Contents

1T Introduction...........ooooviiiii e 1
LT INFOAUCHION. ...ttt 1
1.2 The Promise of Augmented Reality ........cccoccoceevniiieiicieecrieecnene 5
1.3 The Dangers of Augmented Reality ........ccoveeeicvieiiiniciceiiieecne 5
1.4 Augmented Reality SKills ..o 7
1.5  Seeing Augmented Reality .........coooeeeiiniiinnnnnn. et 7
1.6 The ReAlItIes ..coooiiiiiiiieeee e 9
1.7 Augmented Reality’s Place in the Metaverse ...............ccocoeeeenneee. 10

1.7.1  Translating the World...........ccccovvviviniiiniiirecee e, 10
1.7.2  Consumers vs. Industnal, Mihtary, and Scientific .......... 11
1.7.3  Movie Metaphors and Predictors .. crreerereeenrerennaeeen 12
1.7.4  The Code of Ethics on Human Augmen[atmn e 16
1.7.5  Laws of Mixed Reality ........ccoccooeviiiiniiiiiiiiceccececee 17
1.7.6  Augmented Reality Can Help and Monttor..................... 18
1.7.7  Augmented Reality in Games..........ccceevmirriecinreeeccrennen. 18
1.7.8  Auditory Augmented Reality ............cccoooiiiiiii 19
1.8 DefinitionS......coiiiiiiiiiiie e s 20
1.8.1 What Is Augmented Reality? ......coovveiiviiiiiciieeeiiieeeee 20
1.8.2  Internet of Things ....cccoooiiiiiiiiiicicrcece 22
1.8.3  Types of Augmented Reality .......ccccccoeiiiniininiiiiicnenn, 23
1.8.4  Difference Between Virtual Reality
and Augmented Reality .......ccccoovimiiniiiiiiiiiicicce 24
1.8.5 AR Preferred over VR if Forced to Choose .................... 26
1.9 SUMMATY ..ottt ettt e st et en e 2 e e 27
ReferenCes. .. .ciieiieieieeeiieee e eeveeeneeeeei————ee e 27

2 Types of Augmented Reality...............ccooooiiiiiiiiiiiiiic e 29
2.1  Types of Augmented Reality Systems...........cccccovvirveieneceennenne 29
2.2 The Taxonomy of Augmented Reality........ccooeviiviiiiiiiiiiiiiie 30
2.3 CONACt LEMS ...ttt 33
2.4 HeIMEl.ooeeeiieiiiiiiiiiie et s 33
2.5 Head-Up Display ........c.cccoeriiiimiieieiciinesssseissnene e ssssssesne e ~34
2.6 SMArt-GlaSSes ....ccvviviiiiiiiiiieie ettt e st e e e e ae e 36

Xix



XX Contents
2.6.1  Integrated Smart-Glasses.........ccccccviviviiniiiiinccicsciicince. 30

2.6.2  Add-On Smart-Glasses..........coceeeververesrreveeracreresvaeanes 39

2.7  Projection... ettt srasanees 39
2.7.1 Spaual Augmenled Reah[y .............................................. 42

272 CAVE. ..t 43

2.8  Specialized and Other ... O SPRRSRSSPRU - S
2.8.1  Watermarking Augmented Reallly SRR o
References......cccevvvveeeeeeceerennnn. 46

3  We’ll All Be Experts Now .. SERUURUTROTUTUROPRRRRR ¥ |
3.1 Augmented Reality: Wc ll All Be Expcrts Now ................. e 47
RETEIENCES ...t s e 51

4  Overview of Augmented Reality System Organization ...................... 53
4.1  Overview of Augmented Reality System Organization................. 54
4.1.1 Whatto See, What Not 10 Se€.......ccocvviiiiiriiiiiiecieenee 55

4.1.2 A Few Words About Convergence Conflict.................. 55

4.2 The Problem with Technology..........ccccooviiiimmmiiniiiiceececee 58

5 Historical OVerview ...............cccccoiiiiiiiiie e e 59
5.1 Historical Overview: Ghosts to Real ARto DARPA..................... 59
5.1.1  Trend Spotting .... BSOSO PU U RURSRTRUPPRUSTURURPRUUPPR . |

5.1.2  Real Time Conlenl in Contexl ISUOURRUUSRIURRURNUUUSIVR . 7.

REFEIENCES . eieeiieeee e e r e e e e eraaaaanns 85

6 Key ApplicAtions..................ooiiiiiiiiiiee e 87
6.1  Key APplICALIONS ......cceeiiiriiciiiiiiiie et 88
6.1.1  Scientific, Industrial and Government...................cc....... . 89

6.1.2 Commercial and Enterprise.........ccccoevvveiiieiiivccnecnnecnens 122

6.1.3  CONSUIMET ...cceiiiiieeeiiiiere e ercirree e e e ecsne e e s esssne e e s e annneeeeaenns 128

6.1.4  SUMMATY ...ocooiiiiiiiiiii e 159

REfEIENCES...veeeeeeieetiecctie ettt saesaa e bae e saaesaans 162

7  Software Tools and Technologies ..................c.ccooovoiiiiiniiee 165
7.1 Khronos GIOUP ....ccoieeiveiiinieiie e eeee s e sre s rae s e e e sne s 168
T11 OPENCV .t re e e e e sn e enes 170

7.2 ARTOOIKIL . coeieieeeteiiiiie ettt ceete et e e e evae e st aesas e s e saaaean 170
T2.1 VUFOTIA .ot 172

722 AUBMENL...oiiiiiiiiiiiiiicr e cre e s e e 173

7.23  Infinity AR ..ot s 174

7.2.4  Intel RealSense........cccouiiveiieiienriirneeecirieesiee e 176

72,5 KUAAN oottt 176

726 GoogleTango ......cccoevvvirveviieiieciieeeeenee et 177

7277 HOIOIENS ..ot 177

T28  SCOPE AR.....ooeieiiiiiieceeceeeee et snee 178

T.2.9  VIBWAR ..ottt 179



Contents XXi
7.3  An Augmented Reality Operating System ..........ccccccceieivcennennnnnne. 179
7.4  The Role of Augmented Reality Interfaces .............ccoceevveeneenneenn. 180

7.4.1  Who Will Define Augmented Reality?........cc.cccevvenee.. 181
7.5  Summary: Players and Platforms............cccccooooiiiinirniiiicie 181
REFEIENCE oot e 182
8 Technology ISSUES.............occoiviiiieiiieeeecee e 183
8.1 Our Amazing EYes.........o.ooiiiiiiiiiiiiiiiicieeeeee e 184
8.1.1 Rods, Cones, and Fovea ................ e nas 185
8.1.2  ReSOIULION. ..o 185
8.2  What WE S€e.....coooiiiiiiiicee e 186
8.2.1  BIINd SPOl....ciiiieiiiieeee e 186
8.2.2 Eye MOVEMENL......ccoiiiiiiieiieeeee e, 187
8.2.3  Interlaced TV and Motion Perception.........cccccceeveenneee. 187
8.3  Latency Issues in Augmented Reality Displays .........cccccoocereennne. 189
8.3.1  Field-Sequential Color System and Latency................... 190
8.3.2  Display ISSUES.......ceeeeieeeiie e 192
8.4  EYe-BOX i 194
8.4.1 Head Motion BOX ...ooooiiiiiiiiiiiiiiiiiiieece e 195
8.5  FIEld Of VIEW ...ooviiiiiiiiieieeeeeeeteeeeees e 195
8.5.1  Pixel Pitch......cooiieiiiiieeceee e SRS 198
B.6  DISPIAYS .ot 200
B.6.1  ProXimily .....oooooiiiiiiiiiieiiiceie e 200
8.6.2 Close........... et eereeeeneeeheeeeieeeteeete e aeeabs et e e nte e e e et eetnean 200
8.6.3  Virtual Reality ................. e eter e aeaa ettt ettt e e 200
8.6.4  Augmented Reality.......ccoooeviiiiiiiiiiiiciiieeeccee e 201
B.6.5  MIXEd....oiiiiiiiieiieiie e s 201
8.6.6  Ambient Light .......ocoooiiiiiiiiiiiiieeee e 202
8.6.7  Color Depth......ccccoiiiiiiiiiiiiiiiiiie e e 202
8.6.8 Refresh Rate........ccooviiiiiiiiiiiiiiiss SRUORUPTRRRRURN 202
8.6.9  SUMMATY ...t 203
8.7  Augmented Reality Displays ........ccoooimmiiiiiiciniiiicicccea 204
8.7.1  TranSPAr€nCY ........ccoeeerveruimrererensennesssrasseesesseaesnesasnsnaes 205
8.7.2  TechnolOogy ..o 205
8.7.3  Direct Emissive and Modulated Displays ..........cccceeee.. 207
8.7.4  Optical ROULING ....ooomriieiiieiesicectce e 220
8.7.5  Transparent Direct-Emissive Displays ........cccoeeeeevennnnne. 239
B.8  SENSOIS...cerrurrerirrarirreseeereeeisreessssnesse s sersassanssssres s s asasnnneeessaannnns 254
8.8.1  CAMEIAS.....coeeeeriieieieie st 254
8.8.2  Localization, Tracking, and Navigation Sensors............. 258
8.8.3  Inertial Measurement Unit..........ccooociniiiiiiiniiiciiine 258
8.8.4  Haptic Feedback .......cccouvveruniimimeiincricerieceniecein 259

8.8.5  Earthquake Prediction Sensor .........ccccceieiiieniniennininnen, 261



xXii Contents

8.9  Augmented Reality—Marker vs. Markerless .........ccccocovvvininennnn. 262
8.9.1  Markers and Fiducials .........ccooveiiniiiiiiiiiiiiiiiie, 264
8.9.2  Natural Feature Tracking Using Markers.............c.......... 265
8.9.3 SLAM-—Markerless Location..........ccccccveecieiiiiiciiniiiinens 265
8.10 User Interfaces in Augmented Reality Systems ............ccoeennnee 270

8.10.1  Voice CONrol.......ccccvveeeecrriieirreeeciieeseveeeessseesecseneessneneees . 271
8.10.2 Gesture Control ........eeveeeeiiieieeeeeeeiciirnrnesrsrreeeeees e eesisiesenes 213
8.10.3 Eye-Tracking .......cccoieeiiiiiiciiciicieciieineseeesiesseeinenenns. 218
8.10.4  Brain Waves.......c.oovovveeeeeeiiesereeeeesieeeceneeessiaesssrnneesineees 284

B.10.5  SUMMATY .ooiieiiiiiiiee e re e 285

R I ICES ..ottt e e eeeeeeeeeeeeeseeeeeeseeaereeeeeeeeeseaeeessnssssssssssssnnnsnnrrnrsnnns 28D

9 SUPPHIErS ... 291
9.1 Augmented Reality Devices and Suppliers ...........ccccevviiiinnn. 291
9.1.1 SUPPHETS ..ot 292

10 Conclusions and Future Possibilities.............cooouviiveeiiiiieiieiicieeeeeervienn 297
10.1 Privacy—Is There Such a Thing Today? .........cccccccviviiincicnnnn. 297

JO.2  S0CIaAl ISSUES .ot ee e ae e et ae s e e aenannn 298

10.3 Nano-Scale Technology .......cooioieeriiieriereeeieieeciree e 299

10.4 What the Future May Hold ........coovoieiiiiiieeiceeecceeeeeeee e 301

|25 (53 (= £ S DU T T T U TR T O T TR T 302
APPENIX ..ot e e e e seiaaa e 303
Prototype WWI Augmented Reality Glasses?.........cccocevvcevnicirciennnnnnn 303
21 1 10 £ o LTRSS 303

2 (5 £ =1 11 I TT TSR 305
GIOSSATY ...ttt e e e n e sn e e s re s e e e e 307
R B T ICE . oo e e eeeeeesseeeaas s aseeeseennnsnasaees e s memnesseseeseennaesenees 313



	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]


