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0)B =" %)A 3" 506-%20O%'0*) %)A 0)'#&%/'0*) A#50/#6. O-& %$$&*%/> 06 3-02' %&*-)A *)#M 
%)A 'D*M>%)A#A B#6'-&#6 '>%' 6-$$*&' '># 6#%(2#66 '&%)60'0*) *+ A%'% 3#'D##) /*M2*/%'#A 
=" %)A 3" /*)'#L'6. O-& '#6'3#A #)50&*)(#)' /*(30)#6 % =" (-2'0M-6#&1 (-2'0M'*-/>1 
$&*Q#/'0*) 6-&+%/# D0'> 3" >#%AM'&%/F#A1 6##M'>&*-B>1 >#%AMD*&) A06$2%76 %)A 3" 
'&%/F#A B2*5#6 '* +*&( % (-2'0MA06$2%7 %-B(#)'#A &#%20'7. :# %26* %AA&#66 6*(# *+ '># 
D%76 0) D>0/> D# /%) 0)'#&%/' D0'> $&05%'# A%'% 0) % /*22%3*&%'05#1 >#'#&*B#)#*-6 D*&FM
6$%/#.  

!EYW%&DS: >73&0A -6#& 0)'#&+%/#61 %-B(#)'#A &#%20'71 '%32#'*$ 0)'#&%/'0*)1 B#6'-&#M
3%6#A %)A '*-/>M3%6#A 0)'#&%/'0*). 

1A3@B'C"31BA 
A-B(#)'#A R#%20'7 TARU (%F#6 0' $*66032# '* 506-%20O# /*($-'#&MB#)#&%'#A B&%$>0/6 
*5#&2%0A *)'* '># 6-&&*-)A0)B #)50&*)(#)'. M%)7 AR 676'#(6 +*/-6 *) '># -6# *+ $#&M
6*)%2 A06$2%76 T6-/> %6 6##M'>&*-B> >#%AMD*&) A06$2%76U1 %)A '>#0& -6#& 0)'#&+%/#6 *+'#) 
/*)606' *+ $-&#27 50&'-%2 #2#(#)'61 6-/> %6 3" D0AB#'6 *& 3" 0)'#&%/'0*) (#'%$>*&6. H*DM
#5#&1 60)/# '># -6#& 06 )*' /*($2#'#27 0((#&6#A 0) '># 50&'-%2 D*&2A1 AR %26* %22*D6 +*& 
'># 60(-2'%)#*-6 -6# *+ %22 #L06'0)B -6#& 0)'#&+%/#6 '>%' 6-&&*-)A '># -6#&. T>#6# 6-&M
&*-)A0)B -6#& 0)'#&+%/#6 %&# *+'#) 3#''#& 6-0'#A +*& 6*(# '%6F6 '>%) '># $#&6*)%2 AR -6#& 
0)'#&+%/#1 3-' '># 2%/F *+ 60($2# D%76 '* (*5# A%'% '* %)A +&*( '>#(1 A06/*-&%B#6 '># AR 
-6#& +&*( 0)'#&%/'0)B D0'> '>#(. 

I) '>06 $%$#&1 D# $&#6#)' %) #L$#&0(#)'%2 676'#( '>%' /*(30)#6 (-2'0$2# 6##M'>*-B> 
>#%AMD*&) A06$2%76 D0'> % =" -6#& 0)'#&+%/# $&*Q#/'#A *) % 6>%&#A '*-/>M6#)60'05# 6-&M
+%/#. :# &#+#& '* % >#'#&*B#)#*-6 /*(30)%'0*) *+ A06$2%76 %)A 0)'#&%/'0*) '#/>)*2*B0#6 %6 
% hybrid -6#& 0)'#&+%/# Z?[1 0) '>06 /%6# +*&(0)B % >73&0A 0((#&605# #)50&*)(#)'. 
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Figure 1: Frames from a sequence of cross-dimensional pull and push gestures. (a) Se-
lecting the 2D object and beginning to form a grabbing gesture. (b) The 2D object disap-
pears, while the 3D object appears from the table. (c) Holding the 3D object. (d) Push ges-
ture begins by pressing on the table through the 3D object. (e) The 3D object disappears 
and the 2D object appears. (f) The 2D object, projected on the table. (Table surface is 
covered with black paper to provide a darker background for imaging the projected display 
through the live tracked video see-through display used to create all images in this paper.) 
 

S*(# &#6#%&/>#&6 >%5# -6#A % 60)B2# -)05#&6%2 '**2 T(-/> 20F# % /*((*) &#(*'# /*)'&*2 
+*& (-2'0$2# /*($*)#)'6 0) % >*(# #)'#&'%0)(#)' 676'#(U Z=1 <8[ '* 0)'#&%/' 0) % >73&0A 
#)50&*)(#)'. I) /*)'&%6'1 D# %&# #L$2*&0)B D%76 '* %22*D -6#&6 '* (%0)'%0) '># +%(020%& 
0)'#&%/'0*) '#/>)0K-#6 '>%' %&# )%'05# '* #%/> *+ '># -6#& 0)'#&+%/#6 3#0)B /*(30)#A. 
G05#) '># 2%&B# 3*A7 *+ #L06'0)B D*&F *) B#6'-&%2 0)'#&%/'0*) 0) =" T#.B. Z==[U %)A 3" 
T#.B. Z<3[U1 D>%' %&# (0660)B %&# >73&0A B#6'-&%2 0)'#&%/'0*)6 '>%' /&#%'# % -)0+0#A 0)'#&%/M
'0*) 6$%/#.  

O-& &#6#%&/> +*/-6#6 $&0(%&027 *) '># 3*&A#& 3#'D##) =" %)A 3" -6#& 0)'#&+%/#6. T* 
3&0AB# '>06 A050A#1 D# >%5# A#60B)#A /&*66MA0(#)60*)%2 B#6'-&%2 0)'#&%/'0*)6 '>%' &#K-0&# 
'># -6# *+ 3*'> =" %)A 3" (*A%20'0#61 %6 6>*D) 0) F0B-&# <. F*& #L%($2#1 '* (*5# %) 
*3Q#/' +&*( '># =" A06$2%7 '* '># 3" AR D*&2A1 '># -6#& 6'%&'6 37 0)'#&%/'0)B D0'> '># *3M
Q#/' 0) ="1 %)A '>#) (*5#6 0)'* '># 3" #)50&*)(#)'1 3&0)B0)B %2*)B '># *3Q#/'. T>#6# 
/*)'#L'M%D%&# /&*66MA0(#)60*)%2 B#6'-&#6 3-02A *) %)A 0)'#B&%'# '># D%76 0) D>0/> D# 
%2&#%A7 0)'#&%/' 0) #%/> A0(#)60*).  

@<D=3<' EB@F 
T># 0)6$0&%'0*) +*& *-& D*&F >%6 /*(# +&*( 'D* A0++#&#)' '>#(#6^ >73&0A -6#& 0)'#&+%/#6 
%)A B#6'-&#M %)A '*-/>M3%6#A 0)'#&%/'0*)6.  

O-& +0&6' &#6#%&/> *) >73&0A -6#& 0)'#&+%/#6 #(3#AA#A % 6(%221 6'%'0*)%&71 +2%'M$%)#2 _A#M
'%02` A06$2%7 D0'>0) '># +0#2A *+ 50#D *+ % (*)*/-2%&1 >#%AM'&%/F#A1 6##M'>&*-B>1 >#%AM
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D*&) _/*)'#L'` A06$2%7 Z?[. L*D #' %2. &#5#&6#A '>06 %$$&*%/>1 -60)B % 6'#&#*1 >#%AM
'&%/F#A1 *$%K-#1 >#%AMD*&) A06$2%7 '* $&*50A# A#'%02 D0'>0) '># /*)'#L' *+ % 2%&B#& (*M
)*/-2%&1 $&*Q#/'#A A06$2%7 Z<=[. N#0'>#& *+ '>#6# 676'#(6 %AA&#66#A B#6'-&%2 0)'#&%/'0*)1 
%2'>*-B> '># +*&(#& 6-$$*&'#A 6#%(2#66 (*-6#M3%6#A 0)'#&%/'0*) %/&*66 '># 0)'#&+%/# 3#M
'D##) '># A06$2%76. 

EMMIE Z=[ A#(*)6'&%'#A % >73&0A -6#& 0)'#&+%/# '>%' 0)'#B&%'#A % 5%&0#'7 *+ '&%/F#A 
>%)A>#2A %)A 6'%'0*)%&7 A06$2%761 >#%AMD*&) A06$2%761 %)A $>760/%2 0)$-' A#50/#6. S##M
'>&*-B> >#%AMD*&) A06$2%76 D#&# -6#A '* *5#&2%7 50&'-%2 0)+*&(%'0*) *) '># $>760/%2 #)M
50&*)(#)'1 0)/2-A0)B '># A06$2%76 D0'>0) 0'. EMMIEc6 $&0(%&7 /&*66MA0(#)60*)%2 -6#& 
0)'#&%/'0*) '#/>)0K-# %//*($206>#A drag-and-drop %/&*66 A06$2%76 -60)B % 3" (*-6#. 
d&05%/7 D%6 6-$$*&'#A 37 (%)0$-2%'0)B 3" _$&05%/7 2%($6` '>%' /%-6#A '># 50&'-%2 *3M
Q#/'6 '>#7 022-(0)%'#A '* 3#/*(# 0)506032# '* *'>#&6. 

T># S'-A0#&S'-3# /*22%3*&%'05# AR #)50&*)(#)' Z<e[ $&*50A#6 '># d#&6*)%2 I)'#&%/'0*) 
d%)#2 TdIdU %6 % 'D*M>%)A#A 0)'#&%/'0*) '**2 +*& (%)0$-2%'0)B =" %)A 3" A%'%. T># dId 
*++#&6 $%6605# '%/'02# +##A3%/F %)A %22*D6 +*& =" %)A 3" 0)'#&%/'0*)6f >*D#5#&1 0' A*#6 
)*' -6# %)7 B#6'-&%2 0)'#&%/'0*) %)A '># 506-%20O%'0*) &#(%0)6 /*($2#'#27 D0'>0) '># 3" 
/*)'#L'. R#F0(*'*c6 pick-and-drop Z<g[ %)A hyperdragging Z<h[ '#/>)0K-#6 D#&# A#5#2M
*$#A %6 $%&' *+ %) #L$2*&%'0*) *+ (-2'0M/*($-'#& A0&#/' (%)0$-2%'0*) 0)'#&+%/#61 0) D>0/> 
># #L%(0)#A '># >73&0A 0)'#&%/'0*)6 3#'D##) (-2'0$2# $*&'%32# /*($-'#&61 '%32# %)A D%22 
A06$2%761 %)A *'>#& $>760/%2 *3Q#/'6. H*D#5#&1 >06 0)'#&%/'0*) 6#' %AA&#66#6 *)27 $*0)'#&M
3%6#A 0)'#&%/'0*) D0'> =" A%'%.  

I) %''#($'0)B '* /&*66 '># ="i3" A050A#1 D# >%5# %26* 3##) 0)6$0&#A 37 '># B#6'-&#6 '>%' 
I6>00 #' %2. >%5# A#5#2*$#A +*& (%)0$-2%'0)B '%)B032# -6#& 0)'#&+%/#6 Zh[1 %6 *-& D*&F 60(0M
2%&27 %AA&#66#6 _6#%(2#66 D*&F6$%/#6` '>%' 6'&#'/> %/&*66 A0++#&#)' A0(#)60*)%20'0#61 A06M
$2%76 %)A -6#&6 Zj[.  

R#B#)3&#/>' #' %2. /&#%'#A M%B0/M##'0)B Z<8[1 % /*22%3*&%'05# '%)B032# AR #)50&*)(#)' 
'>%' (0L#6 =" %)A 3" A06$2%76 %)A #($2*76 '%)B032# '**26 +*& 6#%(2#66 0)'#&%/'0*) 3#M
'D##) =" %)A '># 3" A%'%. I) /*)'&%6' '* *-& D*&F1 %22 *+ '>#0& 0)'#&%/'0*) '#/>)0K-#6 &#27 
*) '># -6# *+ '%)B032# '&%/F#A '**26. @&*D) #' %2.1 0) '>#0& SCAdE /*22%3*&%'05# %-BM
(#)'#A &#%20'7 #)50&*)(#)' Z<[1 -6# >#%AMD*&) $&*Q#/'05# A06$2%76 '>%' $&*Q#/' *)'* (%)7 
&#'&*&#+2#/'05# 6-&+%/#6 0) % &**(1 0)/2-A0)B '># D%2261 % '%32#'*$1 %)A 6#5#&%2 >%)AM>#2A 
D0AB#'6. S0)/# %22 (%'#&0%2 06 $&*Q#/'#A %)A 506032# *)27 %2*)B % $&*Q#/'*&c6 20)# *+ 60B>'1 
%22 A%'% 06 $*'#)'0%227 $&05%'#. H*D#5#&1 A%'% /%))*' 3# *5#&2%0A *) /*)5#)'0*)%2 A06$2%76 
0) '># &**( 3#/%-6# *+ '># )##A +*& % &#'&*&#+2#/'05# 6-&+%/# '* A06$2%7 0'. A2'>*-B> 
@&*D) #' %2. #($2*7 >%)A B#6'-&#6 +*& )%50B%'0*)1 %22 0)'#&%/'0*)6 D0'> *3Q#/'6 0) '># 
D*&2A %&# %//*($206>#A '>&*-B> '>#0& >%)AM>#2A D0AB#'6. 

M-/> &#6#%&/> >%6 3##) $#&+*&(#A *) B#6'-&#M3%6#A %)A '*-/>M3%6#A 0)'#&%/'0*). 
K&-#B#&c6 VI"EOdLACE Z<9[ 06 %) #%&27 #L%($2# *+ (-2'0M>%)A %)A (-2'0M+0)B#& 0)'#&M
%/'0*) '>%' &#/*B)0O#6 B#6'-&#6 '>&*-B> 50A#* 602>*-#''#6. T># 0MLAN" Z=9[ %)A C*))#/'M
%32#6 Z=<[ $&*Q#/'6 3*'> #L$2*&# /*22%3*&%'0*) %)A 0)'#&%/'0*) D0'> A06$2%76 3-02' 0)'* +-&M
)0'-&#. H0)/F2#7 Zg[ -6#6 67)/>&*)*-6 B#6'-&#6 +*& /*22%3*&%'0)B %)A 0)'#&%/'0)B D0'> 6#5M
#&%2 0)A#$#)A#)' (*302# A06$2%76. 
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R#/#)' D*&F 37 :- %)A @%2%F&06>)%) Z==[ $&#6#)'#A (-2'0M+0)B#& %)A D>*2#M>%)A B#6M
'-&%2 0)'#&%/'0*) '#/>)0K-#6 +*& (-2'0M'*-/>1 (-2'0M-6#& A06$2%76. :>02# '>#0& 676'#( D%6 
#)'0&#27 ="1 %)A -6#A % 60)B2# A06$2%71 0' >0B>20B>'#A '># '*-/>M %)A B#6'-&#M6#)60)B /%$%M
3020'0#6 *+ '># "0%(*)AT*-/> '%32# Z3[. S(%&'SF0) '#/>)*2*B7 Z<j[ %26* %AA&#66#6 '%32#M
'*$ 0)'#&%/'0*) %)A *++#&6 (*&# $*D#&+-2 (-2'0M'*-/> /%$%3020'0#6 '>%) "0%(*)AT*-/>f 
>*D#5#&1 0' /%))*' A0++#&#)'0%'# 0)$-' +&*( A0++#&#)' -6#&6.   

=@"7<GHDB@<@ 
:# >%5# A#5#2*$#A % '#6'3#A %$$20/%'0*)1 /%22#A ArchExplorer1 D>0/> %22*D6 -6#&6 '* 
506-%20O# =" %)A 3" &#$&#6#)'%'0*)6 *+ *3Q#/' A%'% 0) % >73&0A #)50&*)(#)'. M*'05%'0*) 
+*& '>06 %$$20/%'0*) /*(#6 +&*( *-& *)B*0)B &#6#%&/> *) A#5#2*$0)B 506-%20O%'0*) '**26 
+*& %&/>%#*2*B06'6 D>* %)%27O# %)A 0)'#&$&#' 0)+*&(%'0*) %3*-' %&/>%#*2*B0/%2 +0)A6 $*6'M
#L/%5%'0*). A&/>EL$2*&#& -6#6 % 6%($2# A%'%3%6# *+ %&/>%#*2*B0/%2 +0)A6 /*)'%0)0)B 0(M
%B#6 %)A 3" (*A#26 *+ *3Q#/'6 #L/%5%'#A *) 60'#. V06-%20O%'0*) *+ '>06 0)+*&(%'0*) *) % 
'&%A0'0*)%2 /*($-'#& 6/&##) 06 *+'#) 6-++0/0#)' +*& =" A%'%1 6-/> %6 0(%B#61 A&%D0)B61 %)A 
'#L'f >*D#5#& 0' 06 *+'#) 0)%A#K-%'# +*& 3" A%'%1 6-/> %6 3" (*A#261 +*& D>0/> AR *& 50&M
'-%2 &#%20'7 D*-2A 3# (*&# 6-0'%32#.  

 

 
Figure 2: Two users, wearing tracked, see-through, head-worn displays and tracked 3D 
gloves, interact with linked 2D and 3D objects in !rchExplorer.  

 

I) A&/>EL$2*&#&1 -6#&6 50#D 3*'> =" %)A 3" *3Q#/'6 0) % 6>%&#A >73&0A /*22%3*&%'05# 
6$%/#1 D>0/> 06 /*($*6#A *+ '># (-2'0M-6#&1 (-2'0M'*-/>1 $&*Q#/'0*) 6-&+%/#1 %)A '># #)M
'0&# 6-&&*-)A0)B 3" 6$%/# '&%/F#A 37 % g"OF '&%/F0)B 676'#(1 50#D#A '>&*-B> >#%AM
'&%/F#A1 6##M'>&*-B>1 >#%AMD*&) A06$2%76 TF0B-&# =U. :# >%5# 3-02' 0) $%&' *) *-& $&#50M
*-6 D*&F 0) (-2'0(*A%2 0)'#&%/'0*) +*& %-B(#)'#A %)A 50&'-%2 0((#&605# #)50&*)(#)'6 
Ze1<?[1 0) D>0/> *-& 3" B#6'-&# &#/*B)0'0*) '#/>)*2*B7 D%6 *&0B0)%227 A#5#2*$#A. 

T* 0)'#&%/' 0) *-& #)50&*)(#)'1 -6#&6 #($2*7 % 5%&0#'7 *+ =" %)A 3" 0)'#&%/'0*) '#/>M
)0K-#61 %2'>*-B> D# +*/-6 *) /&*66MA0(#)60*)%2 '#/>)0K-#6 '>%' 0)'#B&%'# '># =" %)A 3" 
/*)'#L'61 %)A %22*D *3Q#/'6 '* $%66 3#'D##) '>#(. :>02# *-& '#/>)0K-#6 D#&# $&*'*'7$#A 
0) '>06 6%($2# %$$20/%'0*)1 '>#&# 06 )* &#%6*) D>7 '>#7 /*-2A )*' 3# %$$20#A (*&# B#)#&M
%227 '* %)7 >73&0A 676'#(.  
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7I>@1' 1A3<@="31BA 3<"7A1JC<? 
T># >73&0A 0)'#&%/'0*) '#/>)0K-#6 '>%' D# >%5# A#5#2*$#A /%) 3# /%'#B*&0O#A 0)'* 'D* 
(%0) /2%66#6^ *)#M>%)A#A '#/>)0K-#6 %)A 'D*M>%)A#A '#/>)0K-#6. O)#M>%)A#A '#/>)0K-#6 
%&# B#)#&%227 60($2#& %)A (*&# 0)'-0'05#1 '>-6 +*&(0)B % 6#' *+ 3%60/ 0)'#&%/'0*)6 +*& % >7M
3&0A #)50&*)(#)'1 D>02# 'D*M>%)A#A '#/>)0K-#6 +*&( % (*&# /*($2#L 6#' '>%' %AA&#66#6 
>0B>#&M2#5#2 /*)/#$'61 6-/> %6 $&05%/7. F-&'>#&(*&#1 >%50)B % &#2%'05#27 &0/> 6#' *+ '#/>M
)0K-#6 '>%' #%/> &#K-0&# *)27 % 60)B2# >%)A *$#)6 -$ (%)7 0)'#&#6'0)B *$$*&'-)0'0#6 +*& 
-60)B 'D* *)#M>%)A#A '#/>)0K-#6 60(-2'%)#*-627. 

I) '># &#(%0)A#& *+ '>06 $%$#&1 D# -6# _=" *3Q#/'` '* &#+#& '* % $0/'*&0%2 &#$&#6#)'%'0*) *+ 
% &#%2 *3Q#/' $&#6#)'#A *) '># '%32# 6-&+%/# %)A _3" *3Q#/'` '* &#+#& '* % 3" (*A#2 *+ % 
&#%2 *3Q#/' $&#6#)'#A '* '># -6#& *) '># >#%AMD*&) A06$2%7. 

>0(-:(+K >-$2L%M <N(%/(+K O' ,+: P' .*%/0#*% 
:# 3#B0) 37 A#6/&030)B '># B#6'-&#6 '>%' *-& 676'#( &#/*B)0O#6 0)A#$#)A#)'27 0) =" %)A 
3". I) *-& =" #)50&*)(#)'1 D# 6-$$*&' *)#M+0)B#& '*-/>1 '%$ T'7$0/%227 D0'> *)# *& (*&# 
F)-/F2#6U1 +2%' >%)A1 %)A 5#&'0/%2 >%)A1 %)A 0) 3"1 D# 6-$$*&' $*0)'1 B&%31 %)A 0A2# 6'%'#1 
%6 6>*D) 0) F0B-&# 3. T># "0%(*)AT*-/> 0)+*&(%'0*) '>%' D# -6# +*& A06/&0(0)%'0)B =" 
B#6'-&#6 06 '># D0A'> %)A >#0B>' *+ '># %L06M%20B)#A 3*-)A0)B 3*L *+ -6#&c6 /*)'%/' $*0)'6. 
I) %AA0'0*)1 D# #L'#)A '>#6# B#6'-&#6 37 /*)60A#&0)B (*'0*)1 6-/> %6 5#&'0/%2 >%)A 
_6D##$` B#6'-&# Z==[ *& % _6D**$` B#6'-&# T'># '&%)60'0*) 3#'D##) '># 0A2# +2%' >%)A %)A % 
/2*6#A +06'U. 

 
Figure 3: A set of basic hand gestures and their interpretations in 2D and 3D environ-
ments. 
 

O-& $&0(%&7 /*)60A#&%'0*)6 +*& 6#2#/'0)B '>#6# 3%60/ B#6'-&#6 D#&# 60($20/0'7 %)A &#2%'05# 
2%/F *+ %(30B-0'71 &%'>#& '>%) /*($2#'#)#66. :>02# '>#&# %&# (%)7 *'>#& -6#+-2 B#6'-&#6 
$*66032# 0) =" %)A 3"1 D# +##2 '>%' '>06 6#' +*&(6 % B**A 3%606 +*& /&#%'0)B 0)'#&%/'0*)6 
'>%' 6$%) '># ="i3" A050A# 0) % D0A# &%)B# *+ $*'#)'0%2 %$$20/%'0*)6.  

:>02# '>#6# B#6'-&#6 %&# &#/*B)0O#A 0)A#$#)A#)'271 3*'> 0) =" %)A 0) 3"1 0) % >73&0A #)M
50&*)(#)' 0' 06 0($*&'%)' '* 2**F %' '>#( 0) /*(30)%'0*)1 &%'>#& '>%) 0) 06*2%'0*). T>06 06 
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#6$#/0%227 '&-# +*& >%)A B#6'-&#6 '>%' >%5# A0++#&#)' (#%)0)B61 A#$#)A0)B *) D>#'>#& '>#7 
%&# 0)'#&$&#'#A 0) =" *& 0) 3". I) '># +*22*D0)B 6#/'0*)61 D# A#+0)# % 6#' *+ >73&0A 0)'#&M
%/'0*)6 T#%/> *+ D>0/> 06 $&#+0L#A 37 '># (*A0+0#& _C&*66M"0(#)60*)%2`U 37 /*(30)0)B 
0)'#&$&#'%'0*)6 %/&*66 '># ="i3" A050A#.  

?(+K-*&4,+:*: 1+/*#,2/($+% 
+election and Movement 
S#2#/'0*) 06 $&*3%327 '># (*6' 3%60/ 0)'#&%/'0*) 0) %)7 #)50&*)(#)'. @#/%-6# D# 3#20#5# 
'>%' 6#2#/'0*) 06 0)>#&#)'27 #)50&*)(#)'MA#$#)A#)'1 D# >%5# />*6#) '* 0($2#(#)' 0' A0+M
+#&#)'27 0) =" %)A 3". =" 6#2#/'0*) 06 0($2#(#)'#A 37 % '%$ B#6'-&# *) '*$ *+ % =" *3M
Q#/'1 D>02# 3" 6#2#/'0*) 06 0($2#(#)'#A 37 % B&%3 B#6'-&# )#%& % 3" *3Q#/'. T>#6# B#6M
'-&#6 %&# #L'#)A#A 37 +%/'*&0)B 0) >%)A (*'0*)1 70#2A0)B _'*-/> %)A A&%B` %)A _B&%3 %)A 
(*5#1` 3*'> *+ D>0/> $&*A-/# (*5#(#)' *+ '># 6#2#/'#A *3Q#/'. :>02# '>#6# '#/>)0K-#6 
%&# )*' _>73&0A1` 6#2#/'0*) 06 % /&0'0/%2 /*($*)#)' *+ '># 0)'#&%/'0*) 6#' +&*( D>0/> D# 
+*&( *-& >73&0A B#6'-&#6.  

5ross7Dimensional 9ull 
T* (%F# %) *3Q#/' '&%)60'0*) +&*( % =" &#$&#6#)'%'0*) '* % 3" &#$&#6#)'%'0*)1 '># -6#& 
#($2*76 % cross-dimensional pull B#6'-&#. :%)'0)B '>06 B#6'-&# '* (0(0/ % &#%2MD*&2A 
_B&%3` +&*( % +2%' 6-&+%/#1 D# %6F#A 6#5#&%2 -6#&6 '* $#&+*&( #L%BB#&%'#A B&%36 *+ %/'-%2 
$>760/%2 *3Q#/'6 %)A *36#&5#A '>#0& >%)Ac6 2*/%'0*)1 (*5#(#)'1 %)A +0)B#& /*)'&%/'0*)6 
%)A #L$%)60*)6 %6 '>#7 B&%33#A 0'#(61 6-/> %6 % C"1 '#))06 3%221 %)A % $%0& *+ 6/066*&61 *) 
% '%32#. @%6#A *) '>#6# *36#&5%'0*)61 D# A#60B)#A '># B#6'-&# 6* '>%' '># -6#& $2%/#6 '># 
>%)A +2%' *) '># '%32# *) '*$ *+ '># *3Q#/'c6 0(%B# &#$&#6#)'%'0*)1 (*5#6 '># +0)B#&6 '*M
D%&A6 '># /#)'#& *+ '># *3Q#/'1 %)A '>#) +*&(6 % +06' TF0B-&# <%i/U. A6 '>06 *//-&61 '># =" 
0(%B# *) '># '%32# 6/%2#6 A*D) %)A A06%$$#%&61 D>02# % 3" (*A#2 %$$#%&6 %)A 6/%2#6 -$1 
%''%/>#A '* '># -6#&c6 B&%330)B >%)A1 &#$&#6#)'0)B '># '&%)6+*&(%'0*) +&*( =" '* 3". T>06 
B#6'-&# #L#($20+0#6 % '>#(# /*((*) '* '># #)'0&# 6#'^ $&#6#&5%'0*) *+ '># 0)'#&%/'0*) /*)M
'#L'. I+ '># 0)'#)'0*) 06 '* '&%)6+#& 6*(#'>0)B +&*( =" '* 3"1 '># -6#& 6'%&'6 '* B#6'-&# *) 
'># =" 6-&+%/#1 %)A +0)06>#6 0) '># 3" D*&2A. 

5ross7Dimensional 9ush 
A6 % /*($2#(#)' '* '># cross-dimensional pull B#6'-&#1 %) *3Q#/' /%) '&%)60'0*) +&*( 3" 
'* =" '>&*-B> -6# *+ '># cross-dimensional push B#6'-&#. O)/# '># 3" *3Q#/' 06 $2%/#A 
%3*5# '># '%32#1 % -6#& /%) $*60'0*) % +2%' >%)A %3*5# '># *3Q#/' %)A _$-6>` A*D)D%&A6 
-)'02 >#& >%)A '*-/>#6 '># '%32# TF0B-&# <Ai#U1 (0(0/F0)B %) %''#($' '* $-6> % &#%2 $>760M
/%2 *3Q#/' 0)'* '># '%32#. A6 '>06 *//-&61 '># 3" (*A#2 6/%2#6 A*D) %)A A06%$$#%&61 D>02# 
'># =" 0(%B# %$$#%&6 *) '># '%32# %)A 6/%2#6 -$. TA2'#&)%'05#6 '* *-& -)0+*&(M6/%20)B 
506-%20O%'0*) 0)/2-A# *)#MA0(#)60*)%2 6/%20)B %2*)B '># %L06 $#&$#)A0/-2%& '* '># '%32# '* 
_+2%''#)` % 3" *3Q#/' *& #L'&-A# % =" *)#1 *& /20$$0)B '># *3Q#/' %B%0)6' % 50&'-%2 $2%)# 
/*$2%)%& D0'> '># '%32#. V06-%2 A0++#&#)/#6 %(*)B (%)7 *+ '># ="i3" $%0&6 >%5# 2#A -6 
'* 6#2#/' *-& /-&&#)' %$$&*%/>.U 

5ross7Dimensional 5onnect 
S*(#'0(#6 -6#&6 D%)' '* 6## 3*'> '># =" %)A 3" *3Q#/' &#$&#6#)'%'0*)6 %' '># 6%(# '0(#. 
T* #6'%3206> '>06 &#2%'0*)6>0$ 3#'D##) '># 'D* #)50&*)(#)'61 '># -6#& $#&+*&(6 % cross-
dimensional connect B#6'-&#1 +0&6' &#K-0&0)B % 6#2#/'0*) TB&%3U *+ '># 3" *3Q#/'1 $-220)B 0' 
'*D%&A6 '># '%32#1 %)A '>#) 3&0#+27 '%$$0)B '># '%32# %)7D>#&# D>02# /*)'0)-0)B '* >*2A 
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'># *3Q#/' TF0B-&# ?%U. T>06 &#6-2'6 0) % =" *3Q#/' %$$#%&0)B *) '># '%32# 6-&+%/# D>02# '># 
3" *3Q#/' &#(%0)6 506032# %)A %''%/>#A '* '># >%)A. O)/# '># 'D* &#$&#6#)'%'0*)6 %&# 
/*))#/'#A1 % 2#%A#& 20)# %$$#%&6 3#'D##) '>#(1 >0B>20B>'0)B '># /*))#/'0*). T>06 2#%A#& 
20)# 506-%20O%'0*) 06 60(02%& '* EMMIEc6 -6# *+ 2#%A#& 20)#6 '>%' #L'#)A +&*( % 6#%&/> 
/*)'&*2 $%)#2 *) % >%)AM>#2A A06$2%7 '* 3" 50&'-%2 *3Q#/'6 '>%' (##' '># 6#%&/> /&0'#&0% Z=[. 
:# A#60B)#A '>06 B#6'-&# '* &#6#(32# $-220)B % 50&'-%2 6'&0)B 3#'D##) *)# *3Q#/' %)A '># 
*'>#&.  

:# %26* #L$#&0(#)'#A D0'> '># 0A#% *+ >%50)B % /*))#/'#A =" *3Q#/' %$$#%& %6 % _50&'-%2 
6>%A*D` *) '># '%32# +*22*D0)B '># 3" *3Q#/' 0) '># D*&2A 60(02%& '* '># 0A#%6 $&#6#)'#A 
37 H#&)A*) #' %2. Z8[. I+ '># -6#& (*5#6 '># 3" *3Q#/' %D%7 +&*( '># '%32#1 '># _6>%A*D` 
(%0)'%0)6 '># $*60'0*) *) '># '%32# '>%' 06 /2*6#6' '* '># 3" *3Q#/'c6 $*60'0*) 0) '># D*&2A. 
:>02# '># _6>%A*D` &#$&#6#)'%'0*) +#2' 20F# % )%'-&%2 D%7 '* 6>*D/%6# '># /*))#/'0*) 3#M
'D##) '># 'D* *3Q#/'61 '># 2#%A#& 20)#6 %2*)# %22*D +*& (*&# +&##A*(1 60)/# '># $*60'0*) 
*+ #%/> *3Q#/' 06 0)A#$#)A#)' *+ '># *'>#&. 

 

 
Figure 4: Cross-dimensional connect gesture. (a) Tapping the table while holding a 3D ob-
ject establishes connection with the table. (b) Leader line connects two representations of 
the same object.  
 

T># 6%(# '%$$0)B B#6'-&# -6#A '* /*))#/' '># 'D* &#$&#6#)'%'0*)6 /%) %26* 3# -6#A '* 
3&#%F '># /*))#/'0*) 3#'D##) '>#( '* $#&+*&( % cross-dimensional disconnect. A22 '>%' 06 
)##A#A 06 '* '%$ '># =" &#$&#6#)'%'0*) *) '># '%32# D0'> '># >%)A '>%' 06 >*2A0)B '># 3" 
*3Q#/'. T># =" *3Q#/' A06%$$#%&61 2#%50)B '># 3" *3Q#/' 0) '># -6#&c6 >%)A. T>06 /&*66M
A0(#)60*)%2 0)'#&%/'0*) '>-6 6#&5#6 %6 % 60($2#1 3-' $*D#&+-2 '*BB2# %/'0*).  

5ross7Dimensional 9in 
A)*'>#& D%7 '>%' '># -6#& /%) /*))#/' '># 3" %)A '># =" #)50&*)(#)'6 06 37 _$0))0)B` 
'># 3" *3Q#/' '* '># '%32#. I) /*)'&%6' '* '># /&*66MA0(#)60*)%2 $-6>1 D>0/> '&%)6+*&(6 % 
3" *3Q#/' 0)'* % =" *3Q#/'1 % cross-dimensional pin %''%/>#6 '># 3" *3Q#/' '* '># =" 6-&M
+%/#. d0))0)B %) *3Q#/' 06 %//*($206>#A 37 $2%/0)B '># 3" *3Q#/' /2*6# '* '># '%32#1 (%FM
0)B % $*0)'0)B B#6'-&# D0'> '># >%)A1 %)A '>#) $-6>0)B '>&*-B> '># *3Q#/' -)'02 '*-/>0)B 
'># '%32# TF0B-&# 8%U. T>&## /*2*&#A &0)B6 %$$#%& %&*-)A '># *3Q#/' '* 60B)%2 '>%' '># *3M
Q#/' 06 $0))#A '* '># '%32# TF0B-&# 83U. T* cross-dimensionally unpin '># 3" *3Q#/'1 '># 
-6#& )##A6 '* 6#2#/' 0' T0.#.1 B&%3 0'U %)A (*5# 0' %D%7 +&*( '># '%32# 6-&+%/#. A6 6**) %6 
'># *3Q#/' 06 B&%33#A 0) 3"1 0' 06 )* 2*)B#& $0))#A1 D>0/> /%) 3# 6##) 37 '># A06%$$#%&M
%)/# *+ '># '>&## /*2*&#A &0)B6 %&*-)A 0'.  
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Figure 5: (a) Cross-dimensional pin gesture associates the object with the table. (b) Rings 
appear once the object is pinned to provide visual feedback to the user. 

 

A2'>*-B> '># A0++#&#)/#6 3#'D##) '># $0) %)A '># /*))#/' '#/>)0K-#6 (0B>' %$$#%& 6-3'2#1 
D# +##2 '>%' '>#7 %&# A06'0)/'27 A0++#&#)'. T># /*))#/' '#/>)0K-# %22*D6 +*& 60(-2'%)#*-6 
50#D0)B %)A (%)0$-2%'0*) *+ 3*'> =" %)A 3" &#$&#6#)'%'0*)6. @7 $0))0)B '># *3Q#/' '* 
'># '%32#1 '>#&# 06 )* =" &#$&#6#)'%'0*) 6>*D) 3#2*D '># 3" *3Q#/' %)A '># +*/-6 06 *) 
%22*D0)B '># -6# *+ '># &0/> 6#' *+ #L06'0)B =" '*-/>M3%6#A 0)'#&%/'0*) +*& (%)0$-2%'0)B 
'># 3" (*A#2.  

;D Dra< 
:>#) % 3" *3Q#/' 06 $0))#A '* '># '%32#1 '># -6#& /%) A&%B 0' %&*-)A 0) #L%/'27 '># 6%(# 
D%7 '>%' '># =" *3Q#/' /%) 3# (*5#A. S0($2# '%$ %)A A&%B D022 '&%)62%'# '># $0))#A *3Q#/' 
%)7D>#&# *) '># '%32#.  

5ontext7+ensitive Menus 
:# #L'#)A '># B#6'-&#6 A#5#2*$#A 37 :- %)A @%2%F&06>)%) Z==[ +*& /*)'#L'M6#)60'05# 
(#)-6 '* (%)0$-2%'# 3" *3Q#/'6. T>06 (%F#6 0' $*66032# '* 0)5*F# % /*)'#L'M6#)60'05# 
(#)- +*& % $0))#A 3" *3Q#/' 0) #L%/'27 '># 6%(# D%7 %6 +*& '># &#B-2%& =" *3Q#/'^ 37 
'%$$0)B %)A >*2A0)B *) '># '%32# %' '># 2*/%'0*) *+ '># *3Q#/'. A /*)'#L'M6#)60'05# (#)- 
D022 '>#) %$$#%& '* '># 2#+' *+ '># >%)A. TT># $2%/#(#)' *+ '># (#)- 06 /-&&#)'27 A#'#&M
(0)#A 37 '># +%/' '>%' %22 *-& '&%/F#A B2*5#6 %&# &0B>' >%)A#A1 %)A '>#&#+*&# (0)0(%2 */M
/2-60*) *//-&6 D>#) '># (#)- 06 6>*D) *) '># 2#+' 60A#. A2'#&)%'05#271 '># 676'#( /*-2A 
$*60'0*) '># (#)- 3%6#A *) D>0/> >%)A 06 /-&&#)'27 '*-/>0)B '># '%32#.U 

9arameter !d=ustment 
O+'#)'0(#61 % -6#& (%7 D06> '* %AQ-6' '># $%&%(#'#& 5%2-#6 *+ % $0))#A *& /*))#/'#A 3" 
*3Q#/'f +*& #L%($2#1 '* $#&+*&( '&%)6+*&(%'0*)6 *) '># *3Q#/'1 6-/> %6 % &*'%'0*)1 6/%2#1 *& 
>-#M/>%)B#. H*D#5#&1 '>#6# /%) 3# /-(3#&6*(# '* $#&+*&( 0) 3" 6$%/# -60)B % '&%/F#A1 
0)6'&-(#)'#A B2*5# D0'>*-' >%$'0/ +##A3%/F. I)6'#%A1 37 '%F0)B %A5%)'%B# *+ '># (-2'0M
'*-/> '%32#1 % -6#& /%) 3#)#+0' +&*( =" '*-/>M3%6#A 0)'#&%/'0*)6 D0'> $%6605# >%$'0/ +##AM
3%/F. F0B-&# g 6>*D6 % -6#& &*'%'0)B % $0))#A 5#66#2 *3Q#/'.  
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Figure 6: The context sensitive menu is invoked on the 3D object and the 2D rotation tool 
is applied. 

 
3Q$&7,+:*: 1+/*#,2/($+% 
Interaction 5om?o 
T* /&#%'# (*&# $*D#&+-2 B#6'-&%2 0)'#&%/'0*)61 D# %22*D '># -6#& '* -6# 3*'> >%)A6 60(-2M
'%)#*-627 '* %AQ-6' 'D* A0++#&#)' 0)A#$#)A#)' '&%)6+*&(%'0*) $%&%(#'#&6 *+ %) *3Q#/'. F*& 
#L%($2#1 % -6#& (%7 D06> '* $#&+*&( '&%)6+*&(%'0*)6 *) '># *3Q#/'1 6-/> %6 />%)B0)B 0'6 
6/%2# *& /*2*& D>02# >*2A0)B '># *3Q#/' 0) >#& >%)A %)A 0)6$#/'0)B 0' +&*( %22 60A#6. U6#&6 
'#)A '* +0)A 0' /-(3#&6*(# '* %AQ-6' '>#6# $%&%(#'#&6 0) 3" 6$%/# -60)B % '&%/F#A1 0)M
6'&-(#)'#A B2*5# D0'>*-' >%$'0/ +##A3%/F. :# '%F# %A5%)'%B# *+ '># (-2'0M'*-/> '%32# '* 
%22*D -6#&6 '* $#&+*&( '>#6# %AQ-6'(#)'6 *) % =" 6-&+%/# D0'> '>#0& )*)M'&%/F#A >%)A1 
D>02# '>#0& '&%/F#A >%)A /%) 60(-2'%)#*-627 (%)0$-2%'# '># 3" *3Q#/' &#$&#6#)'%'0*) A0M
&#/'27. F*& #L%($2#1 D0'> &#(*'# $%&%(#'#& %AQ-6'(#)'1 '># -6#& /%) B&%3 %)A (*5# % 3" 
*3Q#/' 0) 3" 6$%/# '* />%)B# 0'6 2*/%'0*)1 D>02# 60(-2'%)#*-627 -60)B '># *'>#& >%)A *) 
'># (-2'0M'*-/> 6-&+%/# '* %AQ-6' 0'6 6/%2#1 %6 6>*D) 0) F0B-&# j. 

 

 
Figure 7: Interaction combo: combining scaling with 3D manipulation. (a) The 3D object is 
held by the right hand, while the left hand adjusts the scale. (b) The right hand rotates the 
object to get a better view, while the object is simultaneously being scaled. 
 

5ross7Dimensional 9rivacy 9ull   
I) % >73&0A /*22%3*&%'05# #)50&*)(#)'1 '># -6#&6 6>%&# % /*((*) D*&F6$%/#1 3*'> *) '># 
=" 6-&+%/# %)A 0) '># 6-&&*-)A0)B 3" 5*2-(#. T>06 %22*D6 #%/> -6#& '* /2#%&27 *36#&5# 
%)7 *'>#& -6#&c6 %/'0*)6 %)A *3Q#/' 0)+*&(%'0*). H*D#5#&1 0) /#&'%0) 60'-%'0*)61 -6#&6 (%7 
D06> '* $&05%'#27 50#D 6#)60'05# A%'% %)A )*' %22*D *'>#& -6#&6 '* 506-%20O# '>06 0)+*&(%M
'0*). A2'>*-B> $&05%/7 B#6'-&#6 *) % =" 6-&+%/# >%5# 3##) #L$2*&#A 3#+*&# Z==[1 '>#6# 
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B#6'-&#6 A* )*' +%/020'%'# %36*2-'# $&05%/7 0+ '># >%)A 06 )*' /*&&#/'27 $*60'0*)#A *& %)B2#A 
*) '># (-2'0M'*-/> '%32# &#2%'05# '* *'>#& -6#&6c 50#D$*0)'6.  

T* %AA&#66 '>061 D# 0)'&*A-/# % 'D*M>%)A#A >73&0A $&05%/7 B#6'-&#1 /%22#A cross-
dimensional privacy pull1 D>0/> %22*D6 % -6#& '* >%5# /*($2#'# %)A %36*2-'# $&05%/7 
D>#) 506-%20O0)B 3" A%'%. d2%/0)B % 5#&'0/%2 >%)A *) '># (-2'0M'*-/> 6-&+%/#1 D>02# $#&M
+*&(0)B % 60)B2#M>%)A#A /&*66MA0(#)60*)%2 $-22 D0'> '># *'>#& >%)A1 %22*D6 '># -6#& '* 
$&05%'#27 506-%20O# '># *3Q#/' 0)+*&(%'0*) 0) 3" '>&*-B> >06 >#%AMD*&) A06$2%7 TF0B-&# 
h%i/U. A+'#& #L#/-'0)B '># $&05%/7 $-221 '># 3" *3Q#/' 06 *)27 506032# 0) '># >#%AMD*&) 
A06$2%7 *+ '># -6#& D>* $#&+*&(#A '># 0)'#&%/'0*)1 '>-6 #)6-&0)B '>%' '># 0)+*&(%'0*) 06 
$&05%'#.  
 
5ross7Dimensional 9rivacy 9ush  
T># /*($2#(#)'%&7 cross-dimensional privacy push %22*D6 % -6#& '* 50#D =" *3Q#/' A%'% 
$&05%'#27. A6 (#)'0*)#A #%&20#&1 %''#($'0)B '* 506-%20O# $&05%'# 0)+*&(%'0*) $&*Q#/'#A *) 
'># (-2'0M'*-/> 6-&+%/# -60)B % 60)B2# *& 'D*M>%)A#A B#6'-&# (%7 )*' /*($2#'#27 *36'&-/' 
'># 0)+*&(%'0*) +&*( *'>#& -6#&6.  H*D#5#&1 D>#) % -6#& $2%/#6 % 5#&'0/%2 >%)A *) '># 
6-&+%/#1 D>02# $#&+*&(0)B % 60)B2#M>%)A#A /&*66MA0(#)60*)%2 $-6> D0'> '># *'>#& >%)A1 
'>06 %22*D6 % $&05%'# 50#D *+ =" 0)+*&(%'0*) 0) '># >#%AMD*&) A06$2%71 &#)A#&#A B#*(#'M
&0/%227 %6 0+ 0' D#&# $&*Q#/'#A *)'* '># =" (-2'0M'*-/> 6-&+%/# TF0B-&# hAi+U. T>06 $&05%'# 
=" *3Q#/' 3#>%5#6 Q-6' 20F# % )*&(%2 =" *3Q#/' %)A /%) 3# (%)0$-2%'#A -60)B '># 6'%)M
A%&A =" 0)'#&%/'0*) *) '># 6-&+%/#1 3-' 06 /*($2#'#27 $&*'#/'#A +&*( '># *'>#& -6#&c6 
50#D. A2'>*-B> D# &#/*B)0O# '>%' /-&&#)' >#%AMD*&) A06$2%76 %&# )*' '># (*6' 6-0'%32# 
(#%)6 '* 50#D >0B>M&#6*2-'0*) =" A%'%1 '>06 %22*D6 +*& /*($2#'# -6#& $&05%/71 -)20F# $&*M
Q#/'0*) *)'* '># (-2'0M-6#& =" 6-&+%/#. 

?I?3<R =@"713<"3C@< 
O-& A&/>EL$2*&#& #)50&*)(#)' /*)606'6 *+ 'D* '7$#6 *+ (*A-2#6^ % =" (*A-2# %)A % 3" 
(*A-2#. E%/> (*A-2# $*D#&6 *)# A06$2%7 -)0'f '>#&#+*&#1 D0'> 'D* -6#&6 6>%&0)B *-& 0)M
'#&%/'0*) '%32#1 D# &#K-0&# *)# =" (*A-2# %)A 'D* 3" (*A-2#6 T*)# +*& #%/> AR -6#&U. 
T># =" 506-%20O%'0*) (*A-2# -6#6 % M0'6-306>0 E2#/'&0/ R#6#%&/> L%3*&%'*&7 "0%(*)AM
T*-/> '%32# Z3[ +*& *-& (-2'0M-6#& (-2'0M'*-/> 6-&+%/# T=g`L=9`U *)'* D>0/> D# $&*Q#/' 
D0'> % d&*L0(% U2'&%20B>' L389 "Ld $&*Q#/'*& T<9=?Ljgh &#6*2-'0*)U. A 32%/F $%$#& /*5M
#&0)B '>%' D# >%5# %AA#A '* '># '%32# 6-&+%/# 0)/&#%6#6 '># %$$%&#)' /*)'&%6' %)A 0($&*5#6 
'># K-%20'7 *+ 0(%B#6 6>*' '>&*-B> '># 50A#* 6##M'>&*-B> A06$2%7 -6#A '* /&#%'# '># +0B-&#6 
0) '>06 $%$#&. O-& 3" %-B(#)'#A &#%20'7 (*A-2#6 /*)606'6 *+ % (*A0+0#A E66#)'0%2 R#%20'7 
&0B>'M>%)A#A d8 B2*5# '* 6#)6# >%)A B#6'-&#61 % S*)7 L"IM"<99@ *$'0/%2 6##M'>&*-B> 
>#%AMD*&) A06$2%7 '* $&#6#)' '># AR *5#&2%7 %)A 'D* I)'#&S#)6# ISe99 60LMA#B&##M*+M
+&##A*( '&%/F#&6 '* (*)0'*& >#%A %)A >%)A $*60'0*) %)A *&0#)'%'0*).  

S0)/# #%/> -6#& &#K-0&#6 'D* '&%/F#&61 *)# *) '># >#%A %)A *)# *) '># &0B>' >%)A1 D# 6-$M
$*&' *)27 'D* -6#&6 3#/%-6# *-& '&%/F0)B 676'#( /%) '&%/F *)27 +*-& '&%/F#&6 %' *)/#. 
H*D#5#&1 '># '#/>)0K-#6 A#6/&03#A 0) '>06 $%$#& #%6027 #L'#)A '* % 2%&B#& )-(3#& *+ -6#&6. 
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Figure 8: Side-by-side comparison of two usersV views when using two-handed privacy 
gestures. (a) User places a vertical hand on the table to indicate a private gesture. (b) 
Cross-dimensional grab gesture is performed with the vertical hand above it, yielding a 
cross-dimensional privacy pull. (c) 3D object is private and invisible to the other user. (d) 
Performing cross-dimensional push with a vertical hand above it, yielding a cross-
dimensional privacy push. (e) 2D object appears as if on the table, but is invisible to the 
other users. (f) 2D private object behaves like all other 2D objects and is dragged around. 
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?8+24#$+(S,/($+ $6 .*%/0#* @*2$K+(/($+ 
A22 '># >73&0A B#6'-&# '#/>)0K-#6 $&#6#)'#A >#&# &#K-0&# '>%' '># =" (*A-2# %)A 3" (*AM
-2#6 /*((-)0/%'# #L'#)605#27 %)A 67)/>&*)0O# '>#0& B#6'-&# &#/*B)0'0*)6. F0B-&# e 022-6M
'&%'#6 '># (#66%B# $%660)B %)A 67)/>&*)0O%'0*) 3#'D##) '># 'D* (*A-2#6 A-&0)B '># &#/M
*B)0'0*) *+ % cross-dimensional pull B#6'-&#. I) '>06 #L%($2#1 %22 (#66%B#6 %&# %66-(#A 
'* $#&'%0) '* '># 6%(# -6#&f >*D#5#& 0) *-& (-2'0M-6#& 676'#(1 #%/> (#66%B# 06 '%BB#A 
D0'> '># _-6#& )%(#` '%B '* %22*D +*& A06%(30B-%'0*) %(*)B -6#&6.  

 

 
 
Figure 9: Sample communication between 2D and 3D modules during the recognition of 
cross7dimensional pull (abbreviated as X-DIM. PULL).  

 
'1?"C??1BA =A' TC3C@< EB@F  
O-& #%&27 '#6' -6#&6 >%5# $*0)'#A *-' '>%' '># 506-%2 +##A3%/F 06 #66#)'0%2 '* (%F0)B *-& 
>73&0A 0)'#&%/'0*)6 +##2 20F# 6#%(2#66 '&%)60'0*)6 T$%&'0/-2%&27 +*& /&*66MA0(#)60*)%2 $-6> 
%)A $-22U. O-& 0)0'0%2 0($2#(#)'%'0*) *+ '>*6# '#/>)0K-#6 A0A )*' #($2*7 %)0(%'0*)1 %)A 
(%)7 -6#&6 /*((#)'#A *) '># 506-%2 A06/*)'0)-0'7 *+ '># *3Q#/' A06%$$#%&0)B 0) *)# #)50M
&*)(#)' %)A %$$#%&0)B 0) '># *'>#&. T>&*-B> 6#5#&%2 0'#&%'0*)61 D# >%5# %AA#A 60($2# 
%)0(%'0*)6 '* '># 0)'#&%/'0*)6 '>%' >%5# 0($&*5#A /*)'0)-0'7 %)A 506-%2 +##A3%/F. A-A0* 
+##A3%/F /*-2A %26* 3# 0)/*&$*&%'#A '* +-&'>#& #)>%)/# /&*66MA0(#)60*)%2 '&%)60'0*)6. 

:# >%5# /*)60A#&#A '># 0A#% *+ (%F0)B '># &*'%'0*) % 'D*M>%)A#A *& 'D*M+0)B#&#A '#/>M
)0K-# T60(02%& '* :- %)A @%2%F&06>)%)c6 +&##+*&( &*'%'0*) '#/>)0K-# Z==[U1 3-' 0) *-& #LM
$#&0#)/# D0'> '># 676'#(1 D# >%5# )*'0/#A '>%' &*'%'0*) 06 /2#%&27 6$#/0+0#A 37 +0L0)B '># 
/#)'#& *+ &*'%'0*) '* '># /#)'#& *+ '># *3Q#/' %)A -60)B *)# %AA0'0*)%2 $*0)' '* 6$#/0+7 '># 
%)B2#. H#)/# D# >%5# A#/0A#A '>%' 0' 06 (*6' 60($27 $#&+*&(#A %6 % *)#M>%)A#A B#6'-&#.  
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"-&0)B 0($2#(#)'%'0*) %)A &#+0)#(#)' *+ *-& B#6'-&%2 '#/>)0K-#61 6#5#&%2 /*D*&F#&6 0) 
*-& 2%3 $%&'0/0$%'#A 0) '># $&#20(0)%&7 0)+*&(%2 '#6'6. T>#0& 0)0'0%2 +##A3%/F 6-BB#6'6 '>%' 
2#%&)0)B '* $#&+*&( *-& >73&0A 0)'#&%/'0*)6 A*#6 )*' &#K-0&# (-/> '0(#1 A-# '* '>#0& 60(0M
2%&0'7 '* $>760/%2 D*&2A 0)'#&%/'0*)6. H*D#5#&1 D# $2%) '* $#&+*&( % (*&# '>*&*-B>1 +*&M
(%2 -6#& 6'-A7 0) '># )#%& +-'-&# '* #5%2-%'# #++#/'05#)#66 %)A #%6# *+ -6# *+ '>#6# 0)'#&M
%/'0*) '#/>)0K-#6.  

"BA"DC?1BA? 
T>06 $%$#& $&#6#)'6 % 6#' *+ 0)'#&%/'0*) '#/>)0K-#6 A#60B)#A +*& >73&0A -6#& 0)'#&+%/#6 '>%' 
-6# =" '*-/>M6#)60'05# A06$2%76 %)A 3" AR -6#& 0)'#&+%/#6. O-& 676'#( -6#6 67)/>&*M
)0O#A =" %)A 3" B#6'-&#6 '* +%/020'%'# 6#%(2#66 '&%)60'0*) *+ A%'% %)A 0)'#&%/'0*)6 %/&*66 
A0(#)60*)%20'0#6. I) %AA0'0*)1 *-& '#/>)0K-#6 %&# A#60B)#A +*& (-2'0M-6#& /*22%3*&%'05# 
#)50&*)(#)'6 %)A '>-6 %AA&#66 6*(# *+ '># $&05%/7 )##A6 0) '>#6# 6>%&#A 6$%/#6. I)0'0%2 
0)+*&(%2 -6#& +##A3%/F 6-BB#6'6 '>%' 2#%&)0)B '># '#/>)0K-#6 A*#6 )*' &#K-0&# (-/> '0(#1 
A-# '* '>#0& /2*6# 60(02%&0'7 '* $>760/%2 D*&2A 0)'#&%/'0*)6. :>02# *-& '#/>)0K-#6 %&# $&#M
6#)'#A D0'>0) % 60($2# %$$20/%'0*) 6/#)%&0*1 D# 3#20#5# '>%' '>#7 #%6027 #L'#)A '* % 
3&*%A#& &%)B# *+ >73&0A #)50&*)(#)'6. 

="FABED<'.R<A3? 
:# D06> '* '>%)F S%Q0A S%A0 %)A A5%)0)A&% U'-F-&0 +*& '>#0& 6-$$*&' D0'> '># E66#)'0%2 
R#%20'7 d8 B2*5#1 %)A I%) M*&&06 %)A '># S'%)+*&A A&/>%#*2*B7 C#)'#& +*& 0(%B#6 %)A 
A%'% +&*( '># M*)'# d*20OO* #L/%5%'0*). M0'6-306>0 E2#/'&0/ R#6#%&/> L%36 B#)#&*-627 
A*)%'#A '># "0%(*)AT*-/> '%32#. T>06 &#6#%&/> D%6 +-)A#A 0) $%&' 37 O++0/# *+ N%5%2 
R#6#%&/> C*)'&%/' N999<?M9?M<M99981 NSF G&%)'6 IISM9<M=<=3e %)A IISM99Mh=eg<1 %)A 
B0+'6 +&*( M0/&*6*+' R#6#%&/> %)A A20%6 S76'#(6.  

U1'<B 
A22 '#/>)0K-#6 $&#6#)'#A 0) '>06 $%$#& /%) 3# $&#50#D#A 0) % A0B0'%2 50A#* %5%02%32# +*& 
A*D)2*%A +&*( DDD./6./*2-(30%.#A-oB&%$>0/6o$&*Q#/'6oH73&0AI)'#&%/'0*). 
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