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Lecture Goals - Y_téxoL onuepvol pabBfuatoc!

Metd To onuepvd pdbnuo Bo pmopsite:

Not eptypdpete Tic Pooikéc KOUTNYOPlEC AUTOVOUWY POUTIOTIKOV
oxnpatwy, i.e., UGV, UAV, UUV.
No e&nyeite Tic KOpLeg epappoyéc Toug otn Plopnyavia, otnv
épeuva ko oty koBnuepwry Cwi.
Not kartavosite Tic Tpste Bepediddelc epwTHoEl TG POUTOTIKAC:
o [loV Bpiokopau;
o [lo¥ méw;
o Mdc B pTdow ekel;

No Teprypdipete tov kOkho See—Think—Act ko T onuooio Tov.

Not cuppetéxete evepyd o oulATNom yLal TLC TPOKANOELS KOl TLC
gukalpleg oTov TopéaL.
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Robotics Applications

‘Evoig k6Opog 6Tov &vOpmToL Kol popTOT CUVUTIALPYOUV:

H poutotiky atmotelei éva diemi-
oTNovikd Ttedio Ttov alAdleL Tov
kéopo pog!

YuvdBudler PNYOVIKY, MAEKTPOVIKA,
TIATPOYOPLKT KLl TEXVNTT VONooOvT
pe okoTd TN SnpLovpylol ctutdvorwy
| MULAVTOVOUWY CUOTNULATWYV TOU
ouvepydlovton pe tov &vBpwmo ko
BeAtiovouv T kaBnuepwdTNTd potc.
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Industrial Robots

Buopnxavikég Epapporég:

o Welding — ZuykdAAnon
@ Assembly — Yuvapporéynon
@ Inspection — EmBempnon

@ Packaging — Y vokevaoia

Annual installations of industrial robots
15 largest markets 2018
1540

China
Japan I 55 2
United States I <04
Rep. of Korea NN 7.8
Germany I 26.7
Chinese Taipei N 12.1
Italy NN 9.8
France Il 58
Mexico Il 5.7
Spain Il 53
India | 48
Singapore M 43
Canada M 36
Thailand M 33
Czech Republic W27
000 of units

Top 5 countries using industrial robots in 2018.

*Image source: The Robot Report
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https://youtube.com/shorts/5C8G2h9KT3k?si=BRlNK7_r1E4jKMRJ
https://youtube.com/shorts/iLoWrpgXRXk?si=gITdvtFi4WLLgE4J
https://www.therobotreport.com/top-5-countries-using-industrial-robots-2018/

Medical Robots

latpikég Epopporéc:

@ Surgery — XelpoupyLkt
@ Rehabilitation — Amokatdlotaron

@ Telemedicine — TnAeltotpikyy

The daVinci Robot.

*Image source: Unity Medical Center

» Watch Example Video: Da-Vinci System
» Watch Example Video: Concentric Tube Robots
» Watch Example Video: Telemedicine
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https://youtube.com/shorts/JPI6khz3dhc?si=PP_P66jLPBhapyBM
https://www.youtube.com/watch?v=BmsP4JZROrI
https://youtube.com/shorts/H_mN6CGRVBU?si=I92ZJcnUMAUackSw
https://www.unitymedcenter.com/hospital/davinci-surgical-system.html

Humanoid & Service Robots

AvOpwToeldt Popmédt &
Popmét Mapoxig Trnpeoiov:

@ Customer service —
EZumnpétnon medatdv
o Education — Exmaidevon

o Elderly care — ®povtida
NALKLOUEVWV

Care Robots For Older People.

*Image source: AsianScientist

» Watch Example Video: Customer Service in a Hotel
» Watch Example Video: Robot Caregiver
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https://youtube.com/shorts/7GwCIVTQatY?si=6rrNSikM5FqU86vf
https://youtube.com/shorts/CM1FbFeuozY?si=GxH1QBwdvk20JCn4
https://www.asianscientist.com/2023/10/in-the-lab/ethics-of-using-care-robots-for-older-people/

Soft & Bio-Inspired Robots

MaAakd Bioppntikd Poptét:

@ Delicate handling (food, organs)
— EvaioBnroc xeiplopéde

@ Human augmentation (exosuits)
— AvBpomvn evioxvon -
e€wokehetol

@ Exploration in confined spaces —
ZTSVOi TI] neptoplcuéVOL Xd)p0l' Carnegie Mellon University, Robotics Institute.

*Image source: Soft Machines Lab

» Watch Example Video: Origami Robots

Hellenic Mediterranean University Autonomous Robotic Vehicles Lecture 1


https://www.youtube.com/watch?v=byqGFH6AZuk
https://www.ri.cmu.edu/robotics-groups/soft-machines-lab/

Ground Mobile Robots

Eniyei (1§ Xepooaio) Avtévopo
Poptor:

e Logistics (AGVs, AMRs) —
EpoSiaotik

o Agriculture (weeding,
harvesting) — lNewpyio
(QloviokTovia, ouykoudh)

@ Security patrols — MNepimohieg
aopoeiog

@ Service delivery — Mapdboon
umnpeotov / ayabov

Ground Drone Project: Urban mobile robot chassis.

*Image source: RoboHub

» Watch Example Video: Delivery
» Watch Example Video: Agriculture: Pick up tomatos
» Watch Example Video: Agriculture, funny!
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https://youtube.com/shorts/_N13iSYYtRU?si=UzwjdOxMmR394EB5
https://youtube.com/shorts/jXAwHF9Gm80?si=Yle2W_TtvrneM4ja
https://youtube.com/shorts/p5Taa0rbcI8?si=HJiPL5dOjZ2HZhgm
https://robohub.org/ground-drone-project-urban-mobile-robot-chassis/

Underwater Robots (ROVs/AUVs)

TroBpoyxia Poumér:

Inspection — EmBempnon
Mapping — Xoptoypdpnon

@ Marine research — Qadooia
£peuval

@ Recovery operations —
Emuyelpioelg avéktnong

ROV for inspecting and repairing salmon aquaculture nets.

» Watch Example Video: Underwater Vehicle *Image source: AuManufacturing
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https://youtube.com/shorts/yb3QYpHYo0U?si=Gx7Go80aqdyPh1am
https://www.aumanufacturing.com.au/underwater-robot-begins-to-demonstrate-net-benefit

Aerial Robots (UAVs/Drones)

Evoépio Poutiér:

@ Surveillance —Emutripnon

@ Mapping — Xaptoypdpnon

@ Delivery — Nopddoon

@ Disaster response —
AVTILETOTILON KATAOTPOPWOV

Heavy Lift Electric Uncrewed Aerial System (UAS).

*Image source: BAE Systems
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https://youtube.com/shorts/FO56vMsZ7DE?si=1xaORLAhKzP8p3ve
https://youtube.com/shorts/FOrCHxwgqds?si=OtYQR5sf8HKew9mR
https://youtube.com/shorts/_0giBWCZUNQ?si=RY_OhWVfxJKjyWi2
https://www.unmannedsystemstechnology.com/expo/autonomous-aerial-vehicles/
https://www.baesystems.com/en-uk/

Military & Defense Robots

TTpaTlRTIKAE & Apvvtikd Po-
WToT:
@ Reconnaissance — Avayvopiomn /
Emutipnon
@ Explosive Ordnance Disposal
(EOD) — E&oudetépwon
EKPMKTIKOV UNXOLVLOUWOV
o Combat support — TroothpLén
X MG

Boston Dynamics Robot.

» Watch Example Video: Amphibious Robot *Image source: Teal company
» Watch Example Video: Under the Ground Robot
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https://youtube.com/shorts/ADhvGvnGSts?si=QmVqVKo5O1zjcORK
https://youtube.com/shorts/uEQfMCYtXeg?si=jMDn7ueXc3r1FJb9
https://tealcom.io/post/the-rise-of-autonomous-robots-in-warfare-emerging-examples-and-impacts/

Course Structure

© Foundations: Locomotion, Kinematics, Dynamics

@ Control: Motion Control, UAV/UUV Control, Robustness
© Perception Localization: Sensors, Kalman Filter, SLAM
@ Planning: Path, Trajectory, Multi-Robot Coordination

@ Integration Advanced Topics: Mapping, Learning, HRI
@ Project Workshops and Final Presentations
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Key Questions in Mobile Robotics

Localization: Determine position and orientation using sensors.

2. Where am | going?
Goal definition and path planning.

3. How do | get there?

Motion control, trajectory execution, obstacle avoidance.
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knowledge,
data base

environment model

local map
1

Information
c Extraction
2 t
a
@ raw data
14
o
o

Sensing

The See—Think—Act Cycle

“position”
global map

path
Y

mission
commands

Path
Execution

I
actuator
commands

Motion Control

Real World
Environment

The See-Think-Act Cycle.

*Image source: ETH Zurich: Autonomous Systems Lab

@ See: Perception, sensing, information extraction

@ Think: Localization, mapping, decision-making, planning

@ Act: Control and actuation, trajectory tracking
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https://asl.ethz.ch/education/lectures/autonomous_mobile_robots/spring-2021.html

Locomotion

To Locomotion eivoll n tkavéTnTR €- ofl e o
VOG POUTIOT VoL LeTaKIVEITOL OLTEd évol =L - ‘ ‘

onpeio oe &AXo.

H emAoy TpdTov kivnoneg emnpedlel Tnv
TaxotnTa, ™) otabepdTnTa, TNV KATO-
VEAWOT eVEPYELOLG KO TNV TTOAUTIAOKSTT)-
TOL TOU POWTIOT.

graéshopner
Tracks of selected animals.

*Image source: Britannica
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https://www.britannica.com/topic/locomotion/Terrestrial-locomotion

Types of Robot Locomotion

Trdpyovv didpopec otpatnyikéc Locomotion avdloya e tov
oXeSLOLOKO TOU POUTIOT KOLL TNV EQPAPLOYT.
@ Wheeled locomotion — [8avikéd yio
eTimedec empdveleg, o amodotikd

o Legged locomotion — KactdAAnho yio
avopalo édapoc, uLetton

(@) Two-wheeled (b) Three/Four-wheeled (©)Biped

(oo /avBpwToug _ ’
o Tracked locomotion — AuEnuévn g é?:. %
otaepbtnra, Xprion oe Papid popmst i Sicbiiakibe sk
Py Flying |0C0m0ti0n _ droneS/UAVS Y Basic conception of robots with various
locomotion styles.

EVOLEPLEC EPYOATLEQ *Image source: ResearchGate

e Swimming locomotion — ROVs/UUVs
yiow vdd&Tvo TepLdAiov
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https://www.researchgate.net/publication/284688369_Study_on_the_Mobility_of_Service_Robots

Challenges in Robot Locomotion

O oxediaopdc kau o éAeyxog tov Locomotion mepthopfdvouv apketéc Ttpo-
KAHOELC:

Alotipnon stability kou tooppoTiog
BeAtiotomoinon energy efficiency
Akpprc navigation & path planning oe TtoAdmhoka TeeptfdAAovta

2 xediocon control algorithms yio opad1y kivnon

Meiwon mechanical complexity ko kéotoug cuvtipnong

H katavédnom twv Ttopandve sival kploun yrol Ty avdmTuén adlémotwy
POLTLOTLKOV CUCTNHLATOV.
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Introduction to Kinematics and Dynamics

Kinematics ko Dynamics amotelolv

, p , kinematics dynamics
to Ogpédial T popToTikc kivnone. “The effect ofa rabat's The effeet of ol forces (internal and
geometry on its motion. external) on a robot’s motion.
o Kinematics: Meletd T1 yewpeTpio
e kivnone xwpic voo AapuPdivel
uttddm TIc duvdiuelc.
Assumes that we control Assumes that we control
Py DynamiCS' MS)\ST(IX. TIC SUV(IX.H-SLC encoder readings. .. motor current. ..
, , Kinematics vs. Dynamics.
KOlL POTLEC TTOV TEpOK(x)\OUV ™mv
, *Image source: Slideserve
Kivnon.

H kotatvdmon autdv Twv evvol®dv stval kplown yral tTnv avdAuon kol Tov
EAeYXO TWV POUTIOT.
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https://www.slideserve.com/caitlin/automated-sensor-driven-parallel-parking-system-a-s-p-s

Types of Kinematics: Forward and Inverse

Kinematics ywpiletow oc 800 Pooikd
TpoPAfaTa

o Forward Kinematics: M
Trohoyiopdc TN
Béong/mpooavatodiopod tov
tehkoV ekteheott| (aka
end-effector) amd tig opBpikéc
petoPAntéc (aka joint angles).

@ Inverse Kinematics: TTmoloylopdc
Twv apbplkdv peTaANTOV Tov -,
emiTuyX&vouv o etlBuunty
Béon/mpooavatodopnd.

Mobile Robot.

*Image source: Autonomous Mobile Robots, our

H emiAlvon tou inverse kinematics efvoul tetbook
kplown yio tasks 6mwe pick-and-place.
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Dynamics: Forces and Torques

Dynamics meptypdpet Ttodc oL duvdueic emnpedlovv Thv

kivnon evoc poumor. *N
o Xpthion vopwv tou Newton-Euler 1 e€ilodocwv F ,
Lagrange. |

e Tmoloylopdc pomdv (torques) Tov aroutodvron

yiat va etevyOetl eBupnty ety uvon. lmg

Free Body Diagram.
o [lpooopolwo™n TNG TPAYOTIKNG CURTIEPLPOPAS

TOU CUOTHLOLTOC.

*Image source: Phyley

H Suvapikt avdAvon eivor octopadtntn yiow Tov oxeSlaopd eAeyKTOV Kol
ektiunon optiwv.
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https://www.phyley.com/freebody-diagram

Motion Control: Overview

Motion Control agopd t Xpfion alyopibuwv dote To poutdt va
akohovBel eTBupnTy TpoxL& 1 Vo ETULTUYXAVEL CUYKEKPLLEVT
Béon/ToxoTnToL.

@ Open-loop control: Xwpic
avddpoon, Paoiletow pévo oto
povtédo.

o Closed-loop control: Mg
avdadpaon (feedback), eg PID
control.

+
=Setpoint

o Trajectory tracking:
MopakorouBnon mpokaBoprlopévng

TPOXLALG.

o Path planning + control: PID Block-Diagram.
Y uvduaopdc Ao ynong Ko *Image source: ResearchGate
ekTéNeONC.
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https://www.researchgate.net/publication/316709017_Design_of_HMI_Based_on_PID_Control_of_Temperature

Robot Perception: Definition

Robot Perception sivou 1 tkovétnTal evéc poutdt vor AapBdvel TAnpogo-
piec amd to meptPdAhov Tou, va Tic emteepydleTou Ko Vol TLG XPNOLLOTIOLEL
yiow vl AapBdvel atopdioelc.

o Xpnowototel dedopéva and auocOntipeg (sensors)
o Avayvwpiler avtikeipevo, eumddior, ATOR 1 XOPAKTNPLOTIKA XOPOV

o Anpovpyei avartopdotoon tou eptBdAhovtog (maps, point clouds)

Xwplc perception, To poumdt dev pmopel va Asttoupyhoel ouTOVOUOL OF
Suvoukd eplfdAlovtal.
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Sensors for Perception

Baoikol auoBnthipeg TTou XpNoLLomolodvTon ot pORTOTIKY:

@ Cameras — monocular, stereo,
depth =

o LIDAR - 2D/3D laser scanning

o IMU - Emtdyuvomn, yoviok
Ty vTnTaL

e GPS / GNSS - Maykdéowa Béon

e Ultrasonic / IR sensors —
Aviyveuon eumodiwv o pkpn
ambdotooT

|

x| 2] o @]

Robotic Sensors.
("] Force/Torque sensors — MéTPT]O'TI *Image source: OnlineSciences
aAAnAemidpaonc pe mepBéAiov
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https://www.online-sciences.com/robotics/robotic-sensing-robot-sensors-uses-types-importance/

Robot Localization: The Problem

Robot Localization sivor n Siadikoioior kortd tTnv omoial To pouToT VTOo-
Aoyilel t Béom kou Tov Tpocavartodopd tou (pose) oto TepPdidov.

@ Av to GPS Aeitoupyoloe pe akpifeia oc sowtepikols Xwpovg, To
TpéPANua Bal ftav TToAD amhoVotepo.

@ ‘Onwcg, ot kheotolc Xmpoug Tpémel val Boolotolpe oe dAAeg
pebddouc.

H akpPric extipnon Béong sivau kpioyn v navigation & motion planning.
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Localization Methods: Landmarks and Odometry

Abo PBaoikéc Tpooeyyloeic:

o Landmarks: Xpfon yvwotov .. 0
XOLPOKTNPLOTIKGV TOV XOpovu (Tt.X.
ToiyoL, ywvieg, markers). & .= L.
e Odometry: Ektiunon Béonc amé -
g kwioelg Tov poptdt (Tpoxoug, e
IMU ) . Robot Odometry.

*Image source: Bench Robotics

H odometry sivai e0koAn aAA& cvoocwpedel opdApota, eved T landmarks
propov va Xpnotomolnfoiv yio dté6pBwon.

Lecture 1
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Map-Based Localization

Mo Tponypévn néBodog: ouvduaopds xaptov we dedopéva auobntipwv:

e Xphon map (eg occupancy grid) wg

oLVOLPOPAL. rTIﬁITI IWI'I nliiln | nlin

@ Y Uykplom petpioswv and LIDAR,
cameras, ultrasonic sensors.

, , Puik of ihe robot Belicf states at pusitions 2. 3 and 4
° A>\‘Yopl'ep'0l' OTWw¢ Monte Carlo Map-Based Localization.
Locallzatlon (MCL) YL(X' *Image source: Autonomous Mobile Robots, our textbook

Tuovoloyikt ektipnom Béonc.

MAeovékTnuo: HELOVEL TO TQAALO Ko Ttpooépel akplPr| extiunon oe
Suvokd eplaAlovtal.
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SLAM: Simultaneous Localization and Mapping

SLAM: smitpémel oto poumdt va dnuiouvpyel xdptn tov meptBdAlovtoc
kol Toeutdxpoval vaL ekTiud T Béom tou puéoa oe autdv.

i

o Aev amoutel TpoUTApYOVTH XAPTY.
@ Yuvdudlel auoBnThpec 6Twe
LIDAR, IMU, cameras.

@ Xpmotpototel adyopiBuouvc dmwe
EKF-SLAM, Graph SLAM,
ORB-SLAM.

SLAM algorithm.

*Image source: GIM International

Boowk1} texvohoyiow yiow atutédvopor poptdt, drones, clutOVopLoL OXHILOLTOL.
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https://www.gim-international.com/content/article/what-s-the-difference-between-slam-algorithms-for-handheld-lidar

Planning: Path and Trajectory

7

Planning: ogopd tov utoloyiopd tng BéAtiotng Sadpouic 1 tpoxidg
©oTe TO POUTOT VoL YTdoel oTtd Lo apXLkt o poe tehkd Béon.
e Path Planning: utoloyiopdc Siadpouric oto xmpo, amogelyovtog
eUTOBLOL
e Trajectory Planning: vtoloyiopdc xpovikd BeAtiotomolnuévng
tpoxLd (Béom, TaydTnTa, emtdyuvon)
o AlyépBuor: A*, Dijkstra, RRT, PRM

To Planning ivow 1 “vontiks Siepyacia’ mpwv Tnv ektéAeon Tng kivnone.
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Navigation and Obstacle Avoidance

Navigation civoi 1 Stadikaioior ektédeonc tne kiviong ®ote To poutdT va
okohouBel tnv emlBuunt? diadpopn pe aopdieto.

o MoapakorovBnom tne oxediaopévne diadpoprc
(path tracking)

e Yuveyxng extipnon Béong (localization) kot
v kivnon

e Obstacle avoidance: amoypuy1 Suvoyuk®dv 1
AYVOOTWV eRTOdiwY

@ Yuvduaopdc pe motion control yior opoAt
kivnon

Navigation with Obstacle Avoidance.
*Image source: Autonomous Mobile

Robots, our textbook

Navigation = Planning + Localization + Control oe mpaypatikd xpdvo.
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Discussion & Motivation

@ Why do we want autonomous robots?
@ Which application excites you most (UGV, UAV, UUV, swarm)?

@ What are the main challenges you foresee?

Open floor for students to discuss and ask questions
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