Contents

Contents
oY 4=V o ] o ISP SPTT PR 3
[0 11 0 T > 5
L6701 01 (=T o | £ TSP PP PRPPPPTPIR 7
Executive Summary World Robotics 2017 Service Robots......ccccccvvvvvvvvveeeeee. 12
1 Introduction into Service RoObOtiCS ... 22
1.1 Structure of the World Robotics 2017 “Service Robots”............ccccceeeeen. 22
1.2 Classification of service robots by application areas................................ 24
1.2.1 Definition “Service RObOLICS” ........coovviiiiiiiiiiiicce e, 24
1.2.2  Classification of service robots by application areas................................ 25
1.2.3  Cost-benefit-considerations in a nutshell.............ccccccoeiiiiiiie e 28
1.2.3.1 Digression: A brief remark on unit COStS............cccuiiiiiiiiiiiiiiiies 29
1.2.3.2 Remarks on cost-benefit considerations ................ccccc 29
1.2.3.3 Remarks on benefit factors........ccccooiiiiii 30
1.2.3.4 Remarks on market analysis .........ccouuveeiiiiiiiiiiiiic e 31
1.2.3.5 Remarks on general economic aspects for professional service robots.. 33
1.2.3.6 Remarks on huamn worker substitution and cooperation with service
robotics during task execution ... 34
2 Distribution of Service RODOtS ... 36
2.1 Service robots for professional use, sales 2015 and 2016...................... 36
2.2 Service robots for personal and domestic use; sales 2015 and 2016 ..... 43
2.3 Projections for the year 2017 and the period 2018-2020: Service robots
fOr ProfesSSioNal USE .........uueeeeii e 46
24 Projections for the period 2018-2020: Service robots for personal and
(o070 0 1=TS] (Lo N L] 47
25 OVEBIVIBW. ...ttt e et 48
26 Service robots by region of Origin ...........eeeiiiiiiiiii e 49
3 Major Application Areas for Service RODOtS .........ccooccviiiiiieieiiiiee, 54
3.1 INEFOAUCTION ... 54
3.2 Service robots for professional Use ..., 58
3.2.1 Field FODOLICS .ovvveieeeeee e 59
G T2 It B o [ e 0] = S 60
3.2.1.2 Milking robots and livestock robotiCs ..........cccceeviiiiiiiiiiiiiiiceccee e, 69
3.2.1.3 MiNING SYSIEMS ... 72
K 0200t I R ST o Y- Lot YN o] o To | €= 78
3.2.2  Professional Cleaning ...........oooiiiiiiiiiiiiii e 82
G 702307 B o [ Yo gl o 1= o 11 o [N 83



8 Contents
3.2.2.2 Window and wall cleaning (including wall-climbing robots)...................... 87
3.2.2.3 Tank, tube and pipe Cleaning ... 89
3.2.2.4 Hull cleaning (aircraft, vehicles, ships tc.) .......cccooiiiiiiiiie, 92
3.2.2.5 Othercleaning tasks........ccooooiiiiiiiiii 94
3.2.3 Inspection and maintenance systems ... 94
3.2.3.1 Facilities and plants ...........eeiiiiiiiiii e 94
3.2.3.2 Tank, tubes, pipes and SEWEIS...........uuuruurruriuereirierienrieireeernneenerene——.. 98
3.2.3.3 Other inspection systems (inspection robots for nuclear plants)............ 105
3.2.4  Construction and demolition ...............eeeiiiiiiiiii e 108
3.2.4.1 Nuclear demolition and dismantling.............cccoooerriiiiiii e, 109
3.2.4.2 Building CONSIUCTION .....eiiiiiiiiiiiiiiii it 114
3.2.4.3 Heavy/Civil CONSIIUCHION ......cooiiiiiiiiiiiie e 118
3.2.4.4 Other construction systems (road construction)............cccccceeeeiiiniininnee. 120
3.2.5  LOQISHIC SYSIEMS ..eeiiiiii i 121
3.2.5.1 Automated Guided Vehicles (AGVs) in manufacturing environments ... 122
3.2.5.2 AGVs in non-manufacturing environments (indoor) ..........ccccccoevviivnnnee. 126
3.2.5.3 Cargo handling, outdoor [0giStICS ..........ccoiuviiiiiiiiii e 132
3.2.5.4 Personal transportation ............ccoiiiiiiiiiiiii e 135
3.2.6  MediCal rODOLICS. ... . 137
3.2.6.1 DiagnostiC SYSIEMS.....cii i e 138
3.2.6.2 Robot-assisted surgery and therapy...........cccceveviiiiiiiiiiiiie 141
3.2.6.3 Rehabilitation SyStemMS........ccooiiiiiiiii 147
3.2.6.4 Other medical robotS ..........oooiiiiiiii e 152
3.2.7 Rescue and security applications .........ccouvviiiiiiiiiieiicc e 154
3.2.7.1 Fire- and disaster-fighting robots..............ccccoeeeii 154
3.2.7.2 Surveillance/security robOtS...........oooiiiiiiiiiii e 159
3.2.7.3 Other surveillance and security robots ............ccccciiiiiiiic 165
3.2.8  Defence appliCations ...........uuuuuuiic e 166
G T2 St B I 1= o o1 T 167
3.2.8.2 Unmanned aerial vehicles (defence applications).............ccceeeeeennnin. 171
3.2.8.3 Unmanned ground-based VehiCIeS............cccuuiiiiiiiiiiiiiiii e 177
3.2.8.4 Unmanned Underwater SyStemS..........ccooiiiiiiiiiiiiiiiiiiiieeee e 181
3.2.9  Underwater systems (civil / general use)...........cccccceeeeeiiiii . 184
3.2.10 Powered human exoskeletons ... 188
3.2.11 Mobile platforms in general US€e..........ccccooeeeiiiiiiii 192
3.2.12 Public-relations and joy MAES...........cooiiiiiiiiiiiiiiee e 195
3.2.12.1 Hotel and restaurant...............eueeeeemii e 195
3.2.12.2 GUIANCE ...ttt e ettt e e e e e e e e s e e e e e e as 197
G T I T 1Y = T (=Y 1] T S 198
3.2.12.4 RODOL JOY MBS ..coeiiiiie it e e e et e e e e e eeees 199
3.3 Service robots for personal/domestic USe ............ccceeevvvvviieiiieiiieieeeeee, 200
3.3.1 Robots for domestic tasks ..........oooiiiiiiiiiiiie 201
3.3.1.1 Robot companions, assistants, humanoids...........ccccccceeeiiiiiiiiiiiiicennennn. 201
3.3.1.2 Vacuuming, floor Cleaning ..........ccccuuiiiiiiiiiiiiiee e 205
8 TG T I R VAT T To [ 1YV 3 1= o 11 o S 209



Contents

3.3.14
3.3.1.5
3.3.2

3.3.2.1
3.3.2.2
3.3.2.3
3.3.3

3.3.3.1
3.3.3.2
3.34

3.4

4
4.1
4.2
4.3

5

5.1

5.1.1
51.2
51.3

5.2

5.3
5.3.1
5.3.1.1
5.3.1.2
5.3.1.3
5.3.14

5.4

5.4.1
5.4.2
5.4.3
5.4.4
5.4.5

5.4.6

6.1
6.1.1
6.1.1.1
6.1.1.2
6.1.1.3

6.2

L@WN-IMOWING ..ttt e e e e e e e e e e e 210
POOI CIEANING ... 211
Entertainment robots ... 212
Toys and hobby robots ..o 212
Multimedia robotS ........oooiiii 215
Education and research............coooooiiiiii 218
Elderly and handicap assisStancCe ..........ccccouiiiiiiiiieiiiiiiiieeceee e 220
Robotized wheelchairs ... 221
Personal aids and assistive deviCes...........ccccoeeiii 222
Home security and surveillance...........cccoooooviiiiiiiiiii e, 227
Examples of Service Robots by Application Area ....................ooeeee. 229
Service Robotics Industry Structure ........ccccccvvvvvviiiiieeee, 266
= - 271
U] o] o= PR 272
NOrth AMENICA......coe i 273
Selected Start-up COMPANIES.......ooiviviiiiiieeee e 290
UNITY ROBOTICS GMDBH.....cciiiiiiiiiiiiieee e 291
Starting SitUAtioN ........ooooi 291
First product "mobile info terminal”...............c i 292
Care-O-bot® 4 technology platform...........cccocoeviiiiiiiiiece e 293
Fresh Fruit RObOLICS .....ooooeeiiee 297
GreyOrange Pte Ltd ......oooiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeee et 299
The future of warehousing and logistics with robotics automation ........ 299
Supply chain automation with robotics technology...........cccccciiiiieennn. 299
Growth of GreyOrange, one of the world’s Top 50 robotics companies 300
Case studies of exceptional growth using robotics automation............. 301
Strategic direction, Innovation and Global impact ................................ 302
Mobile Industrial Robots (MiR) ... 304
About Mobile Industrial RODOtS.............uuuiiiie 304
YA =T =T 1= 304
The Purpose of MiR.........oo e eeeeeeee 305
The Lessons from a Robotics Start-up .............eeveiveiiiiiiiiiiiiiiiennees 305
MiR Customers and Examples of Case Studies with Companies using

MIR RODOES ... 306
Description of the Mobile Robots from MiR ...........ccccciiiiiiiiis 308
Selected Awards and COMPEtitioNS .......ccccoevviiiiiiiiiieiee e 312
YN N = T o PSRRI 313
Mastering Indoor Delivery: Savioke’s Relay Robot ............................... 313
Need and OpportuNity ......coooeeeiiiii 313
APPFOACK .. s 314
BN it . 316
euRobotics Technology Transfer Award — Fotokite.............cccccvvvvnnnnee. 318



10 Contents

6.3 CYBATHLON — Moving People and Technology .........ccccccuuiiiiriieeennnn. 322
6.3.1 The initiation of the CYBATHLON ... 322
6.3.2 CYBATHLON —the competition ... 323
6.3.2.1 The six disciplines at the CYBATHLON 2016 ........ccccoovviiiiiiiieeeeeennnnns 323
6.3.2.2 CYBATHLON promotes advances inresearch .............cccccccvvvveeeeennnnns 329
6.3.2.3 Continuation of the CYBATHLON ... 330
7 Selected Research Labs ... 332
71 TU Wien — Vision for Robotics VAR GROUP .........uvvvvviiiiiiiiiiiiiiiiiiiinnne 332
7.1.1 (0] o] 1=Te1 081, LoTe L= 115 o [ 333
7.1.2  Vision for Robotics in Service RobotiCS...........cccveiiiiiiiiiiiiiiie e 336
7.2 National Taiwan University —iCeiRA..............ccccii 338
7.21  ADBOULICEIRA ...t e e e e e e e e e e e ennes 338
7.210 MOUVALION .. 338
7.2.1.2 INtrodUCLION ... ..o e 338
A G TV 1= o o [P P P PRRRRRN: 339
7.2.1.4 Major RESEarcCh ISSUES.........coevuiuiiiiiiicceece e 339
2 A = o To [0 ToTo] o1 TS 339
7.2.3 HUMANOIA ... e e e 341
7.24  RODOE AMTIST....ooiii i 343
7.25  CNC RODOL ....oiiiiiii e e e 345
7.2.6  Modularized Dual Arm ..........eeee 346
7.2.7  Mobile Manipulation RODOt..............uuuiiiiis 348

Selected RoboOtic NetWOrKS .......ooovviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee 352
8.1 Hong Kong Science and Technology Park...........ccccccoiiiiiiiiiiinnnn, 352
9 Standardisation and Safety .........cccooviviiii 357
9.1 INEFOAUCTION . ... 358
9.2 ISO standardisation activities ... 358
9.2.1 Vocabulary and characteristics (WG 1) ........uvvvviiiiiiiiiiiiiiiiiiiiinieans 359
9.2.2  Safety for personal care robots (WG 2)........ccoeeeeiiiiiii 360
9.2.3  Performance criteria (WG 4).......coooeeiiiiiiiiii 360
9.2.4  Safety for medical robots (JWG 5) .......oevviiiiiiiiiiiiiiieeeeeeee e 361
9.2.5  Modularity (WG 6) ....ccoeiiieiiieee ettt e e e e e e e 361
9.26 Gaps and Structure (SG 1) ...cccoiiiiiiiii 361
9.3 IEC standardisation activities ... 362
9.4 IEEE standardisation activities ...........ccccco oo 362
9.5 European Topic Group on Standardisation...............ccccoeeeeeiiii. 363
9.6 Possibilities to get involved in standardisation work..............cccccceeeniee 364
9.6.1 Attending international meetings ..........cooeeii i, 364
9.6.2  Contributing to national mirror committees............ccccceeeeiiie. 364
9.7 Relevant safety standards for service robots ............cccooiiiiiiinii, 364

10 Open-Source Robotics: towards an established practice............... 368



Contents

10.1
10.2
10.3

11
11.1

Experiences from ROS-Industrial and its five-years journey.................. 369
ISSUES @head ... 372
CONCIUSIONS ...t e e e 372
Ethical, Legal and Socio-Economic Topics in Europe........cccccoo... 376

EU Parliament proposes new laws for robotics .............cccceeeeei. 376





