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PhD Thesis Title: Motion control strategies for the autonomous sampling,
transportation and release of loads suspended to multicopters

Abstract: The field of multirotor Unmanned Aerial Vehicles (UAVs) has
risen in popularity throughout the last years, since they are recognized as
efficient robotic platforms for a variety of applications. More recently, the
incorporation of loads onto multirotors has expanded the boundaries of
UAVs, enhancing their capabilitics and enabling their use in a wider range of
tasks. Particularly the suspension of loads through a cable has captivated the
interest of the research community as it is a ready-to-use solution, as opposed
to the rigid attachment of loads, and alleviates the need for complicated
designs. However, the challenges arising from the existence of the cable
impede the autonomous deployment of multirotors with cable-suspended
loads in real-world environments.

In this dissertation, we aim to bridge this gap by equipping multirotors with
the necessary autonomy, thereby enabling their safe operation within the
context of 3 distinct applications: (a) swing-free transportation of the cable-
suspended load, (b) tracking of a moving ground vehicle with the goal of
releasing the load towards the target, and (c) water sampling from aquatic
environments. More precisely, we design innovative state estimation
techniques which leverage the measurements provided by onboard sensors
and reliably estimate the swinging motion and the tension of the cable. In
addition, we develop robust control schemes that handle the complicated
coupled dynamics of the system and fulfill the objectives of each application.
Finally, we demonstrate the efficacy of the proposed methodologies in
outdoor settings and practical scenarios. Consequently, we believe that our
work can contribute to the ongoing research concerning multirotors with
cable-suspended loads, thus broadening their applicability in rcal-world
environments.



Tirhog Adaxropikis Awrpipiic: Mebodoroyisg EXéyyxov yua Avtdvoun
Aeryparoinyia, Mestagopd kat Evomdbeon Popriov Avapmypévev e
Poumotikdv Tolvkontépmv

Mepidnyn: To nedlo tov pn enaviépoutvov evaépiov oynpatoy (UAVSs)
gyel omoktnoel ueyadbrepn omiynon To TeAgvtaie  ypovia, KaBOS
vy voPILoviol K¢ WTOTEAEOUATIKES POUMOTIKEG TAGTPOPUES Vit MOUKIAES
epapuoyés. 1o xpdopat, 1 VOOUETOOT POPTIOY GTH TOAVKOTTEPG, £XE
erexteivel oo Opta oy UAVs, evioybovrag Tig duvordTTés TOug Kot
ETITPETOVTAC Tr) YPNON TOVG GE £Vl EVPVTEPO PACHA EQapUOYhY. Tdaitepa 1
avdpmnon eoptiov péom oyowlob &xst payviticsr o evolopépov g
gpevVNTIKY)g KowoTnTog Kobdg efvarl o £rotun mpog xprion Adom, o€
avtifson pe v otabepi) TPOSEPINGN TOV QopTiny, KUl UETPALEL TNV
avlykn v ToldmAokovg  oyedtocpong. Qotdco, 01 TPOKANCSEIS TV
wpokbzTovy ard v Vmapln tov oyowiov eumodilovv v gutdvoun
AVETTOEN TOV TOADKOMTEPMY HE ovepTHiéve uécm oxowioh @optio o
TPUYUOTIKG TEPIPAALOVIQ.

Ye ovthy ™ Swrpifin, otoxebovms vda yeeuphoovpe autd To XAoUO!
sEomhiCovtag To, TOAVKOTTEPY UE TNV GROPULTITY] CVTOVOWIG, STITPEROVTUG
£101 TV 0o@ait] Aertovpyle ToVg 010 TAGIGI0 3 SLLPOPETIKDY EQUPHOYOV:
(&) peTopopd ToL aVaPTNHEVOL HESH GXOVIOD poptiov ympls TaddvTmon Tov
oyowiod, (B) tupakorodinen £vog KIVODHEVOU ETLIYEION OYALATOG UE GKOTO
mv evomdOeot 1o eoptiov oto oToY0 Kkat (Y) derypatolnyic vepold omd
vddTve mepBdiiovee. Tho cuykekpiéva, oxedtalovpe KavoTopeg TeviKég
EKTIUNONG KUTAOTUOTS OV 0ELOTOWVV TIG HETPNOELS IOV RUPEYOVIOL Gl
oachnTipeg, svompatopévovs oto UAV, ket extipodv ofldmiota Ty
TEAOVTOTIKY Kivion kot Ty 1aom tov oyowiod. Emmiéov, avontdccovpe
£OPOGTO, GYNHATA ELEYYOD OV GVTHHETOTILOVY THY TEPITAOKTY) SVVOLLKT TOV
GUOTAMOTOC Kol EKTANPAVOLV Tovg otoyons ke spuppoyfc. TEAog,
£MOETKVOODUE THY GROTEAECUATIKOTIITO TV TPOTEWVOREVOY LeBOdOAOYIDY
o eE@TEPKONG YHPOLE KUl TPUKTIKG Cevipld. £25 £K TOVTOV, TOTEVOVUE OTL
n epyacia pog pmopel v cvpPdrer oy tpérovon Epevva mhveo o
TOAVKOTTEPO LUE AVOPTNHUEVE HECH OYOVION POPTit, HEVPHVOVTHG ETCL TNV
EQUPUOGILOTIITE TOVG G TPOY PTG TepipaiiovTa.




