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Enabling Ind 4. i h holob ilde

Ma imilian Speiche 1, K i ina Tenhaf , Simon Heinen and Ha Hando f4

Ab ac : Ind 4. deno e he eme gence of ma fac o ie i h a ong foc on comm -
nica ion be een h man , machine and p od c , hich i ppo ed b c be -ph ical em
[HPO15]. Among ch em a e a gmen ed eali applica ion , hich ha e g ea al e fo he
a embl , moni o ing and main enance of machine . Ye , o da e he e a e no con enien mean fo
end- e o c ea e a gmen ed eali con en in a imple manne .We in od ce holob ilde Ða no el
pla fo m fo he c ea ion of in e ac i e in c ion man al in Ind 4. e ing . Addi ionall , he
c ea ed a gmen ed eali cena io can be enhanced i h OPC UA capabili ie , hich enable com-
m nica ion be een de ice di pla ing holob ilde con en and he moni o ed machine . We a e
o pla fo m again i de ign p inciple fo Ind 4. em and ho ha all of hem a e
cce f ll me . Mo eo e , e demon a e he effec i ene and fea ibili of holob ilde in o
eal- o ld ca e die in ol ing a he mo a a ell a a machine handling gea in an a embl
line.

Ke o d : D, A gmen ed Reali , C be -Ph ical S em , End-U e De ign, Ind 4. , In e -
ac i e In c ion Man al , OPC UA, Sma Fac o , Vi al Reali

1 In od c ion

Ind 4. (Ge man: Ind ie 4. ) i a e m o iginall coined b he Ge man fede al
go e nmen in he con e of hei High-Tech S a eg fo Ge man [HPO15, Hi15].
I i ed o de c ibe he fo hÐand c en l happeningÐind ial e ol ion. A he
co e of hi e ol ion and he ma fac o in hich h man , diffe en machine and
p od c comm nica e i h each o he [Pl15].5 Ba ed on a ecen and comp ehen i e
li e a e e ie , [HPO15] de®ne Ind 4. a follo :

Ind ie 4. i a collec i e e m fo echnologie and concep of al e chain
o gani a ion. Wi hin he mod la c ed Sma Fac o ie of Ind ie 4. ,
[c be -ph ical em ] moni o ph ical p oce e , c ea e a i al cop
of he ph ical o ld and make decen ali ed deci ion . O e he [In e ne
of Thing ], [c be -ph ical em ] comm nica e and coope a e i h each
o he and h man in eal ime. Via he [In e ne of Se ice ], bo h in e nal
and c o -o gani a ional e ice a e offe ed and ili ed b pa icipan of
he al e chain.

1 bi a GmbH, Hanb che S aûe 4 , 5 4 Aachen, ma @bi a .com
bi a GmbH, Hanb che S aûe 4 , 5 4 Aachen, k i ina@bi a .com
bi a GmbH, Hanb che S aûe 4 , 5 4 Aachen, imon@bi a .com

4 bi a GmbH, Hanb che S aûe 4 , 5 4 Aachen, ha @bi a .com
5 O iginal: Im Mi elp nk de Ind ie 4. eh die in elligen e Fab ik, die Sma Fac o , in de Men chen,

n e chiedliche Ma chinen nd P od k e mi einande komm ni ie en. [Pl15].
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A can be een, Ind 4. ongl foc e on mo e ef®cien machine- o-machine (M M)
a ell a h man±machine comm nica ion ha lead o added al e in he p oce chain.
Along i h he ® peci®c de®ni ion of he e m abo e, [HPO15] de c ibe i de ign
p inciple fo Ind 4. in ended fo bo h, e ea che and p ac i ione .

Among he co e componen of Ind 4. a e c be -ph ical em (CPS) [HPO15],
i.e., em ha e l f om a f ion of he ph ical and he i al o ld [Ka14]. One
pe of ch CPS a e A gmen ed Reali (AR) applica ion , hich a e a li e di ec o

indi ec ie of a ph ical, eal- o ld en i onmen ho e elemen a e a gmen ed (o
pplemen ed) b comp e -gene a ed en o inp ch a o nd, ideo, g aphic o

GPS da a. An e ample applica ion of AR o ld be he Cologne Ca hed al ha i being
ie ed h o gh he came a of a e ma phone ha a he ame ime a oma icall
di pla info ma ion abo he b ilding. Al o in ind ial con e , one can g ea l bene®
f om AR em , e.g., hen i come o he a embl , moni o ing and main enance of
machine in ma fac o ie . Ye , he e i ill a lack of adeq a e ol ion enabling he
imple c ea ion of AR con en fo end- e i ho peci®c aining.

We in od ce holob ilde Ða no el eb pla fo m ha allo end- e o c ea e and ha e
a bi a AR con en in e m of D p ojec . Th , e enable end- e de ign fo AR
con en in analog o end- e p og amming. While holob ilde i in ended a a gene al
pla fo m, in he con e of Ind 4. i i pa ic la l i ed fo he follo ing o e
ca e :

In e ac i e In c ion Man al , hich allo e o ie a machine h o gh he cam-
e a of hei mobile de ice, i h con e -a a e in c ion a oma icall di pla ed
h o gh AR mean .

OPC UA, heUni®ed A chi ec e (UA) de eloped b heObjec Linking and Embedding
fo P oce Con ol (OPC) Fo nda ion. Tha i , a p o ocol fo M M comm nica ion
de c ibed a he in e ope abili anda d fo he ec e and eliable e change of
da a in he ind ial a oma ion pace and in o he ind ie [OP15].

Rega ding he e e ca e , o pla fo m ha demon a ed i effec i ene and fea ibili
in o ca e die . Fi , e ha e implemen ed a f ll o king in e ac i e in c ion
man al fo a he mo a ing holob ilde alone. Second, e ha e cce f ll c ea ed
an OPC UA±enabled holob ilde p ojec fo moni o ing a machine handling gea in an
a embl line.

In he follo ing, e ill gi e an o e ie of impo an backg o nd concep and ela ed
o k in Sec ion (Backg o nd & Rela ed Wo k). Pa ic la l , he i de ign concep

fo Ind 4. de c ibed b [HPO15] ill be in od ced in de ail. The b eq en ec ion
(holob ilde ) p e en holob ilde and gi e de ail abo he pla fo m a chi ec e and
implemen a ion. Mo eo e , i elabo a e on pa ic la de ign choice o imp o e abili
and e e pe ience fo end- e . Sec ion 4 (E al a ion) e al a e o pla fo m again

http://www.wikiwand.com/en/Augmented_reality (acce ed 15 4 ).
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he Ind 4. de ign concep ([HPO15]) o b an ia e i fea ibili and pa ic la
ef lne fo Ind 4. cena io . S b eq en l , Sec ion 5 (Ca e S die ) in de ail

de c ibe he o ca e die men ioned abo e befo e di c ing o app oach and gi ing
concl ding ema k in Sec ion (Di c ion & Concl ion ).

Backg o nd & Rela ed Wo k

The follo ing gi e an o e ie of e i ing o k and e ea ch ha i ela ed o o pla -
fo m, peci®call in he a ea of in e ac i e in c ion man al and OPC UA.

.1 In e ac i e In c ion Man al

REFLEKT ONE [RE15] i a gene al of a e fo c ea ing AR applica ion in ind ,
hich incl de in e ac i e in c ion man al . The of a e allo o e- e e i ing D

and D con en and ca e fo he p oce of linking adi ional con en and diagno ic
da a o CAD and D anima ion [RE15] and Connec [ing] i al con en o eal o ld
objec [RE15]. In con a o holob ilde , REFLEKT ONE i no eali ed in e m of a
eb applica ion ha can be i ili ed fo c ea ing D con en i h a mode n eb b o e

alone. Hence, i i o ien ed a peci®c ind ol ion a he han (gene al) end- e .
In pa ic la , he of a e doe no offe p ede®ned D objec and anima ion . Ra he ,
i foc e on an fe ing e i ing D con en (e.g., f om CAD applica ion ) in o an AR
e ing ha can h be a bi a il c omi ed.

NGRAIN ha e coope a ed i h Lockheed Ma in8 fo p o iding an AR-ba ed comp e -
i ed main enance managemen em (CMMS) fo ai plane [He15a]. Tha i , Lockheed
Ma in enginee a e p o ided i h i al eal- ime info ma ion ha allo hem omain-
ain plane in a ho e amo n of ime i h le po en ial fo e o [He15a].9 Compa ed
o o em, hi i a e peci®c and indi id al ind ol ion, pa ic la l beca e
i in ol e e la ge D model of Lockheed Ma in ai plane [He15a]. [He15a] a ell
a e ha eal- ime pda e on fac o like empe a e, p e e and o he indica o a e

a ailable, incl ding d namicall -changing pa colo ing . Ho e e , he he hi hap-
pen h o gh OPC UA doe no become e iden f om he a icle.

The Plan @Hand1 p ojec of he F a nhofe IGD in i e p o ide a i e of ol ion
fo diffe en a k in he con e of Ind 4. . Among o he hing , he e incl de in e -
ac i e in c ion man al (Plan @Hand Mon age A i en ), hich a e con e - en i i e
and ppo no el de ice ch a ma a che . Mo eo e , he Plan @Hand D b-
p ojec aim a op imi ing p oce ¯o h o gh D i ali a ion of p od c ion da a.
Ye , he e ol ion a e no pa ic la l aimed a o b il on AR cena io .

http://www.ngrain.com/ (acce ed 15 4 8).
8 http://www.lockheedmartin.com/ (acce ed 15 4 8).
9 In ho , o c ome e o echnolog o eq ip hei mobile o ke i h acce o he igh da a a he
igh ime on he igh de ice, a Di ec o of P od c Managemen Ba Po. We p o ide eal- ime a i ance
and allo hem o acce all he info ma ion he need o do hei job o he f lle e en po ible. [He15a].

1 http://www.igd.fraunhofer.de/node/2387 (acce ed 15 4 8).
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io p11 p o ide in e ac i e AR man al ha di pla nece a ep in e m of emi-
an pa en ideo o e la . Tha i , he co ec e ec ion of he ep i eco ded befo ehand
hile he em anal e he a e of he o kplace befo e and af e he e ec ion. Ba ed

on a oma ic a k egmen a ion he p o ide a ol ion ha doe no eq i e he e o
indica e hen a ep i ®ni hed and gi e a oma ic feedback on he he he e ec ion
a co ec o no [PS1 ]. Ye , fo ob ne i i op imal o eco d he ame ep m l iple
ime [PS1 ]. The p oce of c ea ing io p AR man al i f ndamen all diffe en f om
holob ilde ince i i ongl foc ed on he in ol ed ideo cap e . F he mo e, he
make no a emen abo he in eg abili of hei ol ion i h OPC UA. OPC UA ill
be add e ed in de ail in he follo ing ec ion.

. OPC UA

OPC UA i ho fo OPC Uni®ed A chi ec e, a anda d fo machine- o-machine com-
m nica ion de eloped b he Objec Linking and Embedding fo P oce Con ol (OPC)
Fo nda ion1 . The main goal of he anda d i o p o ide a p o ocol ha i independen of
he man fac e of he comm nica ing machine [Bi14]. In o de o ppo a ide ange
of a ailable em , OPC UA i ba ed on h ee co e f nc ionali ie : an po ,me a model
and e ice [Bi14]. Acco ding o [Bi14] T an po and Se ice p o ide he p o ocol ( he
Ho ) hich i ed o e change da a, hile he Me a Model can be nde ood a he
info ma ion ( he Wha ) ha ha o be an mi ed. Ba ed on he me a model e can de-
c ibe a bi a ph ical em a OPC UA model ha a e ba ed on a peci®ed, gene ic
OPC UA objec [Bi14]. S ch OPC UA model can hen be ep e en ed b a co e ponding
OPC UA e e [Bi14]. In he con e of holob ilde , e ha e o de®ne ch a e e in
e m of he follo ing anda di ed cheme o be able o c ea e OPC UA±enhanced AR
con en :

opc.tcp://MyServerPcName:4840

The e e i elf i XML-ba ed and an fe da a o he clien ia TCP [He15b]. I e a
ec e, eliable and e ice-o ien ed a chi ec e o l ima el deli e machine and p oce
da a o he moni o ing and con olling em [He15b].

In [He15b] he e of OPC UA in ind cena io Ðpa ic la l in combina ion i h
no el ea able de ice Ðha been coined HMI 4. , i.e., H man±Machine In e ac ion 4. .
Thi efe o he fac ha i h he help of OPC UA and ea able , ma fac o ie can
each a ne le el of in e ac ion be een machine and mechanic enginee . While AR
enable a i al f ion of he eal and he i al o ld, he addi ional e of OPC UA
f he mo e lead o a f ion on he info ma ion le el. Hence, one co e aim of holob ilde
i o le e age he ad an age of AR-d i en in e ac i e in c ion man al and OPC UA
in Ind 4. e ing .

11 http://www.ioxp.de/ (acce ed 15 4 8).
1 https://opcfoundation.org/ (acce ed 15 4 8).
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. De ign P inciple fo Ind 4.

In hei o king pape , [HPO15] p e en he i co e de ign p inciple fo Ind 4. ,
hich a e ba ed on a ecen and comp ehen i e li e a e e ie of 51 academic p blica-
ion . The e de ign p inciple a e mma i ed in he follo ing [HPO15]:

In e ope abili I i c cial fo all pa ie in ol ed in Ind 4. Ði.e., people, compa-
nie and CPSÐ o comm nica e among each o he . Fo hi , i i nece a o p o ide
adeq a e anda d , e.g., OPC UA.

Vi ali a ion CPS a e able o moni o ph ical p oce e [HPO15]. Fo hi , one e-
q i e app op ia e in e face be een he i al and he eal o ld fo c ea ing co -
e ponding mapping .

Decen ali a ion Machine a e con olled and ac a onomo l in a ma fac o . The
need fo cen ali a ion i ed ced o a minim m, i.e., he ca e of fail e [ HO14].

Real-Time Capabili Fo o gani a ional a k i i nece a ha da a i collec ed and
anal ed in eal ime. [HPO15]

Se ice O ien a ion Se ice enabling Ind 4. a e p o ided in e nall a ell a
e e nall , i.e., he can be ed b o he pa icipan in he con e of Ind
4. .

Mod la i Ind 4. i al o enabled b mod la i ed em ha can eac ¯e ibl o
changing con e , e.g., in ca e of ea onal ¯ c a ion o changed p od c cha -
ac e i ic [HPO15].

The e ell-fo nded p inciple a e in ended a a a ing poin fo he implemen a ion of
Ind 4. cena io a ell a f he e ea ch [HPO15]. Ye , he al o make i po ible
o a e he i abili of em fo Ind 4. .

holob ilde

holob ilde i in ended a a gene al eb-ba ed pla fo m fo he c ea ion and con mp ion
of a bi a AR con en b end- e . Thi mean , in analog o end- e p og amming,
o pa ic la foc i on good e e pe ience and abili fo e i h no pecial
aining in c ea ing AR con en . In he con e of Ind 4. , enginee and mechanic
e pon ible fo he a embl , main enance and moni o ing of machine in ma fac o ie
acq i e he po i ion of ch end- e , a i implied b he o iginal e ca e of o pla fo m
(Fig. 1). Fi , in e m of e ha c ea e AR con en , e.g., in he fo m of an in e ac i e
in c ion man al. Second, in e m of e ha con me and appl he AR con en
c ea ed i h holob ilde .

O pla fo m allo end- e o c ea e D p ojec , hich can be een a a D analog
o p e en a ion c ea ed i h, e.g.,Mic o of Po e Poin ho e e , i h h ee-dimen ional

15 5
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Fig. 1: Ea l de ign concep of he o iginal e ca e of holob ilde : The e ie a machine
h o gh he came a of hi mobile de ice. The ie of he eal o ld i a oma icall a gmen ed
i h D objec indica ing he ne ep nece a fo main aining he machine.

oom in ead of o-dimen ional lide [Sp15]. Ye , if D info ma ion i eq i ed in a
p ojec , holob ilde a ell ppo o pe of lide along i D oom , i.e., e
and checkli lide . holob ilde ac a bo h, he edi o fo c ea ing and he pla e fo
con ming D con en and can i ch be een he e o mode a an ime.

In e ac i e In c ion Man al Fo c ea ing AR con en like in e ac i e in c ion
man al , a ma ke ha o be added o an emp oom. Thi ma ke co ld be, e.g., a ba
code o QR code ha i placed on a machine o be main ained (in hi ca e he ma ke
o ld be a D objec ). Al e na i el , holob ilde ppo D ma ke , hich o ld be a

poin clo d of he machine. Thi poin clo d ha o be ob ained befo ehand b canning
he machine ing an app op ia e D canne . S b eq en l , all i al D objec added o
he oom, e.g., a c e d i e , a e placed in ela ion o he gi en ma ke . Since holob ilde
ecogni e he ma ke in he eal o ld1 , in hi a i i po ible o place D objec a
he e ac nece a po i ion in he AR cene. Fo in ance, he e empla c e d i e can
be placed abo e he c e ha need o be emo ed. Since he a e placed in ela ion o

1 U ing im l aneo locali a ion and mapping echniq e (SLAM cf. http://www.wikiwand.com/en/
Simultaneous_localization_and_mapping, acce ed 15 4 8).
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he ma ke , all D objec added o he oom emain a hei a igned global coo dina e
a he mechanic mo e hei mobile de ice a o nd he machine in he eal o ld. F he -
mo e, he i al objec can be anima ed ( o a e, bo nce, pin e c.) in o de o indica e he
e ac a in hich he mechanic ho ld e he ool ho n. Al o, i i po ible o a ach
click e en o he in e ed objec , hich hen ho addi ional info ma ion, open a gi en
eb i e URL o end an e-mail, among o he hing .

Each ep in an in e ac i e in c ion man al ha o be eali ed a a epa a e oom in
he D p ojec . The mechanic ha o indica e hen a ep i ®ni hed and i b eq en l
p e en ed i h he ne oom b holob ilde .

OPC UA Simila o he abo e, i i po ible o enhance holob ilde D p ojec b
adding OPC UA capabili ie . Tha i , fo a machine o be moni o ed, one ha o e p
a co e ponding AR cena io incl ding he afo emen ioned ma ke . Then, in analog o
he click e en ha can be a ached o D objec , one can de®ne OPC UA e en if he
p ojec i OPC UA±enabled and ha a alid e e e . Fo in ance, he colo of an in e ed
objec can be changed depending on he a e of a boolean a iable ( ha i comm nica ed
b he moni o ed machine ia he gi en OPC UA e e ). Thi co ld be a g een D a o
fo a po i i e a e and a ed one fo a nega i e a e. To gi e ano he e ample, i i po ible
o add d namic info ma ion, e.g., in e m of a i al e objec di pla ing he c en
empe a e of he machine.

Thi kind of info ma ion ¯o a ell o k in o he o he di ec ion, hich mean ha
a iable change can be igge ed b he holob ilde p ojec . Fo in ance, a ce ain com-
ponen of he moni o ed machine co ld be a gmen ed i h a i al b on. Upon clicking
ha b on a boolean a iable co ld be oggled ha i che he componen on o off. Thi
a iable change o ld be comm nica ed o he machine ia he gi en OPC UA e e and
hen ake effec . In hi a , holob ilde doe no onl ca e fo he moni o ing of machine
ia OPC UA, b al o enable emo e con ol capabili ie .

.1 De ign Deci ion

Since holob ilde i in ended a a gene al ool fo end- e o c ea e D con en , o
pla fo m i ba ed on a n mbe of co e de ign deci ion en ing an op imal e pe ience fo
e i h no peci®c aining in hi domain.

Enhancemen of Kno n Concep holob ilde b ild on familia concep o acq ain
end- e i h c ea ing D con en . We adop ed he co e p inciple of Mic o of
Po e Poin Ðc ea ing lide ha can ha e diffe en pe and la o and in e con-
nec ing hemÐ ha i al ead ell-kno n o he majo i of e 14 and an fe ed
i in o he h ee-dimen ional e ing [He15b].

14 https://infogr.am/PowerPoint-usage-and-Marketshare (acce ed 15 4 ).
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Fig. : Sc een ho of he holob ilde UI ho ca ing a o ial ool ip a ell a a elec ion of he
a ailable b il -in D objec fo Ind 4. e ca e .

Fi U e E pe ience A ep-b - ep o ial g ide ® - ime e h o gh all ep of
he p oce f om a ing a ne p ojec in holob ilde o adding, manip la ing and
anima ing i al D model (Fig. ). The p ojec c ea ed in hi o ial e e a a
p o o pe f om hich mo e ad anced p ojec can be de i ed.

Tool ip & Hin Since dealing i h D con en i no a i ial a k fo end- e , ool ip
and hin a e p e en ac o all age in he p oce of c ea ing a p ojec (Fig. ).
Pa ic la l , g idance i nece a hen i come o adding he co ec ma ke pe
o a oom, o hen ploading c om D objec , a pa ic la ®le pe a e eq i ed.

P ede®ned Objec & Anima ion We p o ide e i h a e of p ede®ned D objec
and anima ion ha co e majo e ca e (Fig. ). Among he p o ided objec
a e c om e , a o , c e d i e a ell a a a ie of geome ic hape . A
a pa of f e o k, e in end o e end o collec ion o a clip a galle fo
D con en h o gh bo h, in e nal and e e nal inp . In ca e a de i ed objec i
no p o ided b holob ilde , e a e gi en he po ibili o pload a bi a D
model f om hei comp e .

D Objec Sea ch Since no all nece a objec fo all e ca e can be co e ed b o
galle (o a e p e en on e comp e ), e ha e incl ded a ea ch fo a bi a
D objec . Thi ea ch ha been eali ed ing an e e nal API15 h o gh hich e
en e ha onl objec i h he co ec ®le fo ma can be impo ed in o holob ilde .

15 https://www.yobi3d.com/#!/ (acce ed 15 4 ).
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. A chi ec e & Implemen a ion

Editor

Player

{ cloud
communication

{ static pages

Cloud
Storage

Client Server

Fig. : High-le el a chi ec e of he holob ilde pla fo m.

O pla fo m comp i e a n mbe of componen on he clien a ell a he e e ide. In
pa ic la , he e a e o epa a e componen fo c ea ing (Edi o , Fig. ) and con ming
(Pla e , Fig. ) D p ojec . The pla e i commonl ed on mobile de ice Ðpa ic la l
in AR cena io Ðb i no e ic ed o ha cla of de ice .

holob ilde ha been implemen ed in e m of a eb applica ion o en e ha impl a
mode n eb b o e i eq i ed fo end- e o c ea e D con en . The a chi ec e of
he pla fo m i highl o ien ed a he a nch ono pa adigm, hich mean ha mo of
he co e logic e ide on he clien ide (Fig. ). Hence, he implemen a ion of he pla fo m
i mainl ba ed on Backbone.j 1 in combina ion i h Req i eJS1 and WebGL18. In hi
a , a lo o n able In e ne connec ion doe no affec he ac al e of he holob ilde

edi o . The e e - ide componen come in o pla hen loading (Edi o , Pla e ) o o -
ing (Edi o ) D p ojec (Fig. ). All p ojec c ea ed i h holob ilde a e o ed in he
clo d o g a an ee o ld ide a ailabili , b can be al e na i el do nloaded o he
e comp e (in e m of a .holo ®le ha can be in e p e ed b he holob ilde pla e ).

The efo e, he holob ilde e e i mainl e pon ible fo comm nica ion i h he clo d
p o ide and e ing a n mbe of a ic page ( ch a diffe en landing page ). I imple-
men a ion i ba ed on Ja a Se le in combina ion i h JSP.

The li e e ion of holob ilde can be acce ed a https://www.holobuilder.com/.

1 http://backbonejs.org/ (acce ed 15 4 ).
1 http://www.requirejs.org/ (acce ed 15 4 ).
18 https://www.khronos.org/webgl/ (acce ed 15 4 9).
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4 E al a ion

In he follo ing, e a e holob ilde again he i de ign p inciple fo Ind 4.
de®ned b [HPO15] (cf. Sec. ).

✔ In e ope abili holob ilde ppo in e ope abili on o le el of ab ac ion.
Fi , o pla fo m enable machine- o-machine comm nica ion h o gh OPC UA.
Second, holob ilde i elf ha been eali ed a a eb app nning in an mode n eb
b o e . Hence, an app op ia e mobile de ice can be ed o moni o machine in
a co e ponding holob ilde -ba ed AR cena io.

✔ Vi ali a ion Since o pla fo m enable he e of AR in ma fac o ie , i clea l
f e he ph ical and he i al o ld ( hich cha ac e i e CPS acco ding o
[Ka14]). Mo eo e , i le e age he ad an age of OPC UA fo moni o ing ph i-
cal p oce e b comm nica ing i h he moni o ed machine .

✔ Decen ali a ion holob ilde ppo he decen ali a ion of ma fac o ie ince,
e.g., in e ac i e in c ion man al can be c ea ed epa a el fo each machine (op-
ionall i h OPC UA capabili ie ). Thi facili a e decen ali ed moni o ing and
main enance.

✔ Real-Time Capabili Na all , AR cena io ch a in e ac i e in c ion man al
a e applied in eal ime ince he co e ponding machine i ie ed li e h o gh
a came a. Al o, in he ca e of an OPC UA±enabled holob ilde p ojec , machine
pa ame e a e comm nica ed in eal ime.

✔ Se ice O ien a ion P ojec c ea ed i h holob ilde a e no peci®c o a machine
and fac o . Tha i , a long a he ame ma ke i being de ec ed b o pla fo m,
in e ac i e in c ion man al and OPC UA±enabled p ojec can be applied ac o
diffe en ma fac o ie . Al o, holob ilde i elf i a gene al pla fo m no bo nd
o an pa ic la con e . I can be ed in an ma fac o i h an app op ia e
mobile de ice.

✔ Mod la i O pla fo m ppo mod la em in ma fac o ie , a i impli®e
he p oce of adding, changing and moni o ing indi id al componen of machine .

A become e iden f om he abo e, holob ilde ha he po en ial of being cce f ll
applied in Ind 4. e ing Ðpa ic la l ma fac o ie . The efo e, e ha e aken
he e al a ion of o pla fo m one ep f he and implemen ed o ca e die ha a e
p e en ed in he follo ing ec ion.

5 Ca e S die

To demon a e he fea ibili and effec i ene of holob ilde , e ha e ed i in o ca e
die ha a e pical cena io in Ind 4. con e . Fi , K i ina Tenhaf Ðin he
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con e of he Ma e he i Ðha implemen ed an in e ac i e in c ion man al fo a
he mo a b ing onl he holob ilde pla fo m. Second, e ha e c ea ed a p ojec fo
moni o ing a machine ed in an a embl line fo gea ba ed on OPC UA.

5.1 In e ac i e In c ion Ma e ial

Fig. 4: In e ac i e in c ion man al a c ea ed in holob ilde ( op) and he co e ponding AR cene
a ie ed h o gh he came a of a ma phone (bo om).
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In he con e of he Ma e he i , K i ina Tenhaf ha c ea ed an in e ac i e in c-
ion man al fo he he mo a HR- 5 b Hone ell19. The o e all goal i o comple el
eplace he pape man al p o ided b Hone ell i h he in e ac i e in c ion man al
implemen ed i h holob ilde and o in e iga e he diffe ence be een he o, a pe -
cei ed b eal e (i.e., he co e e ea ch q e ion i Can he pape man al be eplaced
b he AR man al? ). The cena io co e ed b he in e ac i e man al incl de e ing
da e and ime, changing ba e ie , adj ing he empe a e, de®ning hea ing in e al
and opening clo ing he en of he he mo a , among o he .

When ing he man al i h hei ma phone o able PC, he e ® ha o elec he
cena io he an o accompli h. S b eq en l , he ha e o en e ha he he mo a
i in he ®eld of ie of he came a of hei mobile de ice. Fo he in e ac i e in c ion
man al, a D ma ke ha been ed in e m of a pho o of he he mo a face (cf. Sec.
and Fig. 4). Ba ed on hi ma ke , holob ilde ecogni e he eal he mo a and p e en
he e i h he nece a ep o accompli h hei a k, hich i ill a ed b , e.g.,
i al a o (Fig. 4) and o he D objec . Be ide holob ilde oom , he man al
al o make e of e and checkli lide . In pa ic la , a e lide i ed o incl de a
ideo e plana ion of ho o in all he he mo a on a adia o . Thi i po ible ince
e lide in holob ilde al o allo he embedding of a bi a HTML con en . Mo eo e ,
checkli lide a e ed o, e.g., en e all nece a componen ha e been npacked and
a e ead o e.

Acco ding o M . Tenhaf he implemen a ion of an a e age cena io Ði.e., a cena io
like changing ba e ie , hich con ain e e al ep and ma ke Ð eq i e abo min-
e o c ea e fo a e ho ha been p e io l familia i ed i h holob ilde . Mo eo e ,
he app ecia ed he po ibili of cloning lide . She de c ibed hi f nc ionali a highl
con enien ince in e ac i e in c ion man al con ain a con ide able amo n of ed n-
dan ep ha a e omi ed in pape man al 1. F he mo e, M . Tenhaf no ed ha mo
of he ime effo hile ing holob ilde ha o be acco n ed o c ea ing c om anima-
ion ( hich a e compo e[d] f om he ba ic o a e , cale and po i ion anima ion
[Sp15]) d e o occa ional echnical ¯a .

5. OPC UA

To demon a e holob ilde capabili of le e aging machine- o-machine comm nica-
ion ia OPC UA, e a ell implemen ed a co e ponding ca e d .

The ha d a e e - p a a machine ha ed m l iple en o o mea e, mo e, g ab and
elea e gea on an a embl line. The con ained en o de ec ed he pe of he ma e ial
and co n ed he n mbe of gea ha pa ed he a embl line. Mo eo e , he machine

19 http://www.homexpertbyhoneywell.com/en-DE/Products/rondostat/Pages/HR-25.aspx (ac-
ce ed 15 4 ).
Thi ep ha been incl ded in e m of a ideo ince i o ld o he i e eq i e a mo e comple AR e - p
i h a a ie of diffe en ma ke o a e i al eali (VR) cena io. Ye , he la e o ha e no igni®can

added al e compa ed o he ideo.
1 Fo in ance, changing ba e ie co ld be a p e eq i i e fo a diffe en cena io.
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Fig. 5: Ca e d ho ca ing eal- ime info ma ion comm nica ed ia OPC UA in an AR cena io.

de ec ed and p nched o he inne c linde of he gea if one a p e en and collec ed
hi da a a ell.

The connec ion e abli hed ia an OPC UA e e p o ided all da a mea ed b he en-
o o he mobile de ice di pla ing he OPC UA±enabled holob ilde p ojec . Thi in-
cl ded he c en empe a e of he p nch p e in ca e he p e a c en l o king
and he he i ope a ed co ec l (Fig. 5). The a embl line en o mea ed he pe
of he gea , he ma e ial i a made of, he he i had an inle and he c en co n
of all gea nning h o gh he a embl line. Modif ing he machine a e h o gh he
holob ilde p ojec a po ible a ell. In hi ca e d , e added a i al b on o
e e he gea co n e of he machine. Hence, e e e able o demon a e he changing
of machine p ope ie h o gh o mobile de ice ia OPC UA.

The AR cena io di pla ed b he holob ilde pla e (Fig. 5) ho ed all ele an info ma-
ion on op of he co e ponding ph ical co n e pa (i.e., he machine in he eal o ld
a ie ed h o gh he came a). In hi a he info ma ion a i ible he e i a mo
ele an and he ela ion be een he di pla ed info ma ion and he f nc ionali of he
machine became mo clea . Addi ional info ma ion co ld be ho n in a epa a e UI ac-
ce ible h o gh info b on ¯oa ing abo e he machine (Fig. 5). Finall , a i al e -
ion of he p nch p e a o e laid on op of he eal p mp and colo ed in ed o g een
o indica e he he i a c en l in e o no (Fig. 5).

Di c ion & Concl ion

C en l , e a e i ne e of he fo h ind ial e ol ion, hich ha been coined In-
d 4. b he Ge man fede al go e nmen [HPO15, Hi15]. Thi e ol ion i d i en b
a io echnologie ha enable comm nica ion be een h man , machine and p od c
o fo m ma fac o ie [HPO15]. One impo an concep of Ind 4. a e c be -ph ical
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em [HPO15], an e ample of hich a e a gmen ed eali applica ion ha p o ide a
f ion of he eal and he i al o ld ( hich i a p ope of CPS acco ding o [Ka14]).
Ye , o da e he e a e onl indi id al, ind - peci®c ol ion fo ch AR applica ion .
A he ame ime i i a he dif®c l fo end- e i ho peci®c aining o ea il c ea e
co e ponding AR con en . Hence, e ha e in od ced holob ilde Ða no el eb pla fo m
in ended fo end- e de ign of AR con en . holob ilde allo fo he c ea ion of in e ac-
i e in c ion man al in Ind 4. e ing . Addi ionall , i p ojec can be enhanced
b adding OPC UA capabili ie fo di ec comm nica ion be een de ice di pla ing AR
con en and he moni o ed machine . We ha e ho n ha o pla fo m enable Ind
4. acco ding o he i de ign p inciple peci®ed b [HPO15]. Mo eo e , i effec i e-
ne and fea ibili ha been demon a ed ba ed on o eal- o ld ca e die in ol ing
a he mo a and a machine handling gea in an a embl line.

Ye , o app oach ill ha e e al ho coming . Fi , no all incl ded fea e a e f ll
ma e e . Fo in ance, a ha been a ed in one of he ca e die , c ea ing c om
anima ion fo D objec ake a con ide able amo n of ime, hich can be a ib ed
o non-op imal in i i ene and occa ional echnical ¯a . Second, a holob ilde ha
onl ecen l lef he alpha e ing a e, ome c cial f nc ionali ie a e no e e i en .
In pa ic la , o pla fo m ill lack an ndo f nc ion a ell a f nc ionali o cop -
pa e D objec ac o oom . Thi d, he e of p ede®ned D objec and anima ion a e
ill a he limi ed, hich e in end o ackle b g o ing o da aba e and le ing e

con ib e o he p blicl a ailable model anima ion . In hi a i o ld be po ible o
p o ide a clip a galle fo D con en along ide holob ilde . Finall , he holob ilde
UI can no be con ide ed op imal e , a end- e de ign of D con en i no a i ial
a k and ha o be comm nica ed o a e age e in a imple and nde andable fa h-
ion. The efo e, e a e pe fo ming ongoing q ali a i e e die . Ye , a q an i a i e
e al a ionÐal o in ela ion o imila app oache Ð ill ha o be ca ied o . Tackling
he abo e ho coming i o main foc fo f e o k. Pa ic la l , e a e con®den
o be able o epo on q an i a i e ®nding conce ning he effec i ene and ef®cienc of
holob ilde in he nea f e.
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