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Lecture Goals - Y_téxoL onuepvol pabBfuatoc!

Metd To onuepvd pudbnuo Bo pmopsite:
o Na meprypdpete T elvan locomotion kot yioeti etvo onpovtikd ot
POWLTLOTLKY.
o Noa avayvwpilete Toug Baoikolg TOTOUG: TpoxOoWdpaL,
£PTUOTPLOPSPOL, TLEPTLOLTNTEL, LTLTAUEVOL, KOAUPBNTIKE.
@ Noa ouykpivete ta trade-offs: TayxOtnta, otabepdrnra, katavdAwon
evépYELOLC, TIOAUTIAOKOTNTAL.

o Noa oculnrdte mpaypotikd TpoPAfuotal ko peANovTikég
katevBivoelg.

Etvuoloyia:
Amo to Natviké “loco” = “from a place” kat “motion” = “movement”.
Kuptodektikd: petakivnon amé éva témo os dAAov
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Locomotion sivoil n tkavotnTal evédeg po-
KTtOT va petakiveitan amd éva onueio oe
&Ao.

Oepeh®ddeg XOPAKTNPLOTIKS
YLOL QLUTOVOULOL POUTIOT:
o Emmpedler tnv adAnAemiSpoion pe
to TepdArov
o KaBopilel autovopuial kot
ATOSOTLKOTN T

o NMepdapuPdiver (trade-offs) avdpeoo
otnv TaxvTnTa, TN otabepdTnTa
KoL TNV KOTOLVAAWOT EVEPYELOLC.
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Locomotion in Nature

Type of motion Resistance to motion Basic kinematies of motion
—

Flow in Gt

a Channel Hydrodynamic forces | Eddies 9401407400007

Crawl Friction forces Longitudinal vibration

Sliding Friction forces Transverse vibration
Periodic

) o bouncing

Running Loss of kinetic energy | on a spring -
Rolling of a
polygon

Walking Loss of kinetic energy

Locomotion mechanisms used in biological systems.

*Image source: Autonomous Mobile Robots, our textbook.
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Types of Robot Locomotion

@ Wheeled locomotion — 18avikd yio
eTimedec empdveleg, O ATOSOTLKO
(oe eminedeg empdveleg) ko povadikd
w¢ avBpwtivn epedpeon!

o Legged locomotion — KatdAAn\o yia
avopalo édapoc, piusitan (oo

o Tracked locomotion — YtaBepbtnra
ot d0okolo terrain

e Flying locomotion — UAVs/drones yio
evalépleg epyaolec

A biped walking system.

e Swimming locomotion — UUVs/ROVs
yio udditivo TeplBdilov

*Image source: Autonomous Mobile Robots.
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Characterization of Locomotion Concepts

Xapaktnplotikd Tov kafopifovv Tnv emdoyy locomotion:

o H puokf aAANAemiSporon petadd Tou OXHLOATOSC KO TOV
TiepBéANovtéde Tou, SnAady...
@ O duvépelge aAAnAemtidpaong, kabog ko oL pnyaviouol ko
EVEPYOTIOLNTEG TLOV TLG TLALPALYOULV.
o Ta mo onuavtikd {NTHLATE otV Kivnon siva:
o YtabepdTyron: aplBudc onueinv emahg, kévipo Bdpoug, LooppoTia,
kAiom £8&poug
o XopoKTNpLoTIK& eTapNg: onpeio 1 emupdvela eoupric, Tl
o MepBadov: Sour, péoo (édapog, vepd, aépog)
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Different Wheels

o Fixed standard wheel — 1 DOF
(kdAhon) OR

o Steerable standard wheel — 2 _@_ %—Q

DOF (kdMon + kotevBuvon)

e Castor wheel — 2 DOF (kbAom
+ eh\eBepn TepLoTpOP) 3
LT
e Swedish/Omni wheel — 2 DOF I S ek

(kOAom + TaOnTikol KOAWSpoL)  The 4 basic wheel types.

*Image source: Autonomous Mobile Robots.

o Ball or spherical wheel — How
many DOF? technically difficult
realization
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Wheel Configurations for Rolling Vehicles
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Wheel configurations.

*Image source: Autonomous Mobile Robots.
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Stability in Wheeled Robots

Mo vo ettevyBel evotdBela, oe dynua pe 2 tpoxoic:

o Static stability: mpémeL vou €xel
XoNAS kévtpo pdlag (k&tw
aTto Tov d&ova TV TPOYXWV),
evpeioe Bdon

o Dynamic stability: is like an
inverted pendulum, utilizes
gyroscope(s), i.e., evepyd
c0oTNA EAEYXOU TOV
Xpnotpototel yupookdmo(at)
Kol éxel kb édeyyo
TOUXUTNTOG TWV TPOYXDV

Mobile Robot.

*Image source: Frontiers In Neurobotics.
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https://www.frontiersin.org/journals/neurorobotics/articles/10.3389/fnbot.2022.1066714/full

Maneuverability - Euvkivnola

Maneuverability = 1 wkavédtnTo evég oXHUATOG/pOUTOT Vo ekTeNel eALy-
povc, dnAhadf va adA&ler kortevBuvon ko Béom pe eukoMial, péoa o Te-
PLOPLOLEVO XWPO T YUpw OTtd eUTtOdLAL.

o Differential drive: T{nA1 eukwnoia, otpifet eutdmov (pivot turn).

@ Omnidirectional wheels: M\7fpnc ehevBepia
(umpoc-Tiow-TAd yLa-Brorydwiat). 18otvikd yrow atoBrikec.

@ Ackermann steering: PsoaloTiké yio oxfuoto Spdpov, add
atoutel peyohitepn oktivor otpogic.

Evotdleior vs Evkivnoio: Tuyvd ovtikpoudpeval XopakTNPLoTIKE.
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Controllability - EAéy&uuédtnTa

Controllability = 7 w«avétnta evde poptdt/oxfuotog vor akohouBel pia
emlBuuntd Topela 1§ val eTuTuy)dvel ol eTWOUUNTY KATACTOOT, XPMNOLLO-
Totwvtag to Stabéopuo péoa eEdéyyou (tpoyol, TaxdTnTeg, Ywvieg).

o [evikd umtdpxel avtioTpoyn oxéon pe TNV gukvnoio
(maneuverability).
o MMoAb eukivita ovothporta (T.X. omni-wheels) — §0okolog éleyxoc.
o Awybtepo eukivnta ovothuatae (Tt.x. Ackermann) — o otabepbdg ko

peadoTikdc ENeyxoC.
o H edéylpdtnta e€aptdro amd Toug HNYavIkoUg TepLloplojolc
(holonomic % non-holonomic).
o To ovpPotikd outokivnta xpmowywotoov Ackermann yewpetpio,
mpocpépovtoc kadf eAéyEipdtnTa kol otabepdTnTal o vPnAéc
TOYUTNTES, AAAY TLepLOPLOEVT) EVKIVIOLOL.
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Di ntial Drive

Awopoplkdg pnyaviopnédcs Kivnong:

@ Two motorized wheels Ttov kwvolvTou __(—)—‘VL

aveddpTnTaL.
@ Evélkto: umopel va otpider eutdmou ! w
(pivot turn). . p ) v 0]
o AT\ katowokeut, XoUNAS k6oTOG.
o lMepropiopévo oe vPnhéc taxoTnTeg 1 l
ot avoOpaAo édapoc. mw ) Vi

° ATIMOLPO\SC oe H'I'Kpa pOlJ..TCOT Ko Ailctpoplkf) odfynon: aAmASTNTA KoL
ekTtoudevTikég TATYSppeES (TT.). svehgia.
TUrtIeBOt, Lego M|ndst0rms) *Image source: ResearchGate.
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https://www.researchgate.net/publication/333407437_The_Impact_of_Parametric_Uncertainties_on_Mobile_Robots_Velocities_and_Pose_Estimation

Differential Drive vs Ackermann Steering

Differential Drive

Ackermann Steering

2 kwntiiplol Tpoyol pe aveddp-
TNTo LoTEp

4 tpoyol, umpootvol katevbu-
vépevol, Tow KvnthpLloL

Aev UTAPYEL PNYXOVIKT) oOvEe-
on (o k&Be Tpoxd¢ TepLloTPEPE-
Touw ave€dpTnTar)

Awovpopikd ypavdll yiol ouy-
XPOVLOWS Tpox®v Tou (Blov
&&ova

TynAf eveldéio — otpifer emi-
ToéTOV

YtabepdtnTor ko éAeyyog oe
vPnAég TaxTnTeg

ATAS, @Onvd, kaTdAANNo Y
MLKPOL pOUTEOT

KatdAnho vy  awtokivnta
Kol oxfportal Spduov

Oy WBovikd yiao vPnrée To-
XUTNTEG

‘Oxt evéikto og TON) oTEVOUG
X®POuG
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Omnidirectional Wheels - MovkavteuBuvtikot tpoxot

@ Xpnoipomolovv eldkoc kuAivBpoug
YOpw attd TNV TEPILETPO
(Mecanum, omni, opoupikoi
tpoxotl).

o Emutpémouv mAfpn ohcBaivovoa
(holonomic) kivnon oe dAeg Tig
katevBivoelc.

@ I8avikol Yol Teploplopévoug
Xopovg, T.X. anobfkec ko

EPYOOTAOLAL.

@ Melovektfuartor: ToAuTtAokdTnToL
OTOV éAEYXO, LEYUAOTEPO Omni Wheels Robot.
EVSp'YSl,(X,Ké KéO'TOC’ HLKpéTep‘n *Image source: OpenElectronics
TpdoYuon.
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https://www.open-electronics.org/how-to-build-an-omni-wheels-robot/

Walking Wheels

@ Yuvdudlouv tnv KOAOT pe TN
SuvatdtnTar «BNoTiopnovy.

@ Mmopolv va Eemepvoliv eumddia
Kol oLVOUoA0 €8alpoc kaAltepa
and anholg Tpoxovg,
OUYKEKPLLEVOL €XOUV EKTIANKTLKY
kovOTNTL Kivong oe eZalpeTikd
avopaAa 8, T.Y. YL
e&epeivnon TAavnTov

o Ailatnpoiv vPnA1f amodotikdTnTa

s 7 , Quadruped robot ANYmal on wheels.
KOMOTNC 08 OMONEC ETILPAVELEC

*Image source: |EEESpectrum

o Meiovektiuotal: owuEnuévn
MNXOVLKT) TTOAUTTAOKSTNTOL KOLL
kb6OoTOC

Hellenic Mediterranean University Autonomous Robotic Vehicles Lecture 2


https://spectrum.ieee.org/wheels-are-better-than-feet-for-legged-robots

Legged Locomotion

@ MeydAn TPOoAPUOCTIKOTNTA 08 QLVOUOAO
£dapoc.
o Amoutel ToMoU¢ Pabuoic eheubepioc oe kdbe
To8L
o Abo Paoikéc katnyopiec:
e Static walking — otaBepétnta oe kdBe Prina
e Dynamic walking — ekpetdMevon Suvoyukov
pouvopévev (Tr.x. TpéEiuo, dhua)
@ Mo kovtd otn Broroyiky kivnon {hwv kol
avBpdTWV.

Bipedal Robot, Agility Robotics.

*Image source: TheRobotReport
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https://www.therobotreport.com/agility-robotics-8m-develop-legged-robots/

Legged Locomotion - EvotdBeia ko AptBudc Modicyv

@ 'Oco Aiydtepa mddLa, TéoO TiLo dUoKkoAn M svotdBeta.

@ Amoutovvton Touldytotov 3 Tddla oe eTtalpt e To £dapog Yo
«OTOLTLKNY LOOppOTILXL.

o Aimoda ko teTpdmoda ypetdlovtal «duvautkny LooppoTic.

@ ‘Exouv dnuovpynBel punyoviopol ou kivodvtow pe éva pévo médt
— 1 @bon dev to éxel eTuAéEeL.

e AR
(i) Mammals 2 or 4 legs, (ii) Reptiles 4 legs, (iii) Insects 6 legs.

*Image source: Autonomous Mobile Robots, our textbook
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Gaits - Tomol Bnuatiopod

Tu eivow Tow Gaits:

Ytn poptotiky (dmwg ko oty Brodoyia) to gait onuaiver To potifo /
puBpbC kivong Twv Todldv evde poptdt (1 {dov) dtav TepTaTd, TPéXEL
1N kweltow. Eivow dnAadf o «ouvtoviopdcy twv Todldv oto Xpbdvo Kol
OTOV X®PO.

e Walk — mdvta éva médL oto €dapog (otabepty kivnon).

e Trot — daydvia Lebyn modv kwvodvton poli.

o Gallop — vmdipyeL pdon «mThoney Xwplc eman e To £d0pog.

@ Xta moldmoda (T.x. e§&moda) ouxvd epopudleton to tripod gait

— tploe OB TAVTAL oF AN Yol méyloTn otabepdTnTaL.
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Gaits - Atmoda Poputéd

*  Me 800 média, ptropei va Bpedel Kaveic aTiC TApaKdTW KATAOTATEIS :

— 1) Kai ta &do modia kdTw :
® Leg down

_ s 5 e O
2) Ae€16 TIOBI KATW, CPICTEPS TIEVW ® C Legup

—  3) Aplatepd oI KaTwW, B3£I Tavw ®
- 4) Kai ta 800 mH3ia AV 8 N

«  Brpa Bzwpeital n arAayn amd Pid KATAGTAON 08 JIg GAAN Kal ETTIGTPOP OTNV apXIKT.
«  ET0l yia 1o dimodd, £XOME TIG TTAPAKATW 6 DIGKPITEG KATACTATEI
s (loyoe yevikoTepa @ N = (Zk —I)T )

® O e__ tuning O ® O, walking
1>2>1 o o @  onrightleg 2>3>2 o O @  running
e 0o o turni o © O hoppin
>3->1 - turning >4 > — g
1->3 e O o on left leg 2>4>2 ¢ 0 @ right leg
e 0O e hopping e 0O e hopping
1->4->1 e O e with two legs 3->4->3 O 0 O left leg
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Gaits - Tetpdmoda & EEdmoda Poutédr

( D.* (i (i

Two gaits with four legs: (i) Left sequence depicts changeover walking (trot) and (i) middle picture depicts bound (galloping).
Three gaits with six legs: (iii) Static walking with six legs.

*Image source: Autonomous Mobile Robots, our textbook
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Flying Locomotion - Evaépiar Kivnon

e Multirotors (eg. drones) — svéhikta,
KTtopolv Vo alwpodvTon, oA e
TLEPLOPLOLEVT QLUTOVOULL LTTOLTOLPLOLG

e Fixed-wing (T.x. oepomhdva) —
TIOAU TLO ATOSOTIKA Ot PeYAAEC
anootdoelg aAN& ypetdlovTol XOpo
Yl amoyeiwon/mpooyeiwon

e VTOL (Vertical Take-Off and
Landing) — uPpidiae tov ouvdudlouv
TIAEOVEKTHRALTA Kol Twv 800 (gvehidio
+ peydAn epPédeia)

*Image source: Plymouth Rock Technologies Inc.
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https://www.unmannedsystemstechnology.com/2021/02/hybrid-propulsion-fixed-wing-vtol-drone-unveiled/

Flying Locomotion - 2 0ykplom yioe Epappoyeg MNapddoong

&

Structure

Drones

Fixed-wing design

" requires runway
or takeol

&2

and landing.

Hybrid fixed-wing with vertical takeoff.

Multiple ro apable of vertical

takeoff and agile movement

Performance

&

Great for long distances at high speeds
but lacks vertical takeoff ability

Can carry light to

Efficient for medium to long distan
N satile in varied environments.

Suited for short distances, ideal for
ban settings; limited range.

Payload

dium loads,

y options.

limiting delive

Can handle larger loa

suitable for
diverse delive

eds,

Best for small loads, struggles with
heavy loads and long flight times.

The Ultimate Comparison: Fixed-Wing, Multicopters or VTOLs for Delivery Applications.

Hellenic Mediterranean University
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https://rigi.tech/the-ultimate-comparison-fixed-wing-multicopters-or-vtols-for-delivery-applications/

Swimming Locomotion - TmoBpOyia Kivnon

o Propeller UUVs — kivnom pe éAikec,
TLoLpSLOLOL e TOL TEAOLOL.

o Biomimetic — pupodvron {da 6TwC
Pdproe | xeADVEG, TO ATLOBOTIKA Kol
Lo «PLALKE» oTo TepLEAAov.

e Challenges — Svokolieg
eTukowwviog (Adyw vepo),
evtoTiopdc Béong, evepyelok
OLUTOVOLOL.

LONG RANGE
POSITIONING SYSTEM

QUADBAND SAS
MF/HF

ACOUSTIC / RF
ACOUSTIC _ cOMMS

CAMERA

OPTIC LASER

MULTI-MISSION
PPAYLOAD BAY

ThunderFish Autonomous Underwater Vehicle.

*Image source: Kraken Robotics
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https://www.naval-technology.com/projects/thunderfish/?cf-view

Bio-Inspired Swimming - Bio-epmvevouévn Kivnon

o Poumét-tédvoc, poutdt-xeAddva,
7 7 7 | Tail Pectoral Fins
kOO Kol PORTEOT-XENL!

o [MeovekThuata: omodotTikdTnTa,
a06puPn kivnon (stealth), koahbtepn
Tipocappoyn oe TeplBdAhovtal e =

, , Bio-inspired Underwater Vehicle with Flexible
Boaddooita Lw. Propulsor.

Dorsal Fins

*Image source: ResearchGate

o I8avikd yiow aetooTolég e€epeivnonc,
TiapakoAoBMone ko épeuvalc.

Hellenic Mediterranean University Autonomous Robotic Vehicles Lecture 2


https://www.researchgate.net/publication/357384424_Design_and_Control_Strategy_of_Bio-inspired_Underwater_Vehicle_with_Flexible_Propulsor

Real-World Application: Warehousing

ATtoBkec:
e Omni-wheels yio TAoNynoM o€
otevolc dladpdpovg
o Autépatn petopopd ko Todvdunon
TpoildvTwV

0 Oépato LOPAAELOLG KOLL
ovvepyaoiog pe avBpbmvoug
gpyolbuevoug

Omni Wheel Robot. “Tight Spaces? No Problem!”

*Image source: SEER Robotics

» Watch Example Video: Warehouse Robots
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https://www.youtube.com/watch?v=dQFyHg7TGqU
https://www.youtube.com/watch?v=dQFyHg7TGqU

Real-World Application: Agriculture

Mewpylo:

@ Xpthon tracks 1 peydAwv Tpoxwv ot
poAokd €dopoc

o UAVs yiol apakorovBnom
KOUAALEPYELGOV

@ pé yio ovykoudh ko {ulavioktovia

Agriculture Robot: “BoniRob”, Bosch GmbH.

*Image source: Wikipedia Commons
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https://youtube.com/shorts/382b9NMX7rg?si=13eD9Ws0O5OXGgEw
https://commons.wikimedia.org/wiki/Category:Agricultural_robots##/media/File:Amazone_BoniRob_Feldroboter-Entwicklungsprojekt.jpg

Real-World Application: Disaster Response

Avtipetomion Kataotpopov:

o Poumért pe epmiotplec | méda yLo
kivnon ot epeimia

o UAVs yia eokdTnon meplox e Kol
XopTOYPAYnon

@ Avixvevon ko evtomiopdg Bupdtwv

Rescue aka Life-Saving Robot.

» Watch Example Video: Disaster Robotics

*Image source: Baiji Robot
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https://www.youtube.com/watch?v=nZlcDYfjvis
https://www.baijirobot.com/what-is-a-rescue-robot/

Future Directions - MeAovtikéc KatevBivoelc

o TPRpLdikd poptdT — cUVSUALOPOC
tpéTwv kivnong (Tt.x. TepTATHA +
ntion).

o Ma\akd ko BLo-spumvevopévo
PORTOT — avBekTikd, LU YLo
ouvepyaoio e avBpmoug,
mipocappdlovtal oto TeplBdilov.

o Evepyelokd omtodotikég
'CSXVO)\OTi.EC bl Kpi,O'l,u.SC YL Popmét tou péAovtog pe TToAaTtAéG
, , , SuvatdTnre..
LOLKPOXPOVLEG CX.TEOO'TOXSC KOlL BL(A)C'L}J.T]
AVETTTUED.

*Image source: Futuristic Speaker

o Néeg epapporég — é§utveg TtOAeLG,
vyeio, TepldAiov, didowaon.
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https://futuristspeaker.com/business-trends/192-future-uses-for-flying-drones/

Summary - Y 0vodn

@ Tpoyoi — o amodotikol evepyelakd, KATEAATAOL YLl OPOAéC
ETILPALVELEC.

o Mébor — evéhiktor oe hokoha £86pn, aAA& pe vPnAd kbdoTog Ko
TLOAUTIAOKOTNTOL.

o MtHon ko KoAouPBnon — &edikevpévol tpdmoL kivnomng, tdavikol
YLOL CUYKEKPLLEVEG ALTLOOTONEG.

o To mpaypatikd meptpadAlov Xprong kabopilel Tov oxediaopns.

H emdoyn tpbmov kivnong Sev eivar Oéua «kaAitepouy, adAd
«kaTdAAnAovy yia To ekd oToTe MPPANLA.
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Discussion & Motivation

o [Motat popet kivnong Ba eivor o onuavTiky oto péAlov;

@ O émpeTe TAL POUTIOT VoL ppobvTal Th o 1 v akolovBricouv
véoug dpduovuc;
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