve the affected areas and provide aid to the victims. Even though it is
not possible to completely prevent all disasters, it is widely known that leveraging emerging
digital technologies, including Unmanned Aerial Vehicles (drones), is able to transform
humanitarian logistics operations deployed before, during and after the strike of a disaster.
Nevertheless, despite their potential, academic literature has largely treated drones and
digital technologies as separate entities, with little to no exploration into their
interoperability within either the humanitarian logistics or technology-focused literature.
This thesis embarks on a critical exploration of integrating drones and other digital
technologies within humanitarian logistics frameworks, aiming to address the notable gap in
research regarding how these technologies, while individually effective, have not been fully

explored for their synergistic potential.

This thesis commences with a systematic literature review, thoroughly examining existing
studies to connect theoretical insights with practical applications. The review reveals a
fragmented approach to integrating digital technologies in humanitarian drone operations,
advocating for standardizing drone usage and promoting their collaborative operation with
other digital technologies. Based on this result, a novel framework is introduced,
representing a significant advancement in tackling the identified research gap, aiming to
improve application and scalability as well as setting the stage for subsequent research

phases of the thesis.

This framework set the stage for the conceptualization of AIRDROP, an innovative holistic
platform, designed to enhance humanitarian logistics efforts through a unified approach
across all disaster stages, from mitigation and preparedness to response and recovery, and a
wide spectrum of disaster types. AIRDROP was envisioned as an integrated solution that
employs a suite of services tailored to address the multifaceted challenges of disaster
management, leveraging the synergistic potential of Unmanned Aerial Vehicles alongside

Unmanned Ground Vehicles, Unmanned Surface Vehicles, the Internet of Things, Big Data,
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Machine Learning, and other digital technologies.

Adopting a design science research strategy, complemented by empirical validation, the
thesis meticulously navigates through the elicitation, specification, and validation of
AIRDROP's requirements, marking a pivotal step towards its operationalization. Initially,
through literature review and strategic consultations with industry experts, including
collaborations with leading drone technology integrators, a list of 335 initial requirements is
developed. This foundational phase aims at ensuring the envisioned platform's
functionalities are not only innovative but also closely aligned with the nuanced demands of
disaster management scenarios. The process of requirements specification involves distilling
these insights into a structured document, which lays out in detail what AIRDROP should do
(functional requirements) and how it should perform those functions (non-functional
requirements), including considerations for usability, reliability, performance, and security.
This document becomes the blueprint for the subsequent validation phase, which seeks to
empirically assess the relevance, completeness, and priority of the identified requirements,
using the MoSCoW (Must Have, Should Have, Could Have, Would Have) method. The
validation phase employs a structured questionnaire, administered to a panel of 26 domain
experts and potential users through Google Forms, yielding insightful feedback on the
practicality and prioritization of the proposed requirements. Through rigorous statistical
analysis, including Kruskal Wallis-H and Mann-Whitney U tests, the research distils the initial

list down to a final set of 276 requirements.

Following the establishment of the final set of requirements, the thesis transitions towards
the realization of the AIRDROP platform, focusing on the development of its architectural
design. This critical step involves outlining AIRDROP's service operations and functional
capabilities, detailing how these elements integrate within the broader context of disaster
management. The technological infrastructure underpinning AIRDROP is explored, shedding
light on the innovative digital technologies that facilitate seamless interoperability and
enhance the platform's utility across various disaster scenarios. At the epicenter of this
exploration lies the presentation of the PlantUML component diagrams, offering a visual
representation of AIRDROP's structural composition and interaction flows.

Finally, the thesis delves into the intricate process of crafting User Interfaces for AIRDROP
using Figma, emphasizing both its desktop and mobile applications for operational decision-
makers and first responders, respectively. It showcases the platfrom’s user-centric nature
and how it is designed to support emergency service professionals by integrating a suite of
operational tools that cater to various aspects of emergency management, including scenario

modelling, resource allocation, incident reporting, and task coordination.
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Conclusively, this PhD thesis lays the foundational groundwork for transforming AIRDROP
from a novel conceptual model into a real-world applicable disaster management solution.
Through this endeavor, it aims to significantly contribute to both academic discourse and
practical disaster management strategies. Ultimately, it strives to pave new avenues for

enhanced humanitarian aid interventions, significantly benefiting vulnerable communities
affected by disasters.



National Technical University of Athens
School of Mechanical Engineering

'3

nvrtobos

nramnoLvs

b-s

Section of Industrial Management and Operational Research

TITAOZ KAI NEPINHWH AIAAKTOPIKHZ AIATPIBHZ

Tithog Awdaktopikng AwatpiBig: Avamtuén Kaiwvotopou Moviéhou Metadopwv Kot
Edodlaopou yia tnv Avtipetwriion AvBpwriiotikwy Kpiogwv pe tnv YrootrplEn Texvoloylwyv
tou Atadiktiou twv Mpaypdtwy (loT) kot un Emavépwpévwy Aspookadwv (drones)

NepiAnyn: Ta cuyxpova ehodLaCTIKA SIKTUQ, AKOUA KOL O CUVONRKEG KAVOVIKN G AetToupyiag,
OVTLUETWTTI(OUV LOXUPEG TILECELC KOl €PYOVIOL OVTLUETWIO HE ONUOVTIKEC AELTOUPYLKEG
npokANoelg. OL ev AOyw MPOKANOELS YivovTal aKOUA TILO EVTOVEC OTNV MEpIMTwaon epudaviong
1N OVOUEVOUEVWY YEYOVOTWY, Ta onoia gite dtaomouv (disrupt) ta udlotapeva epodlacTika
Siktua, eite amattovv tn dnuloupyla ad-hoc epodlacTikwy SIKTUWVY ylol TV avakoudlon
MANYelowv meploxwv. Av kal 8ev elvalt duvatov va amodeuxBolv TANPWG OAeG ol
KOTOOTPODEG, €lval EUPEWC YyvwoTto OtL n aflomoinon Twv avaduouevwyv TexvoAoylwy
MAnpodoptkng Kat Emikowwviwy (TME), cupmeplAauBaVOUEVWY TWV KN EMAVEPWUEVWY
aepookadwv (drones), eival oe B£on va petaoyxnuatiost tn Alaxeipion tne Epodlactikng
AAucibag AvakoUdlong Kataotpodwv (AAK). Qotdco, mapd Tig Suvatotntég Toug, n
okadnuaikn BLBAloypadia aviipetwrilel os peydho Babuo ta pun emavépwpéva aspookadn
Ko Ti¢ TNE wg EEXwpPLOTEG OVTOTNTEC, XWPIG va Slepeuvatal N SLAAEITOUPYLKOTNTA TOUG, OUTE
otnv texvoloylkn BBAloypadia, aAAd oute kat otn BiBAloypadia tng AAK. H mapovoa
SlatpLPn Slepeuva Tn CUVEPYELA TWV N EMOVOPWHEVWY aepookadwy Pe AAAeg TMNE otn AAK,
LE OTOXO VO AVTLUETWITIOEL TO A€LOCNUELWTO AUTO EPEUVNTLKO KEVO.

H mapovUoa Statpfr npoomabel apyilkd va KAAUYPEL AUTO TO EPEUVNTLKO KEVO LECO ATIO Lo
cuotnuatikn BLBAoypadikn avackomnnaon, e€etalovrag S1e€08IKA TIC UTIAPXOUOEC LEAETEG Kall
erSLWKoVTAC va «yeDUPpWOEL» TN BEWPNTIKA yVWON HE TIPAKTIKES EOPUOYEC. H avaokomnon
OTOKOAUTITEL L0 KOTAKEPUOTIOMEVN TIPOOEYYLON EVOWMATWONG TWV KN EMAVOPWHEVWV
oepookadpwv pe GAAeg TMNE otn AAK, yeyovdg To omoio untootnpilel TV avaykn Tumomnoinong
™G XPNoNg Toug Kot TNV mpowbnon tng ouvepyatikig Asttoupylag toug pe dAleg TME. Me
Bdon auto To anmoTEAEC, TOPOUCLALETAL VA KALVOTOMO TTAALCLO, LE OTOXO TNV edpaiwaon
™G edapUOyNG Kal TNG EMEKTACLUOTNTAC TOUG, KabBwe Kot tn Snuoupyia Bepelinv yia Tig
ETOUEVEG EPEVVNTIKEG GAOELG TNG SLaTPLPAG.

AuTO Tto MAaiclo Snulovpynos t Baon ya tn cUAANYN tng Wéag avamtuéng tng AIRDROP,
MLOG KALVOTOUOU OALOTIKAG MAATHOPLLAG, OXESLAOUEVNG YL VA EVIOYXUOCEL TLG TIPOOTIABELEG TNG
AAK péow pag mpoaogyylong mou adopd o OAa ta otddla TWV KATaotpodwy, amd Tov
METpLaopo (Mitigation) kal tnv etoludtnta (Preparedness) €wg tnv anokpilon (Response) kot
v avakapdn (Recovery), kat éva eupl ¢pacpa TUNMwV Kataotpodwy. MpdKettal yla pLo
olokAnpwpévn AUoON TIOU XPNOLUOTIOLEL ULl OOULT UTINPECLWV TIPOCOPUOCHEVN Yla TNV
OVTLUETWTTLON TWV MOAUTIAEUPWV TIPOKANCEWV TNG AAK, afLOTIOLWVTAG TLG CUVEPYELEG TWV N
eMavopwuEvwY aepookodwyv TopAAANAa pe ta pn emavépwpéva oxnuata edddoug
(Unmanned Ground Vehicles), ta pun emavépwuéva oxnuata snidpaveiog (Unmanned Surface
Vehicles), To Aladiktuo twv npayudtwv (Internet of Things), Ta peydla dedouéva (Big Data),
™ Unxavikn padnon (Machine Learning) kat aA\ec TME.
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YioBetwvtag pla otpatnylkn €peuvac Bactopévng otn oxediaon (Design Science Research), n
ormolat CUUTANPWVETAL amMO eUMELplKn Tekpnplwon (Empirical Validation), n &watplpn
petofaivel and tn Bewpntikn dlepevvnon oe ePpapUOCLUO ATTOTEAECUATA, OVAAUOVTOG
CUOTNUOTIKA TIC amolthoel tng mAatdoppog (Requirements Engineering) péow MLOG
peBobikng Sladikaciag mou mepl\appavel tnv ekpaicvuon amattoswv (Requirements
Elicitation), tov mpoodloploud anattrjoswv (Requirements Specification) kat tnv emakoAoudn
tekunpilwon toug (Requirements Validation). Apxlkd, aflomolwvtag €£peuveg amo Th
BBAoypadia aAAA KAl YVWOEL ATO EUMELPOYVWHOVEG TOU KAASOU, avamtuoosTol £vag
kataAoyog 335 apylkwyv analtioswyv. Auth n Bepelwdng dacn anookonei va Stacdpaliost
OTL oL Aewtoupyieg tng mAatdopuag Oev elvol HOVO KALWVOTOMEG aMA Kal oOTevd
€UDUYPOUULOUEVEG PE TIG SLadOPOTIOLNUEVEG AMALTACELS TWV TIOKIAWY Suvatwy oevapiwv
AAK. H Stadikacio tou mpoodloplopol Twv analtioswy neptAapPavel thv kataypadn autwy
TWV amaltoewyv os éva Sopnuévo gyypado, dlakpivovtdg tec oe Aettoupytkég (Functional)
Kot  un  Aswtoupywkég  (Non-Functional), ouumeplAapBavopévwy  TwV  QTALTHOEWY
Xpnotkotntag, aflomiotiag, anodoong kal achadelag. H emopevn $aon amookomel otnv
EUMELPLKA a&loAOyNnNon TNG ouVAdELOG KOL TNG TANPOTNTAG KAl TNV TPOTEPALOTOLNcn TWV
QMOLTAOEWY, Xpnolponowwvtag tn HEBodo MoSCoW (Must Have, Should Have, Could Have,
Would Have). 2tn ¢don auth, yivetal xprion evog Sopnuévou gpwtnuatoloyiou, To omnoio
Xopnynbnke o€ pla opada 26 EUMELPOYVWHOVWY, KOBwWG Kol SuvnTIKwV XPNOTWV TNG
mAatdopuag, pEow Google Forms, amockonwvtag otnv avatpododotnon avadopikd Ue TV
TIPAKTLKOTNTA KOL TNV LEPAPXNOCN TWV TIPOTEWOUEVWY OMALTHOEWY. META amd OTOTLOTIKNA
avaluon, cupnephapfavopuévwy Twy otatloTikwy Teot Kruskal-Wallis H kat Mann-Whitney
U, n €peuva meplopilel Tov apxlkd Katdhoyo oe €va TeAKO ocUvolo 276 amaltioswv. H
Sladlkaola aut OxL Hovo Hetadpalel TN UEXPL OTLYUNG BDewpnTIKN TPOCEYYLON O ML
Buwotun oxedlaotiki AUon, oAAA KoL 0ELOAOYEL EUTIELPLKA TN OKOTILOTNTA KAL TOV OVTIKTUTIO
™G, B€TovTag £T0L o Asttoupyia TIG MPOPAEMOUEVES CUVEPYELEG LETAEY drones kot TIE.

Metd tov kaboplopd tou TeAlkoU cuvolou amaltioswv, n Swotplpry petaBaivel otov
opXLTEKTOVLKO oXebloopud (Architectural Design) tng mAatdoppag AIRDROP. Autd Tto kpioluo
Brpa mephappavel Tn oklaypddnon Twv AELTOUPYLWY TWV UTINPECLWV KOL TWV AELTOUPYIKWY
SuvatotNTwy TNE, TEPLYpAdoVTOC AEMTOUEPWE TOV TPOTO HE TOV OTOolo Ta SOULKA oToLXEla
TNG EVIACOOVTOL OTA EUPEA OeVAPLA SLAXELPLONG KATOOTPOPWY. ALEPEUVATAL N TEXVOAOYLKNA
umodopn mou otnpilel tnv AIRDROP, pe éudaon otig kawvotopeg TMNE mou SteukoAUvouv TNV
omPOOKOTTN SLAAELTOUPYIKOTNTA TWV TPOSLAYPAUUEVWY UTINPECLWV KOL CUCTNHATWY Kol
EVIOXUOUV TN XpNollotTnta Tng MAatdopuag oe Sladopa oevapla KATAOTPOPwv. ZTO
£TKEVTPO QUTAC TNC Slepelivnong, Bploketal n mopoucioon Twv SlaypaudTwy CUCTOTIKWY
(Component Diagram) PlantUML, mpood£povTtag Lo OMTIKI avomapaoTacn ThG SOUKNAG
ouvBeonc Kal Twv powv aAAnAenidpaong katd tn Asttoupyia tng AIRDROP.

Télog, n OSwatpPry epPabivel otn Swadikacio dnuoupyioag diemadwv xprotn (User
Interfaces), xprioetL Tou epyaleiou Figma, Sivovtag éudaon toco otn Aladiktuakn Ebapuoyn
(Web Application) mou amneuBivetat otoug unteBUVOULE ANPNG EMXELPNOLAKWY ATTOGACEWY
KOTA TNV KTUALEN Kataotpodwv, 6co kat otnv Kwntr Edpappoyn (Mobile Application), mou
anevBlvetal ota PEAN tng opadac apeong eméppacnc (First Responders). Napouoldlet tov
TPOTO pE Tov omoio N mAathopua £xel oxeSLAOTEL yLa va UTIOOTNPIlEL TOUG EMayYEAHATIEC TWV
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UTINPECLWV EKTAKTNG OVAYKNG EVOWLATWVOVTAG LA CELPA ETUXELPNOLAKWY EPYAAEiWV TTIOU
KoAUTIToUV S1adopeg MTUXECG TNC SLaxelplong EKTAKTNG AVAYKNG, CUUTEPIAQUBOVOUEVNG TNG
mpooopoilwaong osvopiwv, TNG KOTOVOUNG TOpwV, TNG avadopd CUPBAVTIWV Kal Tou
GUVTOVLOHOU EpYOOLWV.

JUUTEPAOUATIKA, N Ttapovoa SLOAKTOPIKN Slatplpr BEtel ta Bepédia yia Tn HeTaBaon tng
mAatdoppag AIRDROP amd éva KOVOTOHO BewpnTlkO HOVTEAD Ot Ul BLoLin oxeSLaoTiki
AOon AAK. Méow auTtng tng mpoomaBelag, n Slatplpr) otoxevel va GUUPBAAEL ONUOVTLKA TOCO
OTOV OKASNMAIKO SLAAOYO 000 KAl OTLG TIPOKTLKEG aTPATNYIKEG AAK, emiSLwkovTag va avolet
VEOUG OpoOpoug yla PBeAtiwpévee mopepPacelg avBpwriotikng PBonbelag, wdeAwvrog
ONUOVTLKA TLG EUAAWTEG KOLVOTNTEG TTOU TANTTOVTOL ATtO KATAOTPODEC.



