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Foreword

Augmented reality (AR) is a technology whose time has come. Conceived in rudi-
mentary form as early as the 1960’s, AR is only now becoming truly practical. Recent
advances in mobile processing, coupled with an explosion in digital storage capacity,
ubiquity of wireless broadband connections, mass adoption of smart phones, and the
limitless data store that the Internet has gathered all the prerequisites for this poten-
tially game-changing technology. Consumer AR applications are already present on
hundreds of millions of smart phones (utilizing built-in cameras, accelerometers,
microphones, and GPS), and with the development of new AR-specific chipsets from
major chip companies like Nvidia and QualComm, the AR price-point, and the bar
for entry to potential AR app-developers will be lowered further. In short: a critical
mass is forming to support augmented reality products and services as a major tech/
media industry.

But what is AR—and more importantly, what will be the consequences to human so-
ciety when augmented reality applications go mainstream? What will be the risks and
rewards? At present AR is being treated as a novelty—used to attract young eyeballs
for softdrink, video game, and movie ads. However, as a three-dimensional cousin of
the Internet, AR is likely to travel a similar path from novelty, to over-hyped panacea
and threat, and finally to massive utility and foundational infrastructure. Along the
way, individuals and companies who blaze a trail will rise and fall, but the demon-
strated usefulness of AR to a broad variety of human activities augurs well for the
industry’s future.

It’s no coincidence that one of the biggest potential uses for AR is also where the
Internet shines: in democratizing access to information. This goes beyond access to
trivia to include serious training and education. Entire online degree programs al-
ready pepper the Internet (in fact, free online courses are now being offered by both
Harvard and M.L.T.). However, AR can take training and education even further by
displaying interactive information in geospatial context—greatly enhancing its use-
fulness. For example, rather than reading about how to operate complex equipment,
one might be able to project the apparition of a world class expert onto the scene to
demonstrate first hand. Likewise, in emergency situations one might be able to call
up an in-place demonstration of proper CPR technique, projected over one’s hands.
This takes advantage of humanity’s powerful ability to absorb visual information—a
trait our ancestors evolved to seek out danger in their surroundings.

From entertainment to training and education, law enforcement, military, political,
legal—many industries and activities stand to gain from the advent of widespread
AR technology. And yet, AR is no different from any other human endeavor; there
will be hazards with this new technology as well. Unintended second and third order
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Foreword

effects of mass adoption of AR will no doubt present complex legal and social issues
never before imagined—as occurred with the advent of the Internet.

For example, facial recognition, license plate readers, bluetooth ID’s, and a host of
other de-anonymizing technologies coupled with an AR headset could make it pos-
sible for individuals navigating a public street to instantly retrieve detailed informa-
tion on people passing by. From criminals looking for likely marks to advertisers,
to law enforcement, to employers evaluating job applicants. What are the legal and
social implications of the vast stores of data held about us—in the past most likely
available on the Internet—but now literally hovering above our heads in a dimen-
sion visible only to certain members of society but not others? What will be the
disclosure rules for passive monitoring of passers-by? Is there a reasonable expecta-
tion of privacy against data-mining in public even though a shallower privacy is not
expected? What are the liability issues for the manufacturers and developers of AR
games whose products might obscure actual reality enough for players to get hit by
a bus? Likewise, criminals are the quintessential early adopters, always seeking ad-
vantage by being the first to try tools that might give them an unfair advantage. It is
a good bet that AR will be utilized in confidence schemes to act out the latest version
of the ‘Nigerian Prince’ scam, this time on a sidewalk with a ‘long-lost friend’ you
have just bumped into who seems to remember ever single thing about you—even
though you cannot place them. Likewise with expert knowledge; does that person
you are speaking to really know Coleridge’s ‘Rime of the Ancient Mariner’ by heart,
or are they simply reading from an AR teleprompter to impress you? What if that is
your lawyer speaking in your defense while in court? Would AR make it less likely
to matter if a person actually *knows* something as long as they can reference the
information quickly?

The social trust that binds society is about to be tested by AR even as our own
capabilities are expanded by its usefulness. For both adherents to AR technology and
those who need to understand its impacts, now is the time to delve into these pos-
sibilities. Reading this book will give you a head start.

Daniel Suarez



Contents

ACKNOWIEAZMENTS. .....eeoviiiieiiesieieeeeieeee ettt et sa e e xi
ADONETHE AULOTS. ... ocesenssonsesses sosmmearsissisrissiv s s 5w oo s s am o Tag i, xiii
FOTEWOTE iausss cammisemss rasavesssssssnssimsenssssssansssososs s oTeess i sF eI EAHS IO 4TH B ¥ 4TS BT ARASSAEAEES XV
CHAPTER 1 What Is Augmented Reality? ..o 1
The Definition of Augmented Reality .........ccooouirieiieiieiiniiierierisienins 1
What AR I8 NOt...ucerieireicieiniieceiiiiissiisscssscsssssssssssssassasssesans 4
The Components of Augmented Reality ........cccooceveimreinicnnncciine. 4
Augmented Reality Platforms.......cccnivmmimnimsiesissssssssismssens 5
A Brief History of Augmented Reality ........cc.cccoceiniinniniinniunnesnsrnennnn. 7
Augmented Reality Today: 2012 ... 14
AQVErtiSING. ...t
Task Support
INAVIGALIOM . ernsosrssisssnnossassnsismssarsnssinsssisnisitosivissrmsmusimmssivisssnssnssvinss
Home and Industrial..casssammsnmuammmessmnnmasnmms 15
AT 500 ssa movsemsenmominsos e b 603 O ST TV S FAF S SRR 3 PSS
Sightseeing
Entertainment and Games.........cocueeuiinmimeeincsninenennssnsenns 17
Social Networking.........ccveucereuicirecniinsiensiesecssciinsecessissessssnns 19
BAUCAION s svviassvrsissmmesssisisississ sovsssssisssssssssors s ssssmesssnsosisiesssss 19
THANSlAtION ssisusiussssimissrissuvissonsaiusssssssssosssmiosmessesysassnsansasssipssssissn 20
The Differences Between Augmented Reality and Virtual Reality20
What is Virtual Reality? .......cccouemvunrinniimiinnnnniissiiesiesiensiss 21
The Difference Between AR and QR Codes.........couereeerereccrerenenens 22
Challenges with AR.......suianmsmmsmmsmsmnmmmssmmsamosi 23
Technical Challenges of Augmented Reality ..........ccocovivviirinnns 23
Social Challenges of Augmented Reality ...........cccoeovvuvcuniincunnnn. 24
The Opportunities for Augmented Reality.......cccccecrvrenirevinrcann. 27
SUTTIAT Ve s vasemsasasususmmonsissoninesessssenisssnssssssnsessansususs i as yasswansransapassseasiangans 27
CHAPTER 2 The Types of Augmented Reality ................cccovvenennenee. 29
How Augmented Reality Works .......ccoconnrviciiiinniinnininninnnns 29
AR Systems-and FUNCHONAIY cocvunsmssssissmsemssessmseasassassns 30
AR FUBCHONS v cssscussmsmsmmansimsnsmmissnsasssimsrsssosssosssssessommvsasses 30
The Augmented Perception of Reality..........ccooermrrierrueemseeriannne. 30

vii



viii

Contents

CHAPTER 3

The Creation of an Artificial Environment.........cooevveecucennn. 30
The Basic Process of Augmenting Reality.........ccoeuvviciecniiunnes 32
Augmented Reality Methods msnmmsmusnsimmensesssmpensssimiss 36
PRCEDN. cvyeusus ssussssminsssmasssiseisnsissssessanisuniessmsissssssssausasamissaisssisnssvs sunsss 37
OULHNE. ..ot sasesssine 37
LOCAtION....cttiitieic et e 38
SUITACE  cusaxusminsmsamiianas s s v v S AR B A 40
AR Display Technology .. ussisssississssssssrsmsurenssssssosevssseiereniss 41
Mobile Handheld Displays ssscssesssresememmmssnpsosssesavsassspnsreasssane 42
Video Spatial Displays and Spatial Augmented Reality ........... 42
Wearable DISPIays .........eeurrnereneseeineaernceesieeesienssaeessessencsones 44
Interaction in AR Applications ........ccccceemmiremmecremenceessnsesirinsiens 46
Tangible User Interface:ssssismsassmsmsmsmsissis 46
Collaborative AR INterfate snessusensrsnsomsmsmssssssssnsessssssassnsoss 48
Hybrid AR Interface.......cccovvcvnicciiniininiciniicincsiscsesie s 48
Multimodal AR INterfaces........oooeuvericunieirirnencrsciissirescsiennaes 49
SUMMATIY....ciiiiticiiiesi e s s 50
The Value of Augmented Reality ................cccocverieirrenee. 51
TheNext User Interface :u:.uwmisessmsimssmsmsssisiissonsise 51
The Command Line Interface: The First Dimension............... 51
The Graphical User Interface: The Second Dimension............ 51
Augmented Reality: The Third Dimension .........ccccovvvvvcurnnnee 53
Advancing Computer Interfaces .........ouveieeicirivsemessssserienns 54
The Uses.of Augtnented Reality ussssssssssssissisessisssssssssissassasassiss 58
Sports, Gaming, and Entertainment.........ccoocovvrveininecinnscinsiennnns 58
SPOITS oo 59
GaAMING i s 59
AR and Virtual Worlds.......ccovvvvieininnnicnieicscicncinnnns 65
AR and Social Networking .ussuiwessmismsaessmssioesaesess 68
MOVIES ..ttt ara st s sa s s anes 71
Augmented Television ausissmsmsmvsmsssmrmmmmmmmomns 74
TEAVE rssuacenesessossmmmnsnssssasss vpesssosasssonsssn sossaessssme onss HAssEos MR SO SEEeVinin 75
0 LT U410 s OO OO 78
Augmented Reality BOOKS .........cccoevcuremeercenimenncnsceenscnseniesenne 79
Collaborative: Learninig,: sussssssssvessossersassrsssssessessisronsassusrsponsssssss 80
Maititenanice and REPaIE omsessssmsemsirmmsmsmssmisssmemsisssnismamesnpire 81
Augmented Manuals ... 82
MEAICINE ..ottt e st s e esennasenne 83
Business and COMIMEICE wusisismssssisismenssssvsmssssssseiisssassssssisaasissss 87

Advertising, Public Relations, and Marketing.........cccccocoeeucueee. 88



CHAPTER 4

CHAPTER 5

Contents

Retail and Shopping ... 91
Augmented Reality Windshields........cccoouevvnrerincnniicincinnnnnn. 93

The Value of Augmented Reality: Public Safety,
The Military, and The Law............cc.ccorverivnricciiericennes
Public Safety, The Military, and The Law........ccccoovuecrvicnvcniicuns
AR and Law Enforcement.........cccevevenirmninncecvicinnnnncscicisiniens
Drone Technology and AR....cuuunimussmsmmamnmssmeis
Collaborative Crime Scene Investigation
AR for Firefighters .. cmmmmssmnsemssmammmsmsssopmissss
AR and The Military ...
Information DOMINANCE........oveeuvicviirenriccrsiisinmniesssesisanssennes
AR Satellite FINAET .....ccvvevririerinircieisieiensescis e isssnsaenens
AR Flight Tracker ..o
AR Ship Pinder sasisunnasamsisasmsisasssismssmamsi
Augmented Reality and The Law
Regulatory Requirements
Negligence.....uvmmnrinnneeiesinns

Copyright .....ccceevvicirnirinrcrnnns
PrIVACY wuiwissmitssssrsmsivsvimesssnonserssomer s s RS R S TS
Discovery.
ST AT Virssussssonssorssensisvsavsnessamsssnerersosssimmssssssssssaessesepessssssenes yssrsasiss
Innovators and Organizations ..............cccccooveeenennnnee. 111
INtrodUCtiON ....ceveviieeir s 111
Dr.. Steven BeINer ... o uimseimmsmasmsmsssmssssasdsssisssnnsassseds ssssiasiss 111
O] TADAL ississsosvomssssssrssmsusimmmnisssrsimsmsmssmmsiaa oo ess 115
TiSh SHULE c.ecvv et 117
CRIi8 GIaySOM....cuvecuieieiceiieeesieeesesentiessesssseies s sssssasssesenescns 119
Helen Papagianmis ........ccoeueeneecniecnneinciniinieneesiciesesenenns 121
Companies Specializing in AR ... 123
Total IMMAEHESION ciscusissnsoscssosssnsisassrsnsssassssyosssonsassrasisessssssesssssirssos 123
GOOGLE Koot 123
L2235 0 0 £ Vol SRR ey R e p 124
ARTOOIKIE csisissssssissssisinsmsassmssssvsasissnsassssssssssissnssssississasssisssinsansisis 125
MBHAIG L cusmenssmismsamissensisarmsimnsuiensos ssmovssmswssmmssoebas seikosmmsassbisetrssons 126
JUIIATO et eteceeteete et ere et sre s eaenesaeebaeaeneesesaenaas 126
. 126
AR TOOIS s osiisususswsssssinssisssssssussvsssisisrossesisinsoss st asissressssvsmasssinsss 127
AR BIOZS ...oorviririinieninnii i st 127



X

Contents

CHAPTER 6 Visions of the Future...............cccoooveninnnnnnnccicinnn 129
Tt rOAUCHON sensusemusussmonsmmsssssismsomssms s s 445% 129

The Fifth K-Wave .c..c.cocviecnencnerneescnceseeneesienssesesscenesnes 129

The Big Trends .....cc.oecevecivmirenrcnicinicieinnesseiinesssecssessssssssassssisis 130

Generation C: The Connected Generation ............cccocuvvucuunece 130

The Evolvitig URIVETSItY wmsmsessmsssssmmsssssssssssssasssenssssssosss 131

Video Games: A Learning Tool........covvevvevereinrinciennniiinnan 133

Technical Trends ... 134

The Internet of Things .......ccooccviccevcieeniiiniininisscssesaninnns 134

The Expanding Video Game Market.........cccocouvivrinnieninincnnns 135

Augmented Reality Enhancers........cccooocecivcinnieinininiennns 136

Future Concepts for Augmented Reality ........cccoocvemeririnsieiniinnn. 137

AR Contact LENSes ......coueimiecirininciciiescssiccicsississssescsensasaennes 137

Biomimicry and Bionic Eyes.......ccoonricinnecrncincicninns 138
CONCIUSIONS...sorsarsssnsesssnssmssrumssrossasssiiosasssaissssassssivassssss fisshbss iseksiaiinansn 142

GIOSSATY ...ttt s aene bbb s ene s eas bbb s en st s eaes 143
REFEIENCES ... 151



