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Abstract 

This research presents the design and development of augmented reality for multi-user virtual robot 

training system. During On-the-Job Training, this proposed system assists the trainer to train 

the trainee for operating the virtual robot arm at the robot station. It is designed for multiple users to 

access the same augmented environment including the physics-based simulation at the same time. 

In the augmented environment, the trainer can demonstrate the operation of the robot through 

the hologram while the trainee can visualize and operate the virtual robot by interaction with 

the hologram. The 12 users who never operated a robot were invited to test the proposed system. 

The activity and the collaboration in the augmented environment were collected by the system. 

The result showed that the same augmented environment was interacted by the trainer and the trainee 

successfully. The hologram was accurately mapped to the real environment. The system can send 

a set of commands to control the real robot as similar to the virtual robot. The users took average of 

21 minutes 52 seconds to learn to operate the robot. Then, the users took average of 26 minutes 

1 seconds to operate the robot to accomplish the task. The collaborative work can reduce the robot 

operation time to accomplish the task. 

Keywords: Augmented Reality/ Hologram / Robot Training/ Simulation 
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I 

"" 0 QJ 1.1 'fllll&Ul~fl112.JffUlt'U u 

m11lmnn1Htium:1num1~~11Jfll'iNfH>lJ'i1J1~11Jm111vuf 1rn:1lm.Ji)1J1i1~m~m:1uf1111Jj 

1rn:nfl1J: iu ffW~llJ'UtN1,1u !fN 1rlfl1Jflmm~n1~1u fl~llft1'11~ fll~~1,j'1nH1u HllJfll'i NflfllJ'i1J 1 u . ~ 

ffltNllJ~l~ ~ ~:n11 lf ff11Jl'i rtlgfllJJlJfll'i')']1~1lJ'l1~fl')']1~1lJ~iifl111Jl:JlfltlJ l~ ll'fl:tJ~ff ~fHl 1..f 

tJ1"H'Yl'l1~fl h ~~1ufl1,1ff111m11J iim:1J1u1 um1 fll'i H~1,1~ii1h:i1Y1imvm1fltu fll'iNflfllJ'i1J • 
" .f . " 

lJ fl 'fl 1 flnru ii '11 rll vii 'lJ lJ fl vti lJ ff w~ 1 lJ TI lJfl 'fl 1 fl 'j 'UlJ 1H11r~ ~ 1 lJ fl~ , ~II fl ii fl1 nh I fflJ fl 
q V q ':(J 1\1 

• ~ 0 • • cw:s .d..e9 . 
(Presentation Method) 11ifll'i~lrlfl~ (Simulation Method) 11ifl'i0lrl'fl'U1 (Case Stud1e Method) 1rn: 

iiNfl fl lJ 'i 1J 1 u ~ 1 lJ (On the Job Training: OJT) i ~ vi 11 u1i1l fl fl lJ 'i 1J 1 u ~ 1 lJ Ju I ti lJ ii~ ii 

U 'i: ff'YI fi fl l'Vfij ~ "J'~ 

11 ri1 v~1u 1,fo 1 ml ~~1Ju i~iifln tl11 fflJ fl'i:lJlJHflfllJ'i 1J~'tiWJu 1m :1J1u m1 NflfllJ'i 1J'i11J~~ flu • 
11 ~fll~fJ ~fl 111J1 ~v~ fll'i ri~ lol'u lJ u m1 NflfllJ 'i 1J fll'i 11,11 t11J ~1 lJ fll'i 1lmi111 f lJ~ 1u m vn: m~ fll'i 

., "' 'J/'I d"' ~, 'J/ 'i 'i "' "' <!I 
fflJlJff~lJfll'il'itllJl 1lJ~llJ'Y11Jf1111JVlfl IIJlJ\,JlJ l'Ylfl llJ !rltlfl111J~Hlff1JfllJ (Virtual Reality: VR) 

l~lJl'Ylfl i lJ i riv~i11Jiifln1i~1uiu1fo~1JlJfl~l~fl11~'lJ11~ JlJ\,)fllJ11l (Algorithm) 1 lJfll'iNflfllJrn 

ff11Jl'it11J11Jl'i 11Jf1lJ'i:lJlJNflfllJ'j 1J ,~ 11 Vfl11 'j :lJlJNflfllJ'j1JlffllfllJ 'j :lJlJHflfllJ'i1Ji'Y1lJ 1 mu~: ., 

~~'tiWJu11:1JlJ i ~v1 iii flu ,hrifl~ 1~flif fl~tiuf1111J1~v~~lflflnui)1J'1i~1u hrnmu ~~1 ~ fln 

Nflfl lJ 'i 1J 11 lJlJ fl'i fil fffl'Ul (Case Study) ~: i 'U 1J 'U 11 ~1 lJ fll'i NflfllJ 'i 1J 1 ..f 1111im 1 II n11 ty1111..f 

111m:ff1Jf1lJfft11tJ:flnwl1u ~ 1:1JlJHflfl1Jrn'U1~1ol'uir~fl~iim~1lty11w~ 1iu ,1u1u'Ufl~~f1Jm'i 

" 
NflfllJ'i1J 1 lJl1rlll~V1filJ fl111J i1iff1J~1 ~'Ufl~flU HflfllJ'i1Jlff11fllJ fll'iU~1iiv1 (Distortion) 'Ufl~fll'W 

~1fl1~'tlrl''W flUi imf fllflfl1 (Marker) ,i~,1n~~llJJJ1J1Jfl~ ll'fl:fl111JV1fl 1umnJijff1JnlJ1if1lJ 

1:lJlJNflfllJ'jlJ 

" " ~1lJ1,lt.tiuu l~UllfflJflflU flflflll lJlJlrn:'tiWJlJ n:lJlJNflfllJ'j1Jfll'if11lJfl 1Jl1 lJ t.llJ~~1Vl'Ylfl i lJ i riv • • . " 
fl111J~1 ~lff11fllJ d111f m!H~1u11riwflu m1 HflfllJ'i1J iuffmuviui)1J1i~1u ~1 ~ 1:1JlJU ~:i1m~1..f 

~ , 'J/111. 1 , ,,., ~ 'I , ... 'I d .,. "I 'J/ ,,, 
fll'iHflfllJ'i1Jt1W'Ylfl~fl111JJ IIJ\T~'i lJfll'iHflfllJ'i 1J I lJfll'ifl1lJfJ1l11lJfJlJ\,J I t.l fft11lJ 'Yl~'i ~ !fl 1:lJlJlJ 

.f o'GJ'Jl"I I "' ... <'i'l'J/~'J/ 'J/ci 'J/ 
fll'iIJ'i:fJfl\,I 1')j'lfl'jfl'lJ1fJflfl1J't'nl\,lfl'i (Computer Network) ll'W 1'11~ t')j'ff11Jlrnl'Ult1~fffll'VH11flrlfl1J 

I ff11fllJ (Virtual Environment) 1~'11 'fl WfllJ 1 t.l 11'fl11~ fJ1fi lJ ff fl1V'lll 1fl ftfl 1JI ff11fllJ ti if~ ff11Jl'it1 

U{]ff1J'tilJ1If1lJfffll'Y'lll1f1ftfl1J~1~i~~1mhm~1i'irn')j'1~ U'i:flfllJlU~1t.t fa iri11m1J (Hologram)~ 

,1rifl~~umw11ri:1 fli fl~11fl~1~ ~ n1rv lf miNflfllJ'j 1Jmmrnff1i 1,1mm 11JfJ1J~t.1 vu~H1u i t1 iri 

11fl'i1J 1~ 1 lJ'lJOJ :1~v1tiu ~1lJfll'iNflfllJ'i 1Jff1m1 t11Jfl~111t.1 fl'i: 1J1u 011 ff1fi1,1i~flri1111 ri: 5~ 
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1) ffflll111c,:rin111~1u 1iv~1~r.11'Ufl~t111n 11 i 6*1: 1111t1111.1111 ~m11.1 i u fll':i-WWJ'U 11 :1111Nnfl11rn 

2) flfln11111111c,:-wWJun: 1111Nflfl1J'.il.lfllrn111t11.111 uvu\Pl,11m'Ylt1 l u 1 c,vt1111.1111 ~m11.1ri11-d'11 • • 

1) flflfl1111111m:-wWJu n: 1111Nflfl1J 11.1mrn111t11.111 u vu \Pl,11m 'Ylt11 u 1flvt1111.1111 ~m11.1ril'n i' 11 • • 
Ni,N~l'Ul1clWfl'U ., 

i "-1 o'd ., "' <!I 2) '.lfflIJmWlflV1fl1Jt11ll.111'.i ~l'ffl.lfl'U Microsoft HoloLens • 

4) nri1.11>i1fl~1~,rn~Ni'lf~1u~i11.1m'.i'Ylflclfl~i1flwi~11~ 19 ~~ 30 i'J 11'.lu1wff'.lf1mm:rroi11ru~ 1rlu 
q 'V q u 

1Jt1flcl~111fl~i'WlflWC)l'lJfl~t1'UV.fll'.i'YINflUfffl'lfl 'Y'l.ff. 2552 [1] 1ll'U1'U 12 fl'U ;~1111t1r.ii1 

_ 1 .. ,, cl 1-, , .. , 
1J'.i:'ff1Jfll'.iWfll'Ufll'.il'lJV'U 1J'.illml.lt1111fJl.lll'WV'Ul>I Universal Robot 5 1Jlflfl'U 1rn:m1111:1t1v 

tt~fl 1111t1r.ii1tl1:'ff1Jfll'.itllfll'.i i6*~1'U Microsoft HoloLens 

o 1,1fl~r1t1111.1r'lJfl~m1t1111t11.111uvu\Pl,11m'Y1t11 u 1 c,vt1111.1111 ~m11.1rirni'urfl oN~1uttmvt1u 
'V q q 'V 

- I .. 'I " ~ I .. " 1 1 cl "" "" • ., ~ " 2) IJ'.i:~flfl &'.lf'.i:1J1J~flfl1J'.il.lfll'rn11JfJl.lll'UV'Uflfl1Vl'Ylt1 'U clr.lt111l.111Hl'ff'.il.lffll1'.i1J~ l'.lf~l'U 

ttclWt'l'W tium'.i Hnflurn 

3) l'll i 11 m; ~ l 'U ~fl 'ff l'.i f-11 'U '.i: 1J1JNfl fl 1J '.i l.lfll'rn 11Jt1 l.111 'U V'U \Pl ,11m l1t1 l 'U 1 cl Vfl 1ll.1111 ~, n-1 l.l ., . . 
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.cl.cl .cl V 

2.1 Yltl'iiij'fUfltl161.16~ 

2.1.1 fl11lJil1-:llffU8U (Virtual Reality: VR) 

"" ,,i ,,i • I "'l 'JI "" "i O 'JI J i ~ 'JI rl1111'ilHlfflHJ'W rlfl fll':i'IJ':i:~twl 'lfrlfl11l'nl\9lfl':i 'Wfl1Hl"fl,rn.fll'YHl1'1"fl11'1J'Wlll &'1f.J~ l'lf.:ll'W 

1'J/ o, 'j/ d c, o'o J ,'JI l'j/ I ~'j/ o, 

ffllllHl ! \91\91 fl'I.J f)'I.Jff .fll't'f 111'1" fl11l'lrlfl11't'f 11\9Jfl';j 'ii l" fl.:l'IJ'W 111 '1 f)l';i ! \91\91 fl'I.J ':i: '1111.:1 ~ ! 'lf .:ll'W f)'I.J 

r1fl11~111>lflf 'l uri1u'llfl.:im':i 1~fl11~mfo~ 6*.:i1u 'il:n~iJm w~1ff1J 1~fl'1f1mvi11r11111m"flu 'i) 1-:i 'l ,r 
~ J I .I "" 'I 'j/ 'j/ """" <!I 'l 'j/ 'JI 

mnr.J.:J'IJ'W l'lf'W mrnff'1.:JF·rn 'illf1IJf1\9l'il: 1 'lf'H 'W l'ilflll ff'1.:JF·rnu '1.J'I.Jfflllll\91 11':i fl 'lf'H'W l'ilflllff'1.:JF·rnll'I.J'I.J 

'I I , 'j/ d • 'l 'j/ 'J/'I 'JI 'JI ,!I ,'I ., I 'j/ , • I I 'I 
ff 111 ! ff ,i ( Head-Mounted Display: HMD) l'l l'l l '11 f;;! 1 'lf .:I l 'W J ff f1I ff 11 fl 'W f1 'I.J 111 'IJ 1 IJ fl~ 1 'W 

9) ,!!I A~A Q.19} 'j} Q.IQ.I 

ff.flll'Ul1'1"fllllff11fl'W (Virtual Environment) 'il':i.:l'W'W'ilH '11rn:fllfi'UJl'IH'1l'Wf11':iff11Nffffl11Uil 

'l {~iJn':i W ffl'H i' '1.Jfff Hll ':i .:iif fl 'W f){l'I.J 'l ,f f1'1.J ~'l {,:i l 'W 1~ l'lf'W Force Feedback Joystick, Haptic 
d j/ a' , '1, 9/~Y a., Q.I a., .l!!I 

Interface 1rn: Exoskeleton Device IV'Wl>l'W fliJmrumm'W'lf1fl'l'l1N l'lf.:ll'Wffl1J1Hlff11Nff1\9lillff11fl'W . .. . 
'il1.:1~1.:i '1 ~fl~'lu':i:'I.J'I.Jrl1111'il1.:11ff"fl'W1~ [2-4] 

<!I ~I d'I 'JI "' "i 1) Window on World Systems (WoW) ,no Desktop VR IIJ'W':i:'1.J'I.Jl'I &'lf'ilfl.fll't'frlfl11't'f11\9lfl':i 'W 

m':illff'1.:JN"m1vJm~flfff1.:1':iiJm't'f~'1ff11'il1.:i~mJ'lu':iiJ11'1.J'I.J.fll't'f 2 ii~ <u qJI qJ 'U 

, • I d ., ,,i 'JI ,,i ~I 
f) l ':i 111 fl .fl 1 't'f IJ l1 N 'W .:i '11 ':i fl '11 fl .:i rl fl CA VE ( Cave Automatic Virtual Environment) I IJ 'W 

':i:1m~ffs1.:i11'.luitN lflr.J~mrnfffl.:JNtnTu'il:Uff'1.:JN"~N'W.:JfJf1 '1 ~l'W'llfl.:iiu.:imlluuti''I.J11 

~ V V llJ.I ''l 1 do J "" 
f;;! l'lf.:ll'Wl'Ul !IJfl~ 'W !ftf)l'J'i'Jl"fl.:J'IJ'Wlll'ilH '1 

~I d i "" o' ~ V i <'I J .I 
4) Telepresence IIJ'W':i:'I.J'I.J'YU!ff'1.:IN" 1'1f.JTl'Oll't'f11\9lflrn':ilnf)ff':il.:I !flf)l'fflJ'O'W'IJ'WlJl ':i'IJll'I.J'I.J'IJ'O.:I .. 

~ ~I ~ i , Q.I 'j/ " .d 
':i: '1.J'I.J 'W 'ii :1 IJ 'W nn I 'lfflll f.J.:J ':i: '111Hfll':i ':i 'I.J'IJ '011" 11 lf)ICJf'W 19f'O ':i 'illf)l'J 11 f)fl 1 'I.Jrlll ':i: fl: 1 f)" .. .. . 
(Remote) 1rn:imfo'IJfl.:l~Tl1'1.JfJ11 (Operator) i1-orh.:i l'lf'W fll':i~~6*.:i1ur11'1.JfJll~'Wf.l'W\>lllfl: 

tt'Wfl'W1>1-ovffmu ~~.:1~1-:inu !'1fl~1rlfltt'Wf.l'W1>1n1m':i11V'I.Ji'I.J~ .:J'Ufl.:i 'l,i ~ tt'Wf.l'W1>1'il:ri .:i,hm .:i~ q <u q I q 
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0 tj/tt <C:t.GIGJci a1 d., t, 'JI 
m ~'Vll~H)'Utl~ om~ '1 'UW~'\1 flU ,JU1~Q fl'U fH'IUlJl'Vl ff1'U fl1UfJlJ ,Jlf1'U 'U ff1'U fl 11J fJlJ ,J~ff'i 1~ 

,, 
l~'UII 'i ~if ti'Wf1iU i 11H1 'M~l'U !ifo!ffijO'Uf11J11 i~'l1 VU1i'U1~fl'U'U ov,:,1 ~ '1 

" cu q " 

2.1.3 fl1l'll'i>l:mJ~'ll (Augmented Reality) Utl~fl1l'll'i>lUHY'll (Mixed Reality) [2, 3] 

fl11lJ,J1~iff1lJ (Augmented Reality: AR) \)f1'Ufll1Ji{111~'U~l.JlJO~IIUU Real-time 'VlH~'i~'\1~0 

QI .c:i. a., cl 9/Y a., .c:i. I 
mrnfflJ1~Q,JHll'1~1~Qlff:l.Hl'Ul'U1~1flf1'U Milgram's Reality-Virtuality Continuum \)f1'UflllJ ~fl 

d.~ ~ QJQ.lr/' "Ck 
Paul Milgram 11 '1 ~ Fumio Kishino 'Vl tl Ji U 1 fl fl~ fl 11 lJ ff lJ ~ 'U Ji 'i ~ '111 H ff fl 1 'YUi 1 ~ '1 tl lJ ,i H 

(Reality Environment) f1Ufffl1~111~"'tl'lJlffijtl'U (Virtual Environment) l~flij Augmented Reality 
' ,, 

(AR) 11'1~ Augmented Virtuality (AV) O~'i~'\111~ffO~ff~U ff1'U'UO~ Augmented Reality ,i~u~in"' 

f1 U Real Environment 11 '1 ~ ff 1 'U 'U tl ~ Augmented Virtuality ,i ~ tl ~ i f1 "'f1 U Virtual Environment . 
,1~1tlil 2.1 .. 

fl1llJ,J1~HfflJ (Mixed Reality: MR) ~O f1U'i11Jf1'U'i~'\11H Real Environment 11'1~ Virtual 

j/ j/ QI ~ j/ 'J} G) I _,de., 
Environment I '\I 1 ~ 1flf1'U mtiff'i H ff fl 1~ II 1~ 'f'IOlJ 1 '11 lJ II '1 ~ f11 'i II ff~~ H'f'l 'Vl 1 ~ fl 'Vl H f11 fl.fl 1~ 11 '1 ~ • 

1~fllffijO'U OV~ 11Jf1'Ul1'1~ u fl if mf 'U £1 ~ i~fftl~ 'Vll~II UUl'l'U vii~ fl~m ~ fl~ 1tl~ 2.1 
q cu ':ieJ cu 

( 
-, ---MIXED REALITY (MR)----, 

) 
REAL 

ENVIRONMENT 
AUGMENTED 
REALilY (AR) 

AUGMENTED 
VI RTUALilY (AV) 

JV~ 2.1 Reality-Virtuality Continuum [5] 

VIRTUAL 
ENVIRONMENT 
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QJ 

2.2.1 v11ilf.lill't1 LCD 

Q,I d A .t:!t d Q.I :'I d d 

1l11l'tJ.fllYH 1'.JtJ 'j ~ lJlJ fl 111Hl 'j -H'fflHltJ U lJ lJ Window on World Systems lHl f11HU ~ l lJ tJ 'j ~ tJ llJ'YllJ 

f1l'j1iJri-:iml:i~i-*mrnff1Juff-:iihm-:i 1;irn 1rn~J111tJ ffllJl'j(lUff~-:ir,-nun~flt11JYb1\Plof m1Ylm1~itJ 

.I AA~!i/ .., _ 1.:i v"" .., "I GJ!il ~v, 
'jlJlllJlJfll~ 2 lJ\Pl L~ [6] ~-:i1u'YI 2.2 '\Jtl~'\Jfl,:j\Pll'ilOfll~ LCD flf.Jfn'j 1'lf-:iltJ'j~lJlJ 1~-:ilr.J ff~~lf) 
~ ~ 

1~v-:i Hi '*1Jt1-:i 1 iJ J-:i i1'il tJfll~ m1~ 1iii11~tJ ~ t1-:iff11J i dt1iJ mw 1JtJi1Hi '* u~'li'mffr.J~ t1 Hi -*1ii 
<u II <u <u 

<V !i).,;j .,;j ~, ~ !i/1 <9 AA ''l 
ffllJl 'j (l'j lJ 'j M fl 11 lJ {l f)'\J tl ,:j .fll~ f)'j 1 TI f) I~ ~ r.J\Pl H l tJ fl,:j 'il 1 f) .fll~ 3 lJ \Pl 'il ~ (l fill ff~ ,:i O tl f) lJl tl r.J tJ 

~ ~ ~ 

'j~tJllJ 2 iJ~ '1i't1'1lf1~~ltJ lJlJlJ o-:i~UfllJl~tl-:i 'illf1\P11'iltlfll~ff1tJ t l1 wii'lltJl~l~rnrn~ 11.immrn iJ f lJ . ., 
I I I J/ I ,, 

Ci} A .f!!tlqj/~jlj/ d .c9 Q.I IQ.Id IQ.I 

lJlJlJfl,:j'\Jfl,:jfll~ 1tJ'Yll'f'Y11,:jtJtJ I~ H !'lf\PltJ,:jlJfl,:j'YJ'i)tJC)f,:j\PJ,:jOr.Jf)lJ'Yll'YlltJtJ . ~ ~ 

JU~ 2.2 Dell UltraSharp 24 InfinityEdge Monitor· U24 l 7H [7] 

tJOf1'illf1\P11'ilOfll~'il~ffllJl'j(lllff~,:jfll~ 2 iJ~1~tnl1 J-:iiimnf~tJ11iJ1~tJ'j~lJlJ~ffllJlrnUff~-:iHil 

'l 
• I AA • 'l !ii "' !ii !ii !ii !ii 'I d 

fll~ tJJ1JUlJlJ 3 lJ\Pl (Stereoscopic) fn'j'Yll l1f1l'j'jlJJfll~'UO-:i\Pll'Ul-:i9flr.JUil~\Pll'Ul-:i'U11 LtJl.JlJlJO-:i'Yl 

U\Plf1~1,:jf1tJ~1r.JOiJmruff11Jtff~iitlm:lW~l~tJll1tJ\Pll !~r.JoiJmrui-:if1ri11'il~t-*l'Ylfl !tJ !IlV~~l,:jf)tJ • • 

l'lftJ Active Shutter i-:i1tJ~ 2.3 Uil~ Polarized Passive i-:i1tJ~ 2.4 l~tJ~tJ •1fo~~ot1iJmruff11J°lffii 
~ ~ . 

i fill w ~ 1 ~ tJ u itJ \Pl 1~ ff~~ 1f1~ o f11 'j i -*-:i1tJ f11 'j ~ ~ tJ 111 t1iJ ~~ lfl 'lftJ 'j o-:i f lJ 1 ~ l1 Il 1 f1 l1 Illr.J 

'j~lJ1JiJ01J~f1l'j u~'li'tilffr.J~fl\Pll'ilOfll~'il~~fl-:il~tJ jtJ~'jO,:jf lJf1lJf11Hll-:iltJ f11Jl'Ylfl I tJ IIlV°ltJ 

'li'1-:i~tJ 1iiffllJl'j (l i '*IP11'ilflfll~UlJlJi11 iJ1~ Uil~ V-:ifl-:iii,i'o,11nmit1-:i'\JO,:jlJlJlJO-:imi'.JotJ \Pll'iltlfll~ • 
iJf1~i11iJ f1UUff~-:iHil'\Jfl,:jl'Ylfl !tJ !IlV Active Shutter v-:iiiiftyl110~ (Flicker Uil~ Eye Fatigue) 

l'll ii1rto i-*-:i1tJl~tJl1IlltJltJl1l 'li1n~01m'jl1r.JtJl11 [8] 
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nl~ 2.3 NVIDIA Vision Glasses 2 [8] .. 

1,J~ 2.4 Cinema 3D Glasses [9] .. 

2.2.2 Smartphone 

Smart Phone 'l 'W 'U 11 ~U'U 1 ~'U ~tl fl'j OJ~ 'U Ofl 111 fl 11 ~ 'l 6*'1 'U fll'j ~off U 11 ft 1 v-:i ij 1 ~ lJ lJ tl Ou~ fll'j~ 

ffllJ11tll~llfl 11lJffllJU ti 'l '11nlJ IP11 Smartphone 11 'n~V-:il'll 'l '11'l 'lf-:!1'U 11 otl~~lfl'lf'U i~ '11'nlfl'l1 'n ltl 

'i' 'i'"' ii tl "'lil ., tl <> .,, \<)ii 
l'Ylfl t'U t'ntl'Yll-:J~l'U Augmented Reality ffllJ11tl 'j~~fl\91 'Jf-:il'UfllJUO ~'nlfl'lf'U 'U Smartphone t~ 

'l 
ii tl <> ., ., I ~ ii ii 'l il"I ., ., ~ ii \<)tl ci ii 

fll'j 'lf-:Jl'UUO ~'nlfl'lf'U~-:Jfl'n11~ t'lf-:Jl'U1l~\910-:J 'lflJO,JlJ\911 Smartphone ~ t'lf-:Jl'UlJO-:J t 'Yl'l1'U1110 

u ff~-:JH'ft'IJO-:J Smartphone u-n~ r:fl immrntli)imfo £nrnrntl~~lfl'lf'U i~t1flntli'rntl~t1'U~lJlJO-:J 

1l 1flfl111 tl~t1mi111 '11 'U-:J u-n~ vifl'Yll-:J'IJ o-:i Smartphone 11 'n~ ffllJ11 tlfl~~ '11 ,! 111 ou ff~-:! H'n 11 lJlJ ,i o fflJ Hff 

\<) iii ci ,:l O tl <9 ii ~ ci ii a, 

(Touch Screen) t~ 'U 'IJ ru~ 'Yl 1 ~ lJ lJfl 11 ~ 'Yl 1fl11 1 ~ lJ 1-n H'n moff1 Nm~ fl1 lTI fl'Yl ff O~ fl 'ft o-:i fllJ 

flntlijff1Ji'U1if11Jr:fl'lf-:Jl'U [10] i-:13,J~ 2.5 'UO~'IJO-:J Smartphone ~OffllJlrn~o~tJmrui~~ltl 

nfln'li-:i1tJ ilJ~-:itilfl "'IJ'Ul~fl~vi'~i'~ ~fl~l i~~ltl 'U01fft1~oflntliji1Ji'W1if11Jr:fl6*-:i1tJu-:in 

'Uo,,n~1~0-:i111fli'1Jfllrn~~,JOfflJHff011l'l1l i '11lJ~U-:Jfll'j Uff~-:JH'n'IJO-:Jfll~fl'jvlfl ,~ lJlJlJO-:Jlrn~ • ,, . . 
-ri'Wn 'l 'U m1uff~-:iH-nn'IJm~1~fln11 '11Uff~-:i'UoJ.J-nnn11v-n~1flt1~mfl 1 1~1J~irfl 
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2.2.3 Daydream 

~I "' <!! 'l 'j/ • I " .d ~ 'j/ Daydream !11'U'i::1J1Jfl1lll'\l'i ·mYlJO'UU1J1J Immersive System m1'~<U-H'I 'U~1tlrJ11mw HMD 'Yl~ l'lf 

.., 'j/ "'"'"1 'j/ ~ .d .I "'l 'j/ I 

ffllll'Hl'ill1flWI 3 llfl 1~ (Stereoscopic) 1~f.J'Yl Daydream 'i:l::11'i::~ml 'lffll'i!!ff~..:JHrtHl'U'Yll..:J 

'j/ • I o' d I I 'j/ ~I • .., 
'11'Ul'\lO'IJO..:J011mw Smart Phone lJfll'j U 1J..:Jff1'U fll'j U ff~..:i Hrt'IJO..:J'l1'Ul'\l000f1!1J'U lllllJO..:Jff1'11 'i1J\Pll • • 
'j/ 'j/ 'j/ ! d o'.d <!I o' ~ 'j/ 

'IJl..:JCJflmrn::m'IJl..:J'IJ11 'i:llfl'U'U Daydream 'i:l::m.iilmw'Ylffllll'itW~fflll'i'Yl ivJ'U ~ 1'Hl'Ufflmrn 

i
•"J'j/ a .I o' .doi'j/~'j/ .I"'"'.., ,1.., "J'j/a 'j/ 

ff1ll ff!~ 1rn::llrJ11mWf111JfJll (Magic Wand) 'Yl'Yll '11~ l'lfffllll'iflll0ffll'V'l'U1iflll'i::1J1J 1~0fl~1f.J 

i..:iJ,J~ 2.6 fll'i'Yi\PlJ'UlUO'U'V'l~!fl'lf'Uffllllrn'Yi\PlJ'Ul~1fJ'i::1Jll'UOll1ifll'i Windows Linux irn:: Mac 

i~u~~O..:i'io..:ifmfo Smart Phone ~i"M'i::1J1J'U01J1ifll'i Android rvi1lT'U [11 , 12] 'UO~'IJO..:J Daydream 
)/ , I I 

~O\B1Uff~..:JHrt (Smart Phone) ciloi~~lf.J!UO..:J'\llfli"M Smart Phone n'IJlf.Jf.lVl'l1i,J (rn..:iftJ 11 'j'\.J) 
~ . 

"'IJ'Ul~!~fll'll i 11'V'lfl'V'll i 'M..:Jl'U'Uf.lflfftll'U~ ,~ "QiJmw ffllJl'jt,,Jijill'Yi'Ufif11Jr:rt 6*1rtur;rt 'M..:Jl'Ul1'U ,.,,,r 1 

"J.I, A I "J 'j/ 'j/ d <!I "J I <V 'j/ 'j/ "J I <V 

All 'U'Ylff'YlH\PIH '1 I~ 'IJf.l!fff.Jflf.l lllffllll'i\1'ill1fffll'V'l!!1~rtf.lllfllf.J'Uf.lfl!!rt:: !ll!'l1lll::flll 
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~,J~ 2.6 Daydream View [12] .. 

2.2.4 HTC Vive Pro 

:'I e> a 'JI _ I " .d ~ 'JI 
HTC Vive Pro l1J'U':i::1J1Jfl'JllHJ':i ,mYlJtl'UU1J1J Immersive System mY~~fH'Wl'Jtl~IJfl':itU HMD 'Yl~ l'll' 

., 'JI c, c,i 'JI 1' .d - I 'JI _ I " 
mmrn':ilJJfll'V'I 3 l.J\,l ~ (Stereoscopic) 1~tl'Yl':i::1J1J HTC Vive Pro \"J::1J':i::mJ1J~'Jtl~1Jfl':itU'l1rtltl 

i1~Yll~l'U~'Jl.Jf1'Ui'Um!1~~1~ 'l i~un HMD ~l~'Ui1mY~~Hrtfll'V'IUrt::rT~iiii1 LV'l~U1J1J Stereo 

iiill Lfl':i LvJ'Uffl'11f1Jfrn~t1~H°ii~1'U Urt::rJ'~iim\1u~ 2 i1 ~l'U'11tl'l'\HN HMD ~UV\,l':i~f11J\911U'l1'U~ 
~ ~ . ,, 

rtnmH°ii~l'U Controller 2 i1ri111f1Jfm11ff~~1t1mrn~'Ul.J~l~., 'llt1~fili~l'Ull~i'.imi'1~~1mrn:: ~ ~ q I ~ 

j} QI QI 'JI ~ o Q.I QI O I 

'll 1 ~ 'll 11Utlf1 f1 'U u rt:: ti~ ffllJlrn\ol tllJ ff'U tl~ ~ 1 tlf11':i ff'U Base Station m '11 ':i 1J m 1 \,l ':i 1 ,i ,i 1J \,l lU '11 'U ~u rt:: 

'Vlrf'YlN'lltl~tl'LJ m ru J-~11 l.J~ 'j ::1J 1J Yi'1 'l ,r f)l'j m 'J,J ,llJ iifl 'Jll.JU~'U Vl ff~ Urt::\,l tl1Jff'U t)~ ,~':i 1~111 . ~ 

!!:ti 'JI .ai i- 11- I ., • I I I 'l 'J/ i 'JI_ I H 1'll'~1'Ummrn1r1rtt1'U 1J 1Jt1~mu'tt'U~\,l1n::'1111~m1 'll'~1'l-n::1J1J ~1J1::mw 12.2s \,ll':il~ll.l\ol':i 
~ 

i 'j/ .c::l d I 'J/ 
(IPD) ~ \"JtlUff~~Hrtl.Jfl'Jll.Jrt::ltltl~\1~ (1440 x 1600 px) ff1'Uf11':ifl11J~l.J~'Jtl Controller 

iim1\olt11Jff'U u~ 11~111urt:: miu v1Yi'1 i irmnJ~ri'1J~1t1i'.iuYi'1 i~~w i1~iln1ru '1114u i~ ~1 t1 . . . 
d .:!t .:!!I d'l 'J/'l CV ... .I ~ QI i j} I j/ .c::l I 

l.Jlfl':itl~l.Jtl (Software Developer Kit: SDK, Editor) 'Yl 'll' '\.Jf11':i'V'IWJ'U1UtlTIV'lrllfl'lf'U ~~ltl f1rttl~'Yltl~ 

~1u'tttl'1'tlu~ HMD 2 i1 mm1tt~wimuuvJV'lil1r1iu 'l lf Hii~1ui'1J!mn'V'lurt~c1ul.lmt1uun i~Hl'U 
~ ~ 
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1U~ 2.7 HTC Vive Pro [13] ... 

2.2.5 Microsoft HoloLens 

~I "' ~ 'JI .I o' .d 
Microsoft HoloLens IIJ'U1:1J1Jfl11l.HlHlfflHl'UU1J1J Mixed Reality Ufffl ·HHW11tl'QIJf1HU HMD 'Yl 

Hlimmrnf1Jfo1~ 3 il~i~ (Stereoscopic) ii1mrl -rn'1.:i -nuimi'11rn:v.:imm1rn~·mJ~Of11J':i:1J1J ., ., 

!fl~O~ltfirffltf (Wireless Local Area Network: WLAN) IHI: Bluetooth 1lOUffflHHlfll~ffllJl':itl 

IIJ!ll O i'J/i i'J/ ~'J/ Q ~ ~ I 

lJO.:J'Yl:"J !fl (See-through) m '11 'U'tltU: 'lf.:il'U~ !'lf.:il'UlJO.:Jll1'Ufll~m1Tif1 (Hologram) lfflJO'UO~ 

i Y ~ 9:'G'IV ~QI QI r/Q.J \l}Y! ~ 
'Ufffll~U1flclOlJ1l1.:J ~ !'lf.:Jl'Ufflll11flUt]fflJ~'U1if11J Microsoft HoloLens !fl'Yl.:J'HlJfl 3 U1J1Jfl0 

f111lJO.:J (Gaze) m1i'l1vhm.:i (Gesture) 1rn:ri1a'.:i1fft1.:J (Voice) i.:i1tJ~ 2.9 f111Ufffl.:Jf·Hlfll~ 1~ !cl ... 
91 QI .. I~°" QI rl 9/i'J/ I d .ct o'd.c::t 

U f11 lJ 1l ~ ff O fl fl cl O .:i f11J f111 lJ t] ff lJ ~ 'U 1i 'ti O .:i ~ 'lf .:i 1 'U fl ti 'Yl Microsoft HoloLens lJI 9f 'UI 9f O 1 'Yl lJ 

fl1llJffllllrn ium1f 1Jrffm~ll1fl~OlJ1l1.:im.:imt1m~ t.:il'i'1i11mmrnffr1.:im~ 1~ immrn~flf) ., ., 

tJ~'U.:i 1~v11,m 'hrnm~u1~~v:JJ,i1 .:ii~ i.:i ,,J~ 2.10 5.:immrniJ n-flmiui'fi'1J'1f11Hu~m.:imvm~ • ... ':<I 

Y ~ ~ \ti Y QI _1d , a.1 ~ d y ~ 
'ti 'e).:J ff fll~ll 1flcl OlJ 1l H O'U "l !~ ~.:i 1'UYI 2.11 I 'lflJ i:rn .:J 1rn:~ lJ I tJ lJ \91 lJ 'U Of11l 1 f1 lJ Microsoft ... 

HoloLens v.:iii'lj~ri1a'.:irlrnft1mnf~'UlUOvJ~~lrl'lflJ~J'.i'ljlJ'lflJ (Community) ~fl'eJtfff.:Jf111\9101Jf1J 

(Feedback) l~ouf tJU1 .:J'Yi~ 'U l'lfflrila' .:JO Vl fflJOllcl~ 1 o.:if 1Jlfl i 0-:J i'.iv~ i fl 'U f111'Yi~'Ul1: 1J1J i ~ . . ., 
'JI""~ ~ ~ 'JI .., 'JI 'JI "' 

'11cllf1'11clltf [14, 15] 'tl'eJflflO'tlO.:J Microsoft HoloLens flOH !'lf.:Jl'UffllJUm1J1fffll~U1flclOlJ1lH ., ., 
!JI ~ 'JI .., "1 'J/ I i 'J/ • I .. ,. d "1 'J/ 0 i 'J/ 

Ucl~fffll~U1flclOlJlfflJO'U~rnlJf1lJ !fl1~'1111.:Jf)l'j ')j'.:JllJ fllJf)'jtlllJ'tl'Ulfl!clf) ~f)~l !~.:JllJ 'Yl1 '11 • 
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'JI "''l dd "'\/}'J/'J/d<!I "'\/}''JI "'di'l'JI 
'V'l'HJ1Jf)lJ lJffflllJ'Yl!~tJ'lf)lJ !~ 'lltl!fftlfltl Microsoft HoloLens ~1J1Jtl~tl~ !1Jf111~1Jlf)lJf1!1Jtl 'll'~llJ 

1 ~ QI QI 'u) I.cf O 'l ,, ~ QI d j/ jl ~ j/ di 'l 'J/ d 
(Field of View: FOV) mrn1~~rtlJll1lJf)tJ~ 11J~'Yll '11lJll1lJf1f)~'Yl~llJ'\1lJ1H !'ll'~llJ !1Jtl 'll'~llJ!tllJ . ~ 

nmm1.J'il~Yi1 'li1n~mmnh~1i~nw 'il1Jf) i~ m1'16*~11.J'\1lJf)~~~o1~1.Jnm1.J11.J1n1.J 45 1.J1Yi'il~i~1J 

Gaze 

' 

~ 

'lU~ 2.8 Microsoft HoloLens [15] ... 

r 
I 

Gesture Voice 

.I"' .I"""' "' " I ~ 'JI "' Ju'fl 2.9 f1111J~fflJ't'llJJj1~'\111~r:;j !'ll'~llJf)'lJ Microsoft HoloLens [15] 
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' ,! 2.3 'Hl!Ul!~ (Universal Robot) 
Cl 

Universal Robot (UR) 1 ti 'U ~ 'U ti 'U t ~ ff l lJ 1 ':i fl 'YI 1-:i 1 'U ~ 1 lJ fl 'U lJ ~ ll vi~ ( Collaborative Robot) 

1h~fH.l'U~'Jtl!!'\J'Ufl~~ihfflllW~!ti'Uvifl1>1':i,:J (Link) l1mt1vifl ihlfll1lJ'U (Joint) l1~,:JUfl'U!~fl!~fllJ~fl • • 
QI I I I 'J) 'J/ QI d i o d I 

fl'U ':i ~ l111,:J'Vlflfffl ,:i ff'J'U I '\J 1 fl 'Jtlfl'U lJ 'VMl1 lJfl 6 ~ fl l1 ~ 'U fll':i 'Vll,:J l'U '\J fl,:J U '\J 'U fl~ '1~ lJ fl~ fl,:J fl 'l'UfJlJ 

.d O I c1t Q.ldl di ~ 
( Control Box) 'Vlfl'J'UfllJfll':i'Vll,:Jl'U '\Jfl,:Jl1 'U tl'U \Pl'Vl-:i l1lJ flU~~tl,:JlJ'lffl,:Jfll':ifffl'ffl':i filtl'U flfl flfl TCP/IP • • 

'I' ~3I O I ,/1 

lOOMbit, Modbus TCP, Profinet, 1rn~ EthemetIP !fltl~ !'ll',:Jl'U'1~'ffllJl':ifl'Vllfllrn1'UfJlJ~lW'U\PlHl'U 

uil'Ufffl'U (Teach Pendant) ~!ti'U'1fl"1lJHffi-:i1'11~ 2.12 u~~,'11~ 3.1 .. .. 

1'11~ 2.12 Universal Robot 5 [16] .. 
0 1/J 31 .., <!I .., 31 -~ 

fllrn'l'UfJlJfll':iU'\J'Ufl~ffllJl':ifl'Vll,:Jl'U !fl 2 ':i~fl'U flfl ':i~fl'U Graphical User-Interface fl'JtlU1J'Ufffl'U 

u~~ ':i~i'U Script ~ 'Jtlfll':i ri -:i '1im.i~ Hl'U 'lffl,:J'VINfll':i ~flffl':i '1lflfll tl'U flfl 1 fl ti URScript ~flfll'lfl 

1iJ':iumlJ~'Ut1'Ut~\)flliitJfllrn'l'UfJlJ UR ~-:i URScript iTtJiJ':i~flfl'UiiJ~1t1i1mh (Variables), 

• I o -~ <1.., di 
1J':i~1fl'Vl (Types), fll':ifl'l'UfJlJflWYll,:Jl'U (Flow of Control Statement), 11-:ifl'll''U (Function), U~~fl'U '1 

'Uflfl'1lfld URScript u'-:iiji1uiJ':i1rn~vl-:it1i'U~ Built-in ~-:i1>111,i,i'rnrn~fl'l'UfJlJfll':i'Yll-:il'U'\Jfl,:J I/0 

u ~ ~ fll ':i I fl~ fl tJ i 111'\J fl-:il1 'U t1'U ti~ fl n fl 1'U fl lJ 1-1 tJ t1'U t Hl'U 'lffl -:i 'VIN m 1 ~fl ffn m tl'U fl fl ,i ~ mh • • • 
flflfllti'U 6 ':iiJU'U'Ui-:itl [16 , 17] ., 

i I d di 9 319 I 3I 
1) Primary/Secondary Interfaces .fl 1tl 'U fl~ fl -:i fl 1 lJ rJ lJ ,i ~ lJ Server rvrn 1 'll' 1 'U fll ':i ff -:i '\J fl fl 11 lJ 

fft11'U~'\Jfl-:i~'Ut1tJtu~d'm11i-:i URScript '1im.J~l1ifl~l il 'Ufll':i~flffn \)fl i il 'Ufll':i ~flffl':i 

':i~l111,:J GUI fl'U flrifl-:ifl1'UfJlJU~~5-:irn-:ii''U URScript 'Yll,:Jl'U~fl'JllJ~ 10 Hz 'Y11l11mmrn 

fl'l'UfJlJ~'Ut1tJ1>11~flt11>1':i -:i lflt1ilJ~fl-:i1:Ut1tJ 1 iJrnmlJ 

• 0 d j/ QI I I QI 

2) Real-time Interfaces fll':i'Vll,:Jl'U,J~lJfl'JllJfl~ltlfllJ Primary/Secondary Interfaces U\>1'1~\>11,:Jfl'U 

l>lH~ijfl'JllJ~i'Ufll':i'Yll,:Jl'U~ 125 Hz 
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( Simple Command) i iJ rJ ~ GUI H 1 'W 'lf fl n'l H TCP/IP Protocol l1 ,! 1 ~ l1 in 'IJ fl~ 'lf O n'l 1 ~ 
' ,, 

<!I d<!li'J)i 'LI I " 

f11'HYOffl'Hl'U'U'Wfl0 'lf 'Wf11'.ifl1'UfJl.lf11'.i Load, Play, Pause, Stop 11J'.iUf1'.ilJ'IJO~l1W.l'W\olUcl:: 

Q.I o Q,l~,:f ~Vi Y&j} 'U)9/d.Y 
t1~"1llllrnf11l1'W'1'.i::,l'Uff'Ylli'IJO~H & 'lf ~l'W '\.Jf11'j l'lllm'IJOlJcl 1,ion,111:.1 

~ ~ 

Q.I .;. Q.I ti ' 
4) Socket Communication \911 UR ff 1 lJ 1 Hl ff fl ff 1'.i n 'U fl iJ n '.i W fl 1 ti 'W fl n H 1 'W TCP/IP Procotol • 

.;. ~Q.I I ,/ .d d ,:I ct 

nu ffoffn '.i iJ u 'U 'U 'W \911'\J o~ l1 'W tl'W \91 'il:: ll'U 'Yl'Ul'Yll ti 'W Client 1rn:: oiJmwmt1'W on 'il::lJ'U 'Yl'U l'Yl 
~ . . 

I SI I I 

l~'W Server f11'.iiYomrn'U'U'UrJ~rn~i''U URScript 1rn::m'.ii''U-iY~'1i'm.ic1'Vi~ Format 'Viu\oln~1~n'W 

• 'J) ,. i " .. ~ ,IQ.I ,, Q.I ~ ,I 
5) XML-RPC f11'.ifl1'UfllJf11'.i'YlHl'W'11tlf11'.il'.itln 'lf-n~n'lf'W (Function) 'Y'l'iOlln'U'Y'll'.illJl\910'.i • 

,, 
f111:ummrn i"Wmn11~1'WJUU'U'U'U 

6) RTDE (Real-Time Data Exchange) \)nOOf111'U'UlJlil1'Yl'W'Yll'W (Robust) l~Oll'Yl'W~f11'.i~0"11'.i 

U'U'U Real-time f11'.il~01J~OU'U'Utlmm'.im~onnniJi'rn1~~'1i'ol.Jcl'llO~f11'.iiY~fftll'W::~'Wt1'W~ 

i;uci::~fl11ll~i'Wf11'.i'Yll~l'W~ 125 Hz 

C83 

'j,J~ 2.13 Overview of Client Interfaces [ 17] .. 



2.4 fl'i~'U1t!fll'iNflfl'U'i'JJ (Training Method) 

2.4.1 Presentation Method 

15 

n1ri1un~ff~m'l~!ti'Uni-:i1~1J'l'Um'.iNml'U'.il.J ~-:Jlnfl1'.i~i-:inri111ti'Ulnfll'.iriW'Ylfl~fl'Jll.Jn~~1v . .. 
~ff~u ~~V-:Jfl-:J 'l i-:i1'U mhf 1 i iJ'il'U ~-:iil,n>'U'U i-:i'il~ff -:J!f1\,l l~ 'illf1fn'.i ~ V'U m-:; ffO'UflW 'l 'U ffm'Uffmn . .. . 
' d 31Jt I O QQ Q.I ti ~I 'j/ 'JI Q~ ':91 ~ j,/0.1 

\,ll-:J '1 'Yli'lrno'ltJm'.iffO'U l'lf'U m~m'U~l iiJm~ 1~'Ylff'U l1J'U\,l'U ~1v1lim'.iHf1fl'U'.i1J'U ~'.i'U 

':!II ~I y., !JI • ., & !JI ~ !JI 111. 1& "' !JI !JI 
fll '.i Hf1fl'U'.i lJ 'il ~ I 1J'U '.i'.i'U'\J Ollmm~'Yllfll'.i 'il ~'U 'U 'Y1 f) fl 11l.J '.i'illf)H m fll '.i O'U '.ill '.i ')l.J l1Jt'l-:ifl1'.i I '.i V'U rn 'JV cu qJ cu cu cu 

I SI I I 

~'Um-:iH1'Uilo~1-:i '1 'illf)lJ'U'il~'U1f1111Jfvii~iJ'l~'Um'.iiJ61J1i-:i1'U [18-23J i-:iatJn 2.14 

1\J~ 2.14 Presentation Method [24) ., 

2.4.2 Simulation Method 

"'"' d • 'l !ll y., ~ 111 !ll"' !JI 111 !ll <!! • I"' .,.,. 'l !JI <!I 
1lif11'.i'Yl'lf1V !'l1~'.i'Uf11'.iHf1fl'U'.il.J !~l'.irl'UJU~~ !~~-:Jl.Jfl1Jt)'U\,l &'Ufffll~U'J~~Ol.J!ffl.JO'U 

(Virtual Environment) 1 ~Vfn'.i ff! 1-:J ff fll~U ')~ cromilv'U u 'U'U 'illf)fft)l'U~iJ O'U~-:Jl'U 'il 1-:i '.i'Jl.J~-:J 

lfli o-:ii'.i mrn~ vJl1 n-:; cl'~ H '1 ii m-:; 1lno'U '.ill u 'U 'U tl J-:i 'lhv 1,r 11 il f1fl 11m *v-:i~ o 1 'il I ri ~ t 'U 'illf1 

f)l'.i Nf10'1.J'.i lJ ,~ U~V-:Jl'll 1 ir ~i' 'Ufn'.i Nf10'1.J'.i l.Jffll.Jl'.it'lj'ffrn 11i'.io'U n1~-:iiJ61J1i-:J1'U 'l 'U ff fll~U ')~ er Ol.J 
J/ I 1 I 

'il1-:i 1m~V-:Jffll.J1'.it'lNf1CJfl!vlorw1J~'Ul'lf)lJ~ ,~f)~'JV [18-20, 22, 23) i-:i1tJn 2.15 .. ., 

1tJ~ 2.1s '.i~'U'UNniTniJ'U [25J ., 
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2.4.3 Case Study Method 

~I =< t l <'_or ii 'l ii ii., ":'.11 i ii o "" <'_or d "" .N ii 
l1J'U 11i fn'i\91.:J 1l'Ylt11Jtlll111rn 11Jfl1Jl11J1t1 l1 H'i1Jf11'i Hf1fl1Jrn ~'Yllm'i 11m 1~l11Jtlll11'Yllf1~'1l'W mn 

u ~ u 

I )I I ' 

=' "" ~ _., ., <!! 'l iii ii ila, ":'.11 i ilei ii=< ii_., ii <!! 
l1111if11'i'Y1Uf) !'ll1Jt)Jl11'U'U '1 l'Yrn l1 l1fj'i1Jf11'iHf)fl1J'jlJ ~IW'UJ11if11rnf11Jt)Jl1llll'V'll~l1'UlllJtl~1J 

f1WHll'Uf11'itu~l.:J 'l ~U\9lf1~1.:Jf1'Utltlf1iiJ [18-20, 22, 23] 

2.4.4 On The Job Training Method 

1~u n ~ ,r m'i 'Hnt1u rnri1t1'Y1 t1~fl 111J f 1 ~ ti\91 'i .:i i iJ 5-:i ~f u m'i t1u 'j lJ 'l u rtmu ~iJ ii u1l.:i1u ,i ~ .:i; 1vm 'j 
' ,, ,, 

fft>rtn t'lf'W ~~l1~ t1nniJi]u1l'l ,r~ iim'iHf1t>1J'illiim'i'U ,i~'t'll 'l l1' ~f unn 1lnt11J'ilJU'W i;f u 
' ,, ' 

iJ'i~r1'1Jf11'itul ~ tl\,l'i .:J1llf1f11'iiJ i]u1J.:Jl'U ,i~ .:J l ~tl'Yl1 i iJnHf1tl1J'ilJ'UI ~'U niHjiJ'i~iY'Yl~ fll~t,' .:J "1~ 

[18, 19, 22, 23, 26] i.:i1t.l~ 2.16 .. 

_1.d I ii 
'iu'tl 2.16 f11'itlltl'Yltl~fl11lJWW OJT [27] .. 

n. Robotics In Mixed-Reality Training Simulations: Augmenting STEM Learning [28] 

_1 °"iii ii "" , ii "" 
fll'i1J'i~~f)\il 'lfr1'fll~ll1~"fltllJf111lJ1l'i.:JHfflJ (Mixed Reality Environment) 'Ufll'ifftl'U~l'U1'Yltllf11'i 

I <'ii ,'j/'j} O ~ .q d. ,'j} .... I d'd QI 

l1'Utl'U\91~1tlfll'i 'lfHfftl'U 1l1'1tl.:J (Virtual Instructor) lJf11'i lff'U tlU'U 1fl~'Yl ,i~ 'lftl1Jf)'it\Hf)tl1f)1Jf111lJ . ~ . 
,i1,:imjjt>'U (Mobile Augmented Reality Head-mounted Display) ~ijfl11lJffllJlrnium'it,rl'l1lf11~~ 

'J\,lt) 1rn~iJniY1Jvru£nurrli.:i1ui.:i1t.l~ 2.17 
q 'kJ ct.I CV 



17 

1,J~ 2.17 1iJmJ1J'IJO.:J Mobile Augmented Reality Head-mounted Display [28] .. .. 

'fl. Visual Assembling Guidance Using Augmented Reality [29] 

,, 
m1 i~u 11 :::'U'U'lf1tl 'l tJ m1 iJ1::: no'U;'W .:i1tJ ~-;wmfl 1 tJ 1 c, ~fl11ll1l 1.:11 "11 ll 1::: 'U'Uijmrn m1.:irl1i1J 

'IJ O.:Jfl11 ,J 1::: f) O'U;'U .:I l'U ~ 1tlfl l'V'lfl Oll~ 11\,l Off) 11vlniotJ l1'U fl'U i 1:iru .:Jl'W U ff ~.:I f-rn Hl'U ~,J f) 1 tU 
.d a.1 ~ d 'l ii o 'l 'JI ... 1 ~ 'l Yd t 91 

Af1tl1f1'Ufl1llJ,J1.:J!fflJO'WU'Utlff1ll 'If (HMD) 'Vl1 '11fl11IJ1:::f10'U'lf'U.:ll'Wfflll11fl 'lflJO'VMffO.:J'IJH 

. ,, 
,J ,. et ,. ,. ii "' C> 1'J ii 

'l TI 2.18 flTWf1Hrif1 (ffA'Utl1) C))'fl'U'Vl'U'lf'U.:Jl'U tll'Vl1.:Jm:::'UOf1 .. 

r1. An augmented reality framework for optimization of computer assisted navigation in 

endovascular surgery [5] 

f111 ff! 1.:11::: 'U'U ~ 1c, o.:i i 'U f111 Hf1f111 Hl'U i ~ 1 ~tlf111 ff O~Afl i o.:i ij o Hl'W I ~'U I~ o ~ (Endovascular 

Surgery) ijfl11 ~~~o r;i 'M .:I l'U Hl'U ~,J m tU fl'U tl'.:i fl'Ufl 1'UTJ lJ ~1tl" o~.:i1iJ 'W f)C, if)~ ,i::: lJ 11 fl i o.:i ij O Hli ~ 
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919,11 d o 10.1 91 cv.et ... I "i" 1 'll 1 ff 'i 1-:i fl w 'i ~ 'lJ 'lJ 1J m rn 1 u 1w fll 'i 11.:i u HU fll 'i m,i fl m nn I ff 'U 'Yl 1-:i u ri ~ tr .:i 1J nu 11 'i ~ vn \91 '1f 
~ . 

rn1m1"i .:iiffri-ern i umrnfffl.:iHr1H1'U1Jt1'U1\olof 11.:i1tJ~ 2.19 .. 

,J. Development an interactive VR training for CNC machining [30] 

., ~iii/ .,. <!I ,., i" o'o,do' "'i 
fl'Ur;J l'lffl1tlfl111J'ilH!ff1Jtl'UU'U'U Window on World Systems (WoW) U\oltl.:lfl-:1 'lf!1Jlfffl'Ufltl'Utl'ifl 'U 

m'ii'mha' .:i'il1nfjl i.:i1u i:Jmm'imtJ~vu~1J1Jo.:ivi1 i ~i:Jriot1ff~fl1mrl oloi' o.:im'i i 'lf~1J1J o.:itu 'l 
I 

., -1~ 
f),:j'jlJ'fl 2.20 .. 

~,,, .... .. , -... . ' 

I o 
-1~ I ,!I I ',.ti i/ 

11J'tl 2.20 ff1'Ufll'i!'lftl1J\oltlH l'lf.:ll'U [30] .. ~ 



~- Development of augmented reality training simulator systems for neurosurgery using mode/­

driven software engineering [31] 

19 

.I d i'J/ ,/ ,/ ,'I 'J/ A 0 I .I ,/1 d~'J/ 
1J1~'ffl'Yl 1Jf111 'lflllrn1flti1 (Marker) !~tim-rn.:iv111111'U.:J'\JtJ.:J~1JmWv11.:i 'l '\JtJ.:J1~iJiJ'Ylfj t'lf'fflll11t1 

iJ ft"11Jlfo ni~1 ~ fjf11'j i ii'.iti ,r iJ iliJ 1vlt1~lJ1J11 f1!f1tl1 ~~ tl~Uci~i' iJ r f1l'j u ff~.:) Hcl Hl'U 'i) tim~ '\J'U 1~ ':LI ~ ~ ~ 

imu 'j~iJiJV.:JtJtJf)UiJiJi"Hm1111t1i'Jf.:il'U'j'"J1Jf1iJ HMD !~tii'lf.:Jl'UUiJiJ lmrnersive i~i.:i·.n.l~ 2.21 u ., 

fl . Implementation of a Virtual Training Simulator Based on 360? Multi-View Human Action 

Recognition [32] 
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(a) (b) 

'lf. A novel immersive augmented reality system for prosthesis training and assessment {33] 

'j~'U'UHfl'ttflfll'j 'l i ,ll'WU 'IJ'W 1vivlJ,;' 'JtJ'j ~'U'Ufl'lllJ 'ii 1.:ii i{hi (Augmented Reality: AR) lfltJfll'j f 'LI 

., ~ !JI '°' <I • I 4 0 11). l'l "'l ';c'li ., ., "' <ci 'l" 
ffUIUlltU EMG 'illflH t'lflJ11!fl'j1~'11'11nuU'U'U!VHl'Yll tu 'If \Jfll'jHflfll'j'U,lfl'UU'IJ'W!'YltllJC)f,I 'If 

u " cu cu 

fll'jU fffl,!Hcl 'l 'W 'jUU'U'Ufl'e)lJ~'l!\,J'O!m1vlfl~lW)Umw ff'llJ 'l n' (HMD) 'Yll hi' H\ iuf rnu~tJ'WlJlJlJ'e),:j 
qJ q cu q 

AR 
marl<er 

(a) 

(c) 

(b) 

(d) 
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CJf. Simulation Training in Oil Platforms [34) 

m':i ff! i.:iuvrn~vhif 1.1~1ini -rn 'Yl'W'Ufmm:J1:u'I.J 1~-0 iii 'I.J nn 1ln I rt v~ 'ill nu 'Yl'I.J'Ufl!'ill~J 1:uuiti'I.J • • 
ffm'I.J~o'I.Jm1v~~~11timi'v~i1m':i 1ln i 'Wffm'W ~~1-av~riv'I.J i ,J,Ji)u1l~1'1.J 'il1 ~ 1 flfl i iff m·runfl~mJ 

!ffijV'I.Jlll i'*i'Wmrnfffl~F-rn~ ... m CA VE ':i~1J1Jffllll':it1~':il'iliu1.11.11.1v~'UV~Hli~1v Marker ~~fl'OV . ~ ~ 

Joystick i 'I.J f11':i !fl~ V'I.J t1 fl\9111! l1 U ~ i 'I.J ff fl wm 1fl~ -01.11 ffijV'I.J 'U v~ ':i ~ u u 'Vll i 11 nn i.Ji)1Y1ni'W £nu 

vi.Jmw ~1-av~rn~vv1~v~ i~1ti1.Jn1vn~1i':irn'lf1~i~'jtJ~ 2.24 
• V 

' ,, 
'jun 2.24 m':i~1-av~U'Yl'I.J'Ufl!'ill~tl1:u1.Jufffl~i:-rn~1v CA VE [34] 
V • 

W. Serious Games and Virtual Simulator for Automotive Manufacturing Education & Training 

[35) 

m':i'rl'1-JJ'Wn~uu~1-av~1~unn 1lnnn 11 £J'Wf m~u1'1.Jm':i~l~ "1 i 'I.J~~ffll1tn':i1.lfll'I.J fl'I.J\91 (Virtual 

'1 ,., _ 1 "" ., ., o' ., '1'] ,.,,. d 

Simulation and TRAining: VISTRA) ':i ~ 1J 1J U u f111 lJ 1J !l1 lJ Off 1.1 'Y'I 'I.J 1i f11J ~ & 'If & fl fl 1.1 Kinect U -a~ 

WiiMote !ti'I.Jvi'Tf u!m':i m~'Vl1u-a~nn !fl~U'I.J i l11'UU~ Hi i~1'1.J u~1Ufffl~ i:-rnm':i'Vll~l'I.J Hl'I.J 'Yl 1~ 
~ ~ 

- I"' ., "' _ I o' 
'j'LJ'fl 2.25 f11':i'ilflmW1.J'01Jtl':iW'U'O~':i~lJ1J VISTRA 
V • 



2.5.1 Collaborative work in VR Systems: A software-independent exchange of 

avatar data (36) 

22 

mrnnmll~ti'Uiu't1mHJ1\91l'J (Avatar) un~'Yinn~ (Gesture) 1 'Ufll'Jl'll ·:n'Ui1llfl'U 1 'U'J~1J1Jfl11ll 111 .:i .. 
tffi'.itl'U fll'Jl'll.:il'Ui1llfl'U 'l 'U fl11lJ11~ .:itffi'.it1'UiJ 'W fll'J Ut\fU'U~rJ'Ullt\~Uff~.:i,i'm.Jtl'Utl.:i r;t iu~t\~ ~.:in 

' ., ., 
fl1llJiY1iwmn 'l 'U fll'J l'11.:i1u i 1ll nu mrn ff~.:i tll'J lJW~t~ u ff1'U tt'U .:i'llt1.:iiu' trnmfo .:i 1u 1ir.1u~.:i " .. 

, I 'J/ I 

tJllff'Utl'J~1J1J Virtual Reality Peripheral Network (VRPN) 'Wfll'Jtll'W'IJtlJ.jtlf1".)lltlJCJJ (Point Cloud) 

d'ul 'J,/ I ~ lj/ I I I ~ ,/ d O 'l 9J di 'j) 

'Yl I~ 1llf1'Yll'Yll.:i'IJ t1.:i H I 'lf.:il'U U\91t\ ~ fl'W ff .:i Hl'U 'J ~1J1J tl'Ul\91 t)'j I 'U \91 'Yll M mmrn fft)ffl'j '1J tllJ t\ tl1\911 'J .. .. 
1rn~'Yi1m.:ii1llfl'U'IJt1.:iH16*.:i1'Uttn1r.1fl'U i~ [36] ;,:inJ~ 2.26 .. .. 

2.5.2 Electrostatic Playground: A Multi-User Virtual Reality Physics Learning 

Experience (37) 

fll'J 11 v'Uj' Hl'W m 'J'Yl ~nt1.:i1i ti.:i i vh~ lff0\91~1rJf11llJ 111 .:i1i1i'.i tl'U fll'J ~ tiwi fMt~t11n1J i vh~1i10 \91 Ju 
rr11 tl'W t1111 n fl 1llJ t11mrn~ ff1J ff'U ~ 11 ~ vi'1fl 1llJ I i1 'l 11 ~ 1tJf1l'j; u \91 'U 1m'J u" ~ iiji11m'J fl .i .:i in\91 .. 
'U'Jlf10fll'JW~l.:i ~ 1~rJ\91H1~ !'lf'U fll'Jff.:i!f1\91fll'JWH1'Uf1"'tl.:i~t\'nrl'W ~.:infl1llJU'Umltltl~ ;.:iJ'U 

fll'J 1it'Ylfl t'U lnvfl11ll11~.:imi'.it1'U'l'Um'J,hnt1.:ill'J1nom'Jru~1.:i ~ ~1~'Um'Y'lffllJ1J~'IJt1.:ill'J~~ ivh?t1 

~.:J\)m11m 'l 'lf1 '\.Jfll'j Uff~·.:iH{lll{l~ffllJl'jfl'U0fflJ~'W1ifl1Jrri 6*.:i1'UU{l~ffllJl'jfl 'l 11' rri 'MMt\ltlfl'W 'l 6* .:il'U 

' I o, 1/)'J/o, _ • .:I 
'J1lJf1'W 1~~.:i·aJ'n 2.21 .. 
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2.5.3 Body Quest: A Room-Scale VR Playground for Biology and Chemistry [38] 

fll':i {1 f.l'I.Jr11u~;11'Ylf.11Ui'\~lflii~-;ww;mHl~ ,mYlit1'W fll':i{1 f.l'Wrl~f.11f1'U l m ~ffrl~ ll.J1"f1i'l~iifl1ll.J .. .. . ., 
CJ71JiuuiiT111l.lr.11n i 'Wfll':it11lrnm11uui111~Ht'l~1r.1m~m1i i~tTum':i i i1'YlT11 u fovT111m11 ~mliuu 

mi ii 'I.Jf)l':i Uff11~Hi'lmwHfo 1llt'ltl~fll~ffll.J1J~ iJ6il.Ji'W£nrnfl i'Hi'llf.lfl'W~rul.Jn'W '¥11 i lY 
7:-"IV a V Yi ., ., a-=> all)V• .f ., ,Jct 

H l'lf~l'Wffll.Jl':i\ll':if.l'W':il1"~1'Ul 1lf1'Uf1'U'lf11'Ylf.11Ui'l~lfll.J l11~1f.l'U'W11~'1 'fl 2.28 .. .. .. 

. ' 
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2.5.4 Computer-Assisted Authoring of Interactive Narratives [39] 

~'Ylivrnirnd'.itJi).i:uilJ£nrn1o~ l~Vm':ii{ Smartphone 'j'JlJf1lH'Ylfl l~ l~V Augmented Reality 

1,111,i 1i'1Jlil1U '11 'W ~u~~'Ylff'Yll~'\JO~ Marker i~or~rnYmvm 1~Jo:u'l1101o11~~m hm 1n i~ ':i~1J1J,i~ii 

!'Yl fl 'U fl Interactive Behavior Trees (IBT's) i lJ f11 Hll ! 'U lH1 fl~ l ~ fJ i :U i 11' ! fi ~ fl 11 lJ 'lJ ~ ud H 1 f1 

m1tJi}.i:uilJ£'\Jo~ rfl {n1J':i~1J1J i~J lJ \ol'J~~m lll!~mn:ui'.J~ ,J~!fl~O'\.J i '111'111ou ff~~'Vll'Yll~~l~ "l 
t/ t I I 

d d do ii/CV _1~ 
1,111JtlJO!':iO~'Ylf11'\1'\.J~m1 1 ~~Jun 2.29 

2.5.5 Collaboration in Human-Robot Teams [40] 

m1'Yl1~1'\.J 'i 1:u n'\.J 1 ~'1111~~ lJ V'\.J 1,1 ~ ,i ~ oon i ,J,J i}1J1l ~ l'\.J i lJ 01mff'i 1:u n1Ju '\J lJ n~~fl11JfJm ~ v~ in~ 

l~fJlJ'\.JlHJ ~~f11':ifl11JfllJ':i~ fJ~ i f1~'\JO~ lJ'\.JlJ vtTlJ ,J~!fi~f11':i'\1 'W 1~ '\JO~.iruumu 'Yll i 11' f11':i'Yll~l'\.J 
Cl q q u u 

I CV c::::t. O c::::t. QI ,XdJ I 'J/ o I CV d I d'.d 
':i 1:1.J f1'\.J m~ fl 11:U~ 11Jlf1 ~ l '\.J 1,1 fJ'\.J ,i~ lJ ~ f11':i ff':i 1~ m 01J f11':i 'Yll~ l'\.J (Framework) 11:U f1'\.J 'Yl 'I! lJ V'\.J 1,1 'Yl 

mmrn 'Yll~l'\.J i ~51,1 l '\.J :u11 m 01Jmn11~1'\.J i~n~11iifl 11:umm 1t1 ~ i 11' ~ lJ V'\.J \91 '111 o:u '4 ll umm rn 

'Yll~l'\.J u'1~otl1~i~o'Jf1m'\1~ofln~w i lJ miu ~fln ~w i:Jmm1 t1'Yl1~1lJu'1~otl1~ i~fln~1v 'ttlJV'\.J 1,1 • 
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2.5.6 Augmented Reality in Robot Assisted Virtual Assembly [41] 

i ii ')' ')' d A A 'l O I o, I o' I o' ii nn ')fl'Vlfl 1'\.J trH.lfl'JllJ'ilH!'cY'HJ '\.Jf11':i'V1Hl'\.J'j'JlJf)'\.J'j:::l11HlJ'lfl:HlUft:::l;f'\.Jf.l'\.J\91 ':i:::lJlJ'il:::il':il-1 

;'\.J-ll'\.Jtffi'.ioiJur1:::io1Jr1'\Jo-1;''\.J-11'\.J1~ou fff1-i 'l lf Hi 6*-11'\.J 'Vl':i 1u 'l lJ ':iiJuuu'tlO-!flOlJYh1\9lof m1vJn~ ., ., ., 
'j) a., Q.I ~ Q ")' ,/ I ,/ def ,do I a., ,d~jJ 

CJ50'\.J 'VllJf)lJflll'l'\JO-l'lf'\.J-11'\.J 'ilH ! fll:llJ'lflHJ!!rl:::l;f '\.J l:J'\.J \91 'il:::lJYl'\.J 'Vl'Vll-11'\.J ':i1lJfl'\.J '\JtU::: 'V1 rj I 'lf-11'\.J!!rl::: 

I ,/.c::,.~ I r/ 'J/j} 0 ~ 'lil~il 
l;f '\.J l:J'\.J \?liJ~U\91-11'\.J l;f '\.J l:J'\.J \91 'il::: U 'il-1'\J 01.Jrlfll':i'Vll-ll'\.J U cl::: UH'\.J fll':i iJ ':i::: flOlJ'lf'\.J-11'\.J l1 rj I 'lf'Vl ':i llJl iJ U lJlJ 

'\JO-lflOlJvi11\9lof m1vJni-i·nJ~ 2.31 .. 



2.5.7 Cooperative Human Robot Interaction Systems: IV. Communication of 

Shared Plans with Nai've Humans using Gaze and Speech (42] 
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cl el O IQ.I I r/ I t/9,J .i::t.r/ j,I 

fll 'i rtmfl'YfU ;nu 'll v..:i m'i m..:i 1u 'i 11.1 flu 'i ~ 1111..:i 1.1u 1:1 mm~11 u vu \,l ff 'i 1..:i u ww11.h ~ ~1:1 ii ,11 mn1m 
.,., q q uu "" cu 

SI ' 

flu! 1u fll'j l'i1..:i1u 111.1fi'u 'i ~ 1111..:11.1 '41:1 vu 11 ~~ ~ u vu \Plli ijr1111.11J ~ v~ fl vi u fll 'j 1J6 ifo'rl'u £ fi'11 l.1'41:J ff 
'i~lJ1Ji..:ifl~11ffll.ll'itH,i'1i'il1m~m:i1Jff'UV..:ll.1'41:Jrfi~ l'lf'U 'nl'Yll..:J (Gesture) fll'il.lV..:J (Gaze) 1m~ 

2.5.8 Cooperative robot teleoperation through virtual reality interfaces (43] 

i j/ ~ d d O j/ 'J/ I rid O 'J/ d ~I d O ~ Q.I G.I .d 
fll'j 'lffl 111.1 'il 'i ..:JI ffl.l V'U 'Yl 'il~'U l 'IJ Vl.l ~ ff mvm 1~ ~Vl.lfllr.J'U V fl'l1 'U [J'U \,l 'Yl'Yl1'11 'U l'Yll 1J'U I 'j V ~ l'U llJ ..:lfllJ'Yl 

~ . 
iii u fll'i rin 1'il mi iu ff~..:i ,i' m.1~ 1~ vi ,r r;!i i11 ~ w 41 fl~l.l~ ..:i i,j i~v~~1~ v1fi'u ffll.11 'i m ,i' 1 i 'il 

ffflTYHn~irvmv11 41 i1~'Ur.J'U\Pll~V~'il~ i '*1 'Ufll'i\vl~ff'U i 'il i 'Ufll'il'll..:Jl'Ui11.1fi'u'i~1111..:ir:fli11~w 

F1~1.1~1m'Ylr11 u 1 ~rir1111.1'il1..:imijvu iumn11muv,i'v1.1~ i~i..:i·nJ~ 2.33 . ~ ~ 

.. 

l.o at.ion I l a/ion 1 

JtJ~ 2.33 fll'Yfi11.l'IJV..:J'.i~lJlJ [ 43] 



2.5.9 Human Gaze and Focus-of-Attention in Dual Reality Human-Robot 

Collaboration [44] 
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" JI I I I 

-:ntJ1ivitJu'l11mirn1nv1n'I.Jm'jl'11.:i1tJi11JnlJ'j~l111.:i1J'U1:1~ 2 fl'U hwHlifl'Un 1 'il~mi'ffm'Un . ., ., 

1~ f.J')f)'I.J'\1 'Uf.J'U~ Hi ifl'U~ 2 ~.:JtlVfl'U rl~~f)'I.J Hi ifl'U~ 1 'ii~ 'ffllJl'jflff .:jlf)\,lf11'HU flUl'll.:Jl'U Hl'U 
q cu cu cu 

'ff fll'VH11fl""tl1J!ff11tl'U~1 i,iolJrl ~.:J'IJO.:J Hiifl'U~ 1 lflr.J'il~iim.Jmw~1 i1 'U flU f 'Ur\PllU mJ .:J'IJO.:J 
cu cu q cu 

CV 'JI .d c/ .d Cll i/, 'J}d 9/ o i/ ~ i 3/ 
1\9lfl 'fffll'VH11flrltl1J U'1~1Jtl'UflrnJ'Yl\9ln'il1flflU1Jtl.:J'IJO.:JH 'lf'Yl 1 U'11'il ~ 'Ul'IJ01Jrl'U'U 'LJ'ff'jN 

q q cu cu 

.; 
{ 
,i 
! 
.!: 

~ 
2 , 
t;; , 

8: 
! , 
! ' .. . .. , 
:o , 
!! I ., , 
.C I -;; , 
0 1 ., , 
t, I 
.!!., 
tl I 

__ Objects on the table are auamented __ _ 
with virtual objects in the smartphone . 

I 
I 
I 
I 

I I 

·--------,--------~ 
Head-pose and eye-gaze : 
trackin& In real-time. __ : 

4=l QI Q.I o' 'j) I , ')\Jn 2.34 fl111J'ff1JV'l'U1i'IJO.:J'IJ01J'1\911.:J '1 lJ'j~'I.J'U [44] 
~ ., 
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l'VWI 1 lJ 1 c1atn1:u,i1,mt'i'.iflUtJfl i .Umhm11~'\J11~ i lJ mnl:J ""] 1J'Yl1J1'YI ff1l1'i1Jfl11 Hflfl1J'rn l'Ylfl 1 lJ foa 

fl 11:u,i 1 ~1iYrlflu iY1m1fln1 i ttw,JJm1:; 1111 ~1c1fl~~'lhm1 ~m1:um1 Hfl fl111:u,i fl~rrt -*~ 1u 1iu ~iYflu 

~lclfl~ ff flWHl1,iii'fl:Ulff jjfllJ mrn i,',1~,i'm4c1~ff11J1rnUOff:Uimf nrnfl i~llJ ,~ 1rn:; fl11 ~1clfl~ 

fl11'V11~1lJ'\Jfl~~,Jmrul1lfllflifl~i'.ifl~1~ ""] l~mi'u ,7u1-muii (Algorithm) ffll1'i1Jfl11fffllJff11J11fl 

,J 1:; l:Jfl\Pli .Un111:;111J i lJ 1J'YI 'Y11J1'Yl'\Jfl~ HNflfffllJ II {l:; m:u n fl,) fl1J 1 ~n1J Hi .u~,u i lJ II~ {l:; I YI ,I m1w"'1 II 
q 'V 'U q 

i u1:;wh~m1 Hflfl1J1:u m1iJ0111i~1u111~fld1~m,i hHifl11:uiY:::,11fl i 1-Jflnuo111i~1ui uiYmu~ 

,i1 ~!~ fl~1l1flfl111Jl~fl~ fll i i~wi lJ fl11Hflfl1J1:U ,rflf11l1lJ,il1l fl,i'fltt1:U1JHfld1~ 1rn:;,i'fl~1n,1 

,, ?I ,, ';;'ii I i •"1 I ,, 0, ,, ,!j i 
'YI 1~~ 11-JI 1'11 !lJlJ ,JlJ 1 :;1J1Jfl11 Hflfl1J1 :U ff1lJ l1 t\J ,J~ l.J~ llJ lJ fl11'Y'l,ll lJ 1 ff fl1l'Hl1~ rlfl :U!ff:U fllJ lJ 

1 :::1111~1c1fl~m1 Hfl~uoi1:uwu ttirnfl i ~,u 1 ~ u flfl1l1fltl 1:; 1111 ~1r1fl~ m1 Hflfl11rntT~ iY1m1fl n 1 i tt 

~i' 1JflU Hflff11J1)f!Hfl~lJ i lJ ffflllJ flU ru1~:uJ11 ~ "l l1 rllflflf ~ rirn i' 1JflUU{l1J1imY 1~11rn1:; m~ 

I i O ';;'ii o, O o' ..,j i 9/ 9/0, '::'II 9/ 
1JHflfJH lJ 1::: 1J1J 1l1cl fl~fl11 H fl fl~ ff11J11 fl ,J lcl fl~ ffflllJ flU tu I 'Y'lfl l1~11J fll 1 Hflff 1:UU fl fl lJ l11 

""'° i 9'."f i I ~ !)Id 9/ 11ifl11 lJfl11Ufl1Jt\jl11 l1:U ""] t,iflfl~1fl 

,i1fl~1u11i1:J~1~v1,i'fl~ i u111,i'fl 2.4 1rn::: 2.4.5 ~,~~l11muflflUW,JJ1-J11::: 11rn~flW,JJ1-J1m:::111u m1 

Hflfl1J1 :U l'lflJ fl11 l1~fll~l:J~fl 11:Ul~l:J~~fll,J ,l:;!f),i~lJ ,iw:;n lflU Hflfl1J1:U flU rl~fll i .U~wi lJ 

m1 Hflfl1J1:u m11,11 tJ:Uf111:1rn! fl:uri1 l1 i' 11~i'1JflU fl1J 1 :u i u m1 iJ 0111i Y1 U1~ 1 u V11::: m~111~ fldH 

fl11 'lf1fllff1 :Ufl11 j1 fllJ3i lJ fll 1 U{)1J1i~ 11-J ~ij fl 11:Ufllfl II r1:;m1 ffrl~ 1:; 1J1J fl 1lll 1 tJ:; I~ fl!~ lJ \Pl 1'lf11:J i lJ 

.J 
fl11H'fl 2.2 

... .., 
~11.!l'llU 

2.5.1 

2.5.2 

2.5.3 

2.5.4 

2.5.5 

~ 

"w 
;II 
;;:c .. 
ri 

./ 

./ 

./ 

./ 

./ 

u'riH11.1hiin1.111n:::t1tJ .. 
. 

rti 
M°' 

"w 
;II 
;;:c"' 
ri 

./ 

./ 

./ 

"ill'Nll1~flt)'l,I 

~~ 
w 

(/fl"O = ;): .et ... 
ltf'l,lt)1,! 'll1~ 

:;:i 
:;:i 
~~ 

"" 
./ 

./ 

./ 

./ ./ ./ 

./ ./ 
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N°nH1uhllnu 1u1:m11 
V 

tT .fll'fi U1~ ti tlll .. 
aa 
w 

AU ... ~ (11/'0 
-:JlUl\UJ Q ... .., 

f'i :i: 4 A 
;Ill ltlllt>U il1-:J 
;;:i:" ... .., 

;;::i ;;; ;Ill ;;::i ;;:i:" aa ;;; 1/'0 

2.5.6 ./ ./ ./ ./ 

2.5.7 ./ ./ ./ 

2.5.8 ./ ./ ./ 

2.5.9 ./ ./ ./ ./ . 
./ ./ ./ ./ "'.., 

':i: 1J1JVI 'Vl WI 'W 1 

= .... 
~ .s 'Cl 
I. .... = E-,; ,J .. 4 = ~ 

.... AU 
00 .., -:JlUliltJ 1:1.fl'fl'lltl-:J1:'lJ'lJflllllil1-:Jltlllt>U .... = (,J 
~ 0 ~ E "' ..J ~ 

00 u 

2.4.5fl AR ./ ./ ./ 

2.4.5'11 AR (Video) ./ 

2.4.5fl WoW ./ 

2.4.5-:J WoW ./ 

2.4.5'il WoW ./ ./ 

2.4.5ll Projection Mapping ./ 

2.4.5'b' AR (Video) ./ 

2.4.5CJf CAVE ./ 

2.4.5W WoW ./ ./ . 
./ ./ ./ "'.., 

AR ':i : 1J 1J 'YI 'Vl WI 'Wl 

,i lfl-:J 1u 1,i'r.,~1 ~r.,1,i'o,:i 1 u .,Yi,:i fl'W iifl n 1 i-:i 1u tJ ilfl':i w ~1~r.,1,i'o,:i f11J':i: 1J1Jfl 1UJ ,i1-:i1 ffijou 1 u 

~flil':i:ff-:iff ~1-:i 61 l'lf'W fll':i II fffl-:i,i'm.1r1~1t.1m'Vlm1vlfl fll':iil6ff11'V7mh:fl'h-:irj1 i-:i1un1J':i:1J1J 

fll':i~fl~O~Offln:'1111-:J~'M-:Jl'W 1rJ'U\Pl'U tJiJmw11~r1:i1iirJWffll1J1i ,i'o~ llrt:.,j'Olfft.l~lllolfl~l-:Jf1'U 

0 'I 'J/ - I "1 'J/ .., I O ~, 'J/ 0 ,'I ,'I -~ o' .., 0 

'Yl1 !'11fl1':iIJ':i::~fllol 'b'-:Jl'Wfl1J':i::1J1Jloll-:J 61 'illlIJ'Ulolfl-:Jfll'W-:Jfl-:Jn-:Jfl'b''W (Function) fl1':i'Y11-:Jl'W'IJO-:J':i:1J1J 
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OI) 

= 
~ Q 

Q,j 

u Q,j i. ,.;i 
= E =-- Q 

,.;i Q = Q,j 0 
....... ,J ,! ;: -= Q,j ... = C. i. ·-fl W 1T2J1.JVl11 tl ·3'1: 1.JU/tl H1 W ,.. .... 'Cl > ct: q q (i; i. ..... 

~ = = u Q 

E OI) 
t;i ~ ~ Q 

)~ 
1JJ. = i. 

CJ 

i 

~1111fl.:JlllJlJ Stereoscopic ./ ./ ./ ./ 
d 'JI "' 'JI .... 

11 fl.:J mu ff fi ww 1 ~" fl 11111.:i 11": ff mw 111~" fl m ff 11 flu 
./ ./ ./ 

'JI.,., 1" 9l'fl'UVJlJfl'W'IJW: 'lf.:Jl'W'.i:lJlJ 

U 1 lJll 1111 fl .:J \vi 111 fl 1 '.i 'n ft'VJ 1-:J fll '.i 11 fl .:J'IJ fl .:J N1 i • • ./ ./ ./ ./ 

ihh 1w.:i1~m+.:i1iYv.:i1:Y111.:im11i.:i1u ./ ./ ./ ./ 

tJ O ff 11 'Yi 'W £ ,i' 1 tJ l1 l VJ H (Gesture) II €l : ff 1111 Hl ½' lJ} 
./ ./ 

~llll'IU.:J'IJfl.:Jfll'.iUOt11l'Yi'Wi'llfl.:Jrfli 

ct .,., 'JI 'JI ./ ./ ./ 11t9l''Ut9l'fl11lJfilW~l'Wl'l'Ul 

rJ tJ " d 1 ,., ft" 1" t 'W'Q mWlllJlJWflWl'Ylff111 fffllJ~ 'lf.:Jl'W ~ ./ ./ ./ 
,,j I .o!I I 1" , 'JI 

t'lffl11\vlfl'.i:lJlJtfl1fl'IJltJ '.iffW ~ ./ ./ ./ ./ ./ 

n" , " tJ .,,. ri N 'lf.:Jl'Wl'l'1Wfl'Wffl1l1Hl 'lf.:Jl'W'.i:lJlJ/fl fl'.iWVJI 'U 
./ ./ ./ ./ • • 

"' .,,.Kdct °'i" flff'.i:1llflfllJ 'UW'WVJt~fJ1fl'W ~ 

QJ'j/QJ 'JI~,,, 
';jlJ';j(lfllJW:m.:imfJ'IJfl.:JfffilWll1~€lfl111lH ~ • ./ 

i'lJ r ~111 YI il .:i 11": n ff VJ 1-:i 'IJ fl.:i ~1vtJ fl';j or 1 n v lJ tllJ 
./ ./ • • 

'JI "' 1" fffilWll1~€lfl111lH ~ 

'.ifl.:Ji'lJfll'.i'Yi\PlJ'WltllJ'.i:lJlJUOlJ1ifln Linux l'l1fl Window ./ ./ ./ ./ ./ 

14 61" 4 .dt 4 4 ... I d't G) I I 
tflflffl1flllflfll'.i 1'lf.:Jl'W (Manual l'l'.ifl User Guide) 'IJfl.:Jlflrn.:J11flY1rnt1umWff1'W 1mu11:ufl!Nflll't'n 

cu 'I u '\I 

1 uitJ lllJlJ'IJfl.:Jm :~lll~.:J i liijfl1111ff:~1fl 1 u fll'.i 1 i.:i1u [45] 111m1u 111vY1" w:ff u u u:t1111 

Mobile Augmented Reality System (MARS) 'lf1fJt~11fl1111ffl1llrn 1lJfll11tff~.:J,i'fl11€l itJv.:iNli.:i1u • • ' ,, 
1,i'i ~ v i 1v1 i u :u~ VJ fl Yi I rn : VJ rn 1 m [ 4 6 J u fl n 11 rn ii H1 i ff 111 n u 1 i Yi 1 VJ H '.Ii 1 1 11 'lf 1 ~ 1 u • • • 
fll'.iU flfflJ'Yi'U £titJ MARS 1rn:0tJmw ~.:Jfl~11,11rlu ~ ,1:,i'fl.:i½'1Jf ff filWU 1~i fl111l 1.:J'IJW:, '* .:i l'W ~ . . 
i1fJ ffll'l1lJ.:JllJ On-the-Job Training (OTJ) ~,ifl.:Jfll'.iNflfllJ'.illfll'.iUij1J1i.:i1u1uffmlJ~'nl.:Jl'W1l1.:J 
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I I JI I 

lfit11fiur1111rn1-mYjjfl'W MARS lliirl11:Uffllllrnl1.:Jl1:U,l,1',:ifll":i'Hfi 2.3 'Yllitt Microsoft HoloLens 

, <I <!I .,j ~I , o'd'I V... ':'11 'I v "' 
111-ltl'W\Pl Universal Robot 5 (URS) \jfHclflfH'WfllIJ'Wl:i'Wtl'W\Pl'YI l'lf l'Wfll'.iHflr11UfJ:Ufll'.i t'lf.:Jl'Wl'W'.il:::U 

r111:U~W,lJCJfUifl'W1'Wf11'.ir111JfJ:U f11'.ir11UrJ:Ufll'.ilrl~fl'W~'tlfl.:J URS ijfl~l1clltJJiJUUU ~.:111-1 

"'., ,f ,,rll) V <!I , V .,j ., I o'V .I 
.:i 11-1 1,i tJ 'If 1-1 1-1 l ,l rn fl fl 'If f11 HYfl ff 1'.i fl lJ 111-1 tJ 1-1 \Pl ,l 1 ti J IJ U lJ lJ Primary /Secondary Interfaces U cl :: 

I o J., 4 I ,/~ d d QI ~ 
ff .:Jrllff .:J URScript l'Wflr11UfJ:Ul:i tJ'W\PlCJl'.:JlJ';iltJcl::ltltJ,l,l.:J'W 

1) movej ,11A'.:i~16*11-1mrn11JfJ:U~'Wt1'W1>1itt1r1~fl'W~iiJti.:i~1umJ.:i~flll1'W,lU1JU1i.:i1iV1-111-1ii~ 

;.'lj/OJ.,~1 ,ljJ ~ 4d G)i/ OJ., 4 

'Ufl.:J Joint Space 1:Ufl l'lfrllff.:J'W l:!'Wtl'W\Pl\Plfl.:Jl1~,l'W.:Jl1rn:Ufll'.i l'lf.:111-lrllff.:J movej 11m movel 

, V J' d , 'IV . 
flfl'Wl1'Wl'W rl11:Ul'.i1Ucl::r1111JIH,J::\jflrl11JfJ:U.flW 1\Pl Trapezoid Speed Profile 

2) stopj r11J.:i~1fl1-1m1r11UrJ:U~'WtJ'W1>11ttl1q,lfll'.ilrl~fl'W~UUUli.:i1iV1-1'l1-111~'1Jfl.:J Joint Space 
' ., 

3) set_standard _ digital_ out fllff .:Jff .:lfftlJtlJ1W~illcl,Jlflflrifl.:Jr11UfJ:U 1 UfJ.:Jjjfl,iuiu.:111-1 (Gripper) 
' ., 

l'nfl ifl1-1m111vuiui1-1.:i11-1 

1::1J1Jfll'.iHflfllJ'.i:U1'WU'YI~ 2 rT.:i1h:ff1JtllJUWl1l1Jl.:Jflfll.:Jflfj l'lf'W 1ll'W1'W'IJfl.:JN11Jfll';jHflfllJ';j:U~ ., .. .. 
' ., 

n1.:i11-1i1:uti'1-1i1-111m1~t11ti'1-1 w fftll'Wlll~t11ti'1-1 r111:ui2.iff:u,i1.:J'llfl.:J'.i::uu f11'.i1J,llflti1 (Distortion) 

i 'Wf11'.i11J/Uff,l.:JHcl.fll'W r111:Utllff'11Ulfl i 'Wfll'.iiJijif:UW'W'JitllJ'.i::UU llcl::J.J:U:Ufl.:J i 'Wf11'.i i 'M.:111-1 '.i::UU 

d o Q.I Q.I t ct Q.I ~ cS 4 ... ar , ~1 .... 1 o1'1 v ~ 
:U ,>lf),l 11.:J'W'W '.i:: lJU'Yl'W\PJJ'Wl'IJ'W ,J.:J\)flflflflUlJUl'Wflcl1l1JtlJl1 lll1cll'W 1ltlfll'.iIJ'.i::~fl\PI I 'lfU'W 1rl,l'IJ fl.:J 

a1 a, ti, ~ "iV V 
f)l '.i II ff,l .:J ff Wrl flll W 'YI 1 'YI H ( Gesture) II cl:: 'YI ff'YI H f11 '.i :Ufl .:J ( Gaze) 'IJ fl .:J H 'If .:I 11-1 l1 cl W rl 1-1 ,l 1 ti ., .. 

~ ., ., V V 'l V <!I d V ., 
.fll'WflHnfl,l.:Jl11'1Jfl 2 .5. I llcl:: 2. 5. 9 mrn ff,l.:J'llfl:Ucl 'Wff .fll'WII 1,lclfllJlff:Ufl'W'Ylfffl,lrlclfl.:JflUfffll'W .. 

V "' ~ iV <I ,1., V ., d 'IV 
ll1,lclfl:U,JH'.i1:utNfll'.i 'lflJl'.irllf1fl'.i,l.:J'Ufll11 2.5.6 2.4.5'1J 2.4.5,> llcl:: 2.4.5'lf f11'.ilf11JHclf11'.i t'lf.:111-1 

4 QI " QI j/ 0 61 jJi 
I ff:U fl'W '.i:: UlJffl lJ1 Hl'.i lJ J cl fl ll W:: 'YI H f11tl.fl l'W 'IJ fl.:J ff .fl l'W U 1,l cl fl :U II r1:: ffl lJl HI 1-1 l lJl l 'lf 1-1 

fll'.il11~11111'W.:Jllr1::nrl"Yll.:Jf11'.i lrl~fl'W ~'Ufl.:Jffl 'M .:111-11 I( iifll'.i i 'M'.i::lJUlrl~fl'UW 1 ~ ffWffl1111J11J-ff .:J .. 
"U fl J..! cl fl l '.i 't11.:J 11-J j 1:Utl1-111 U lJ 11 cl 1 ti rfl 'M .:J 1 '1-J ff 1 '1-J 'IJ fl .:J fl l '.i ~ ,l ~ fl '.i:: 1111.:J '.i:: lJ lJ tl lJ rfl 'M .:J 1 '1-J 1 l(ij fl l '.i 

flflflll UU 1 ~ lm1 m:u (Hologram) ~ff 1mrniJij if:uwu 'JitllJ~ 'Ml1cl Wrl u i 1:uti'1-1 llcl:ff .fll'Wll1,l!fl:u 

.C::..jJ I q 4 14 O Ir/ lj/ 

,> '.i .:J 111tJ'YI l'Yl 1.:J 1i n :U 'lfl\Pl '.i ~ lJ lJ ffllll '.i f'll ')j'fl :U \Pl fll 'W fl rl 11J rl :U fll ';j 'Yll .:J 11-1 'IJ fl .:J 111-1 tl'W \Pl ff fl11 r1 cl fl .:J \Pl 1lJ • • 
r11A' .:i i '1-J ff.fll'Wll111ftfl1Jlffjjfl'I-Jllcl::ffl:Ul'.ifl i 'M.:111-11::uu i '1-Jfffll'W~uiN~.:111-1 ,i1 .:J'WJfl:u tl'I-J 11111 clW 

rl'W 



I 

.::t <v 

1J YI YI 3 fl Titl tl fU A 1J 1J Am: 'Vt~ \fl 'i: 1J 1J 

'l ,1 d • 'JI d 11) 'J/"9 'l d 'l 'J/'l ., & 
t'W'U'YllH1~1tlum'.l'Wl'llVl.Jcl'Yl i~ffm:11 t'W'U'Yl'Yl 2 m t'lf ium'.lvvnu'U'UUcl~l'I\PlJ'WU~'U'U ClfHJ~ 

nri11~-!lU 'W 1'Yl 1-!l1~fl1f1'1.J '.l ~'U'I.J~'j V-!li' 'U f11 '.l '¥11-!ll'\.J rll i'-!ll'\.J '11 cllflfl'W ~\JO .ilJVi 'W 11 f1'1.J '.l ~ 'U'U !~ fl1f1'\.J 1 u 

nmw~viinu 1~ ifliv-!li'iv~l 'lfi u f11'.l'Vi\Pl.l'Wl'.l~'U'U m'.liJ'.l~fln\911 i'mfl 1 u 1 ci~f!11ii111-!l1'ff1ii1~u-chu 
q 

3.1 fll'lflflflU1.J1.J'l~1.J1.J 

' ' _1.c:1 'JI "' 
JUTI 3.1 flll'l'.l1lJ'IJV-!l'.l~'U'UfllfJ'\1V-!l'Yl 1 
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PC(Server) 

.1-:t V ,d 
'i'U'YI 3.2 fll'Yfi1lJ'IJfl.::J'j~'l.J'Ufilf.Jl1tl.::J'Yl 2 .. 

• I ,/ ~I • I ,/ ., ,d i V ~I I • I "' ., ., ,/ I ,:ti V 
~IJmW Microsoft HoloLens l1J'U~1JmWl1~fl'Yl1l~\)fl 'll'l1J'Uff'l'U'Utl.::Jfll'j1Jffcl'l.ll'l'U'!i'j~l111.::J~ I'll' 

e,, 'J/ al G a.,a., J. , 
(User) fl'Uffflll'lll'l~~tllJ!fflJtl'U (Virtual Environment) System Core 1l~l1J'\.J\,111l~fllrnn1'll'tllJ\,lfl 

j/ I o 'j/ c!C ~ 
'IJD.::JHl 'll'.::J1'\.JU\,l~~fl'UU~~fl1'Ufll.Jfll'j'Yl1.::J1'U 'Utl.::Jff flll'lU 'l~~tllJ!fflJtl'U 'Yl.::Jl1 lJ~ fllf.J 'l 'U System Core 

~ . 
,i ~ ii l1 'W 1 fJ ~ 1.::J "l ~ fl 1.::J 1 'U '.i 1 lJ f1 'U i IJ U fl Information Collector, System Manager, Hologram 

1 V et ,d V J' "'1 1 Information, 1rn~ Script Manager ~tlffflll'lU1~~tllJ!fflJU'U'Ylff'j1.::J'IJ'U1l~lJ el mmrn (Hologram) 

1~'Uff'l'U~~~fl'j~l111.::i~ i.::i1'Uf1'l.J'j~'l.J'U Lel huml.!~1.::i ci ~D~i 'Uff flll'lU1~'1DlJ!ffjjD'Uiim!1~ 

U\,lfl~Hfl'Ulrn~ ~.::i 1oh1mll .::i'll D.::J 1 el 1 ~um l.l~ mJi 'U ff flll'lU 1~'1Dl.Jl ffjj D'U ,i~ 61.::i U.::J\ollU l1 'W .::i fl'U 
~ 

11) Ve! V • I ,/ "' I V I ,:ti V ., 
!~tlfl~'lfJ [14 , 47] ~IJmW Microsoft HoloLens ,J~lJflUff.::J'Utll.j~\,11.::J "l 'Utl.::J~ !'ll'.::Jl'Ufl'U System 

Core ilJun l1l.Jlf.Jl~'IJ (User ID) \ol1Ul1'W.::Ji'Uffflll'lU1~"tllJ!ffjjO'U (User Position) 'Vlff'Yll.::Jfll'jl.Jfl.::J 

1 i 'JI 'jl 'JI t 
(User Gaze) U ~ ~ 'Yl 1 'Yl H (User Gesture) 1l 1 fl 'U 'U 'IJ O lJ ~ 'IJ fl .::i H 'l 'll' .::i 1'\.J 'Yl .::i l1 lJ ~ ,i ~ tl fl n'U 'j 1 lJ 1 ~ fJ 

~ ~ ~ 

' ,, ' 
et V ,:tiVo, llJ.I"' et • .I I 

Information Collector ll'ltl'IJOl.j~'IJO.::J~ !'ll''Yl.::Jl1lJ~ !lJfJ.::J System Manager ll'ltl'Yl1flUIJ'j~lJ1~H~11 

'UOl.j~i .::i flri 11iifln iJ ijifo~'U £0~ i 'j fl'U 1 el h Um mj' H Script Manager ,i ~ l'l 1 fllTO 1'\.J 'U O 1.J~ 'IJ O.::J 

1 1 .,i .I • ~ ,d I 11) • I ,/ et ~ d 
el ~um l.lll'l DIJ 'j ~ lJ 1m-rnmff .::i 'Yl ,i~ ff .::i I iJ fl 'l'Ufll.l fln 'Yl 1.::i 1'\.J 'IJ u.::i l1 'U v'U \,Jlffll D'U CJf .::i ,i~u iJ~ .::i 11l'U • • 

URScript U'11ff.::iiiJr11'U~lJfll'jfl1.::Jl'U'IJU.::J~'UfJ'U~1l1.::i [48] "J'~TilfJ System Core ,J~ff.::J'Utll.j~'IJO.::J 

1el1~umllfli'UlJ1V.::J Microsoft HoloLens ilJun l1lJWrn'IJ (Hologram ID) \ol1Ul1'W.::J (Hologram 

Position) u~:;'Y]ff'Yll.::J (Hologram Rotation) 
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d I ')I ')I ')I d a, J o , ')I ~ ')I d ,, a, d d 
\llf1'YlfHll1lJlU'c'l1'1Jl.:l\il'U ':i~'U'U'Yl~\Pll'Ul'IJ'U \l~'Yll '11 H l 'b'.:il'U'Yl'iHJ 'U ':i~'UWY.:i!f1\ilt'l1'U f11':il'U'c'lr.l'U U 'Uri.:! .. .. 
'11~ Of)l';i \ilO'U rl''U 0-:l'IJ 0.:1 l'c'I l 'c'I Um 1J l1'U yj~ ~ i.:il'U ij mnJ t)'ff:Ui'U £nu ':i ~'U'U ~ i.:il'U l'JfHl'U \I~ 

rl'llJ1Hl1Jt)'ff:Ui'U£nu I~ !'c'1Uf1':i:U~11Jf1'U i 'Ul1"11~V1f1'U \U rl'fll'U~'Yll.:ll'U \l'i .:11~0~ 1:Uf1'U fl1'UTJ:U 

I """')I a, _1.:i 
'11'UV'U\il lflfl.:l'.iuTI 3.3 . .. 

User1 
User ID 
User Position 
User Gaze 
User Gesture 

Real Environment 

Virtual Environment 
(System Core) 

Information 
Collector 

System Manager 

Hologram ID 
Hologram Position 
Hologram Rotation 

Hologram ID 
Hologram Position 
Hologram Rotation 

Holograms 

Hologram ID 
Hologram Position 
Hologram Rotation 

Script Manager 

Universal Robot 

User ID 
User Position 

User Gaze 
User Gesture 

User2 

Hologram ID 
Hologram Position 
Hologram Rotation 
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'J/ dQI I 'j/ I ll!9J I ~ 'j/ 

1l~\,lfl.:llJ'.i'U-ff.:l'IJOlH'lm'Wmrw rrnw (Wireless Local Area Network) 'i~'l-rn.:iH &'Hl'W (Client) lHrn.1 ., ., 

<!I lll • I ., a' ,Ji ?I O a' 
'11 rn fl fl f11l 1 m ~ 'U 'U (Disconnect) !lJ ti.:! 'i ~ 'U'U ff'W tlf1 c'IH (Server) 9M l lJ 'W f11'i'Y11.:1 l'W U 'U 'U'i 'Jllff'W ti ., ., 

., ~ 'J) ' 'I 'J) <!I 'I 'J)~ 'J) ' 

(Centralized) 'i~'U'Uff'Wtlf1"1.:11l~!f1lJ'\Jflllc'l\,ll.:I en 'IJW~ &'Hl'W'i~U'U!l'rn t'\1H &'ll'.:ll'WU\,lc'l~fl'W'cYllll'itl cu cu I cu . . ,, 
o, I 'J) clcl l'J \/J 'J) I I ,!I 'J) \/J I 'J) ~ 'J) cl o, 

'j lJ-ff -:1'\Jflllc'l'Ylll fltl I 'W 'j ~'U'U & flfl tll-:1\,l fl! 'W fl.:IU c'l~'\Jflllc'I & llff W'\1 ltlUlJ H & 'll' -:1 l'W flflf1'j ~ lJlJ 'W flf11llf1'W ti.:! 
cu cu <u cu u cu 

IPlfl.:l~f11H1.:lflT~.:l!~flf11lJfllll1'Wtl'Wt (Universal Robot 5: UR5) t.:ivi11irJ.:immhu i~un ~'*-:ll'W . . ., 

'i~lJ'Uff'WfJf1"1-:I !!c'l~l1'Wtl'W\911Plfl-:! 1-*fltJmw~rn.:if Uf11'i !~flll~fl~l'W!!c'l'W l ~fflt1Uc'l~~f11'i !~fllJ~fl ., . . . 
., .1.:1 

fl-:1':iu'n 3.4 .. 

Holol ens 1 
[Client 1] 

PC 
[Server) Wireless Bridge 1 Wireless Bridge 2 

Hololens 2 
[Cf ent 2) 

Unrversal Robot 5 
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1) Unity 20 l 7.4.16fl LTS (Unity 30) I iJ 'WI fl i V-!l ilo ~ 1 •*1 'W f11 'j lf WI 'W 11 fl 1J ( Game Engine) I iJ 'W 

CJfvvJ1o1111i~16*11-Jflnlfwi1-J1 hhufl'j1J1h~vfl1o1 3 ii~ ~'cYl1J1'jt116*'cYJHuvi.Jw~tfl'lf'W 1~ • 
'YI "1fl'Yl clltl'j ,Ju 1J1JUcl~ EJ-!l'j V-!l'i1Jfll'j lf WJ'Wl'lH'llVUm''ll>l'VJVi 1J':i 11J~-!l Microsoft HoloLens [ 49] ., 

fll'jtJVflU1J1Jl11\J~,i~Vr;l6*-!l1\J (User Interface: UI) ~1-!l 'l 11~'Yl1~1'W Unity 30 1iJm-1~t1 'J11Jfl-!l 

d • 
2) Microsoft Visual Studio Community 2017 ttl'W IDE (Integrated Development Environment) vi16* 

, "' 'LI 'ii 4 i'il ., .,,'il~I , 'ii 'WfllWIW'W rn'JUfl'j1J,i1Vfll'lfl C# !WV 'H1\Jfl1J Unity 30 Ucl~V-!l 'lHIJ'W Compiler Ucl1 Install 

Application ~'cYJ 1-!l~'W111fl Unity 301,J\J HoloLens flfl~1V 

3) MixedRealityToolkit-Unity 1iJ1-J'lj,iti1i-!l~lfwi1-J1~1mn1n C# 1i11-Jfll'jlfWJ'Wltrni.Jw~tfl'lf'Wt11J 

Augmented Reality 'j V-!l 'i 1J fl n 'Yi H 1 'W 1 'W 'YI cl 1 V ~ ,J fl'j W n 1J ~ -!l Microsoft HoloLens !!cl~ EJ-!l 

'cY11J1'jt1lfwi1-J1 l1hum1J':i11Jt1'W Unity 30 flfl~1V 
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' " 'JI .., ,J... "'"' "'<!I "1 'JI 1" 0 1llf1UN'U.f11'VH1';i::Uff'lltll.JMl~J fl 3.3 ~l'U11ltl'U1l~ !,ltltlflUlJlJ '11 System Core 'YIHl'UUlJlJ 

Standalone Server l,1t1l1Hl'Wt1tj1'W';i::1J1Jf!WJf1r!H (Server) f1Ul1Hl'U'lltl~ System Core uri:: 

Microsoft HoloLens ,i ::1 iJ 'Wl!tl'.U'W il1 fl 'M'W ~ 11~ t11tiu u~ mmrn !'.LI~ tl'W 1J 'YI 1Jl nm nh ~l'W 1,i', ilu J~ 
,!I 1 "' "' "1 'JI I i I k O 1 'JI"' U1J1J Server, Client 'ttW Host (Server irn:: Client 'U11r!l!,Jt11fl'U) 1,1t1t1l~ ,ltltll~'tt'U~ 'Yl1 'tt:1Jfl11:IJ 

flrlt1~~1 iumnf \PlJ'WlUt1'.LI'W~1fli'u1rn::mn111 ili\Pll'Wl~t11~t1 ii~1uti1J';i::1J1Jg'W '1 fll';i'.U';i::111r1 

1 I i I "> .M i .'f <9 OJ • I .'f 
Nrl\Pll~ '1 'lltl~';i::1J1Jff1'W my,i::m,i,iu 'UH~'lltl~ System Core l'Wtlrl,J'W?Mf11HJ';i:::IJ1'1Nrl'lltl~H~ 

fil'lf~l'W (Microsoft HoloLens) 'Ylf1fl'U~lll~l'Wi111tiu1 'W';i::lJlJ n1111~~fil'lf~l'Wij'.U';i::ff'Ylifll'Wi'W ., . ., 

fll';iUff,J~Nri~~ i u~1u1ivtl1,i'iju,J~m';ii\Pllu1m';iff ~,i't111r1 Hl'Wlfl1t1~1t1t1t1milu 2 ri1u l ,ivrl1u ., 
d QI QI 1 'J} .d QI ~ QI I .d d i" 

u rn,tlu nn"W\Pll'Wn::1J1J';j1J-ff ~'llt1:1Jri'Yl'W\Pll'W l'll'W rn~,i~mflN'W 1n fl. u ri:: ff1'W 'YI ffti~ ,1::1 tlu fln 'lf ., 

i QI l'J/ ,JQ/ ~ QI l'JI I 
~l'U Unity Network 'Uf1l';i';i1J-ff~'lltll.Jrl'lltl~';i::1J1J'Yl'W\Pll'Wl'll'U f1l';i';ilJ-ff~'llt12.Jm::1111~ Client irn:: 

t I QI "1 'JI ~I "' I ~ 
Server 'lltl~ Unity 3D 'U'Wffl1Jl';iflU1J~f1l';i'W\Pll'Ultltlfl !,i!IJ'U 2 jIJUlJlJfltl 

' £!!I o QI QI QI I 'JI .c::::Sd QI 

1) Network Manager 'ttHl The High Level API mm::ffl'tt';i1Jf1l';i'W\Pll'Wlflln1J-ff~'lltll.jrl'Yl:IJ1l,t 

' 'J} d QI I 

f1l';i'lltll.Jrl!f1tl1f11J Component 1>11~ '1 'lltl~ Unity 3D 

• OJ 1 v.l .., '" d 2) Network Transport API mm:: ffl'tt ';i 1Jnn 1H fl H ff';i H'W 'W ! l 'W 'll tin:: 1mm n 1J-ff ~'ll tll.J '1 'YI 

ffl:1Jl';ifltltlf1!!1J1J';i'.UU1J1Jth& ~ 1,i'm~ (fll';i lll~l'U fl"'ltlt"11Jf1lfl N'U 1f1 fl.) ., 

" ' 
1u~l'U11lt1il1,i'1nt1ni\Pll'Wl';i::1J1Ji'1J-ri~,i'tll.Jrl l,iti1'1f The High Level API 1Utl~,llf1ffl:1Jl';ifl'tllfl11:IJ 

"i O ~ 'Jl.c::::S 'Jl,'J}I QI .a I I 
!'lll ,1m::1J1'Uf1l';i'Yll~l'WUrl::1';i:IJl>l'WlW'W';i ,1~1t1 ';i:;1J1Jf1l';i1l,1mrnn1'lft1:1Jl>lt1';i::l111~ Server 1rn:: ., 

JI I I JI 

Client 'W'U ,i::i'lf Component ~11~tl1t"1'U 1,i' ;w:h Network Manager 'Yiffl:IJUfl\.l~fll~H '1 1 'U 

nn 1 ~tl:IJ~ ti 1 ~ ff 1'W ~Ul>I fl~ H tiu ';i:: '111H Server 11'1:: Client ti ti Server ,i:: iii ,i '1ftl ~ 'YI l n tii' 1J 

fll';il~tl:IJ~tl (Open Port and Listening) ff1'W Client 1l::lllfll';il~tl:IJ~t11iJ5~'1ftl~'YIH~ Server 1iJ,1 

"'i/ Q/ I 'J} I t 'J/ I d 
!tll 11 (Connect) mnlJ-ff~'lltll.Jr!Nl'U Network Manager 'W'U 1l:::1Jtl~'lltlJ.jrl\Pll~ '111J'U Object l,iti 

. 1 .,. .... "' .,. " ,. <!I .... k 
111>1'1:: Object flltl 'U Server 1,Jt11f1'Uf11l:::IJ'lltll.jrl'Yl!'tt:1Jtl'Uf1'U't'Jf1 Client CJf~ Object ffl1J1H1Qf1fl11Jf]:IJ 

\l)i/t Q/ .d ")'JI I d ~ 
!,l'Yl~1llfl Client 1rn:: Server ,J~j'.U'YI 3.5 Network Manager &,JU1J~ Object tltlf1!1J'U 3 '.U';i::U'l'Ylfltl 

1) Local Player Authority 1iJu Object ~1l::\}f1fl11JfJ:IJf1l';il1Hl'W1llf1 Client ~,iJu,~l'lltl~ Object 

" ' 
!'t1l'W'W Client ~fo111t1 Server 1:ummrn1,i'1mfl11Jfl:1Jf1l';il1Hl'W1~ ffl:1JHfl'Wl:IJl'.LI';i::t1n1o1ii • • 
ium';iUff,1~i1r1::m'llt1~ Client 1um:IJ 

2) Server Only 1iJu Object ~flflfl11Jfl:IJ l,iti Server 1n1tTu Client 1:ummrnfl11Jfl:1Jf1l';il1Hl'W ., . . 
" 'lltl~ Object 'W'U 1~ ffl:IJl';ifl'Wl:IJl'.U';i::~mi'i 'lfi 'Uf1l';iff!1~if 1t111ff,1~ffmu::~1~ c:i 1um:IJ 
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. ,, 
3) Object 'Yi i:J'l'lfl'i'-:i Local Player Authority 1rn~ Server Only ffl1Jl'.itl~f)ff'JU~1Jf11'.il'll-:Jl'U i~,:nn 

,, 
Client l'Jf1l'i'nrn~'.i11J~-:J Server ff11Jl'.itltJ11J11h~~f11ol'l'Mlum'.ill'ff~-:J1\PIQ~l-:J '1 hHnlJ 

Server 

Player 

C "' > 
~ !!i ~ ti "' ti 
"' "' 

.., 
QJ 

a. .., 
~ QJ > C C: .., "' V, a. C: "' E C: 

tl :::, C: ., 0 .. !!i 0 a: E u 
"E "' u 0 "' 
0 t;; 

u i5 

Input 

. 
- I ,:fj Q./ I " I 

'fu'fl 3.5 f11'.i'.i1J-'ff-:J'Ufl1Jrt'UtN Obiects '.i:::'1111-:J Server trn::: Client [50] .. .., J 

J/ I J/ JI 

f11Hl-:Jfil'nfflrltU'l'U Network Address 'Ufl-:J Server 'lu-:i1u1i'tri'U'U~fl ,J~fll'\1'U~ Network Address ., 

~I .,i 'l ,, ., .,i I "1 ,, I 

lu'U localhost l'Yrn '11 Server ff11Jlrn'.i1Jf11'.il']j'fl1J\Plfl1llf1 Client 1~1llffYJf)']j'fl-:JVll-:J (Interface) 'Ufl-:J • 
1r1ie>-:Jflfl1J~'ll\Plflf1r1ie>-:itl'u1rn:::fll'\1'U~ Network Port l~'U 7777 ~,:i Port i-:in~11,i:::loi'e>-:ii:JJ1n1J 

Port 'Ufl-:Jllfl'U'Y'l~lfl'lf'Ug'U l'Y'l'.il::: Port l~'Ui1fll'\1'U~1lf11'.il~fl1J~fl'l~ '1 ,i:::loi'e>-:il~fl1Jf11Jllfl'U'Y'l~lfl 
I ,, ,, f 

'lf'Ui~i'Ulfl~fl-:J'\.J'U '1 i-:iuu Server 1l:::'.iflf11'.il~fl1J~fl1llf1 Client Vll-:J Port 8899 ffl'U'Ufl-:J Client ,i;:: 

'l 
,, I d ., I • I .d ~I 

']j' Network Manager l ']j' 'U l ~ tr 1 f) 1J Server II \91 l u rt tr 'U Network Address 1l 1 f) localhost l u 'W 
JI I )I I 

192.168.2.222 ('l'U-:Jl'Uli'tr'Ulfl~fl-:J Server ii Static IP = 192.168.2.222) 1llf1'\.J'Ul'llf11'.il~U1J~fli'Url-:J . ,, ' 
Server 'Yiiim'.i\.1-:Jfili-:i1tJn 3.6 .. 



.., 0 Network M•na11or (Script) 
Don't Destroy on Loed 
Run in Eleck11round 
Loo Level 
Offline Scene 
Online Scene 

I Info I ) 

...:.~:_Off_lin_•_-=======-- e 
~Online e 

.., Network Info 
Use WebSoc:lceb 
Network Addre11 
Network Port 
Server Elind tD IP 
Saipt CRC Check 

D 
locelhost 
8899 

Max Deley ..:.0.:..:..0:..1 _ ___;_~======~ 
Max Eluffered Pec:lcm 16 

Pec:lcet Freomentetion 
MatchM•ker Hoit URI -m-m-.u-n-et-.u-nit_y_Jd-.co- m _____ _ 

MetchMeker Port 443 
Metch Neme ""'d""'ef,...eu..,..lt------"'-'==== 

Maximum Metch Size 4 

., Spewn Info 
Pleyer Prefeb e 
Auto Creete Pleyer 
Pleyer Spewn Method 

~ eoi:•;;:i:~:;:ble Prefa-,~-'~-y-Sc-ri~pt-c ""'ub_e_...:.===;:__,;jo 

Advenced Confiouretion 0 
use Network Simuletor 0 

Saipt O NetworkManaoer 

' ., 

+ -

e 

·nHi 3.6 fl11\ol-:J~lffTW'\JV-:J Server lu Unity Network ... 
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., ' . l ~ QI d~ 9,) 0 'j) 'J} ~ dd 

fl11'Yl~ffV1Jfll'j'Yll-:JlU'\JV-:J Network Manager U-:JlU 1,rnu L~'Yllfll'jff'jl-:Jff flll'lU 1~,rnlJlfflJVU 'YllJ 

UH !U1Jri1-:i Jl'tt'Wf) Utl:::U'j-:Jf11:::'nl~V1\91Q ffr1-:i Player Object (Local Player Authority) ~-:Jl~U 

., i l " ' Q.I ~I d \ol'JU'YIU'\JV-:J Client UU "] l U U'tt'Wl\911-:J'\JV-:J Client ,i:::11ff~-:J Player Object '\JV-:J\9111V-:JluUffU~-:J 1rn::: 

., "' 1- 1 "' , ,, ,, ,,. l ,, :ll l ., 
fHlJ'YIHf)'fllJ u'j-:JUff-:JffU~-:JV~~lU'l1Ulll'lV 'lrluU Cursor Uf11Hl11JfJlJ (Drag and Drop) f)1J 

I J/ I J/ 

Object vu"] 1Uffflll'lU1~'1VlJlffjjVlJ ,llf)'WU'nlfll'jffr1-:i Shared Object (Object Yiilil'lfli-:i Local 

Player Authority irn::: Server Only) ~!~U~f11Jlfff111":::'Yl'j-:Jf)'fllJ1~V'Yl~ffV1Jfll'jUOfflJ'VTUfifl1J Player 

,Jo., d 9) d.ct O O I o' 1 I d 

Object lJVf1,Jlf1WJ-:JlJfll'jff'jl-:J Object 'YllJfll'j,Jl'flV-:Jfll'j'Yll-:JlU'\JV-:JU'\JUl1'Wt.lU\olvt.ll-:J-:Jltl lJ 5 Link 

~v~luuu11~t1'JflU'j'JlJ~-:ijjv{1J:ifu-:i1u~Utllf.lU'\JU~'Wf.l'W\Pl 1rn::: 4 Revolute Joint !~ti Object 

i-:i111J~~ffr1-:itummrnui}ff1J'VTUfi'j:::'11'Jl-:JflUi~ l'lfU Client U~tl::: Client ffllJl'jfl'lJ-:Jf11J Player 

Object '\JV-:J\olUlV-:J l~tlf)Ulfl~VU~!rn:::fl11JfJlJ Object tu "l 1uffflll'lU1~'1VlJ1ffjjvu ,~ U~tl::: 

Object ffllJl'j fl\ol'j 'J,J ,J1J f)l'j 'lfU flUU '11ff-:JU 'j ,:J f)'j::: '¥11~ V'J\olQ tu l ttlfi~f)l'j lfl~ vu~,~ 1~ ti 

fll'j'Yl~ffV1Jl~'Yl~ffV1Jfll'jlll-:JlU'\JV-:J Server fl1J Client lumiv-:i1~t11nu~frnJ~ 3.7 irn::: Server fl1J ... 
' ' 

Client TI 'n 1 -:i 1 U V ~ fl U 'fl ::: ! fl~ V -:i 1 ~ 'Yl ff tJ f) 1 'j 'n 1 -:J 1 U i -:J f) ~ 11 ff 1 lJ 1 'j fl ! ~ 1 ~ -:i l ~ 'ii 1 f) 

http://bit.ly/networking-mu! ti user 
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JU~ 3.7 ill'.i 'VWl'fftl'Uill'Hl1'UfJlJ Object ~1.:J 'l HTU Network Manager 



41 

(Mouse) ~'1'il~Uff~'1~111'11'U'1t~'W Cursor trn~'ffll.Jl'rnih:imh«-:i Click trn~ Drag and Drop ittfl1J 

tfliv-:im:iml:it1-rofr~m.h~WHHHlrll'«-:iif1 iuiY'J'W'\JV-:im.Jmw Microsoft HoloLens nt'lf'Wt~V'Jfl'W 
q 

'ffll.Jl'H11J ijffll'Yi'\.J)jf1'JffY1l'VIH ( Gesture) fl1J 1 ~ 1 irnm lJ if1 ~-:i1.h~t1V1J i llf11V Gaze ~u ff~-:inrY 

'nff'VIHt'm'V1JtffijV'W Cursor '\JV'1tl.Jl'ff Tap ~t~'Wt11':iilV'Wrlli-:itffijV'Wt11':i Click 11"1~ Tap and 

Hold ~t~'W t1nilvur11i-:i i 'W t11':i"11t1-11-:itm V1J if1fl1J Drag and Drop i-:itTu rfl i-:i1u 'ffll.Jl':itl ii 

'Y11'Vl1'1 Tap and Hold t~mi'1m,humJ-:i'llv-:i 1~ l"111mmrn~iivil'Vl1-:i Tap t~mll~V'Wfftll'W~'llv-:i 

1~ 1mtml.lff11'1CJf'illt1 "Deactive" t~'W "Active" [14] i-:i~,J~ 3.8 .. 

(a) (b) 

(c) (d) 

JU~ 3.8 (a) fftll'W~ (Deactive) ~l.JflV'Wiivi1m-:i Tap (b) fftll'W~ (Active) ~l.J'l1cl'1iivi1m-:i Tap 

(c) ~lU'l1'U'1flV'W'l6*vi1m-:i Tap and Hold (d) ~lU'l1'U'1'11cl'1'16*vi1m-:i Tap and Hold 

31 • ' 
VW\'1111'11'W'1 

. " . 
1~vi1illt11':ifl'J1Jfll.J UR5 \J'W'ildhhu~~~vHii-:i1'WHl'WWHfl'J1Jfll.J Teach Pendant ~-:it~'Wm.hov 

q .. q 

U1J1Jffl.JHff ~6*mm':it1ff!1-:i'lf~r11i-:ii~vfl11Jfll.Jl1'WV'Wtlf1 iu-:i1u1ivtlif1vvt1111111ri1u~~~v 
~ Cl Cl Cl 

j/'13/ I 11 & o 3/d i3/ j/'13/ 
H !'lf'11'WHl'W ~ "1Uml.JCJf'1'Vll'l1'Wl'VIU'Vl'Wt11'.l 'lf'11'WUH'1fl11Jfll.J Teach Pendant H !'lf'11'W'ffll.Jlrn 
.. q .. 
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0 0 I ,I ~ ~ 0 0 cl., .d j/ J I .d I 

'fflll 1':i fl ,J l'f'I 0-:J fl 1':i 'Yl 1-:J TU 'll 0-:Jl:f 'U tl'U IP'l I ffll O'U I~ 0~ f-l'f'I fll':i 'Yl 1-:J l'U 'll 0-:J 'lj~ fl 1 ff .:J 'Yl ff':i 1-:J 'll 'U flO'U 'Yl ,i ~ ff .:J 

'b'~r11.i.:ii.:it1ci1'J l1Jfl1'Ufllli-1tl'U\ol,J~ .:J (URS) !~ L'f'lllmmf.:i'Hll~ 'l'U':i~'U'UflflOOflll'U'Uiirijm!1~ 
q q q cu 

~Hfi'U 1~t1U'U.:JIP'llll'HUl~fl1HlHl'UOOfll~'U 3 1J1~lfl'Yl i~un (1) Virtual Robot (2) Script 

,:9 I I d o Q.I _1d 
Controller 11"~ (3) Robot Simulator cif.:JIIIP'l'f'l~ff1'U,J~llfl1':i'Yl1.:Jl'U~.:J'iu'1 3.9 

Hologram Interaction 

. . 

USER 
(4) 

.. 

Hologram Interaction 

Hologram Interaction 

' '7 

Virtual Robot 
(1) 

Virtual Robot Movement Virtual Robot Pose 

Robot Simulator 
(3) 

URScript 

Virtual Robot Script 

Universal Robot 
(1) 

7 ,7 

Script Controller 
(2) 

I ~ i/ Ii 'J/ d Q.I I d' .c9 9,) Q.I I 

'.i~'H11.:Jfl1'.ifl1'Uflll Virtual Robot H l'b'.:Jl'U'Ylflfl'U,J~Otl 'U'HO.:Jl~t11fl'U'H'Utl'UIP'l URS cif.:J'HO.:J~.:Jfl"11 
q cu q cu q 

d Q.I 'J/ ~I .d "i' I d' ,d i jJ d l .d ,Q Q,l<Q I ,I 

ll'f'I mHu~ IP'lHfl'f'IH 'H o.:i11J'U 'Yl rn.:icif .:J\] mrion mtltJ ( 4) ~'U 'Yl1J O'UIP'l m1 i 'U m1 r11'U rJlll:J 'U tJ'U IP'l 

1J'.i~ll1W2. 75 X 4.28 IP'l'.i .ll. vh ,ir1 ~ 1 'f'lllfl':illff1'U~1.:J 'l i tJ'1i'1.:i~'U \]fl\1~11.:J i 1v.:ilvi111'H'U .:Jflltl'UOfl 
,, ' ' 

vl'U-n (4) i.:inci11i.:i1un 3.10 .. 
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3 
I 

2 

4 

' ,, . 
'itHi 3.10 UH'W~.:i1.11.11J-v.:i;1'W1J'WUff~·ml'H!'U.:J~'Wnm'i11wn.:il-i1ul1u.:i'IJ-v.:i !ij 1mmrn 
V • 

' ,, 'j) ' 

mi'.:J1llf1'n 1;,r~'ll.:Jl-il!!l1U.:J'IJV.:J l ij hum1Jll.:Jl11J~U"'1 flWl'i'llJ'IJfl.:J lij hum1Jll.:Jl11J~'ni~'Wl 
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' ,! ,!I 
3.4.1 'tllltJ'\.!fUtY1Jtl'\.! (Virtual Robot) 

~tJtltJ\Plrn';jotJ (Virtual Robot) \]f1 i '*1 tJfn'J u ff~.:i Hr1ur1~r1om~t1m-iq~mrnm'J'Yll.:JltJ 'IJO.:J~tJ tJtJ 1,1 

URs 'J'Jll~.:J'IJtJl~'llo.:i~tJtJtJ\Pl 1iJi1.:i ur1~m'J11'l~otJi1nimhtJ~1.:i "l 'IJO.:J~tJtJtJ\Pl [s1] rriittr1w 

l'ltJ ffllll 'J t) iJ n ff llli tJ fi f1lJ'H tJ tltJ \Pll ff;j OtJ di~~ r O lJ f1tJ ~ 1tll11'Yll.:J ( Gesture) l1 tJ tltJ \Pll ff;j OtJ t) f1 itJ q q cu 

• I .I I I I I 

IJ'J~f10lJ'IJtJ\11f1'Hrlltl "l ff'JtJ l'll'tJ Base, Shoulder, Elbow, Wrist 1, Wrist 2, Wrist 3 Uri~ Gripper ll\91 

"~ 'ff')tJ 'IJO.:J'H tJ tltJ \Plrn';jOtJ ,l~t) m~llil~ll\,lf1~1.:J f) tJ I~ O'lf'Jtl 'l 11 H1 'MIWf1ll~ "~ 'ff')tJ 'IJ o.:i l1 tJ tltJ tl ~ ~ ltl 
q cu " q 

' ~ 

llrl~~fllO~lJltl (Tooltip) llff~.:J'ff')tJ~l.:J., YiHlin1rl'.:iio.:i1JO.:JO~ tJOf1,llf1Ull~rl~'ff')tJ'IJO.:J'tttJtltJ\Pl I cu cu 11 

' ' ~ 
~ ~ '" ,r:9 Q.IQ.li" '., lfflJOtJ\]f11'll'OlJ\910~1tl Configurable Joint Component 9f.:J\1~lJ.:Jl'llJ 'Hff'JtJtJtJ "l 'IJO.:J Virtual Robot 

~ ' 
~ cl d I Q.I I I d ,.i:.!t 

,i~m~f11'J'Hl,JtJl~tl.:Jllf1tJl~tl1l'YlltJtJ ll\91'1~ff1tJ'IJO.:J Virtual Robot ,l~l.J Rigidbody Component l~O 

i Yi O ~I "' "i y ,,i .d "1 y I y y O i y 'll' tJf11'J\11'10.:J'Yll.:JTifff1ff tJfffll~ll'J~r!Olllffl.JOtJ [52 , 53] \1lf1'YI !~f1'111l.Jl'IJH\91tJ ,l~'Yll 'H 

Virtual Robot lTtJ~~n~mrnm'J'Yll.:JltJl'l"11tlf1lJ'HtJtltJ\Pl\11.:ii.:i·nl~ 3.12 ., . .. 

. ' .l<:i ,!I 

Jufl 3.12 Tooltip llff~.:J'll'Ollrl~'IJtJl~lJll'UO.:J WRIST 1 

f1l'J~rri'M.:JltJVOfflllitJfif1lJ Virtual Robot l~Oll'l~OtJ i 'H'J i iJJ.:ifil'Yll.:J~l.:J "l \1~'Yll i '11lfl~f1l'J'ff .:J~l 
' . ~ 

Virtual Robot Pose iiJJ.:iihtJ'IJO.:J Script Controller 1vioffr1.:ir11ff.:Jl'l1lJfJllimTtJ~O iiJ 
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3.4.2 Script Controller 

., 
d d QI .cS 

Generator, Script Cube, Script Header, m1:; Recycle Bin lJ'jlff'1:;l'OtJ~~~'\.J 

n. Script Generator 

., 
Script Generator 1h:;mn/l,J~-wrl1url1ri'ty 2 ffl'\.J ~fl Base m1:; Gate i'Wffl'\.J'\Jfl~ Base 'IJ'\.J'ildJ 

QI d d ,da.,,d d fJ}.dQI .d 'J} ~ I .d d 

rlfl'!:ltu:;1tlu Cylinder mm lJ'jfflJ 0.15 llJ\PJ'j 1Jl1'\.Jl'Yl'illJ Script Cube 'Yl\)flff'jl~'\J'\.J ffl'\.J'Ylfffl~flfl 

Gate ii"'fl'!:ltu:;1~'\.Jl~Ul11'\.Jffvi1Hffll'\Jll lfl~fl'\.J~mjurn11i1rn~flVll1'Wfl Base 'j:;tJ:; 0.5 llJ\P'l'j . ~ 

'JJd QI ~ 'J/ QI d~fJ} O I j 

l1'\.Jl'Yll1'1fl'\Jfl~ Script Generator flflfll'jff'jl~ Script Cube l1'1~'illfl'Yl~ l'b'~l'\.J'Yllfll'jfl'JlJfJllll'\.Jtl'\.J\PI 
., . . 

,!I i j/ QI O 4:!i j/ o I QI d 'J} 

lffllfl'\.J '\.Jfll'jff'jl~ Script Cube '\.J'\.J Gate 'il:;'Yllfll'jlflrlfl'\.Jtlltl\Plllll1'\.J~\Pl1!'0~'1~1Jlll\P'l:;'Yl Base 11'11 

lfl~fl'\.J~fl"'1JiiJJ~1,111miJ~1~1J 'illmTu Script Cube 'il:;\)flffrl~~'\.Jln11\)flH"'fliiJJ~ Base 'illfllT'\.J 

QI I ,c9 d 'J) ' \l)V I I I I 

Script Generator 'i):;'jlJfll Virtual Robot Pose 9f~ltl'\.J'\Jfll_!rlfffll'\.J:;m~ "l l~llfl fll1Jllll\P1'1:;ff1'\.J'\Jfl~ 

t ,, QI ' d 
Virtual Robot 1rn:;ffm'\.J:;'\Jfl~ Gripper 'illfl'\.J'\.J'\Jfll_!rl~~flrll'J'il:;\)fllliJr1~1tlu Virtual Robot Script 

d 11J ~ ,d V ,M "' _let 
1rn:;m11 n 1'\.J Script Cube 'Yl\)flff'jl~'\J'\.J~~lu'YI 3.13 

(a) (b) 

.d .d v.M JU'YI 3.13 (a) Script Generator (b) Script Cube 'Yl\)flff'jl~'\J'\.J'illfl Script Generator 

i j/ j/ QI ,d 'J/ ,.d O 1 dt iJ , 
'\.Jfll'jff'jl~ Script Cube flll11fltl~lJ Script Cube fll~fl~'Yl\Plllll1'\.J~ Base 'j:;lJlJ'il:;lflrlfl'\.Jtlltl Scnpt 

Cube tTuiiJJ~ Recycle Bin L~tlfl\PI L'\.Jlm ff~Hrii"H Script Cube ~fl~i'W Script Generator l~'\.Jfll.i~~ 

i~'illflfll'jiJ~ifmfu£n11 Virtual Robot ~l'fl'~lfflJfl 
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'II. Script Cube mt::: Script Header 

'l 'JI 'JI 'l 'J/d., ~I o' o' 
,nnm~tJTUfl111'U'lll.:i1,1'U Script Cube \)flflflflUtJtJ 1l1lJ'flfl1HlJ~!1J'U~fltJlfl'fl'IJ'Ul~ 0.3 ~fltllfl'fl 

tlJm !~fl lir~wrl111f um1\11 Script Cube l1'fl1Vfl'UlJl~flf1'U ij~ l~Vfl11~lJ trn~,i~iji1rn'llf1lf11J~.:i 

tiJ'U i1rn'll~t1 v.:irl1it1mlJfl11 fff 1.:i Script Cube i1rn'll i.:i fl~11"1'llJ11 aiJf tJVlfl''Yll.:ifl11 U ff~.:!H'fl~ 

'JI ., • ' ~ 'JI & • 'l 'JI ~ 'JI ' 'JI .,; ~I ., 11) 'JI 
fffl~flclfl.:!fllJ\,11Ul1'U.:!'IJfl.:i~ l'lf.:il'U ,l,:j'Yll ll1~ l'lf.:il'U"1'llJ11\'lfll'U'IJflfl1llJ'Yl!IJ'U\,11!cl'IJ l~,Jlfl'fJfl "l 

Vlfl''Yll.:i 'Uflfl,Jlfltl Virtual Robot Script ~~mnulfl'U Script Cube v.:imm1aui1~,:i,i'm.Jcii.:in~11 

' " ' 11)~ 'JI 11).1"' ., 'JI 'JI ., .1.:i 
l~ l~t.lfl11,Jfl,:jlJO.:i llJ'Yl Script Cube 'U'U "l Ucl1 Tooltip ,i~uff~.:i'llOl.JclflOfllJl~.:!J1JYI 3.14 

. ' _1.c::1 1 I I I ,/ d d \ri 'J/ 
J1JYI 3.14 Tooltip Uff~.:im~lJ'IJfl.:!U\,lcl~ff1'U'IJfl.:!~'UV'U\,IUcl~ffm'U~ Gripper 'Yl Script Cube !fllJ n 

fllHll.:!l'U'IJfl,:j'tt'I.JV'U~ UR5 l1tJ,i~ijfll'Jl1lHW!iJm\'1it1 (Sequence) nci~rllrl'.:i ~ -Hfl"M.:il'UiYllJlrn . " 
ihri1rl'.:i11ciw "l ri1rl'.:im~v.:i~ontJ1~or1111rJ1Jfll1li1.:i1tJ'llfl.:i~'UV'U~ URS li1.:i1tJ~1.:i "l l~Hl'UUH.:i 

., ~ I I . & 11) 'JI 'JI ,M .,j ~I c\ 'JI O ., 

fl1tlfJlJ Teach Pendant ~.:i'U'U ~ clUfnlJ Scnpt Header ,i,:i l~\)flff11.:i'IJ'U!~0!1J'U~~trn\,l'U"1'll1'JlJ 

fll'U'lf~rllrl'.:i'llo.:i Script Cube i.:i1iJ~ 3.15 . " 
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JiJ~ 3.15 Script Header 

rfli'.:i1lH11lJl'HllJ1 Script Cube m11.:ii1t1.:i~Of11J Script Header l~Ofl1'11lHH,wi'lJf11'.i'Vl1.:J1lJ'llO.:J 

Virtual Robot i~ f11'.i'Wl Script Cube lJl~Of1lJ,J:::'Vlli'l11f1~ffll'J'lltl.:J Script Cube (Chain of Script 
S, I I I 

Cube) ,Jlfil.JlJ'ffll'J'llO.:J Script Cube 'Vi~onlJ Script Header ,i:::11"1'~-:Jl'fflJl;mJ~O CM-:iiinni~ff . ,, . 
( Gradient) ,Jlflffll1~0-:J i iJirnu~-:ii-:i·nHi 3.16 lJOfl,JlflUHl i'-:i1lJ rT.:imm'.imlnl 'll'lf~fllff .:Jl1~0"1''11J 

CU CV CU q 

0 ., 111 iAd 'JI 
'11~1J'lltl.:J Script Cube L~OflffJl'J 

JU~ 3.16 ffll'J'lltM Script Cube ,Jlflfll'.i'Wl Script Cube lJl~tlfllJ~ Script Header 
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r1. Recycle Bin 

'1 I '1 ,, d 'ii I • ?I "" J 'ii ,, . <'l 
t.11::'1111-Jfll'j 'lf-llt.11::'I.J'I.J Script Cube 'Yl U.Hlll1Jt.l'ff11J11fl!fl~'\Jt.l !~ Recycle Bm ,l-l\)flflflflU'I.J'I.J 

'1 """ ,, d '1 ,, i ,, ., ,, ct 'i 9M ,, ,,i ,, 
'11 lJ 11 t.11 'Yl t.1 m 1 ff 11-1 fl 111J ff:: 01 ~ 11 fl 'I.J "1' m vrn 1 ~ rt fl 1J I ff 1J fl t.1 1 ~ t1 fj 1 'lf-11 t.1 'ffl 1J nm fl rt fl t.1 t11t1 

' )/ I I 

Script Cube vi iii~11~t.1rt'I.Jtlflfl'i)lm::'I.J'I.J'\1~fll1lrtltl'Yl-lvi~1umJ-1,ifl-1 Recycle Bin i-JJU'n 3.17 

')U~ 3.17 Recycle Bin .. 

3.4.3 Robot Simulator 

ff1t.l Robot Simulator ,i:;1~t.1ri1t.1~m'I.Jfl1Jfl11~1rttl-lfl11l11-llt.l'\Jfl-l Virtual Robot ~-i,i::lilfl11fllt.l • 

~1 Virtual Robot Script 1Jl'i)lfl Script Header ~fltj'lt.1ri1t.1 Script Controller i-lJU~ 3.9 fl11~lrtfl-l 

flUl1Hlt.l'\Jfl-l Virtual Robot ,i::'l"M'l1~flflUl~tl1fl'I.Jf11i-i movej '\Jfl-l~t.ltlt.l; URS inTt.1 

,,i 'ii i <'l 'ii ,, '1 ,, -~ " ., 
fl 1 '.i I fl rt fl t.l ! '11 1 '\J fl -I Virtual Robot t.l Unity 3D 'i) -I ! ~ 'lf TI -I fl 'lf t.l Quatemion.Lerp 

(Linear Interpolation) it.1fll'.if11t.11tlH~flfl1'1.JfJ1J'li Virtual Robot lfl~flt.ll'\11\9111J1[~f11i-i~rrtii~ 

V J '1 t V V 0, O O I ,/ V ~,, I 

ff'.i 1-1'\Jt.l lJl t.l '\Jt.l \91tlt.1 '\Jl-l\91t.l [ 54] '\1rt-1 'i)lflfll'.i 'i)lrtfl-lfll'.i 'Yll-llt.l '\J fl-1'\1 '\..I tit.I \91 U rt 1H ! 'lf-llt.l ffllJl'Hl "1'-1 . "' 

,i~r11i-ii-iflri11iilfl1'1.JfJ1Jfll'.il11-llt.l'\Jfl-l~t.ltlt.l; URS l~ !~ti Robot Simulator ,i::ri-1~1 Virtual 

Robot Script iiJ'lifi'I.J Script Manager ucr1uiJm~t.1 URScript i-JJU~ 3.3 l~flfl1'1.JfJlJfl11l11-llt.l'\Jfl-l 

~ '\..I tit.I; URS \91 llJ fll '.i lfl ~ O t.l l '111~ l ~ 'il lfl fll '.i ~ 1m1-1 fll '.i l11-llt.l '\J fl ,:i Virtual Robot '1 t.1 ~ H ~ t.1 

V <'l .~ o' ., ., • ~ V V • I"" ., ., o' ., 'i 'i 
fl111'\Jlmn-lflfl'lft.l ~-lflrt11fj ! 'lf-llt.1 'il::\91t1-l1J0"1'1J~t.11ifl'I.J Hl rnumlJ General-purpose Switch 

n. General-purpose Switch 
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,~vr~'Ul~lJ~ih,mrnt:f11':iYh,:i1lJU1J1J Toggle ~ii11H1,:irl'fnJrur1cr1vf11JWNf111JfJlJiflrllJ!l'lfll'U~ 

1.ffm':i1Jf1ff1\9'1'lf ff1\9'1'lfi,:inri11 i~onff!H~'U1~emi'1~,:i~,:ini'U lHnvtivH l'lf'U m':i1~m11r1ti,:i ., 

fll':i'Yll,:il'U 'Uti,:i'H 'U tl'U 1>11 ffi'.iti'U .i ,:i 1 ,r 'H 'U tl'U 1>11 ffi'.i tl'U f1'11J i tlv,:i\91111 '11 'U ,:i HOME 'ff ,:ir11.i ,:ii~ ti i tJ • • 
fl11JfJlJ~'Utl'Ul>l'il1,:i rimh:i Script Cube i,:i'HlJfl 1m:r11.i,:i1~t11fl1Jfl1Hlf1c'ltl,:i':i:1J1J 1i'Jmr'U 'Yll'Yll,:i 

(Gesture) Tap 'il:\)n1.ff1~mtl~t1'Uffm'U:iu~ (Active) 'H~tlU~ (Deactive) ~,:iri1'Utl':i:f1tl1J'l1~,:i'\Jt),:i 

ff 1\9'1'lf'il :1 fl~ ti'U ~u r1:; 1 ,r1 tt 'U ff m'U: m':i 1iJ~11 ri:iJ~i,:i nri11 11 ri: 'ii~ iii 1'11 iT -:i if tin1fi'u11 ff 11-:i~ti'Uti-:i 

UlJlm:ffm'U~ifi,:i'j,J~ 3.18 . ~ 

. " 
J'UTI 3.18 General-purpose Switch rlrnf 1J'11J Script Cube Y1,:i'HlJfltltlf1'illm:1J1J 

' d 3.5 fll'ifl11JfliJ'HlU.llAfl 
q q 

- I .,. ..., v 
3.5.1 Ue>u'YUUfl'U'U~'UU1J1J 

1 'U-:Jl'U 1ivd 'il~iim':i l~tllJ~tlfl'lJ~'Utl'Ul>l URS llrl~fl11JfJ1Jf11';il']l,:il'U~1tl URScript i-:iJ'U;-:J i~ii 

f1l';jvr~m1rntl~i,lfl'lf'U~'Ull1J1J l~tl'Ylflfffl1Jf11';ifl11JfJlJHl'U Socket ~1v1tl11uu Primary/Secondary 

Interfaces II tl 'U ~ i, I fl 'lf 'U 1-i' 'UlllJ 1J \) f1 fl fl f1 II 1J 1J, ,r 'Y1 H l 'U II lJ 1J GUI ii~ lJI ~ fl f1 fl fl i-i ,:i ~ H '1 

i,:iJ'U~ 3.19 'Y111,rffllJUO'ff-:J'JJ1lfl1.i-:i URScript l~flfl11JfJlJf1U'Yll,:i1'U~'Utl'Ul>l URS i~tiVH 
I I I ,, I I 

~tll'W fl,:i lf1t111~r1:r11ff-:i'il~ 1 'Mf11':i'H'U 1-:inm11t\'1;,:iJ ,:ifi'1ff-:it1f1 i tl 'Utlf1'illf1'Wfllff-:ili1 '*1 'Uf11':ifl11JfllJ • 
~'Utl'Ul>l URS (movej) ffllJl':iOf11'11'Ufl~l~UllJl\oltlf "t" ~,:i1i'J'U f11':if11'11'U f111'11~1 .ff1 'U nn .i-:i 1 ,r 

'H'Ufl'Ul>l URS lfl~tl'U~1,rrl11'h~1vnm "t" ~f11'11'U11 'Y11,,rffllJl';j(lfl11Jfl1J'H'Ufl'Ul>l URS 1,rii • • • 
fil'Hfl~tl'U 1 'HTOfll-:J~tll~ fl-:J l~tlfl1-:J'Urlfl1lfifl (l"lf1flf11':i l'U~fl'Ull'Url-:Jf11':i lfl~tl'U 11tlfl1-:Jfi';i~l'l'U '11'\.J) 

'illf1f111'Y11'1tl-:J 1 'M-:Jl'UlrntJ~i,1fl'lf'U~'UII 1J1J'Y111 ,rffllJ110fl11Jfl1J 'H'Ufl'U 1>1 URS i~\9'111J~~tl-:Jf11':iflfl1-:J • • 
'JI 'JI d O ,- ,_, .. 'l 'J/ o, d 'J/ ~ 'J/ i o, , 

\)f1\9'1fl-:J ~'jfllJ'Yl'il~'Ul UU';i~~fi\91 &'lff11J';j~1J1J'Yl'il:ff':i1-:J'\J'Uf11fl Unity 3D 1'U'U'U(lfl ii 
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[I My URSrnpt 2013 OJ 22 A - D X 

con=ion 

Host 1 2 192.168.2.123 port ~ DISCONNECT 

~ Action list 

_position (~ree) acceleration (degreefsA2) ~ed (degree/s) time (s) blend (m) 

0.00 -90.00 0.00 -90.00 0.00 0.00 20 20 o.o o.o REMOVE 

sition (d ree) _ acceleration (degree/s"2) ~ ed (degree/s) time (s) blend (m) 

90 -90.00 0.00 -90.00 0.00 0.00 20 20 0.0 0.0 REMOVE 

sition (de~) acceleration (degree/s"2) ~ ed (degree/s) time (s) blend (m) 

90 -45.00 45 -90.00 0.00 0.00 20 20 0.0 0.0 REMOVE 

'IH1'Hllf1~ f11'.ii \Jll'W 1!! UV'Y'l ~!Tl'lf'W ;'WU lJlJ ! ff11lffl.J\j 'j tlJ m1 'J ~ -:i nm'.i'W TH" f1f1 l'.i'Yh-:Jl'W '\JU ,:JU UV'Y'l ~!Tl 

., 'j/ 'I 'j/ 'j/ - I "'" 'j/ ., I .. I 'j/ 
'lf'W\?l'W!!lJlJ t'W'\JH\?l'W:I.Jl1J'.i:::~f1\?l t'lff1lJ Unity 3D f11'.ifl'JlJfJlJ'\1'Wf.l'W\91 URS Hl'W'YIH Socket ~'Jtl 

f11'.iff-:Jt~r11i-:i URScript ,i::;ijf11'.ifll'Wl~flli-:ifl1t1i'W System Core ~,:iij Script Manager !~'Wff'J'W 

Tl'JlJfJ1Jl~f11i-:ii-:i~l~f1~1'JlV'\1'J,j'U 3.4.3 ~-:im:::1J'J'Wi-:in~1111:::1fi~~'W~~-:J'\JU-:J System Core 

l'YlllT'W r:fl6*-:i1'Wff11J1'.it1ff-:it~r11i-:ii-:in~11i~~'Jtlf11'.if1~~1J General-purpose Switch ~,:iijvf-:in'lf'W~ 

.d a., t I ,/ QJ~ 

lf1tl'Jf1lJf11rn'JlJT11J'Yl-:J Virtual Robot 1rn:::'11'Wtl'W\?l URS ~-:J'W • • 

1) ROBOT HOME i-:i·nJ~ 3.20 .. 

- Active 'nlf11'.ilfl~U'W~ Virtual Robot iiJv-:i\oi111'11tJ-:J HOME 

- Deactive tlf11~f1f11'.ilfl~U'W~ Virtual Robot iiJv-:i\oi11mu-:i HOME 

2) ROBOT SIMULATION i-:i·nJ~ 3.20 .. 

- Active 'nlf11'.i~lclU-:Jf11'.ilfl~U'W~ Virtual Robot \?lllJl~flli-:ii'Wff'J'W'\JU-:J Script Controller 
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. . 
~ 0 ~ d 

- Deactive tlf1l'nf1fll'HllcHMfll'mHHl'\.J'Yl Virtual Robot 

1U~ 3.20 General-purpose Switch "ROBOT SIMULATION" (CMltl) .. 
11"~ "ROBOT HOME" ('till) 

3) CODE RUN i.:i1tJ~ 3.21 .. 

- Active l'llf1TH11'l.JfllJfll'.i!fl~tl'\.J~'lltl.:J'l1'\.Jtl'\.J~ URS \,lllJ'lf~~1i.:i'l'Wffl'\.J'lltl.:J Robot Simulator • • • 
~ ~ d I d' 

- Deactive tlf1l'nf1fll'.ifl1'UfJlJfll'.i!fl'otl'\.J'Yl'lltl.:J'\1'Utl'\.J\,l URS 

4) CODE STOP i.:i1tJ~ 3.21 .. 
o ~ d I d' i" 

- Active 'Yllfll'.ifll'UfJlJfll'.i!fl'ntl'\.J'Yl'lltl.:J'\1'\.Jtl'\.J\,l UR5 '1111~~ (stopj [48]) 

~ dt d I d' i" 
- Deactive tlf11'1f1fll'.ifll'l.JfllJfll'.i!fl'ntl'\.J'Yl'lltl.:Jl1'\.Jtl'\.J\,l URS l1l1tl~ • • • 

JU~ 3.21 General-purpose Switch ~tl "CODE STOP" (CMltl) 

11"~ "CODE RUN" ('till) 
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Unity 3D tTlJ·rn.:ii'1Jm'ivi1 -:nlJ'1JO.:l';i~llll~f1~u1t1 3 ii~ 1\olQ (Gameobject) ~o~ilJ Unity 3D mh.:i 

'JI d I .I I .Ji I ,!f .Ji i'J/i G .I 
lJOtl'il~lHY1'\.JIJ';i~t101JO~'l1'\.J.:ltltlN fltl Transform Component 9f.:I 'lf '\.Jt11';ilt11JUcl~1J';i~lJ1,HHl 

O I Cl.I ci ,di 

\ol1U'l1'\.J.:I (Position : x, y, z) f11'i'11)J'\.J (Rotation : x, y, z) Ucl~fflt1cl (Scale : x, y, z) Ucl~tl.:llJ Parent 9f.:I 

1~ml1fl1.:lfl.:lilJm'ifl1'\.J1tU~1Uml.:i f11'i'l1lJ'\.J Ucl~fflt1cl Microsoft HoloLens i1fl11lJffllJ1HlhJm'i • 

'JI ,!I 11) 'JI 
fffl1VHn~c1olJ!fflJO'\.J !~ [55] 

'JI ,!I d 'JI~ A'~'JI ')/,'JI 'JI 
fl1 ti i lJ ff mvm 1~clOlJI fflJ O'\.J 'Vlff';j 1.:1'11'\.J lJ H L 'lf .:11'\.J ';i ~llll'l1 clltlfl'\.J ffllJl';j fH '111 'lf .:11'\.J ff fl WU! 1~cl OlJ ., 

' V 

lffijO'\.Jl~tl1f1'\.Jllcl~fftnlJiivi1.:i1lJ1~t11nlJi~ i.:itfo Microsoft HoloLens u~c1~i1t.:i~o.:ii1m'iiJi'1J 

~1u'l1tJ.:l'i~ll1J~n~u1n 3 ii~iiJrTn~1J1J~n~u1n 3 i'.i~,io.:ir;litlJ "l ~1t1 ffmw1n~Jo1J1ffijo'\.J 

V ' ' 

ifoi1'i~llll~n~mn 3 i'.i~,io.:1\ol'\.Jrn.:19f.:ii1'il~fl1.:io.:iovii~11mtl.:i (o , o, o) ilJnniJi'1J~11mtln~1J1J . ., 
V v V 

~f1~ult1 3 i'.j~,io.:ifjl'M'l1clltl "l fllJ!'li'1~1tlf1lJilJ.:11lJ1it1ui1i.:1'11lJ~ffO.:lni.:iu 

nm'if11'11'\.J~~1!!'11lJ.:l!ilJ~lJi'M.:illJfiomrnot1Ullll~l!!'l1lJ.:li~lJ~lJ'1JO.:I Microsoft HoloLens Uc!~ 

~1U'l1lJ.:1'1JO.:I Virtual Robot (!~lJ'il~fll.:10.:1) mt1ilJffflll'l!n~JmffijtilJhf ovilJ~1!!'11lJ.:l!~tl1f1'\.Jf11J . ., 
' ' i 'JI ..:::. Q,I ... 1.d _,J 111 "Q,I 

'11'\.Jtl'\.J\ol URS '\.Jff.f11l'l!l1~clOlJ'ilH~.:l"luTI 3.22 Ucl~"luTI 3.23 t11'i11.:I Microsoft HoloLens Lltl-:1 
• V V 

'Yi1'Vl1.:i1~t11nlJ (~ 11m tl .:iu c1 ~ nn '11 lJ'\.J) i lJ 'i ~'1111.:iii lJf11';j vi 1.:11'\.J ,io.:iu o iJw ~!fl'lf'\.J 'il~ vi 1 i ,r 'i ~ llll • 
~n~ult) 3 i'.i~,io.:i Microsoft HoloLens ,io.:iNliu~cl~fllJ'il~n~n~fll.:10.:1 (Global Coordinate) OV'il~ ., ... 
!~ tl1f1'\.J !!cl~ vi 1 i ,r r:f1 'M .:11'\.J i.:!'11 lJ ~ffllJl ';i rtiJij fflJ'YilJ £fill ff flll'I U 'J~J OlJ! ffij O'\.J I~ tl1f1'\.J; .:I ff O~ fl J 0.:1 

f1llffrtllJ~!~tl1f1lJi.:!"lU~ 3.24 'li'o~ fio !~'\.Jnf11'i~l11i~~ltl ili111~'\.J~O.:ll;tl'\.J 1iJrnnrn!~lJl~lJ 
V 

'JI c1 .,i c1 o 'JI , 'JI , o 'I o ,,j , 'JI ?I 
'1JO!fftl fltl lJfl11lJtllt1clllllt1!1cl~\olO.:I 'lffl11lJ!!lJ'\.Jtllff.:1 L'\.Jt11';it11'11'\.J~'il~11.:I !!cl~!lJO 'HllJ!IJlJ ., . 
! 1cl1'\.J 1'\.J '11~ oii t)l ';i lfl~tl'\.J ~ OVN ';i 1~1~ 1 Microsoft HoloLens 'il~ ! n~fl11lJ H~l'lcll~ ff~ fflJ i lJ 

t)l';ifll.:lfl.:1~1!!'11'1.J.:lvil, '111limm'irt, 'M.:11'\.J ';j~1Jll~Vi\PJJ'\.Jlt'\.Jov1.:i~mrt o.:i 
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·n.J~ 3.22 t11'.iflflf1UU'Ul-i1Ul1lJ.:J!ilJIPi'lJ'llfl.:J Microsoft HoloLens 1rn~l-i11miJ.:i'llfl.:J Virtual Robot .. 
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. ~ ~ 

im:if (Marker) cif .:ivi'1t11':iflll1'W~rh i 1m\'1 ilJ'U'W\,lU'Wtll':i'rl'\PlJ'Wl l iJrnm:u 'WVfHllf1UV.:i,11~'U'il~~u.:i 

~ . . 
.,Y1.:i~'W itJ.:i1tJ1,1vui~·1hiJviii'll'W1~1Yi1n1Jm~~111 A4 i.:i')tJn 3.25 m1iJ1~:u1c1HcimTii.:if1~11 

~ V 

. ~ . 
Microsoft HoloLens (i'U Unity 3D ftV camera i.:i')tJn 3.22) 'illf1'\.J'U'Ylltll':i'l11':i~fJ~lh.:ii.:ifflJf11'jTI 

V 

dt \I) j} I t/ ti 'J} ~ j} d o o I Q.I I d. 

3.1 !lJfl 1m ~ fl~ '11 H '\Jfl.:J lJl Hl If) U'j ( ff fllTIU 1~clVlJ 'ii H) !!cl 1f1'il~'U 1mu '11 'U .:J ~.:Jf1cl111Jl!l'W'U 

I I f I I t I 

\I) 'JI .di Id O I Q.I _,,.::::t Q.I d 'JI .,:!I d d ~ 

11 (setpoint C)f.:JU~'Yl\,111!'11'1.J.:J 0, 0, 0 ~.:JJ1JTI 3.22) ~.:Jff1Jf11':i'Yl 3.2 "J'~'YlW!lJVlJ':i~fJ~'Ylflcll~!flclV'U 

'ii~ 'Yllf11':i iJf 'Uvill! '11,J .:J '\Jfl.:J rfl i.:il'U i 'U ff .fl lTI!! 1~ c\'u:u!ffi'.j V'U (user) i if ffV~flc\' V.:J fl'Uvi 111 '11,J .:J~ 
~ 

~ -N.:i1'U i 'WffmTiu1~i\'tJ1J'il1.:ii.:ifflJtll'j~ 3.3 i.:iiTwfl-N.:i1'UJ.:i11:u~;.:im:unoiJaifo'rl''W£fl'U 1~ !cl 
Ufl':ilJ'J 11Jfl'U i~l~fl~iivi1u '11,J .:io'1.:iiJ.:i !~fl1fl'U (mf flmVf) f1UiJn:U1cl HclfllTii.:Jf1~ 11 'il~ i 'M 

Vuforia Engine 

pos = marker - camera 

error = setpoint - (pos + user) 

user = user + error 

(3.1) 

(3.2) 

(3.3) 
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v ct o ' 'J/ -1 a d ' o i i :ii 
'Utl~'\Jtl-:Jfll'j ~ 'j 1 'il '111\vllU '\1 'W -:Jfflf.lfll'j 1J 'i :lJ'J'c'I Hr\fll'Y~ fl ti lJfl'lllJUlJ'W tlTff-:JUrl: ff:~'ltl 'W fll'j 'H l'W .., 

tllltll'i f11'11 'W ~\911U '\1 lJ-:Jl~ lJ~ 'W i 'M-:Jl'W i 'W 111.,j' ti~ 3. 6. 1 i 'W 'i:'\11Ntll'i i 'M-:Jl'WtrJ'W l'lr\l'W l'W ~rn 
~ . 

fll'j u lJUU v-:i ffllJl'j \)~ 'j 'l'il'\11\91 lU '11 lJ-:JI~ t1iJ f lJ\91111 '11 lJ ,:i ff fl ll'lU 1~crt11J 'ii 1-:iu ri: ff mvm 1~ er tllJ I ffifou 

1'1i'1111vnu i mJi~n111t1 

(a) (b) 



" " 
1 u fll':i tJ·gaiJu f•rn tJ':i:: ffVl1i fl l'VUH'I ::fl 111Jff11J1Hl 1 u fll':i 1 '1f -3 l'W 'U 0-3 -3 l'W 1 ,foiu ut-3 ii fll ':i 1l fl 

., ~ Ji _ I "' - I "' "' - I" 31 1 fll ':i VI fl c'I fl '31fl Frame Rate 'U lJl V'I fl IJ ':i:: 111 lJ H c'I IJ ':i:: ff VI 'Ii fllV'I fll ':i U ff fl -3 f-rn ltc'I:: IJ ':i lJl W 'U fl l.j c'I 'W 

,c!I I .a I Q./ 1" 
l fl ':i fl 'U 1 ti ( Data Transfer Rate) 'U fl -3 fl l':i ff fl ff 1':i ':i :: 111 H Server fl 1J Client 'U W:: 'l>' -31 'W ':i :: 1J 1J 

_1,,. 1 1" ~v v ., d~v 1"1 fl1':i1Jl::l1J'WHc'lfl'Jl1JffllJlHI 'Wfll':i 'b'-31'W':i::1J1J'Ufl-3H l'l>''31'Wfl'Jtlflll'Jfll'Jc'llVIH l'b''31'W 'b' lJ 
~ ~ 

fll':i 11 t1uf 1rn::u n'if onn,mJ 1,mv~rlrn u fl 1 flt1Nhllm1n~ao-:rndl u 1JV11J1V1'U 0-3N111m1'Nno111ll cu ti .. cu .. 

.,. - .., ~I ~ v ~. • ., ,, ,,; ., ~ • ,, ., 1 ,, 1rn:: 1JN1ilUl IJ'W N 1't1fl11Nfltl1J1llfll':i fl'J'U fl 1J '11 'W tl'W \,)fl 'Jtl':i ::'U'U VIV'! m lJ l'U lJ ff'J'W ff fl VI W'11 c'l-3 'ill fl 'b' 
q(I CU Cl II 'I 

d "' ~ d V ~I ., 1 1 V 1 '31'W':i::'U'UVJV'lm'Wl'U'Wlff':i'illlc'l'JlIJ'Wfll':i'Jflfl111Jff::fl'Jfl 'Wfll':i 'l>'-31'W (Ease of Use) fl111Jff::fl'Jfl 'W 

fll':i (1 t1u[ (Ease of Learning) ltc'I:: fl 111J'W -3 V'I fl 1,i (Satisfaction) 1 fl tlflln'l 1 U 'U 'U fffl'U fl11J USE . 
d d Q,I ' 

Questionnaire [56] ':i11Jfl-3fll':ifffl'Uf111Jlfltl'Jfl'Uf.)WfllmV'll::VJH (Value for Specific Task) 1rn:: 

V "' 1" ,J.,, ~ a,,!! 1 ., 1 1" 'U 01 ffmrn lJ:: '11 c'l-3 'il lfl 'b' -3 l'W ':i:: 'U'UVIV'I m 'W l'U'W \Pl 1rn flfl 'Wu 1J 'U ff fl 'U fll 1J fl -3 flc'll 1 'b' Likert Scale 

[57, 58] l~'Wi'lfl1'11'Wfl':i::i'U'Ufl-3i'll~flfl 1'WU'U'Ufffl'Uf111J 

o ~I d V "' "IV ! ! ,J.,. d Microsoft HoloLens 'illlIJ'WVl'il::\Plfl-31Jfl111't1Uff-lUt1::A.:Jl (Rendering) fllV'I ij c'IUfl':i1JV11Jf1111Jl':iTa-3 

1 fl ti tJ fl~ U ~ 1 fl 1 ':i 1 "HU ff -3 U c'I:: l -31 'U fl -3 Microsoft HoloLens ff 111 i' 'U ~1 '1f -31 'W fl tJ fl ':i iU ~ 1 ~ i' 'U 
~ . 

tJ':i::ffV11ifllV'l~~ffflill~lJ'il::,i'fl,3ijf1111Jl~1 60 FPS [59] fllH1HllJ'j'J1Jn'W~l'W':i::1J'Ulfl1fl~W'il::ii • 

fll':i~flffl':i,Yfll.jc'l':i::'11':iHtJtJmru11c'IWi1i11Jn'W':i::'111H Server llc'I:: Client fll':il~1Jil'W'J'W'Ufl-3 

fltJ m rut ,3i'.j Fm m ::VJ 'U !fl tl\PlH ~fltJ';lllW'Utllltl (Data Transfer Rate) 1 'Wlfl1 fl~ ltl'Ufl-3':i:: 'U 'U~ 
• V 

a, ~ ., _."'1 
V'!m'Wl'U'Wfl-31un 3.4 

V 

1 'JI d "' ~ • ~I V "' 'JI .Ji 'JI ! .Ji 
fll':i 'l>'-31lJ':i::'U'UVIV'lm'Wl'U'W'illlIJ'W\Plfl-31Jfll':iff':il-3 Script Cube CJf-3\)flff':il-3 fltl Script Generator C)f-3 

do .,\ ~ ,. I ,/a,1'J/ Ji I ll)'J/ d "' 
'il::1J'ill'W 1'WlV'l1J'U'W 1JU'W'Wfl'WUc'l::tJtJmwt1'3 'l>'fll':iffflfflrnl'W ':i ::'U'UUc'l'W 1 ':i mmtlu 11 c'lfl (Wireless 

Local Area Network) fll':i 'Yl 1-3 l'W i '3fl~11 'il:: iifln 1 '1f -3 l'W Vii' V'I tllm 'U fl-3 lfl 1 fl-3 flfl1J'Vi 11,1 flf l ~ 1J ~ lJ 
ff '3Hc'l 1 MtJ':i::ffVJ1ifllV'l 1 'Wfll':i'Yll-31'W 'Ufl-3':i::'U1Jc'l,ic'1'3\Pl11J i tJ ~'Jtl i-3iJ'W t-31~iifll':i 'il,!fll':i 'Yl,!c'lfl-3l~fl 

o, _I':! SI 1 "l I I 1" Ji I "1 1,1 Frame Rate 1rn::u1ll1w,it>lltl 'I-Ufl18,,1U':i::'111Hfll':i 'b'-31'W':i:::1J'UIV'lflfl11Jfl1J'l1'Wtl'W\Pl lJ 
V q q 

-1 "'1 I Q.f I QI I ,d, g/,c9 
':i:::t1::l'Jc'111J':i::1J1W 30 'WlVI ,!tlfll,1'3flc'll'l'il:::flfl'J,if-n'W Windows Device Portal Vll'Ulfl-3Vll-3 Browser 

~ 

jl Q.I d I 1'j/ Q.I J J Q.1 d 
[60] ,11t1fll':i'U'WVlflfllV'l':i:::1111,3m':i 'l>'-31u,1,31tJn 4.1 1rn:::1tJn 4.2 fl'll1Jm,1111,3iufl-3fll':iVl,ic'lfl-3flfl 

V V 

1,1,h Frame Rate 1~Ufltlfl11 24 FPS [61] 1rn::m':i1,1mmw,Yfl1Jc'll'W!fl1fl~W'Ufl-3 Client li'-3'111J,i 
~ 
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5GHz ~ffllll'Jt1f'lJ-ff-:J'Ufll.Jrl itl3'-:J"1~ 433 Mbps [62] f11HJ'Wvif1'Ufl1.Jrlfl-:Jf1~1'Hl:::'Yllf1U'U'Uvif1 
,, 

l'Jf1 "1 2 'U 1fi 1 ~ vlJ~ mw ,i' fl 1.Jrl 1 'Ulfl ~fl~ w (i' 'lJ-ff-:i) 'ii :::1 ~ umfo vi n ~ 1 ~-:i "l'~ 'Ufl-:J 'lf'N 11r11u'U 

(lJ'J:::lJltu 101'U1fi) fl-:J~l'H~~ 4.1 

V\ g 
Q) .... 
&. 
Q) 

E 
~ 

LL 

..-.. 
V'I a.. 

.D 
2 ........ 
"'O 
C 
(1J 

~ 
iii 
u 
£ 

Frame rate 
120 .00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - 52.25 

0 .0 
App frames per second: 60.1 Time (Second) 

' ' ' _1.c::::t I c:IGl\1)'10 ~ 

J1J'tl 4.1 m Frame Rate 'Yl1~ L~\911"l'~flfl 52.25 fps 

Network 

1. 38 

Ti me (Second) 
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JQJ ,::t V 
Frame Rate m V ~ ~ I 11 i.'1 l'Yl1.J\! 'fl fl'\J 81.J i.'I 11.JlW'\181.Ji.'1 \!lfl'jtl'\llt.ltf·Uf~ .. .. .. ~ 

<et 
(lll'YI) (fps) (Mbps) 

0 60 1.3 

2 60 0.81 

4 60.1 0.75 

6 60.1 0.84 

8 60 1.3 

10 60 0.81 

12 60.1 0.97 

14 60 0.85 

16 60 0.86 

18 60 0,8 

20 60.1 0.86 

22 60 0.92 

24 60.1 0.92 

26 60 1.05 

28 58.2 0.8 

30 60.1 1.03 

32 60.1 1.21 

34 52.25 1.12 
.,j 

l'ili.'lt.l 59.51 0.96 
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'l u fll':i'Yl~'iHJ-!ld ,i:::iifll':i'Yl~mNt~01~Tl'JlllffllJ1rn'\J0-!1rfl 'M-!ll'U 'l umnJo.imf u£n'I.J lel l r!Uf1':ill 
,, 

~1tl't11'Yll-!ltrn:::fl11llfflll1':itl'\JO-!lr:r 'M-!11'U 'l u fll':ifl1'1.Jflll~'Utl'Ul-l URS l ~t1iiffll~~J1m1-:iu 

1) 'j::: v::: nm~ 'l i'l um 'j fl 1'1.J fl 1111 u vu 1-1 URs t ~ mY1t1\Pl1u l1 ,l ,:i 1'~ ti i iJ 5-:i \PllU l1 ,l ,:i ~f11l1 'U ~ii • • • 
fl11llfflli'U £t1'1.J':i:::t1:::nr11~'li'l 'U nniJo.imf u£n'I.J 1 ~ hum11m1J l ,J'YlfJ~f11l1'U~t~'U i iJ'l 'U 

'nff'Y/1-Jl~(ntiu nci11~0€1i-:i1'Uiifl11llffllll'jtl 'l 'UflniJo.i11iu£n'I.J 1 ~ 1mtmll~1tl't11'Yll-!I, 'U 
., d J cl 'l 'l'J/ .,j I ,I J I ., 

':i :::~'1.J'Ylff -!I '\J'U 1l:::llfl11ll 'fflll1':i tl 'U fll'j 'lf-!ll'U ':i :::'I.J'I.Jt'YWfl1'1.Jfllll1 'U tl'U ~ ff-!l'\J'Ut'lf'U fl'U 
qJ q q qJ 

2) -a~ ,hu 'j::: v:::nr11~ 'l i'l u nn iJ n.i11iu £'\Jo-:i N111 v~ o Ni 111nu 'Yl ~ rio-:i iifl 1111 .i11iu £ f1'1.J ':<I ., ., 

':i:::t1:::nr11~'li'lumrn1'1.Jflll11'Utl'U\,l UR5 t~OU1tl\Pllttl1U-!11~tl iiJv-:i\Pl1Ul1U-!l~f11l1'U~t~'U iiJ • • • 

fll':ii'M-!11'U':i:::'I.J'I.J1l:::iinniJo.i11iu£~1t1't1l'Yll-!I (Gesture) Tap trn::: Tap and Hold f1'1.J l~ lmtmll 

':i::: 'tt 11-:i ~'l i-:i1u t ~'U l1 ,fo i-:iJu;,:i i~iin1':i ,r~ fll ':i 'Yl~ rio-:it~oiJ ':i::: iiJu Hrt fl 11 llffllll ':i ti 'l u 

fll'jiJo.i11iu£':i:::l111-:ir:r i-:i1'Uf1'1.J 1~ hum11~1t1'Yi1m-:ii-:inci11 l~tlfll'j'YJ~rto-:i,i:::m.i-:it~'U 2 'lf1-!I 

'JI' ., ~I 'l 'J/ 'JI ' ,.,_ ., 1) H':i1llfll':i'Yl~r10-!l':i'I.Jfll':iHflfll'j 'lf-!ll'U Microsoft HoloLens ~1tl'Yll'Yll-!11llflH11ltl ., ., 

,, . 
- mimrn:::Ni1llfll'j'YJ~r10-!lff1ll'lri Microsoft HoloLens trn:::vuori'lu (4) vlu'YiiJn1J1inni-:i 

qJ qJ qJ ~ 

2tJ~ 3.10 
j.A::.QI I d QI ~ O 

- ~11ltlflrl11tfltl1fl'I.JfJWffll'I.J~trn:::m':i'Yll-!11'U'\J0-!1 Microsoft HoloLens 

,.,. ... ,. 'l'J/ I .,\_I""' ........ ~~ 'JI .J ... J - ~11ltlfflll~fll':i 'lf-!ll'U'Yll'Yll-!I (Gesture) t'YWIJOffll'Y'l'Ullfl'I.J 1~ 1r1um11~1t1':i:::'I.J'I.J'Yl'Y'I\Pll'Ul'\J'U 

1~v'lih 1mmrn General-purpose Switch t~mi'1od1-:i'l'Ufll':ifflli~i-:i1tJ~ 4.3 .. 
- ~1,hh:1Jfll'j'YJ~r!0-!1Nflfll'j'li'Yi1m-:i (Gesture) t~tliJo.i:uiu£n'I.J 1~ foum:ulmi'1-:i~'U 1~vii 

,.,. ., l" I ,e:!I j./1 4::91 i j/ t I j/1 
H11ltlfl0tl l1fl11:IJ'lf1tltl1rl O H':i 1llfll'j'YJ~rto-:i,i::: Hflfll'j 'lf'Yll'Yll-!1,J'U fl11 H':i1:UflU'Yl~rl o-:i,i::: ., ., ., 

1Jon1rn!o111~01,i'1rii1-:i5~ iiJ ., 
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- m11vl'11nTrnff~.:i l ,1V1v~.:i,i~1~u lg lci11n·n1~i1nH1.:i 2 11t1t1~fl'Vl'.i .:incilJ11ci~cintJ1r1n 1~v~ 
~ ~ ~ ,, . 
lg !cl!!f1'.ilJ'.i1.H1.:i1~fJ'.ltl'W,J~lJ'.i~fJ~'ttl.:Jtl'W 75 !9f'W~!lJ\,'l'.i ,rn~,i~mil'W ( 4) YiuvhJ nt11lm'.ii.:i 

~ ~ ~ 

·nJ~ 3.10 .. 
- lg 1ciumllclf1lll'l:lnmi~iu~v.:iti'u 3 x 3 i.:ivm~ 2 iu uci~ lg humlJ'VlHf1cllJ1l~flV~l'WtJ'W 

~ ~ ~ ,, ,, . 
CTfJ.:Jtl'W 3 x 3 'n.:Jl'tlJ~ 2 'lf'W i.:i·nJn 4.4 .. 

- ~i 'JlJ f11'.i 'Vl~cl fl .:i ,i~ v1 fl .:ii.ff yj l'Vl 1.:i Tap 'LI ij ifo i 'W £ tltl 1 g 1 ell! f1 '.i lJ 'Vl '.i .:i f1cl lJ i lf m tJi .:i l't lJ ~ 
,, 

,Jlf1'\.J'W lg lmmrni.:inri11,i~11\,'lf1f1'.i~,JlfJ!!cl~mfJiu 

- ~'j'JlJf11'.i'Vl~clfl.:J1l~vlfl.:J i .ff'firn1.:i Tap and Hold uij~foiu£ti't1 lg !cl!!f1'.ilJ~f1lllfff1cllf1 i 'U~ 
,, ,, 

Recycle Bin ilf mt1li.:il'lll~ 1llf1'\.J'W lg lci11mlli.:inri11,i~11\,'lf1f1'.i~1llfJ!!cl~mfJiU 

JtJ~ 4.4 l:jlllJfl.:J"1tN Server '.i~l'li1.:if11'.i'J~fl'JllJffllJl'.ifl iu 

m'.iui)ifoiu£ti't1 lg lci11mlJ~'JtJ'Yi1m.:i 
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. . 
' d d QI q 

'b'1'1'Yl 2 ,J~lJ~HWl-!Vll'H~'fl 4.3 

!,IQ QJ 
,,, 

f.11'iltl f.l'fl'J.Jfl11'flvltlel.:J .. .. 
~ 

"" 
·~ 

~ .,,~ .,,~ .i.ri -(CZ -v~ ~iE ~E - -v~ ~iE ~E - -ii: 'II~ 
;;:i: - ~~~ ;;:i: - ~~~ ~ 'II~ 'II~ ~ 

~ 

~ ~ .,,~ 
~ ~6 (.: ~ .,,~ 

~ ;i: (.: ;i: ;;:i: 

"" ·v<CZ ~;;:i: ;;:i: - ·VG ~;;:i: ;;:i: - '1C 
~ 5 '1C 5 (Ir' ~lt:. :,:: 
C - ~ <11:;1 ;i: - ~ <11:;1 ;i: "" ;i: 

"" "" ;i: "" "" ;i: -;i: ~ G:: ;i: -;;:::I "" ~ G:: ;i: -;;:::I "" ~~~ 
"" ("" C 

= 
~to 

"" "" s C 

= 
~to 

"" "" s ~ 

"" . .,. 
"" <11:;1 

§ ~ ta "" 
(11:;1 

§ ~ ta 
(a C 

~ ~ - -;;:::I C ~ - -;;:::I C C r.;i .i..=, II-- II--
~ -v~ (a ;;:i: Ir.) ~ -v~ (a ;;:i: Ir.) H ere 

.i.i:11 ~~ ~ tr; ("" II-- ~~ ~ II-- ("" II-- .:i 
.:i (a ;;:i: ~iE .:i (a Ir.) ;;:i: ~iE H 
H C II-- ~ ~~ C II-- ~ "" "" or.;i II"' •r.;i 

A 16.09 8.36 16 8.37 7.11 5 150.86 

B 14.80 4.78 17 5.92 20.66 20 157.98 

C 17.47 9.63 10 6.76 33.83 30 188.68 

D 55 .75 27.75 27 35.85 215 .12 136 731.82 

E 40.68 17.01 40 13.96 86.60 40 359.94 

F 30.55 39.57 21 13.48 71.19 30 341.60 

G 27.09 14.67 19 6.77 32.75 12 221.40 

H 31.81 14.45 23 5.74 62.93 58 329.76 

I 32.57 32.22 40 27.18 46.66 31 423.71 

J 44.31 20.41 34 30.27 132.31 53 544.24 

K 31.68 31.21 24 11.59 99.91 56 332.67 

L 35.37 19.97 30 11.01 48.95 35 345.71 

d "'i 'JI ~ i 'JI 'JI I 'JI,=, o, 'i~tl~mm.llTc'll'Yl 'b'fll'i flfll'i 'b'-ll'U Microsoft HoloLens ~1tl'Yll'Yl1'1'11flH1'1tl 344.03 .. 
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VI 
N 'i 1'1.J fll 'i 'fl~ tnH .. 

.J 1::t1::nt11 
l"Jijl'fl 11 nn,.m 11 

tr-:i'ttl.J~m~,h 
V V I 

N111111l.Jfll'i 1::£1::'flHfll'i 
tJi)ifiJ'WUifltJ tJi)ifiJ'WUifltJ 

.. 
,,i . 

q "" 'fl~ijt),:j lfl'10U'fl fhltlfil.J 
fa 1'11101'1.J fa 1mm1iJ 

"" q 
(ll.JVl'i) .. (1Ul'fl) 

(1Ul'1) (fli-:i) 

A 32.73 57.84 47 214.74 

B 14.39 49.54 39 117.87 

C 14.03 65.89 50 151.44 

D 25 .96 93.48 41 268 .65 

E 6.40 40.57 43 98.09 

F 16.27 50.14 44 146.52 

G 24.45 66.48 44 180.07 

H 24.95 54.07 47 126.79 

I 46.28 81.09 56 321.44 

J 18.72 72.91 65 208.62 

K 22.50 72.71 53 181.34 

L 33 .83 47.32 42 229.67 

'J::v::rnrnl!~vm·n.J6rl':1Ji'Win1J 1e1 h11m:1J,i''m'YlTm-:i 187.10 

,, . . 
- €5imm::~'.i11Jf11';j'YW1"tl-:JV'Wfl~i'W (4) Yi'Wvh.l61J1im'Ji-:iitJn 3.10 
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' ,, 
- ~11lflf1~1'Hfifl1f11JfltUfflJ'U~IH'l:::f11':il'll-!ll\.J'lltN Universal Robot 5 l~fJVHU-!ll'Wfll11,Jlf1 

~ . 
1'J !J/ I 

Universal Robot Academy L~llf1 

• First Look: Feature and Terminology 

• How The Robot Works 

• Setting Up a Tool 

• Creating a Program 

• Feature Coordinate 

• Program Flow 

' ,, 
~o, "> 'J !J/ I ,!I • !JI ,!I 'l !J/ !J/ !J/ 

- ffl,Jflffl1i\,'lf11'j L'b'.:il\.J'Vll'Vll-!I (Gesture) l'Y'lflfl11JfllJ Virtual Robot ~1fll\.Jfll11 \.J'lll-!l\,'I\.J~1fl 
~ . 

.dQ.I J ,t;9 O O I d IO C:., .dt 
';i::: 1J 1J 'Vl ~ ~ \.J l'll\.J ';i 1lJ M f11 ';i ,Jl'1 fl-!I f11':i 'Vll-!11\.J 'llfl-!I Virtual Robot f1 fl \.J 'Vl ,i::: ff-!I fllff -!II~ fl 

a 1'J I ,I o, _1.:t 
fl11JfllJf11';ilflclfl\.J ll11'llfl-!ll1\.Jfl\.J\,'I URS ~-!l'hJ'rl 4.5 . . ~ 

!J/ !J/ I <;!Ii 'l !J/ I a 'l !J/ !J/ '} d 
- Hl'll1':i1lJf11'j'VJ~'1fl-!IHf1f11'j 'lf'Vll'Vll-!I (Gesture) l'Y'lflfl11JfllJ Virtual Robot \.J'lll-!l\,'I\.J L~fllJ 

~ . 

' ' _ I d ~o, I d!J/1 '=91 
11J'YI 4.5 lJlJlJfl-!l'llfl-!IH1,JfJ';i:::l111-!l'YlH';i1lJf1WYl~clfl-!IHf1fl11JfllJ Virtual Robot 
CV II CU CU q 
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- ITT11 £J'Yllf11'i Ufff1-:J l 1l'VHJ~-:J ,i:;iji ~ lt\Uf1'il.J~l ~'U 1~tl!fflltl'U'Yl'i-:Jf1'i~'I.Jflf1fft'tt~fl-:J~iifl'.nlJff-:J 
.. q .. 

O!:l 'J/ I ,I A .ct d .d.ct j) I 

S !C)f'U ~ll.J~ 'i l'cY'U Hl'U ff'U £Jf1'1H S ICJf'U ~mm UCl~l.J,Jflff Ufl-:J'Yl 'i -:i f1'1l.J'Vl l.Jlff'U Hl'U ff'U £Jf1 '11-:J 
.. q .. 

- ~frnm1 'Ylf1'1 o-:i 11~\il o-:iri 1'1.JfJlJ ~ 'U £J'U 1-1 URS ~ -:iii Gripper 1~011 V'I.J i'~Q 111-:i (vfo-:iJ 1) ii 

iniiw~mijfl'U1~fll"1ijfl'U 111n11f11~1Jlil'U 1 iJJ-:i,if1 A ~flTn'Ufl 
q q q 

- Hi 1l.Jf11'i 'Ylf1'1 fl-:J 11~\il fl-:J 'l 6*Yhm-:irt1'1.Jfll.J Virtual Robot '11 V'I.J i'~m ffijfl'U 1llf111ft 11l.Jlil'U 1 iJrT-:i 
qJ q q q 

f1'1.JH'1f11'i~1'1fl-:Jf11'i'Yll-:Jl'U'Ufl-:J Virtual Robot 

- 1rlm1'U £J'U 1-1 URS mmrn'H V'I.J1~fl 111-:imv-:i~1u mJ-:i~fll'H'Uf11A'1r'1111~~fll~'Unnif 'U fff1 q q q ,, 
d 

f)l';j 'Ylfl'1 't),:j 'U 
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'i C> I I i'J/ i 'J/ 'J) o o, .e/ I d 1']~ .'f 
&fltlfHlfl'j'JlJ\911.:J "l 'J~'tt'Jl.:J 'Hl'U'J~'U'U 'U'\Jl.:J\Pl'U 'J~'U'U1l~'Yllfll'J'U'Ul'lflflltf1'U 11 !'UH.:J'IJ'eH Server 

' ' ~ I d. d. a., c:t 

fl ,i m rn •in .:i l'l 2 ,i ~ m,rc, ,1 .:i vi 1 ·n .:in 4. s 

_.., 
VI 

N11ltl N -ni, m 1 n mm .:i ,-... ... 
0~ .,,. 

~ "I.Cl "I.Cl 
o\~ ,-... 

(Cl -11~ ~§ ~E ,-... -11~ ~§ ~;l. 
,-... -~ 11~ 

;l. 
,-... 

~~~ ;l. 
,-... 

a~~ c;: 11~ 11~ c;: ,-

~ ~ "I.Cl ~ "I.Cl ~ ;l. ,- ;: Gi: 
,- ;: Gi: ri 

II"" -,(Cl ~E ;l. ~= - -~(Cl ~E ;l. ~= - ;: a<"" ,- 5 ac 5 a<"" -C 
,-... 

aG:;1 ri ,-... '1G;1 ;: 
a~~ ;: II"" II"" ;: II"" II"" ;: -II"" II"" ri ,- 6: ~= ;: -:;:::i 

§i 
,- 6: ~= ;: -:;:::i ; II"" 

("" C ~ II"" II"" C ~ II"" II"" 
,-

II"" 
·tro .,,. aG:;1 = ,- .,,. aG:;1 = ,- (Cl C ,- ,- - -:;:::i C (Cl ,- - -:;:::i C (Cl ("" Cc? 
""r' ~ iii v; ~ iii - ~ -11~ ;l. -11~ ;l. ~ ac 
;;,.i:io ~~ ,- - ("" - ~~ ,- - ("" - w w (Cl ~ ;l. ~§ w (Cl ~ ;l. ~§ H 

H !:: - ,- ~~ s: - ,- II"" 
II"" "Cc? II"" oc;;, 

A 59.28 22.70 27 11.27 35.57 16 552.64 

B 69.89 43 .23 52 22.64 37.49 24 755.18 

C 116.76 83.99 63 56.60 208.98 52 1438.86 

D 75.03 96.92 58 39.75 115.47 49 1342.36 

E 112.92 117.03 109 33.92 114.58 57 1465.60 
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V,,:,.QJ VI 
N'Jiltl N'n'IJ fll 1 YI~ tl 6~ ,-.. .. •:;: 

"!' -'rl (;J "1,1:1 "1,1:1 -ta ·v:;: )E )E - ·v:;: )E )E - -6: v:;: ;: - a)~ 
;: - a)~ s: v:;: v:;: s: ,-

:;: (;J ""1,1:1 ,-
;;i la: 

(;J "1,1:1 ,-
)[; la: ;;i ;: 

"" ·'IJta )E ;: '-' ·'IJta )E ;: '-' ac ,- la: - ac )tt:3 
;;i la: - ac ;;; 

:;:: 
c;: ;:: "" ;;; aG;J 

It'" ;::; It'" ;;; aG;J .,.., a)~ ;;; 
;;; ,- i;: )tt:3 ;;; -;:I 

= 
,- s: )ta ;;; -;:I 

= 
,- .,.., 

C"" c;: 
~ aG;J 

.,.., "" c;: ;;i aG;J .,.., .,.., 
ta II"' 

•fl'" "!' 

= 
,- a "!' -::, = 

,- a !: 
c;: ,- ,- '-' -;:I c;: ,- -;:I c;: t;i °'r :;: ·v:;: ;; ;: ~ :;: ·v:;: a ;: ~ aa ac 

o\;;t:11 aa ,- II- C"" II- aa ,-
~ C"" II- w w ta llo) ;: )E w ta ;: )E aa 

aa !: II- ,- aa !: II- ,- II"' 
II"' •t;i 

.,.., 
•t;i 

F 46.29 19.11 16 30.30 83.48 37 1180.90 

G 87.09 131.38 132 33.50 176.18 96 1795.95 

H 110.42 42.30 45 25.51 61.89 33 1165.22 

I 81.51 68.61 56 89.27 152.31 58 1351.58 

J 138.41 105.47 49 68.98 107.72 55 1486.71 

K 101.25 106.28 53 46.16 168.81 58 1575.90 

L 158.66 67.31 43 97.45 224.70 69 1633.31 

d 1J 1" V • '.i:::t1:::nmm?lf.lfll'.i flfll'.i 'll'HU Virtual Robot ~1f.l'Vll'Yll~ 1312.02 

v,,:,. QJ VI 
N'Jiltl N'n'I.Jfll1Yl~tl6~ .. .. ,-

"!' 
•:;: 

(;J "1,1:1 "1,1:1 -'rl -ta ·v:;: )E - );: - ·v:;: )E - );: - -~ v:;: ;: "!' ;: 
a)~ s: v:;: a)fl'O v:;: s: ,-

:;: (;J ""1,1:1 ;il: (;J "1,1:1 ;il: ;: ,-
)[; la: ,-

)[; Ii: ;;i 
It'" ·'IJta )E ;: '-' ·'IJta )E ;: '-' :;:: ac ,- 5 aC"" 5 ac c;: - aG;J ;;; - aG;J ;;; "!' ;;; .,.., "" )[; '-' It'" It'" );i a):;: ;;; ,- s: ;;; -;:I It'" ,- s: ;;; -;:I 

.,.., 
It'" s § ,-

C"" c;: ;;i IJG;I "" It'" c;: 
~ IJG;I fl"> II"' ta II"' 

•fl'" "!' -::, s ,- ;; "!' = ,-
ta C"" 

c;: ,- ,- -;:I c;: ,- '-' -;:I c;: t;i -'r :;: ·v:;: a ;: ~ :;: ·v:;: ;; ;: ~ » ac o\;;t;i aa ,- II- C"" II- aa ,-
~ C"" II- w w ta llo) ;: )E w ta ;: )E aa 

aa !: II- ,- aa !: II- ,- II"' 
It'" •t;i "" •t;i 

A 187.88 144.90 144 138.24 491.99 264 3002.86 

B 88.72 71.51 61 43.95 236.88 113 950.87 

C 149.45 40.68 54 97.27 241.57 89 1276.44 

D 131.30 50.25 50 37.33 289.84 93 1386.97 

E 153.57 95.13 66 64.65 281.86 151 1404.95 

F 129.19 61.18 20 93.07 217.87 63 1118.09 

G 70.94 57.88 45 39.37 227.94 95 1135.60 

H 153.89 41.64 49 27.02 80.14 48 1013.49 
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!IA.., VI r-NliltJ Nni1m1 nmm.:.i •:;:::: 
~ 

.. .. 
~ "11=1 "11=1 "'~ -(Ci ·vi;: )E 

)~ - ·vi;: )E - )~ - ·6: vi;: 
;i: - a)~ 

;i: 
a)~ G: vi;: vi;: G: r-

:;:::: ~ "11=1 r- ri (ii: ~ "11=1 r- )6 (ii: ri ;i: 
V'" ·,V(tii );i: ;i: )b '-' ·:vta 

)~ 
;i: '-' ~ (C r- (ii: - 1;:: (1("'9 ri 

(ii: - (1("'9 ri C ~ CIG:;1 ~ CIG:;1 ~ ri .... );i '-' .,.. 
ri '-' a):;: ri ~ 

.... 
Iii: ~ 

.... .... r- Iii: ri s r- )a ri s r-("'9 C = CIG:;1 
.,.. .... C ri CIG:;1 .... V'" (a .... ..... ~ s r- a ~ ,::, s r- a ("'9 c:: 

r- r- '-' ~ C r- ~ C t;i 
-'P :;:::: ·vi;: a ;i: ~ :;:::: ·vi;: a ;i: ~ » ere 
-'ZP aa r- .,_, ("'9 .,_, aa r- ~ 

("'9 .,_, w w (Ci !lo) ;i: )E w (Ci ;i: )E H 
aa !:: 

.,_, 
r- aa !:: 

.,_, 
r- .... .... •t;i .... •Q 

I 106.58 41.51 22 143.89 254.28 102 1217.59 

J 202.54 91.98 53 135.02 406.21 182 2229.12 

K 150.66 111.05 60 76.25 311.62 98 2124.12 

L 185.02 56.41 56 115.90 500.93 126 1873.55 
I I J/ I 

1:v:rrn1m ~tJt11lffJ1Jru.1 URS 1nD11 ti1Jiu .:.11u i iJv'.:.i,i1u 11 u .:.ivi11111 u ,1 1561.14 q 
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ii 
VI 

4.3 Ntli>lflfl11flfl'UU'U'U£Tfl'UOUl6Ufl~N11tlfll'i't1 cu 

OJ 

~tlfl~'Yl~'tttl~ 12 flt! 

"" ., .... 
N'n'illfH!1JlJfffl1H111J USE Questionnaire [56] 'il::1J\911!'nflf) 

., .... i , 'JI 
5 \911!'nflf) ~ti 'lf Likert Scale [57, 58] 

a., ~ Q.I I 

l~uri Strongly Disagree, Disagree, Neutral, Agree, irn:: Stro ngly Agree 'illf1\911!'nflf)~-:Jf)'nl1ffl1Jllfl 

• I 'JI "' ~I 'JI "' • ~ .d U11'n'IJfl1J'nl'lf-:JtHU fll'rU11'1.J'IJfl1J'nl'lf-:J1111JlW (tl::U'I.J'I.J) Vlfffl 
'JI ., ., .... , 'JI 'JI i'JI ' 

~tl'nfl-:Jf)lJ\911!'nflf) 'I.J'IJl-:J\91'1.J ~Uf) 1 2 3 
~ q ~ . ., ., 

4 1rn:: 5 ~-:iffl1J1lfl'W1tl::uuul uu~c,::'lf~r11m1Jffl'111~1m"" c,v,.,o-:i'Uouu "l i~ uon'il1num~1m~v 
q ., ., ,,,j ,,,j ,,,j 

'1Jt1-:J'l11J1~'11~r11mm!'I.Ji~n~-;w U1J1Jfft11Jm11i-:in~11iii:-.1 'n~-:J\1111HTI 4.6 \1111HTI 4. 7 \1111HTI 4.8 

m1H~ 4.6 tl::uuum~t1'1Jt1-:Jtl111Jff::~1nlunnli-:i1u (Ea 

fllQl'IJ1'1-UltJtJD'OtJQUI 

It is simple to use. 

se of Use) (n = 12) 

It requires the fewest steps possible to accomplish what I w ant to do with it. 

It is flexible. 

I can use it without written instructions. 

I can recover from mistakes quickly and easily. 

I can use it successfully every time. 

,,,j 
t1::u1,11,1mau 

3.67 

3.83 

3.75 

3.75 

4.25 

3.75 

3.83 

ci d , "" 'JI 
\1111HTI 4.7 tl::U'I.J'I.Jlllfttl'IJfl-:Jtl111Jff::~1f) 'I.Jf111lW'I.Jl (Eas 

~ 
e of Learning) (n = 12) 

fiu1m11.umtJD'DtJt11i, 
,,,j 

t1:m1,11,11uau 

I learned to use it quickly. 4.08 

I easily remember how to use it. 4.08 

It is easy to learn to use it. 4.25 

I quickly became skillful with it. 4.08 

4.13 

. . ... "" "' , \1111HTI 4.8 tl::U'I.J'I.Jl\1'ntl'IJfl-:Jtl111J'tWVrn 'ii (Satisfaction) (n = 12) 

flUll'IJ1t1UtJtJD'OtJQl'IJ 
,,,j 

t1::Ut1tllililtJ 

I am satisfied with it. 4.17 

I would recommend it to a friend. 4.17 

It is fun to use. 4.42 

f, 

' 

" 

,, 
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\lll'iH~ 4.8 T1:::ll'W'Wl\l~1:J'\lfl·Hl111J~,:rrrn11l (Satisfaction) (n = 12) (~fl) 

It works the way I want it to work 3,92 

It is wonderful, 4.00 

I feel I need to have it. 3.92 

4.10 

~ d I 

\llln~n 4.9 T1:::ll'W'WlilclV'\lfl~fJWTllm'Yn:::rrn1 (Value for Specific Task) (n = 12) 

, V'j'j ,, I , do, ,MI,,, O I o,cj 

fll'j 'lf &~ tcllltn1JIHY~~'\lfll.Jclm~ 1 'W'J:::UUVl'YrnlJ'Wl'\l'W'lf11:J '11fll'JVll~l'W'J11Jfl'W1J 
4.33 

Tl111Jff:::~1fl 

4.50 

flU1"Ml~ lc111mmJ1clfl~flln'll~l'W'llfl~~'Wl:l'WIPl (URS) 1'Wfffll'W~1l1~ (l~ lcl11m1J 

I o' ,!I V QI QI I o'e,. I 1""1 O I o' ,M 
'11 'W 1:J'W\9l!ff1Jfl'W C)ffl'WV1UflU'l1 'W 1:J'W \9l1lH) 'lf11:J '111 '\11 ,lfll'j Vll~l'W'\lfl~'l1'W 1:J\9l1Jlfl'\l'W • • • 

4.25 

4.36 

V V 
,it>lfl't!f>llt!:::~llt! User Interface 

1) Tl'l'J ij11J\j \9lcl fl~l 1cl1~ rfl 'M'H'Wi11:J'\l 111Jlflfl11~ 1l::: llfl~ l ,J 111i1~1iJu General-purpose 

Switch 

I JI I , I 

3) ff'llfl~flri fl~nu ff~~~~ ri 1,i'u ,i'u \9l fl'W 1 u fll'l !ii~ fl'W Yi TI\9111111 il ~1~v1,ifl~11 ,i u nc1 U 11l :::ij ff 
' . ' d Q.I QI D I I .ct 4 d I .d. I d ,idl O QI 

!~ l:J'lfl'W flU\9l 1 II '11 'W ~ '\I fl~ 11 'll 'W I 'lf'W Base ff II~~ I Tl cl fl'W Vl fll:JH I~ V1 flcl fl~ VIII ff~~ fH ell~ U 

fll'j !Tlgfl'W~fi\.111l:::1il'Wff!~l:J')j')'j.J 11~tf 1ijfl1HHY1Jfll'j!flgfl'W~'\lfl~ll'\l'W 1 'Wll~ri::: Link 1l::: 

1ilufft'W'Wflfl1llflff~llff~~ 1 u11,iunc1 

4) tll!'fi1J!1J\jflUJ1 lVll:JJ'W G"J IIUU!,Yl i1l~Wf11nUcl~ iiJ,i'11:J\.111l::: i"M~l'W~Wfl11dri111f U~~ tli 
,,r111lt11i~,i'1u 1,J111m1Jm1:111~flHl 6*~1'Wi11,J .. 

5) Script Generator 1iJu~11i1:1u 1ti'~il1fomn 
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1) Dtnn 111'nTH~mJ~fl Block ,rn-:i iff,1u~c,:1o11t~'W 1u1~~wmnn11rl 

2) fl\Pl'Jl 1 ffQ-:J"fl~iittJr'WtCJrnf 'il:rrhJt1'Jl1Jtff(irJ·rn1nn11 nn 1.;;f 'JlJ'W fllf)lff 

3) f)l'jC,lf)1\91Q 1,jtiflfJ~flilflfJ 'l 
I Q.I I j/ 

4) nll\Plfl Block (Script Cube) fJ-:Jtlfl'W'IJl-:JfJlf) 

5) Dumw Microsoft HoloLens flfl'W,i'1-:iiil1Uf)l1'Untfl'W1u1unn1i-:i1u • 
6) 1:1J1Jf½tJ1J~W1'M-:Jl'W 1~'il1-:J\9111Jf1111 'M-:Jl'W 

7) Ul'il:iim11itfffJ-:j (Sound Effect) 1Jl'lf'JfJVllhf~ul~'Wt~'W 

8) 1,i'11'il ,~~w n11Mtl1'Wfll'VHYll1i'1Jt1'W 1,jttltJ,~i½vuft~fJ'JfilJU'IJ'Wf)C, ., 

9) fll'il~fl-:j 1 {nc,1n1t1111J~'W i'Wf11Jf)l'j,j'-:jr)1Jfff)'Wf)U '1 U~trlfl~'Wi'WU~'J~ff~n~ti: vh 1 M 
'j/ 1 O I o'\Ji 'J/ .f 

t'Ul 'i)f)l'j'YJ1-:Jl'W'Ufl'111'Wfl'W\91 tf11Jlf)'IJ'W 
,, 

10) 1i-:i1u~w U~lJl-:JYhfo (Microsoft HoloLens) 1:uf11m-:iihu"'1 !c,fJC,lf)~fl vh1Mt11llrJlJ 

y y ,J ...... 
'Ut>ltfUt>UU:~11,1 1:tfTifi.fll't'f'Ut>~1~'lJ'lJ 

I o' t"' _,j 'j/ G 'j/ 

2) m1 u ff\Pl-:J f>m'IJD-:J'tl 'W fJ'W \Pllll-:im -:i11t11111t1m\Pltt1 C,D'W m-:irnnu DfJ 

3) 1Jl-:Jt1f-:iv-:i map fll'W'1:U\91Ht'Y11~fl'J'j vi11Mfll'iltfl\Plt1111JN\Pl'Vrnl\Pl('W 

4) 1 :lJlJlJl-:Jff 'J'W V-:J l,jtff(itJl 1Jlf1U f)U~ i \Plfll 11JtffilfJl ~U~'J 
SI I I SI I I I 

5) m-:it1i'-:im1 t t1nDu TI'IJD-:iiu-:i1u i1n11m1 tt1ifou TI'UD-:i11D'Yi mn 1 u 

6) f)'jfllJf)l'j VJ 1-:Jl'W 'Ufl-:JU 'J'WU fill, U't'll, ,r 1Jfl'3tl1'W fll'Wl 111,:U'lf\PI~ fl-3 flflfjflflf)1Jlfl, 'W 1'3f)11'3 ., 
jl Q.I "'Gt " I ~ dc1 Q.I ... I Q.I 'JI 

7) fJlfJf)WYJ\PlfffllJ 'YIHf)C,llf)lJ ~f)lJlfff) & l1fl~\911")f1\Pl'W:mlJ 1J'J\Pltlfl (l11'1Jfl 4.2.1) 

o, 1 °i) 'j/ 'j/ I ,1 G 'j/,!J ... 'I O 1 'J/'I 'j/ °i) 'j/ .f 
8) \Pl1u1u11D'3 i\Pln11-3n11un'il:lffnffmmrn:Dff1: ium1t11llf.111'Yll l1 &'Hl'W &fl'Wl'W'IJ'W 

9) nnt111Jr.111nrr'YIN~'WfJ'W~V'3t11lltiDfJflffl:tiD'3unu x y z 1JNi-:il11:~ii,rD,1n,11u . 
f)l'jff-3-311.J 

10) rl1whm11itt1tJ1'M vi1hfmmrni½rJ'W~f)l'jl'lNl'W'Ufl-:JflUmw'1~~w trn:'Ufl'3tl'Wf1Htfl\PI ., ., . 
_., "ii. l'I 'j/ • I .. ... "ii i"=I I 'I 'j/ 'j/ 1 0 I I I .. .f 
1Jqjl11nm rn &'lf~1JmW'ilH tfl\Pl 'lf'JfJ mt'Ul 'ilm1m-:i1'W'IJD-:JU\PIC,:ff1'W'IJD-:i11uvu\Pl111n'll'W 
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') 'JI 'JI 'Jl,d/ o, 0 ') 'J/'J/,d/ I I ,/ ~. J I "J l"J 'JI I J 
2) l 'lfm'l1liYf1'lf01.JlJlJ'Yll l 11 lfff111f11Hl1lJfJ1llJ lJtllJ \PIIIJ lJI 'Hl~lJl'ff'4f1 llJ t ~ lJ lllJO rl~r11llJ 

N~'t'lrll~tlfllJl'll,11 ~II ri: 1,r1 i~llJ i 1lJtllJtllJ H1Jf1rllJ tu,~ l111111f)~f11'j ,1 tllJ r i 1lJt)lJ .. .. 
u~:iru nv~ihi'o~~~,r~o~1~~,;jt1u, uti:rl' 111 ti'i ,i ,~nr1~ ,i: ~,~t1lJrnt1 

')'JI •')'Jl~'JI ~ 'Jlll]'JI 
3) Hololens 111f1 t'lflJlW) ,i:m t11fj 1'lf~llJlf1~f11'Jrll 1~ . ,, 
4) rllJllll!iiftu11u~lJlJllnlJfll,J,l:~~ "l 

'I 'JI • ~. ' ' ' ,f d • J 'I 'JI 'JI 'I • 
5) flfllf1111'YlllIJlJ~llJ 01,i,i:lJllrllJlJlf1'1JlJ (f1'HU'Ylll't'lflfffllJ 111 User 1'1!11,Jf11'JVINllJ) 

' 'JI ., ,l,s. 'I 'JI .J d ' 'JI 'I II] 'JI' 'JI 
U\Plfl11\PIQU'J:ff~r1r1offou 1'lf~llJ UlJ1JlJf1lJ1,i:1,i1 rn 1~~wur11 

6) ,du1fftilf1111jjfllJ111 hlnffll!l,10 

7) illuilh11 Ol'VlllllJlJ 1111nof1 Joint tlfllJ (I 2 3 4 5 6) 11J1tiot1rllf1 (;w,i11 riNlJlJ) 



m1V1~urn~~1u1h:ffV1imv. 'llfl~1:uu t1111Jmmrn i um1 i i~1u 1:1J1J 1m:rJW ti1mv.1:m~'llfl~ 

';j :'l.J'l.J 'i11Jtl~ u 1.J 1VIH i 1.J m1-i~1.J n :'l.J 1J i 1.J fl1.J lfl\91 ~HHllflU 'l.J'l.J 'fffl'l.Jtl11J i 1.J ..Z 1,i' fl~ 0 'ff11Jl'Hl 

U'UiNfl'1'l.J'illfl,j'fl1J€Hi~m1J1Wl~1.J,j'fl1Jmi~fltl.lfllV. hW"1fltl.lC)lfll'i'U':i~tiJ1.J 1 - 5 i~un 1 flfl iii ., . 
G 'JI I ~ ,!I 1'J I G 'J/ <!I 1'J Id "' G <!I G 'J/ <!I G 'J/ I ~ 

l'\11.J'11tlfltlHfH 2 flfl 11Jl'\11.J'11tl 3 flfl t1J1Jfl111Jf1'11'111.J 4 flfll'\11.J'11tl U'1: 5 flfll'\11.J'11tlflt1Htl~ 
,, 

1,im•mfll'i11fl'il:l1,i'fl1J(li~n~11ii11t1(l:tot1,ii~ii ., 

~Hlfll'iVl'1'1fl~l~fl'U'i tiJW 'U'i~ffVln fll'n'llfl~'i~'l.J'l.Jll 'ff'1~ hf 1~1.J11 Frame Rate m~t1\ol(lfl'1fll':i i i~11.J 

iiti11vi1n1J 59.51 fps 1m:iiti1J1"J',1~1,1i~flfl 52.25 ~~iiti1ni1fi1~mn,fuM' (24 fps) t~fl~111n 

fll'i'U'i:1J1m,mi1.Jflln'll~l1.J~l~ 1 1l~\)m.h:iJ1aNa1u~~"UO~ Server i~'t11iifa~'llfl~ Microsoft 
,, 

HoloLens uu iiii~~'l.Jfll'i: i 1.Jfll':i fl11.J 1wi~n~11 i~ i iV1i"rw1m i 1.J ff11.J 'llfl~m11't1m.l,ma:a~1 

"1 'JI ' "'·' "' "' -~ V , <!I I I (Rendering) 1'1fltll~1JIJ':i:'ffV11ifl1V. u':i'IJlW"IIO'Ja Ulfl':iO"UUl'llfl~ Microsoft HoloLens 'i~'l11H 

m1ii~11.Jm~t1iiti11vi1t11J 0.96 Mbps ~~iifi1uoun1mnJJffW1'Hlff-JffFl'Yfl-J'9i''J Server (433 Mbps) 

.i::!1.dl IQl'j/ G.lto "i'J/ 
'11 ':i fl 1J mt VI 1tl 1J 'i fl ti (l: 0. 2 2 'll fl~ Server '1 ~ 1.J 1.J 1111.J 11.J H 'H 11.J 'ff~ 'ff '1 (Microsoft HoloLens) ., ., . 
~'ffl1J1HH~fl1J~flt11J1:1J1Ji~J'U~ 3.4 fl111rn~i' 1Jfln t~fl1J~fl i~'l.J1:mw 454 fl1.J 1rlflri11nw1 

• f'= 'JI i ,!I I 

mv.1:1JrnlW'llfll.J(l wmfl'lllf.l 

'JI 'JI ' ' i I "'· I o' 'I 'JI • I o' 'JI 
HI 'll l'i11J fll ':i VI '1 (lfl~ 'ff 11.J '11 tlllflt11J IJ 1: 'ff'l.J fll'i W fll'i 1 'H 11.J fl IJ mW Microsoft HoloLens 1J11J 1~ ., u • 

,r V , I "'.f o' 'J/ cl 'i.f I o' 
mnuomm:V1m11.J '1Jlfltl1JIJ1:'ff1Jfll'itl.1'111.Jfl11l'lltl1.J rnrnm1Jf111Jfl1J'111.Jt11.J\ol Universal Robot 5 • • • 
1,i ti H (l fl 1 'i VI '1 (l fl~ U 'ff '1 ~ ~ 1 ti fl 1 1 vJ 1,i ti ii fl 1 ':i '111 ti 1 Correlation Coefficient (r) ~ ~ ,i: ii I fl W C)1 

m1v.11nw1ti1 difl r = o U'U(l11 \911U'U'iiii.i1J'i1.Jt1t11.J r iiti1-w'Dt1t111 0.400 U'U(l11 i1u'l.J1ii 

fl111Jff1J'W1.J1if11.J':i:i1JuflfJ r iiti1 0.4 tl~ 0.6 mfo-.h \911U'U'ilJfl111Jff1J'i1.Jt1t11.J1~i1J'Ul1.Jflm~ r iiti1 

1Jlflfl11 0.6 U'U(l11 \911U'U'ilJfl111Jff1J'W1.J1if11.J'i~i'l.J1Jlfl [63] i'1t1lJ,j'D1J(li~d ., 
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• Trendline R2 = 0.25 
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fl 111J ffll'rl''\.J fifilJ'.i:; v:;11{11~ iii '\.J fll'.iHfl fll '.i u o fflliu £ filJ 1 ~ 1 {1!! fl'.i lJ i '\.J 'i~iu 1i1un ft 1-J 
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• Trendline R2 = 0.176 
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ct di d'J) Io' ~'J)o IQ.J"JQ./ 

111fl1,Jfl 5.2 mY~.:J i '111 '11 'W 11':i ~ tl~TH'tl'Yl i 'lr i 'W flllfl1lH11l'l1 lH.l'W \ol URS IYHJtll tl\ollU '11 'W .:J1\oltl ! 'Utl.:J 
CV 'I 'I II 

~ 1U'11'W.:i~f11 '11 'W ~ ij fl 111.J i{ 1J i 'W £ f1 lJ ':i ~ti~ 11 rl 1 ~ i ,Ni 'W fl 1 ':i H fl fl 1 ':i fl 1 lJ fl 1J 11 'W ti 'W \91 URS • • 
i"Wr::imhumn-J (/=0.176, r=0.419) Url~l~'Wi'Ui'Wflf'l'>'INl~(J'JtfU 

• Trendline R2 = 0.052 
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111fl1tJ~ 5.3 u ff~.:i i l1'1~'\.J11ii~ri1'W 1~t1~nr11~ i 'lfl 'Wm':iiJ niY1Ji'W £,rn.:i m,fo~uH111Jm':i'Yl~r1 u.:iij 
" ':cJ q,, q,, 

fl111lii1li'W £nlJ':i~ t1~nr11~i ,Ni 'W flllfl1lJfl1J11 'Wtl'W \91 URS l~UVltl~lU 'l1'W .:J1\oltl 1 'UrJ.:J~lll'l1 'W .:i~ • • • 
• i "' !J/ 2 ~I llJ. 11 ""' "' !J/ fll'l1'W~ 'W1::~1JUV(J (r =0.052, r=-0.228) Url~IIJ'W !lJ 'W>7f'l'>7N"7HnU'lm.J 

. . ,, 
<!IC> 'J} i Q.1'1,c:t I QI i'J)d 'J) QI.ct 

11JU~111':iW1'\JU1Jrlfl1':i'Yl~rlU.:J 'W'l11'\JU'Yl 4.2.1 Uri~ 4.2.2 ':i11Jfl'Wllff~.:J 'l11'l1'W'\JU1Jrl~.:J'W 
~ ~ 
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• Trendline R2 = 0.068 
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, Yd '"i j/7j/ d!ili.,i 'I 'IV 
fHHll fH I 'U1Hll fl 11 'U 'lH'Y fl 'Um 11 II ff~ ..:J '111 '11 'W 11 t ~ tJN 'JfJ1 'I,/ l11 'I,/ WW 'W I '.i fl ..:J 'U fl ..:J fl l 1 '1.J ti:: yl'J fH \! fll 'H 'If 

i i y d j/ ., .d~y ~ y "' 
-31\! (Ease of Use) 'Wfll'.i 'll'..:Jl\J'.i::'Urnrn::mJ.JFJWfl'Ufll'.i'Ylfj t'll'ffllll'HH!fl !'Ullflfl11lJH~l'Hll~'Uru:: 

i y ll)Y I d ' .,i "i "i 'lY!i!'!Y .I "' "' ., o'y 
'll'..:Jl'W'.i::'U'U 1~flt11..:i11~111 ..:iwmv t'Wfl..:Jlll'illfl ,~ rn11m1Jfl'4t)1l\Pl 'ttfj 1'll'-31'W1Jt)ffll'Y'l'W1i~1t1 

n1V11u1rn'b'1~ 1,i'1 i'il 1~~1tl fll'.il'll-31\J 1~v1111mm1t1vi1..:i1tJ 1~\PlllJ~flflfHl'U'U 111rn::ri1tJ~~~fl 
' ~ 

~ y ., d <!I I i . I., • I"' • I i y ., !i!'l y d j/7 j/ 
H !'ll'..:Jl'Wtl..:JlJfl11lJtl~tl'Wff..:J 'Wfll'.i1J'.i'Ul1J"tl'W\Pllll'l1\J..:J 'ttl'ttlJl::fflJfl'UH !'ll'..:Jl'W 'Wflfl'illfl'WN 'JN?J.J cu q cu cu 

d j/ i .,i . 'I .ct y i iy d j/ muww 'Wl'.ifl..:J'Ufl..:Jflll'1.Jt1::v1lfl1Ufll'UUJUJ (Ease of Learning) 'Wfll'.i 'll'..:Jl\J'.i::'Urnrn::nrnww 

., .d .d ., ,f d I I d Yi i y .,i .d 11) y 
fl'Ufll'.i'Yl'.i::'U'U'Yl'Y'l\Pll\Jl'U'W 1Jf111m1t1\Plt1fll'.i 11 tJ'W '.i 'W fll'.i 'll' ..:J l'W l'Wfl..:J'illfl 1 ~ 1 m1m11V1flflfHl'U'U n .. 

• o' ~I Y Y !i!'1 Y d !ii i .,i di 'I ., d 
'Ufl..:Jll'Wtl'W\Pl l1J'W\Pl'W 'CJ'~'Ylltlfj !'ll'..:Jl'Wl'HJ.JFJW 'Wl'.ifl..:J'Ufl..:Jfll1'1.J'tH't'ft>Hl (Satisfaction) 1rn::t1..:imu 

tw11'.i::'1111..:Jfll'.i i 'lf ..:Jl'W '.i ::'U'U,_f 'W !ffflff\Jf) I~ fl..:J'illflfll'.i i 'M'.i:: 'U'Ufl 11lJ'il1..:J lff11JffllJ1'.itl'lf1fH ~lJ - .. . 
fl11lJ,l lff'W i 'il II lJ"fl i 11 li trn::~\Jl~'W 1rl ti i 'M ..:Jl'W '.i::'U'U '.i 1111 lJ ~..:J fll '.i ~'.i:: 'U'U tlflflll 'U'U i 'H Hi 'M ..:Jl'W .. 
ffllll'.i tl i 'M ..:J 1\J '.i:: 'U 1J '.i 111 f)\J 1 ~ I~ fl ..:J 'il lfl'.i lJ II 'U'U 'U fl..:J '.i:: 1J 'U~'Yi\•lJ 'W 1 t 'W ~ '\.J llJl I ~fl lJ l tJ..:J f1 'U fll '.i .. 
fl11JfJll~'WtJ'W~,.f 'W r;lii..:i1'Wvf 111J11imm1m,i'1~..:imfl 1'W1"vi'Wt1f11Jru::i..:imh11~~wi.Tfl 
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,Jlflfl111ltl'11~ 'W '\JD~ N'i 11.Jfl l'i 'YI ,i cl fl~U~ DI ff 'W flll 'W: rl111 i' uiJ i' uiJ 'i ~W\Pll'W l'i: uu ~lU User 
~ . 

Interface fl1'iUfll'i i-Nm1:111 'YlcJ i 'W'i:uu 1d fl~ ,i1nrfl-N~1'W i 'Wfll'i'Yl'1clfl~rl1flu fl'W 1 'YlcJi~1111,11rn: 

l~fl i M ~WllflN~ 1111 flcJUiJ'i :ffUfll'i tul~cl1f11Jl1 'W cl'W ~ 11 ~ fll'Ylfl l cl ~fl111J ,11 ~lffijfl'W mn fl'W llcl: flcllfl 
~ . 

i 'JI .M 'JI 'JI ~ 'JI i 'JI'; 'i ,,j 'J/ ,9 "~ ,I ., 
1111ff'1~111\j'\J'W'11'W11'W1~ &'Hl'Wll'Yl'Wfll'i 'If HJ rnum11 General-purpose Switch ll'IOl'\Jlfl~n~fl'lf'W 

mn-h~1u~1~ '1 '\Jfl~'i:uu ~1U'Ut>-3fll"i1Y,n1-n:'lJ'lJfl1'iiJi'uiJ1 ~'\Jfl~mnh Script Cube m~Df1'W 

~ o 'J} ii o JI d a., .c:::t Yd ,Xa.,d 

ll'l'il: 1n~m ~mi 11 fll'i i 'lf ~1umu1m111 ,i:11m'i ,i,i 'i :mc1u (Alignment) llcl1fl\91111 'W on,i1mw~11 

fll'ilff'Wfl i MW\PlJ'WWlf'Wl9rnf ~l>l'i1,i,i'unn lfl~fl'W 1111,iu~ijfll~t11ff11Jfll'i i 6*,iim~ (Gesture) iu 

f11'iiJ6i11JW'Wnf11J'i :UUflf1~1V 1dfl~ 111fl~'.i11Jfll'i 'Yl'1clfl~ff1'W i myv~ 1iJ1~uiJ'i:ffUfll'itui 'W fll'i 

" iin1m~mm!mrn:iJ'i:flfl1Jf11Ji1 Microsoft HoloLens 1Jl~fli'~Ufll'i\9l'i1,J,i'1Jm'ii.U~1'W Gesture 

~ H'1l'lcl1'1flfJ ~rnth:;«Ylfifll'W'Ut>-3"i:;'lJ'lJfl1'i iJi' uiJ Hfll'ifl11Jflll Virtual Robot Id fl~ 111flff1'W '\JtN 
~ . . 

I I I JI 

Base fJ~ I fl~ fl 'W n 1 iJ ff fl '1 fl cf fl~ f1 U fll 'i i 'M'YI 1 'YI HI 'YI 1 n fl 1 'i II cl: 1J H fl f ~ Microsoft HoloLens U 

o, i'j/l Q oi'J/ I "i d ,,j ~'J/ 
fll'i\9l'i1,J,J1Jfll'i 'lf'Yll'Yll~H'1l'lcl1'1 'Y11 11fll'ifl1UtJlllJ'WV'W\9l 'W'i:UU1Jfl111Jflcl1'11rlclfl'W !'1 trn: 

if w111rl1t1W~flfll'i iJ i'uihu 11 'U nflll'I II 1,1cl'D11 I ffij fl'Wf11Jff flll'III 1,1cl'D11111 ~ 1d fl~,Jlflfll'i, '* ., ., 

Vuforia ~fl~i'W'lf1~f11'1~W\Pll'W1 1111 lf rT~uifOJ1111ifl~rl111Jl~lf1'W ,~ (Compatibility) 1rn:if11J111 

tu 'l i'Wm'ii'M~l'W'.i11Jf1U Microsoft HoloLens n1ilf v~Url111lflcl1'11rl~Olrn~ 

ill I 

5.1.3 ~l'UfJWfllhl'Nl~'nH 

'i 'i 'J/ I ,,j i 'JI"' ,,j 'JI , "I 
1~ 1c111m1111ff,1~'\JDJ.,!cll>ll~ '1 ll'lfl 11m,1f11111ff:,11n 1uD~111nfflm'iflllff'1~'\JDJ.,!clflflfl1J1 u11111uu 

ml'lm 11:Jfl~fflm'i fl i 'Miu m'i ~Offl'i 'i :1111~ ~ 6* ~1u 1 ~~wu c1:~0J..1c1i~nri11um'i 11 """~~mm 'i fl 

iJ6i11wuni111nu ,~ 'i11JO~fll'i i 6*1 ~ 1 clllfl'ill111clfl~fll'il'l1~1'W'\Jfl~~'W cl'W~i 'Wff flll'III 1,icf 011,11 ~ 

'lf1cJ i 11'1~1 i 11m'i n1~1'W'\JD~11 u vu~ 1 d fl~ 111nm'i ,i'1c1o~m'i n1~1u '\Jfl~'tt vu~i u ffmu ~ 111 nh i tt • • 
~'M~l'Wffl1J1rnfufo~~fl,i'1n,1i'Wfll'irl1UtJll~'WV'W\911iJ5~9f11111'U~~1~ '1 ,~ !'lf'W !rl~tl'W~'lf'Wf11J 

HU~ m~D'W~'lf'W ~ ~n,1,i11~ 1~u lu u on111nrl N'i 111m'i'Yl'1clD~rT~ n:1u~-u.10uH~-3nunn ,i'1c10~ 
~ 

fll'il'll~l'W'\Jfl~ Virtual Robot 'Jf1V!~llfl111JlT'W i 11fltl'Wfllnt~ i M'tt'WV'W ~111 ~l'll~l'W 1du~,i1mrH~1'W . ~ 

iY1'W imyv~ 111lf1VUiJ'i:ff1Jfll'itufll'il;cJ'W l 1.J'illfl'illfl1UtJll~'WV'W~,i1 ~ (UR5) 1Jlfltl'W fll'i,i'lclfl~ 

0 j/ I r/ .<f!!C Q.ld~j/ .a 'J} ~Cl.I I ~ ,'J/ 
fll'i 'YIHl'W WJcJ11 'W cl'W \91 ! ffll tl'W !! cl: fl~ 1.JH ! 'lf ~l'W 'i: U'lJrl'W fl'W rl 111.J'i (H111V) rl OV'lf1cl! 11 cl 011": 11 

fl CU CV CV 

r11uu:1.h;~·1hvff!1~r11111JTu i 11nD'Wfll'ir11ur11111u c1u1v1111 ~ 1~ • • 
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Abstract. This research presents the design and development of holographic 
environment for multi-user virtual robot training system. During On-the-Job 
Training (OJT), this proposed system assists the trainer to train the trainee for 
operating the virtual robot arm at the robot station. It is designed for multiple 
users to access the same augmented environment including the physics-based 
simulation at the same time. In the augmented environment, the trainer can 
demonstrate the operation of the robot through the hologram while the trainee 
can visualize and operate the virtual robot by interaction with the hologram. The 
result showed that the same augmented environment was interacted by the 
trainer and the trainee successfully. Hologram environment was accurately 
mapped to the real environment. In the future, the proposed system can send a 
set of commands to control the real robot as similar to the hologram version. 

Keywords: Robot training · Simulation · Hologram · Augmented reality 

1 Introduction 

Training is the process involving with the trainees to learn and practice lead to gain 
knowledge and skill in their jobs. The presentation methods are the simple ways that 
deliver the information to the trainee. The simulation method is the method that helps 
the trainee to learn and practice in the virtual environment. The trainee can feel like 
operate in the real environment. On-the-Job Training is the method that the trainer 
directly instructs to the trainee. Also, the trainee can learn and practice at the actual 
workplace. This method generally is the most efficient (1-3]. 

Several research works presented the systems to improve the training process 
including avoiding the risk, reducing the cost of training, preparing the trainee in the 
specific task, assisting learning in the difficult task, and so on. Furthermore, the 
research works that implement the training method into are facilitating and improve the 
learning of the trainees as shown in Table 1. 

Virtual Reality (VR) technology has been widely spread in various tasks. For the 
training task, the virtual reality especially augmented reality allowed the developer to 
create the virtual system for assisting the user in many roles such as virtual teacher, 
virtual environment, interactive information, and simulation. Teaching algorithm can 
also be integrated into the system as a virtual trainer. It responded to the user according 
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Table 1. Comparison of the training methods 

Paper Stereo-scopic Multi user Lecture Simulation Case study OJT 

4 * * * * 
5 * * 
6 * 
7 * 
8 * * * 
9 * 

10 * * 
11 * * 
12 * * 
13 * 
Proposed system * * * * * * 

to the environment and situation [4, 5]. During the training, some task was inconve­
nient for trainee to be trained in the actual workplace because of risk, cost, restriction, 
and time limit. The training system mostly aims to create the simulation for training 
that provided the interactive training environment [6-12]. Moreover, the virtual 
training allowed the trainee to practice the same situation many times for the specific 
scenario. Many case studies from the virtual training could help the trainee to find their 
suitable solutions for assigned tasks [4, 8, 13]. 

The above systems still have some problems related to the number of trainees at a 
time, unrealistic virtual training, distortion of the video camera, request of the marker, 
the difficulty of interaction, and limitation of point-of-view. The proposed system was 
designed to solve these problems by integration of networking system for multiple 
users and providing the holograms for natural interaction with the real environment and 
actual workplace. 

2 System Overview 

In general, most of the operational manuals, which are written in the document papers, 
are inconvenient [14]. Some previous research suggested that the Mobile Augmented 
Reality System (MARS) enhanced the capability of providing the graphics information 
to the user autonomously at anytime, in any place [15]. So, the MARS could be suitable 
for On-the-Job Training method which needs the direct instructions to perform the job 
in real-time. Moreover, MARS allows the users to use the natural interaction but it has 
to understand the details of environment at a workplace. Nowadays, the hardware 
device, which is suitable to the above requirements, is the Microsoft HoloLens. 

During proposed On-the-Job Training, both trainer and trainee work at the same 
place and share some job's information in form of graphics information at the same time. 
So, the networking system could be good choice for sharing that kind of information. In 
addition, the Universal Robot 5 was chosen to be a manipulator in the proposed system 
because it is easy to be interfaced by sending an URScript via ethemet connection. 
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The main software platform chosen to development the proposed system is the 
Unity which is a game engine for developing the 3D application and supports various 
platforms including the Microsoft HoloLens [16]. In addition, Microsoft provided 
MixedRealityToolkit [17] that fully supports the development with the Unity. 

Microsoft HoloLens was a primary hardware used to interact with the users. 
A desktop computer with system core was used to manage all user connections and 
deal with the augmented environment. The system core took care of the augmented 
environment which contained a lot of holograms such as virtual robot, script generator, 
script cube, script header, recycle bin, and general-purpose switch. The holograms were 
mapped and interacted by the user's gesture to the real environment accordingly to the 
spatial mapping [18, 19]. All users sent their information to each other via the system 
core. In addition, all users interacted the same augmented environment at the same 
actual workplace. 

Us.ert , lt11ner 
IHololtns 1) 

) 

/ ~--~ ... .... 
., 

Augmenttd Envtrormtnl 
(System Co,t) 

Information 
Collector 

Fig. 1. System overview 
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During interaction with the augmented environment, all holograms were managed 
by the system core. So, the users had to sent the information consisted of user's 
position, gaze direction and gesture to the system core. Then, the processed holograms' 
information was broadcasted by the system core to all users. Finally, all users were able 
to visualize the same holograms at a the same time. In the system core, the users' 
information was utilized by the system manager to synchronize the interactions 
between users and holograms as shown in Fig. 1. 

3 Holograms 

In the proposed system, the holograms were the computer graphic display as the 3D 
object that responded to the gesture and real-world surface [20]. Moreover, it had the 
potential to mimic the behavior of real object including the industrial robot in the 
augmented environment. 

3.1 Interaction 

In the augmented environment, the holograms were interacted by Gaze, Air Tap, and 
Tap and Hold gestures. The holograms responded to Air Tap as clicking or selecting 
like a mouse click, Tap and Hold as selecting and dragging like a mouse click and drag. 
Both gestures were activated after targeting hologram with Gaze gesture. 

3.2 Virtual Robot 

The virtual robot was used to display the hologram and mimic behavior of the 
Universal Robot 5 including joint configuration, movement, size, and shape [21]. 
Multiple users could interact with each part of the virtual robot at the same time with 
gesture recognition. The virtual robot was constructed from many parts; base, shoulder, 
elbow, wrist 1, wrise 2, and wrise 3. Each part of a virtual robot was filled with 
different colors and labeled to help the users to identify each part easily. Moreover, 
each part was connected together by the configurable joint component and it allowed 
only one joint to be moved at a time. Each part of the virtual robot was also attached by 
the rigidbody component for physics simulation [22, 23]. Hence, the virtual robot 
performed similarly to the real robot as shown in Fig. 2. 

3.3 Script Generator 

The script generator consisted of two parts, which were a base and a gate. A base was a 
small gray cylinder with radius of 0.15 m to be snapped with a generated script cube. 
A gate was a blue ring spinning around itself over a base about 0.5 m. The main role of 
a script generator was to spawn a script cube when the user finished the manipulation of 
the virtual robot. During the spawning, a gate played an animation by moving itself 
down to a base and moving back to the previous position. Finally, a script cube was 
generate by a script generator then pushed to a base as shown in Fig. 3. 
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Fig. 2. Virtual robot superimposed on the right-sided real robot 

Fig. 3. Script generator 

During the spawning, if the previous script cube was still at the base, that previous 
script cube was moved to the recycle bin automaticall y. 

3.4 Script Cube 

The script cube was displayed as a virtual cube sized of 0.3 cubic meter and carried the 
information of the virtual robot; joint rotation and gripper's action (active, deactive) 
during spawning of the script cube. Then, the script cube with the random color was 
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labeled by the number accordingly to the order of spawning. The label was adjusted 
accordingly to the user's position. Hence, the user could read the label on every 
point-of-view as shown in. Moreover, a chain of script cube was made by the connections 
of several script cubes. Such a connection occurred when many script cubes were placed 
near each other. Finally, a chain connected to the script header displayed a line with 
gradient color of yellow and red as shown in Fig. 4. Furthermore, the users could rear­
range the order of the script cube in a chain. The Air Tap gesture was used to activate the 
script cube for executing the virtual robot operations such as rotating and picking. 

(a) (b) 

Fig. 4. (a) A script cube (b) A chain of script cube (Color figure online) 

3.5 Script Header 

The script header was an action executor for a chain of script cube. The users could 
simulate the virtual robot operation by using Air Tap gesture to a small green hologram 
of "PLAY" above the script header. Then, the virtual robot performed the operation 
accordingly to a chain of script cubes. The sequence of the operation began from a 
script cube which was connected next to the script header and it ran until the end of a 
chain as shown in Fig. 5. 

Fig. 5. Script header (Color figure online) 
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3.6 Recycle Bin 

The recycle bin was used to destroy a script cube. During training, an unnecessary 
script cube could occur. The recycle bin was used to clean up an augmented envi­
ronment by moving that unnecessary script cube into it as shown in Fig. 6. 

Fig. 6. Recycle bin 

3.7 General-Purpose Switch 

The proposed system provided many functions that helped the users to clear many 
script cubes, show the tooltip, and execute a special script cube of driving the robot to 
the home position. To access those functions , the Air Tap gesture was used to turn the 
general-purpose switch composing of a label and a controlling handle to be on and off 
as shown in Fig. 7. 

Fig. 7. Holograms of tooltip, clear script, and robot home 
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4 Coordinate Synchronization 

The Unity engine supports the three dimensional coordinate system. The object in the 
Unity was described by the (x, y, z) position and the rotation about 3 axes. The 
HoloLens could track its position and rotation accordingly to the real world. Then, the 
Unity could read the HoloLens' position and rotation to update the user 's head 's 
position and rotation in the Unity coordinate or augmented environment coordinate. 

In the proposed system, multiple users were able to join the same augmented 
environment and work place. So, each HoloLens had to synchronize its coordinate to 
the other one's coordinate. The augmented environment had its own coordinate system 
which started at the (0, 0, 0) position. To synchronize multiple HoloLenses, a simple 
solution was to put all HoloLenses at the same position and rotation during starting the 
proposed system as shown in Fig. 8. Hence, all HoloLenses ' coordinates were mapped 
together and all users were able to interact with the same augmented environment 
accordingly to the same work place. 

Fig. 8. Starting position 

5 Experimental Results 

To evaluate the proposed system's performance and usability , some experiments were 
conducted. The system performances such as frame rate was tested by the researcher. 
To check the usability, users were asked to participate with the proposed system as the 
trainees. First, the researcher, who was the trainer of this system, gave a brief about the 
proposed system 's overview to the users. Then, the users were trained by the trainer 
using the Microsoft' s Hologram application to operate the HoloLens using its recog­
nized gestures, Air Tap, Tap and Hold, before starting the experiment. Next, experi­
ments were conducted following the below topics. Finally, the feedback was given by 
the users via the USE Questionnaire [24]. 
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5.1 Experimental Setup 

In the experiments occured in the Human-Computer Interface (HCI) Lab, all partici­
pants, trainer and trainees, were students at the Institute of Fleld roBOtics, King 
Mongkut's University of Technology Thonburi . All devices consist of two HoloLens 
and a PC server connected to a dual-band WiFi router. The HoloLens was connected by 
5.0 GHz wireless connection at 120 Mbps and a server was connected by ethemet 
connection at 100 Mbps. This configuration of the experimental setup was performed 
by the following below topics. 

5.2 System Performance 

Frame Rate 
To display the holograms, the system had to make the user feel like the holograms were 
in the real world led to the fast graphics rendering. Normally, the rendering rate that 
gives the best experience for the user should be at least 60 fps [25]. In the proposed 
system, the script cube spawned by the script generator consumed the system resource 
and reduced the rendering performance. Hence, one experiment was set to measure the 
frame rate of rendering according to the number of the script cube. The frame rate was 
captured by the windows device portal over Wi-Fi [26] which covered 5 s before and 
after the spawning as shown in Fig. 9. The system spawned a script cube every 0.25 s 
while the position of script cube was randomized with radius of 1 m around the script 
header. The spawning ran until the number of script cube reaching to 30. The expected 
minimum frame rate was 24 FPS [27]. 

bt!fo"' 1pawninf Spawninf 30 script cub<!, 

--
24FPS • - - - - - - - -; - - - - - - 1- - - - - ---- -- -- ~--~---- ~----

I I r [ 

I I I I I I I 

Fig. 9. Frame rates during spawning the script cubes 

5.3 Usability 

Gesture 
In the proposed system, Tap and Hold gesture was mostly used by the user. So, one 
experiment was set to evaluate the capability of interaction with the holograms by Tap 
and Hold gesture. The number of user's interactions with the hologram was compared 
with the number of detected interactions by the system. Nine holograms were spawned 
in the form of 3 rows by 3 columns. The spawned hologram disappeared when it was 
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moved far from the original position. The users were asked to move the spawned 
holograms until it disappeared. The number of Tap and Hold gesture was counted by 
the researcher. The number of Tap and Hold gesture performed by the users was 
expected to be 9 times according to the number of the spawned holograms (Table 2). 

Table 2. Comparison of the Tap and Hold gesture counted by the reseacher and the system 

Participant# Number of interaction Error(%) 

Counted by the Detected by the 
researcher system 

1 14 9 55.56 

2 11 22.22 

3 10 11.11 

4 12 33.33 

5 9 0 

6 10 11.11 

7 10 11.11 

8 12 33.33 

Avg. 11.00 9 22.22 

Basic Virtual Robot Operation 
The virual robot operation was the core in this proposed system. One experiment was 
set to evaluate the ease of use, ease of learning, and satisfacation on the virtual robot 
operation. First, the trainer gave a brief about the proposed system. Secondly, the 
trainee was trained by the trainer to operate the virtual robot. Then, a specific task was 
given by the trainer to the trainee to operate the virtual robot to pick a virtual object 
from point A to point B as shown in Fig. 10. Finally, the feedback was given by the 
users via the USE Questionnaire (Tables 3, 4 and 5). 

Fig. 10. Trainer 's view during the virtual robot operation 
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Table 3. Result of the ease of use questionnaire (-3 = Strongly disagree, 3 = Strongly agree) 

Avg. score 

It is easy to use 1.63 
It is simple to use 2.25 
It is user friendly 2.00 
It requires the fewest steps possible to accomplish what I want to do with it 1.63 
It is flexible 1.63 
Using it is effortless 
I can use it without written instructions 

1.63 
1.25 

I don't notice any inconsistencies as I use it --·-·--·---- 1.25 
Both occasional and regular users_ wou_ld Iikei!___ __ ·- _ 2.13 
I can recover from mistakes quickly and easily 1.75 
I can use it successfully every time 1.50 

Table 4. Result of the ease of learning (-3 = Strongly disagree, 3 = Strongly agree) 

Avg. score 

I learned to use it quickly l. 75 
I easily remember how to use it 2.38 

It is easy to learn to use it 2.63 
I quickly became skillful with it 2.25 

Table 5. Result of the satisfacation (-3 = Strongly disagree, 3 = Strongly agree) 

Avg. score 

I am satisfied with it 1.75 
I would recommend it to a friend 2.13 
It is fun to use 2.25 
It works the way I want it to work 1.75 
It is wonderful 2.13 

·------ - --------

I feel I need to have it 1.75 
It is pleasant to use 1.88 

6 Conclusions and Future Work 

This research proposed the utilization of augmented reality for robot training system. 
Several holograms were implemented to help multiple users to do On-the-Job Training 
related to virtual robot operation. Microsoft HoloLens was used to display the inter­
active holograms which mimiced the behaviors of the real objects, especially the URS 
robot. The system core, which covered chain of script cube, script generator, script 
header, recycle bin, general-purpose switch, coordinate synchronization, was devel­
oped at the Human-Computer Interface (HCI) Lab, Institute of Fleld roBOtics, King 
Mongkut's University of Technology Thonburi. The system performance and usability 
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were tested. The result of the experiments showed that the frame rate was decreased 
from 60 to 30 fps after spawning because several script cubes began the connections 
among them. So, 30 script cubes still maintained the frame rate higher than the 
expected minimum frame rate. The error from Tap and Hold gesture was about 22.22% 
which was acceptable for the operation of the proposed system. Most of users joining 
the experiments had no experience with HoloLens and robot operation. The result of 
the virtual robot operation showed that the users strongly agreed that the proposed 
system was user friendly, easy to learn to use, and fun to use because its holograms 
provided the natural interaction for the users. In addition, the users slightly agreed that 
the proposed system was used without written instructions, learned to be used quickly, 
and users were satisfied with the system because most of users had no experience with 
holograms and robot operation and they suggested that some parts of user interface 
needed to be improved. 

In the future work, some parts of user interface need improvement according to 
feedback from the users. In addition, the URScript could be integrated into the pro­
posed system to control the real robot via socket connection and augmented reality. 
Hence, the real robot can operate accordingly to the virtual robot operation. Further­
more, the spatial mapping needs to be investigated to improve the coordinate syn­
chronization of the proposed system. 
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