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Abstract.   The  abVWUacW  VhRXOd  VXPPaUi]e  Whe  cRQWeQWV  Rf  Whe  SaSeU  iQ  VhRUW              
WeUPV,   i.e.   150-250   ZRUdV.   
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1 IQWURdXcWiRQ   

Ke\boaUdV,  WoXch  VcUeenV,  bXWWonV,  leYeUV  and  jo\VWickV  aUe  common  Za\V  of             
conWUolling  and  inWeUacWing  ZiWh  comSXWeUV,  machineV  and  UoboWV.  In  moVW  caVeV  WheVe              
conYenWional  Za\V  of  inWeUacWing  ZiWh  comSXWeUV  aUe  VXfficienW,  bXW  VomeWimeV  Whe\             
UeVWUicW  oXU  inWeUacWion.  GeVWXUe  conWUol,  defined  aV  Whe  abiliW\  Wo  Uecogni]e  and              
inWeUSUeW  moYemenWV  of  Whe  hXman  bod\  in  oUdeU  Wo  inWeUacW  ZiWh  and  conWUol  a                
comSXWeU  V\VWem  ZiWhoXW  diUecW  Sh\Vical  conWacW,   UemoYeV  Whe  inSXW  conWUolleU  deYice             
and  alloZV  Whe  XVeU  Wo  inWeUacW  diUecWl\  ZiWh  Whe  machine,  XVing  WheiU  handV  oU  bod\                 
("GeVWXUe  ConWUol,"  2019).  GeVWXUe-conWUol  can,  WheUefoUe,  offeU  a  moUe  inWXiWiYe  and             
naWXUal   inWeUacWion   Whan   conYenWional   inWeUacWion.    
  

In  UoboWicV,  WheUe  aUe  VeYeUal  adYanWageV  of  imSlemenWing  geVWXUe-baVed  inWeUacWion            
(RiVe,  2020).  FiUVWl\,  UeSlacing  adYanced  conWUolleUV  ZiWh  VimSle  and  inWXiWiYe  geVWXUeV             
can  lead  Wo  a  cleaU  imSUoYemenW  of  inWXiWiYeneVV  and  UedXce  Whe  Wime  iW  WakeV  Wo  leaUn                  
Whe  V\VWem.  AddiWionall\,  conWUolling  UoboWicV  ZiWh  diVcUeWe  hand  geVWXUeV  can  be             
highl\  beneficial  in  enYiUonmenWV  ZheUe  Whe  bod\  iV  Sh\Vicall\  UeVWUained.  The             
challenge  iV  WhaW  WheUe  aUe  no  agUeed-XSon  inWeUacWion  SaWWeUnV  foU  geVWXUe-baVed             
inWeUacWion  in  VR  and  AR  enYiUonmenWV.  TheUefoUe,  Ze  haYe  in  WhiV  VWXd\  deYeloSed  a                
VeW  of  10  geVWXUeV  WhaW  can  VolYe  man\  common  inWeUacWion  SaWWeUnV  in  domainV  ZheUe                
geVWXUeV  can  be  XVed  Wo  inWeUacW  ZiWh  V\VWemV.  We  hoSe  WhaW  WheVe  geVWXUeV  can  be  a                  
VWaUWing  SoinW  foU  a  VWandaUd  conYenWion  foU  geVWXUe-baVed  inWeUacWion  in  a  Ueal,  YiUWXal               
(VR)   and   aXgmenWed   UealiW\   (AR).   
  

The   SXUSoVe   of   Whe   VWXd\   ZaV   Wo:   
1. deYeloS  a  VeW  of  inWXiWiYe  geVWXUeV  WhaW  aUe  VimSle,  logicall\  maSSed  and              

non-VWUenXoXV   
2. deVign   coUUeVSonding   YiVXali]aWion-feedback   baVed   on   deVign   SUinciSleV   
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3. eYalXaWe  if  YiVXali]aWion  feedback  helSV  Whe  XVeU  leaUn  and  XndeUVWand  Whe             
geVWXUeV   

  
We  haYe  limiWed  oXU  focXV  Wo   acWLYe  geVWXUeV,  i.e.  geVWXUeV  giYing  conWinXoXV  feedback               
and  noW  geVWXUeV  WhaW  aUe  a  SaUW  of  a  ©geVWXUe  langXageª  ZheUe  one  geVWXUe,  oU                 
combinaWion   of   geVWXUeV   in   VeTXence,   iV   maSSed   Wo   one   V\VWem   command.    

We  haYe  XVed  an  iWeUaWiYe  deVign  aSSUoach  in  deYeloSing  Whe  geVWXUeV,  XVing             
a  Uange  of  meWhodV  VXch  aV  liWeUaWXUe  UeYieZ,  co-deVign  ZiWh  e[SeUWV  on  geVWXUe-baVed               
inWeUacWion   of   dUoneV,   XVabiliW\   WeVWing,   VXUYe\V   and   SoVW-WeVW   inWeUYieZV   ZiWh   noYiceV.    

In  Whe  UeVW  of  Whe  aUWicle,  Ze  SUeVenW  fXUWheU  deWailV  on  Whe  WheoUeWical               
foXndaWion  and  backgUoXnd,  deVcUibe  Whe  meWhodV  XVed,  deVcUibe  Whe  10  geVWXUeV             
deYeloSed,  SUeVenW  daWa  fUom  one  of  Whe  XVabiliW\  WeVWV  and  diVcXVV  Whe  findingV  fUom                
Whe   WeVW.     

2 BackgURXQd   

2.1 GeVWXUe-baVed   InWeUacWiRn   

The  WeUm   GeVWXUe  cRQWUR l  iV  XVed  in  a  Zide  Uange  of  conWe[WV  and  can  be  inWeUSUeWed                  
diffeUenWl\.  In  GaUWneU  GloVVaU\  geVWXUe  conWUol  iV  defined  aV  ³(...)  Whe  abiliW\  Wo               
Uecogni]e  and  inWeUSUeW  moYemenWV  of  Whe  hXman  bod\  in  oUdeU  Wo  inWeUacW  ZiWh  and                
conWUol  a  comSXWeU  V\VWem  ZiWhoXW  diUecW  Sh\Vical  conWacW´  ("GeVWXUe  ConWUol,"  2019).             
AlWhoXgh  WhiV  definiWion  coYeUV  an\  moYemenWV  of  Whe  hXman  bod\,  Ze  Zill  in  WhiV                
aUWicle   focXV   on   hand   geVWXUeV.    
  

ASSlicaWiRnV  Rf  geVWXUe-baVed  inWeUacWiRn.   EYen  WhoXgh  geVWXUe-baVed  inWeUacWion  iV           
a  UelaWiYel\  neZ  inWeUacWion  meWhod,  iW  haV  emeUged  in  VeYeUal  domainV  alUead\.              
TeMoWo,  a  WeleoSeUaWion  V\VWem  haV  been  deYeloSed,  XVing  a  LeaS  MoWion  VenVoU  Wo               
WUack  geVWXUeV  Wo  conWUol  a  UoYeU  (ValneU  eW  al.,  2018).  GeVWi[  XVeV  YiVion-baVed  geVWXUe                
WUacking  foU  naYigaWion  and  maniSXlaWion  of  elecWUonic  medical  UecoUdV  (EMR)  (WachV             
eW  al.,  2008).  UVing  geVWXUe  conWUol  Wo  oSeUaWe  a  UoboWic  micUoVcoSe  in  VXUgeU\               
(AnWoni,  SonnenbXUg,  SaaWhoff,  &  SchlaefeU,  2015),  laSaUoVcoSic  inVWUXmenWV         
(AUkenboXW,  de  WinWeU,  Ali,  Dankelman,  &  BUeedYeld,  2018)  and  foU  conWUolling             
oSeUaWing  lighW  (HaUWmann  &  SchlaefeU,  2013)  haYe  alVo  been  e[SloUed  in  Whe              
healWhcaUe  domain.  ReVeaUch  haV  been  done  XVing  VenVoU  gloYeV  Wo  conWUol  a              
Vnake-like  UoboW  in  VSace  (LiX,  LXo,  &  JX,  2016)  and  in  Whe  field  of  miliWaU\                 
Wechnolog\  a  Vo-called  ³Ueal-Wime  VoldieU-UoboW  Weaming´  haYe  been  deYeloSed  XVing            
mXlWimodal  inWeUacWion,  combining  geVWXUe  conWUol  and  VSeech  (BaUbeU,  HoZaUd,  &            
WalWeU,  2016).  We  alVo  Vee  geVWXUe-baVed  inWeUacWion  emeUge  in  Whe  conVXmeU  maUkeW,              
VXch   aV   in   SUemiXm   VmaUWShoneV   (Google'V   Pi[el   4)   and   caUV   (BMW).    

2.2 DeVign   TheRU\   

GeVWXUe-baVed  inWeUacWion  in  a  Ueal  oU  VR/AR  enYiUonmenW  iV  noW  diffeUenW  fUom  oWheU               
foUmV  of  inWeUacWion;  iW  haV  Wo  folloZ  Whe  baVic  UXleV  of  inWeUacWion  deVign.  ThiV  meanV                 
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WhaW   YLVLbLOLW\ ,   feedbacN ,   cRQVWUaLQWV ,   PaSSLQg  and   affRUdaQce  need  Wo  be  conVideUed             
Zhen  deVigning  WheVe.  In  WhiV  VecWion,  NoUman¶V  deVign  SUinciSleV  (NoUman,  2010)             
Zill   be   e[Slained   and   SXW   in   Whe   conWe[W   of   geVWXUe-baVed   inWeUacWion.    

ViVibiliW\  and  Feedback.   GeVWXUeV-baVed  inWeUacWion  iV  noW  a  conYenWional  inWeUacWion            
SaWWeUn  WhaW  eYeU\bod\  aUe  familiaU  ZiWh.  TheUefoUe,  if  \oX  aUe  XVing  iW  foU  Whe  fiUVW                 
Wime,  \oX  ZoXld  need  Whe  SUoSeU  YiVXal  clXeV  Wo  aid  \oX  in  knoZing  ZhaW  Wo  do  and                   
hoZ  Wo  do  iW  UighW.  In  a  Ueal  enYiUonmenW,  iW  can  be  challenging  Wo  SUoYide  WhiV                  
feedback,  eVSeciall\  Zhen  oSeUaWing  IoT  deYiceV,  ZheUe  Whe  XVeU  inWeUface  ofWen  iV              
YeU\  limiWed  oU  onl\  acceVVible  WhUoXgh  a  VmaUWShone  oU  comSXWeU.  In  aXgmenWed              
UealiW\  (AR)  oU  YiUWXal  UealiW\  (VR),  iW  iV  eaVieU  Wo  SUoYide  YiVXal  inWeUacWion  feedback                
inVide   Whe   YiUWXal   model.    

TheUe  aUe  VeYeUal  Za\V  of  giYing  inWeUacWion  feedback.  The  feedback  can  be  VoXnd,               
lighW,  YibUaWionV,  VcUeen-baVed  YiVXalV  oU  We[W,  eWc.  AR  and  VR  boWh  SUoYide              
geVWXUe-baVed  inWeUacWion  ZiWh  Whe  YiVXal  feedback  WhaW  iV  needed  Wo  obWain  an  inWXiWiYe               
inWeUacWion.  In  WhiV  VWXd\,  Ze  haYe  deYeloSed  YiVXali]aWion  WhaW  SUoYideV  Whe  neceVVaU\              
YiVXal   feedback   Wo   Whe   XVeUV.   

D\QaPLc  feedbacN  iV  one  W\Se  of  feedback  WhaW  VWandV  oXW  aV  being  highl\  YalXable                
in  Whe  conWe[W  of  geVWXUe-baVed  inWeUacWion  VcenaUio.  D\namic  feedback  meanV  giYing             
conVWanW  feedback  baVed  on  Whe  moYemenW  of  Whe  geVWXUeV,  in  conWUaVW  Wo  VXmmaWiYe               
feedback  giYen  onl\  Zhen  an  inWeUacWion  iV  SeUfoUmed  and  VXcceVVfXll\  inWeUSUeWed  b\              
Whe  V\VWem.  In  a  VR  enYiUonmenW  ZheUe  Sh\Vical  hand  conWUolV  aUe  XVed,  WhiV  iV  ofWen                 
diVSla\ed  aV  a  SaiU  of  YiUWXal  handV  floaWing  in  mid-aiU  VhoZing  Zhich  bXWWonV  aUe                
SUeVVed  oU  noW  (Uef).  B\  XVing  geVWXUe  WUacking,  one  can  geW  conVWanW  inSXW  fUom  Whe                 
XVeUV¶  geVWXUeV,  and  giYe  feedback  accoUdingl\  Wo  ZhaW  Whe\  aUe  doing.  ThiV  incUeaVeV               
Whe  inWXiWiYeneVV  of  Whe  inWeUacWion.  The  goal  iV  Wo  giYe  enoXgh  feedback  Wo  alloZ  Whe                 
XVeU   Wo   inWeUacW   ZiWh   Whe   V\VWem   ZiWhoXW   Whe   need   foU   inVWUXcWionV.   

  

CRnVWUainWV.   When  deVigning  Sh\Vical  oU  digiWal  objecWV,  giYing  Sh\Vical  oU  YiVXal             
conVWUainWV  one  can  giYe  Whe  XVeU  Whe  hinWV  needed  Wo  inWXiWiYel\  XndeUVWand  hoZ  Wo                
(and  noW  Wo)  inWeUacW  ZiWh  Whe  objecW.  Real-ZoUld  e[amSleV  aUe  gaUbage  binV  ZiWh               
diffeUenW  oSeningV  deSending  on  Whe  caWegoUi]aWion  of  Whe  WUaVh  iV  a  common  e[amSle               
of   conVWUainWV   WhaW   foUceV   Whe   XVeU   Wo   WhUoZ   Whe   WUaVh   in   Whe   coUUecW   bin    (NRUPaQ,   2010) .    

When  deVigning  foU  geVWXUeV  one  haV  Wo  conVideU  biomechanicV  and  eUgonomicV.             
Bodil\  conVWUainWV,  VXch  aV  hoZ  \oX  UoWaWe  \oXU  aUm,  fingeUV  and  ZUiVW,  aUe  imSoUWanW                
Wo  Wake  inWo  conVideUaWion  Zhen  deVigning  foU  Sh\Vical  conWUolV,  VXch  aV  ke\boaUdV,             
jo\VWickV  and  WhUoWWle  conWUolV.  ConVWUainWV  can  alVo  be  XVed  aV  an  aid  Zhen  deVigning                
YiVXali]aWionV  foU  a  VR/AR  enYiUonmenW.  B\  emShaVi]ing  biomechanicV  and  Whe            
bodil\  conVWUainW  in  Whe  YiVXali]aWion,  Whe  XVeU  Zill  inWXiWiYel\  XndeUVWand  Whe             
boXndaUieV  of  Whe  geVWXUeV,  knoZing  ZhaW  iV  ma[imXm  and  minimXm.  An  e[amSle              
fUom  Whe  Sh\Vical  ZoUld  iV  Whe  SoZeU  WhUoWWle  of  a  boaW.  BaVed  on  iWV  Sh\Vical                 
UeVWUicWionV  Whe  XVeU  knoZV  Zhen  Whe  WhUoWWle  iV  on  ma[  becaXVe  Whe  WhUoWWle  can  noW                 
moYe   an\   fXUWheU   foUZaUd.    
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MaSSing.   NaWXUal  maSSing  iV  Zhen  WheUe  iV  a  cleaU  and  obYioXV  UelaWionVhiS  beWZeen               
Whe  conWUolV  and  Whe  objecW  Wo  be  conWUolled.  The  geVWXUe  being  XVed  Wo  deWeUmine  an                 
acWion  VhoXld  be  maSSed  coUUeVSondingl\  Wo  Whe  acWion  being  e[ecXWed.  In  a  VWXd\  on                
geVWXUe   conWUol   in   VR   Whe\   diVcoYeUed   WhaW:   
  

The  geVWXUe/acWion  VhoXld  be  Zell  maSSed  Wo  Whe  conWenW  being  leaUned.  An              
e[amSle  of  WhiV  coXld  be  maSSing  changing  geaUV  in  a  caU.  The  acWion  VhoXld  be                 
VimilaU  Wo  moYing  Whe  geaU  VWick  UaWheU  Whan  SXVhing  a  Woggle  XS  oU  doZn.  B\                 
SeUfoUming  acWionV,  iW  VWimXlaWeV  Whe  moWoU  V\VWem  and  alVo  VWUengWhenV  Whe             
memoU\   WUaceV   aVVociaWed   ZiWh   neZl\   leaUned   conceSWV   (JohnVon-GlenbeUg,   2018).   
  

EYeU\  YiVXali]aWion  VhoXld,  WheUefoUe,  be  maSSed  accoUding  Wo  Whe  SoViWion  of  Whe              
hand,  conVideUing  Sh\Vical  UeVWUicWionV  aV  Zell.  InWXiWiYe  meWaShoUV  VhoXld  alVo  be             
XVed  boWh  Zhen  chooVing  Whe  geVWXUe  and  Whe  YiVXali]aWion.   An  e[amSle  coXld  be  an                
a[ial   Slane   deVcUibing   Whe   moYemenW   of   a   dUone.    

AffRUdance.   AffoUdance  UefeUV  Wo  an  aWWUibXWe  of  an  objecW  WhaW  alloZV  SeoSle  Wo  knoZ                
hoZ  Wo  XVe  iW.  EVVenWiall\,   WR  affRUd  meanV  Wo  giYe  a  clXe.  AV  \oX  inWXiWiYel\  knoZ  hoZ                   
Wo  oSen  a  dooU  b\  looking  aW  ZheUe  iWV  hingeV  and  dooUknob  aUe  locaWed,  affoUdanceV                 
can  be  XVed  Wo  deVign  YiVXali]aWionV  foU  geVWXUeV  WhaW  ZoUk  aV  a  ©hinWª  of  hoZ  iW                  
VhoXld  be  XVed.  ThiV  coXld  be  WUanVlaWed  inWo  diUecW  YiVXal  elemenWV  WhaW  indicaWe               
VomeWhing  oU  Zhen  chooVing  YiVXal  elemenWV  alUead\  knoZn.  An  e[amSle  coXld  be              
chooVing  knoZn  geomeWU\  WhaW  haV  Whe  affoUdanceV  of  ZhaW  \oX  ZanW  Wo  conYe\.  A                
c\lindeU  haV  Whe  affoUdance  of  being  UoWaWed  along  iWV  a[iV  and  a  VSheUe  oU  a  ball  haV                   
Whe   affoUdance   of   Vcaling   aboXW   oUigo   (NoUman,   2010).    

2.3 GXidelineV   

Combined  ZiWh  deVign  WheoU\,  haYing  ceUWain  gXidelineV  aV  a  fUameZoUk  Zhen             
deVigning  foU  geVWXUeV,  iV  beneficial.  The  gXidelineV  in  WhiV  chaSWeU  iV  baVed  on               
liWeUaWXUe  UeVeaUch,  Waking  knoZledge  fUom  diffeUenW  UeVeaUch-domainV.  Some  of  Whe            
gXidelineV  aUe  alVo  UeTXiUemenWV  fUom  UeleYanW  VWakeholdeUV  WhaW  ZoUk  aV  a             
fUameZoUk.    

GeVWXUe  aV  aVVeVVmenW.   In  a  VWXd\  XVing  geVWXUe  conWUol  in  VR  foU  edXcaWion,               
JohnVon-GlenbeUg  VWaWeV  WhaW  deVigning  foU  geVWXUeV  VhoXld  UeYeal  Whe  VWaWe  of  Whe              
leaUneU¶V  menWal  model,  boWh  dXUing  leaUning  (called  foUmaWiYe  oU  in-SUoceVV)  and  afWeU              
Whe   acW   of   leaUning   (called   VXmmaWiYe).   She   giYeV   Whe   e[amSle;     

PUomSW  Whe  leaUneU  Wo  demonVWUaWe  negaWiYe  acceleUaWion  ZiWh  Whe  VZiSe  of  a  hand               
conWUolleU.  DoeV  Whe  conWUolleU  VSeed  XS  oU  VloZ  doZn  oYeU  Wime?  Can  Whe               
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leaUneU  maWch  ceUWain  WaUgeW  UaWeV?  ThiV  iV  an  embodied  meWhod  Wo  aVVeVV              
comSUehenVion  WhaW  inclXdeV  Whe  added  benefiW  of  UedXcing  gXeVV  UaWeV            
(JohnVon-GlenbeUg,   2018,   S.   16).   

  
  

AlWhoXgh  WhiV  liWeUaWXUe  iV  mainl\  focXVing  on  geVWXUeV  foU  leaUning,  WhiV  idea  can  be                
aSSlied  Wo  an\  caVe  of  deVigning  foU  geVWXUeV.  In  oXU  caVe,  Whe  YiVXali]aWionV  VhoXld                
giYe  a  clXe  ZhaW  Whe  XVeU  iV  VXSSoVed  Wo  do  befoUe  doing  an  acWion,  meanZhile  doing                  
Whe  acWion  (foUmaWiYe)  and  giYe  a  UeVSonVe  afWeU  an  acWion  haV  been  done  (VXmmaWiYe).                
TheVe  WhUee  VWeSV  VhoXld  be  coYeUed  ZiWh  conVWUainWV,  affoUdanceV,  feedback  and  good              
maSSing   aV   diVcXVVed   in   Whe   SUeYioXV   VecWion.    

One  WheoU\  WhaW  fXUWheU  XndeUlineV  WhiV  conceSW  iV  WhaW  XVing  geVWXUeV  UeTXiUeV  moWoU               
Slanning  and  WhiV  acWiYaWeV  mXlWiSle  VimXlaWionV  eYen  befoUe  Whe  acWion  iV  Waken.              
HoVWeWWeU   and   Alibali   (2008)   SoViW   WhaW:    

  
GeVWXUeV  fiUVW  UeTXiUeV  a  menWal  VimXlaWion  befoUe  moYemenW  commenceV,  aW            
WhaW  Wime  moWoU  and  SUemoWoU  aUeaV  of  Whe  bUain  aUe  acWiYaWed  in              
acWion-aSSUoSUiaWe  Za\V.  ThiV  SUe-acWion,  coYeUW  VWaWe  of  imaging  an  acWion            
aSSeaUV  Wo  VWimXlaWe  Whe  Vame  collaUieV  aV  Whe  oYeUW  acWion  i.e.,  moWoU  coUWe[,               
Whe  ceUebellXm,  and  baVal  ganglia  (JeanneUod,  2001).  The  combinaWion  of            
Slanning  and  When  SeUfoUming  ma\  lead  Wo  moUe  moWoU  and  SUe-moWoU  acWiYiW\              
dXUing  encoding,  Zhich  mighW  lead  Wo  a  VWUongeU  leaUning  Vignal  and  memoU\              
WUace.    

Enabling  XVeU-defined  geVWXUeV.   In  a  SaSeU  WhaW  diVcXVVeV  Whe  abiliW\  of  XVeUV  Wo               
UemembeU  Whe  geVWXUeV  and  WheiU  meaningV  (NacenWa,  KambeU,  Qiang,  &  KUiVWenVVon,             
2013),  Whe  aXWhoUV  conVideUed  XVeU-defined  geVWXUeV,  SUe-deVigned  geVWXUeV  and           
Uandoml\  aVVigned  geVWXUeV  and  conclXded  WhaW  XVeU-defined  geVWXUeV  aUe  SUefeUable            
and  moUe  memoUable  Whan  Whe  oWheU  W\SeV.  The  aXWhoUV  Uecommended  µenabling             
XVeU-defined  geVWXUeV¶  aV  Zell  aV  Sa\ing  aWWenWion  Wo  Whe  UelaWionVhiS  beWZeen  Whe              
geVWXUe  and  Whe  acWion  WhaW  iW  inYokeV.  ThiV  coheUeV  ZiWh  oWheU  UecenW  ZoUk  on  naWXUal                 
XVeU   inWeUfaceV(NUIV)(   (Mali]ia   &   BellXcci,   2012);   (O¶haUa   eW   al.,   2013)).   

ThiV  WheoU\  iV  Whe  coUe  conceSW  of  deVigning  a  libUaU\  of  diffeUenW  geVWXUeV.               
B\  making  a  libUaU\  inVWead  of  imSoVing  geVWXUeV  ZheUe  Whe\  aUe  XnnaWXUal  oU  mighW                
noW  fiW  Whe  SXUSoVe,  XVeUV  can  chooVe  Whe  geVWXUeV  and  coUUeVSonding  YiVXali]aWionV              
WhaW   fiW   Whe   XVe   caVe.     

  

3 DeYelRSiQg   a   GeVWXUe   LibUaU\   

In  WhiV  VecWion,  Ze  SUeVenW  Whe  SUoceVV  and  UeVXlWV  of  deYeloSing  a  geVWXUe  libUaU\  and                 
coUUeVSonding  YiVXali]aWionV,  Zhich  coXld  be  XVed  aV  inWeUacWion  feedback  in  a  AR              
and   VR   VeWWing.   
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3.1 MeWhRd   

The  deVign  WheoU\  and  liWeUaWXUe  UeYieZ  SUeVenWed  aboYe  ZoUked  aV  a  fUameZoUk  Zhen               
VelecWing  geVWXUeV  and  deVign  Whe  geVWXUe  YiVXali]aWionV  SUeVenWed  laWeU  in  WhiV  SaSeU.              
EYen  WhoXgh  Whe  geVWXUeV  ZeUe  choVen  UaWheU  Whan  ³deVigned´,  Whe\  had  Wo  folloZ  Whe                
SUeYioXVl\  eVWabliVhed  gXidelineV  and  coUUeVSond  ZiWh  Whe  YiVXali]aWion.  IW  ZaV,            
WheUefoUe,  WZo  elemenWV  WhaW  had  Wo  be  deVigned  WogeWheU.  The  fiUVW  VWeS  ZaV  Wo  cUeaWe  a                  
fUameZoUk  of  cUiWeUia  WhaW  ZaV  cUXcial  foU  Whe  VXcceVV  of  Whe  SUojecW.  The  Vecond  VWeS                 
ZaV  Wo  XndeUVWand  ZhaW  kind  of  geVWXUeV  diffeUenW  XVe-caVeV  ZoXld  need.  A  co-deVign               
ZoUkVhoS  ZiWh  deVigneUV,  dUone  SiloWV,  VR-e[SeUWV  and  comSXWeU  engineeUV  ZaV            
condXcWed  focXVing  on  eVWabliVhing  caWegoUieV  of  geVWXUeV  WhaW  coXld  be  XVed  in  an  Ueal                
oU  AR/VR  VeWWing.  The  cUiWeUia  ZeUe  eVWabliVhed  baVed  on  SUioU  e[SeUience  ZoUking  on               
Whe  WoSic  of  geVWXUe  conWUol  of  dUoneV,  UeTXiUemenWV  fUom  VWakeholdeUV  and  Wake-aZa\V              
fUom  XVe-caVeV.  The  SUoceVV  When  conWinXed  ZiWh  maSSing  oXW  VeYeUal  XVe  caVeV,              
cUeaWing  XVeU-joXUne\V  Wo  XndeUVWand  Zhich  W\Se  of  inWeUacWion  WhaW  ZoXld  beVW  VXiW  Whe               
diffeUenW   caVe.    

  

CaWegRUieV  Rf  geVWXUeV.   FUom  Whe  ZoUkVhoS,  Ze  came  XS  ZiWh  3  main  caWegoUieV:  (1)                
geVWXUeV  foU  dLUecWLRQaO  PRYePeQW ,  e.g.  VWeeUing  a  UoYeU,  (2)  geVWXUeV  foU   fORZ  cRQWURO ,               
e.g.  conWUolling  Whe  VSeed  of  a  UoYeU  (3)  geVWXUeV  foU   VSaWLaO  RULeQWaWLRQ,   e.g               
SoViWioning  a  UoboWic  aUm.  While  WheVe  caWegoUieV  ZeUe  VXfficienW  Wo  coYeU  VimSle              
(meaning  Vingle  oXWSXW)  geVWXUeV,  Whe\  did  noW  coYeU  combinaWionV  oU  YaUiaWionV  of              
geVWXUeV.  TheUefoUe,  WZo  VXbcaWegoUieV  ZeUe  deYeloSed:  (4)   PXOWLfXQcWLRQaO  geVWXUeV,           
e.g.  conWUolling  Whe  SaWh   aQd  VSeed  of  a  UoYeU,  and  (5) WacWLOe  geVWXUeV,  e.g.  VelecWing                 
Whe   SoZeU-leYel   oU   geaUV.     
  When  Whe  caWegoUi]aWion  ZaV  eVWabliVhed,  Whe  SUoceVV  of  deVigning  VSeVific            

geVWXUeV  foU  each  caWegoU\  VWaUWed.  UVing  Whe  XVe  caVeV  WhaW  ZeUe  diVcoYeUed  in  Whe                
ZoUkVhoS  and  Whe  backgUoXnd  fUom  UeVeaUch  and  deVign  WheoU\,  a  VeW  of  geVWXUeV  ZeUe                
deVigned  foU  each  of  Whe  WhUee  main  caWegoUieV.  Then  WheVe  geVWXUeV  ZeUe  XVed  Wo                
imSlemenW  neZ  geVWXUeV  foU  Whe  XVe-caVed  WhaW  UeTXiUed  moUe  Whan  one  conWUol  oXWSXW               
oU   ZoXld   benefiW   fUom   moUe   WacWile   feedback.    
  When  a  geVWXUe  libUaU\  ZaV  eVWabliVhed,  Whe\  ZeUe  UeYieZed  in  a  Vecond              

co-deVign  ZoUkVhoS  ZiWh  Whe  Vame  e[SeUWV  on  VR  and  geVWXUe  inWeUacWion  ZiWh              
comSeWence  in  boWh  inWeUacWion  deVign,  comSXWeU  Vcience  and  aUWificial  inWelligence.            
The  gUoXS  gaYe  feedback  on  deVign  and  inWeUacWion,  Wechnical  imSlemenWaWion,  inSXW             
algoUiWhmV  and  SoVVible  XVe  VcenaUioV.  WiWh  Whe  feedback  and  neZ  VcenaUioV,  Vome              
geVWXUeV  ZeUe  iWeUaWed,  Vome  diVcaUded  and  neZ  oneV  ZeUe  deVigned.  Finall\,  a  geVWXUe               
libUaU\  comSUiVing  of  10  geVWXUe  YiVXali]aWionV  ZeUe  deVigned.  One  geVWXUe  ZaV             
choVen  foU  fXUWheU  deYeloSmenW  and  WeVWing  on  Whe  backgUoXnd  of  being  one  of  Whe                
moVW  YalXable  aV  Zell  aV  UelaWiYel\  VimSle  Wo  imSlemenW  and  WeVW  in  a  VR  enYiUonmenW.                 
DeWailV   on   Whe   XVeU   WeVW   SUeVenWed   in   Whe   VecWion    UVabLOLW\   EYaOXaWLRQ .    
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3.2 FindingV   

CUiWeUia  fRU  deVigning  geVWXUeV.   BaVed  on  Whe  VcoSe  of  Whe  SUojecW  and  Whe  XVe  caVe,                 
ceUWain  cUiWeUia  can  be  foUmXlaWed  Wo  naUUoZ  doZn  Whe  UeVeaUch  aUea.  The  cUiWeUia,               
comSaUed  Wo  Whe  gXidelineV,  aUe  noW  baVed  on  liWeUaWXUe  oU  UeVeaUch,  bXW  UaWheU  on  inSXW                 
fUom   e[SeUWV.    

  
TKe  geVWXUe  VKRXOd  be  XQLTXe  aQd  QRQ-RYeUOaSSLQg.   The  SaUWiciSanWV  of  Whe  co-deVign              
ZoUkVhoSV  UeSoUWed  WhaW  Zhen  conWUolling  UoboWicV,  VeYeUal  inSXWV  aUe  UeTXiUed.            
DeVigning  geVWXUeV  WhaW  aUe  XniTXe  ZoXld,  WheUefoUe,  make  iW  SoVVible  Wo  conWUol              
VeYeUal  mechanicV  ZiWh  a  feZ  diVWincW  geVWXUeV.  The  geVWXUeV  VhoXld,  in  WhaW  caVe,  be                
deVigned  in  a  Za\  WhaW  Whe\  do  noW  oYeUlaS  Wo  aYoid  Whem  being  inWeUSUeWed  aV  WZo                  
WhingV  aW  once.  One  e[amSle  Whe  SaUWiciSanWV  XVed  ZaV  conWUolling  a  dUone  XVing  \oXU                
Salm,  ZheUe  Whe  SoZeU  iV  adjXVWed  b\  bending  \oXU  fingeUV.  To  acWiYaWe  Whe  aXWomaWic                
landing  fXncWion  of  Whe  dUone,  one  haV  Wo  make  a  fiVW.  In  WhiV  caVe,  Zhen  making  a  fiVW                    
Wo  land,  Whe  inSXW  Zill  fiUVWl\  be  Wo  incUeaVe  Whe  SoZeU,  making  Whe  dUone  go  XS,  befoUe                   
UegiVWUaWion   Whe   fiVW   geVWXUe   making   iW   acWiYaWe   Whe   landing   fXncWion.   

  
GeVWXUeV  VKRXOd  UeTXLUe  aV  OLWWOe  PRYePeQW  aV  SRVVLbOe.   When  deVigning  foU             
inWeUacWion  XVing  hand  geVWXUeV,  one  haV  Wo  conVideU  biomechanicV  and  Whe  Sh\Vical              
VWUain  on  Whe  bod\.  AV  a  gXideline,  one  VhoXld  WheUefoUe  alZa\V  WU\  Wo  aYoid  bodil\                 
moYemenWV  WhaW  aUe  Sh\Vicall\  demanding  oU  WhaW  Zill  caXVe  VWUain  oU  faWigXe  oYeU               
Wime.  An  aUgXmenW  foU  XVing  geVWXUeV  Wo  conWUol  UoboWicV  coXld  be  WhaW  iW  iV  XVed  in                  
VcenaUioV  ZheUe  Whe  hXman  bod\  iV  Sh\Vicall\  conVWUained,  WheUeb\  XVing  facile             
geVWXUeV   iV   beneficial.    

CaWegRUi]aWiRn  Rf  GeVWXUeV.   The  ZoUkVhoSV  ZiWh  Whe  e[SeUWV  on  geVWXUe-baVed  dUone             
conWUol  UeVXlWed  in  5  diffeUenW  geVWXUe  caWegoUieV  foU  inWeUacWing  ZiWh  YaUioXV  objecWV.             
TheVe  caWegoUieV  ZeUe  (1)  geVWXUeV  foU  diUecWional  moYemenW,  (2)  geVWXUeV  foU  floZ              
conWUol,  (3)  geVWXUeV  foU  VSaWial  oUienWaWion,  (4)  mXlWifXncWional  geVWXUeV,  and  (5)  WacWile              
geVWXUeV.   A   deVcUiSWion   of   each   caWegoU\   iV   SUeVenWed   in   Wable   1.    

  

Table   1.    DeVcUiSWiRQ   Rf   each   geVWXUe-caWegRU\   

Main   CaWegRUieV   DeVcUiSWiRn   

1   GeVWXUeV   foU   diUecWional     
moYemenW   

GeVWXUeV  UelaWed  Wo  diUecWional  moYemenW  and        
doeV   noW   deal   ZiWh   Whe   conWUol   of   alWiWXde   eWc.    

2   GeVWXUeV   foU   floZ   conWUol   GeVWXUeV  UelaWed  Wo  conWUolling  Whe  amoXnW  of         
an\   oXWSXW   YalXe    
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DeYelRSing  a  geVWXUe-libUaU\.   In  addiWion  Wo  Whe  geVWXUe  caWegoUieV,  Ze  deYeloSed             
WZo  geVWXUeV  in  each  of  Whe  fiYe  caWegoUieV,  giYing  a  WoWal  of  10  geVWXUeV.  An  oYeUYieZ                  
of  Whe  geVWXUeV  iV  SUeVenWed  in  FigXUe  1.  A  deWailed  deVcUiSWion  of  Whe  geVWXUe                
caWegoUieV   and   geVWXUeV   iV   SUeVenWed   in   Whe   folloZing   VXbVecWionV.    

3   GeVWXUeV   foU   VSaWial   
oUienWaWion   

GeVWXUeV  UelaWed  Wo  WhUee-dimenVional      
oUienWaWion  and  moYemenW  in  3  degUeeV  of         
fUeedom   (DOF)   along   Whe    [ , \    and    ] -a[iV   

SXb   CaWegRUieV     

4   MXlWifXncWional   geVWXUeV   
GeVWXUeV  conWUolling  moUe  Whan  one  inSXW  aW  Whe          
Wime  and  WheUefoUe  combine  geVWXUeV  fUom  Whe         
oWheU   caWegoUieV   

5   TacWile   geVWXUeV   

GeVWXUeV  XVing  Whe  bod\  iWVelf  aV  WacWile         
feedback.  TheVe  geVWXUeV  aUe  noW  XniTXe  on  WheiU          
oZn  bXW  can  be  meUged  ZiWh  Whe  oWheU  geVWXUeV           
in   caVeV   ZheUe   WacWile   feedback   iV   UeTXiUed   
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Fig.   1.    TeQ   geVWXUeV   aQd   cRUUeVSRQdiQg   YiVXaOi]aWiRQV.   

GeVWXUeV  fRU  DiUecWiRnal  MRYemenW.   ConWUolling  Whe  diUecWional  moYemenW  iV  UelaWed            
Wo  an\  VWeeUing  mechaniVm.  Mechanical  VWeeUing  iV  ofWen  moUe  conVWUained  Whan  floZ             
conWUol  and  VSaWial  oUienWaWion,  and  VhoXld,  WheUefoUe,  be  XVed  ZiWh  geVWXUeV  WhaW              
folloZ   WheVe   conVWUainWV.    
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1.   PRLQWLQg  AUURZ.   In  XVe  caVeV  ZheUe  a  moUe  diUecWional  (UaWheU  Whan  UoWaWional)               
YiVXali]aWion  iV  moUe  inWXiWiYe  can  Whe  SoinWing  geVWXUe  be  aSSlied.  Making  a  flaW  hand                
ZiWh  VWUaighW  fingeUV,  moYing  aUoXnd  Whe  ZUiVW,  one  can  SoinW  in  Whe  deViUed  diUecWion.               
The   geVWXUe   iV   conVWUained   Wo   a   ceUWain   degUee   Zhich   iV   alVo   added   in   Whe   YiVXali]aWion.    

    

Fig.   2.    GeVWXUe   1:    PRiQWiQg   AUURZ    geVWXUe   aQd   YiVXaOi]aWiRQ   

The  YiVXali]aWion  conViVWV  of  an  aUUoZ  SoinWing  in  Whe  diUecWion  of  Whe  geVWXUe.  The                
aUUoZ  haV  Whe  affoUdance  of  diUecWion  and  Whe  ciUcle  aW  iWV  UooW  indicaWeV  UoWaWion.                
Adding  a  VWaSled  line  in  Whe  cenWeU  makeV  iW  eaV\  Wo  indicaWe  ZheUe  Whe  neXWUal  SoViWion                  
iV.    

2.  RRWaWLQg  C\OLQdeU .   The  geVWXUe  of  UoWaWing  \oXU  ZUiVW  aUoXnd  Whe  a[iV  of  \oXU  hand                 
giYeV  \oX  cloVe  Wo  180  degUeeV  of  UoWaWional  fUeedom.  ThiV  maWcheV  Whe  mechanical               
conVWUainWV  of  VWeeUing.  In  WhiV  caVe,  Whe  hand  geVWXUe,  eiWheU  iW  iV  a  Salm  oU  fiVW,  iV  noW                    
WhaW  imSoUWanW,  Zhich  giYeV  iW  Whe  benefiW  of  being  combined  ZiWh  oWheU  geVWXUeV               
(Zhich   Zill   be   fXUWheU   e[SloUed   in   MXlWifXncWional   GeVWXUeV   VecWion).     

  

Fig.   3.    GeVWXUe   2:    RRWaWiQg   C\liQdeU    geVWXUe   aQd   YiVXaOi]aWiRQ   

The  c\lindeU  haV  Whe  affoUdance  of  UoWaWion.  To  giYe  Whe  c\lindeU  an  inde[  of  Whe                 
UoWaWional  SoViWion,  a  YeUWical  Slane  iV  added.  ThiV  Slane  UeSUeVenWV  Whe  SoViWion  of  Whe                
hand,  ZheUe  Whe  ©flaWneVVª  of  Whe  hand  iV  maSSed  Wo  Whe  Slane.  The  c\lindeU  iWVelf  iV                 
maSSed  in  Whe  diUecWion  of  Whe  aUm,  making  iW  an  abVWUacW  illXVWUaWion  of  Whe  XVeU¶V  oZn                  
aUm.  To  make  Whe  Sh\Vical  conVWUainWV  coheUe  ZiWh  Whe  YiVXali]aWion,  WZo  ballV  aUe               
added   Wo   VWoS   Whe   UoWaWion   ZheUe   Whe   hand   can   noW   be   UoWaWed   an\moUe.    
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Gestures  for  Flow  Control.   ConWUolling  Whe  floZ  coXld  be  an\  conWUol  XniW  meaVXUing               
an  amoXnW  fUom  0  Wo  a  limiW  (i.e  SoZeU,  YolXme,  WhUoWWle,  eWc).  SimSle  geVWXUeV  WhaW                 
UeSUeVenW  WhiV  conWUol  XniW  can  be  XVed  eiWheU  alone,  combined  ZiWh  WZo  hand  geVWXUeV(                
anoWheU  geVWXUe  foU  Whe  oWheU  aUm),  oU  combined  ZiWh  oWheU  conWUolV  in  Whe  Vame                
geVWXUe(Vee  MXlWifXncWional  geVWXUeV).  B\  making  Whe  YiVXali]aWion  in  3D  iW  giYeV  a              
beWWeU   UeSUeVenWaWion   aV   iW   can   be   beWWeU   maSSed   Wo   Whe   diUecWion   of   Whe   geVWXUe.    

3.  C\OLQdeU  FORZ  BaU.   The  geVWXUe  of  e[Wending  and  cloVing  Whe  fingeUV  folloZV  Whe                
Vame  conVWUainWV  aV  Whe  YiVXali]aWion.  A  fXll\  VWUeWched  oXW  hand  can  noW  be  e[Wended                
an\moUe,  making  iW  a  naWXUal  ma[  SoinW.  A  cloVed  Salm,  WheUefoUe,  UeSUeVenWV  Whe               
minimXm  SoinW  aV  Whe  geVWXUe  can  noW  conWUacW  an\  fXUWheU.  The  geVWXUe  iV  alVo                
eUgonomic  and  non-VWUaining  and  haV  a  VXfficienW  VSan  Wo  giYe  conWUol  oYeU              
fine-adjXVWmenW. 

  
Fig.   4.    GeVWXUe   3:    C\liQdeU   FlRZ   BaU    geVWXUe   aQd   YiVXaOi]aWiRQ   

The  c\lindeU  haV  Whe  cleaU  conVWUainWV  b\  haYing  a  defined  heighW/lengWh,  deWeUmining              
Whe  ma[  and  min.  IW  alVo  haV  cleaU  YiVXal  diVVeminaWion  of  filling  XS  a  c\lindUical                 
conWaineU  and  ZoUkV  aV  a  meWaShoU  foU  filling  XS  a  glaVV.  Being  in  3D,  Whe                 
YiVXali]aWion  can  be  maSSed  Wo  Whe  diUecWion  of  Whe  geVWXUe,  making  Whe  d\namic               
feedback   eYen   moUe   inWXiWiYe.   

4.  BaOO  LQ  SSKeUe.   The  geVWXUe  of  oSening  and  cloVing  Whe  fiVW  iV  VimilaU  Wo  Whe  SUeYioXV                   
geVWXUe,  bXW  UeSUeVenW  a  ball  UaWheU  Whan  a  c\lindeU.  The  geVWXUe  alVo  haV  Whe  conVWUainWV                 
of  being  aW  Whe  min  ZiWh  a  cloVed  fiVW  and  aW  ma[  ZiWh  a  fXll\  e[Wended  hand.  The                    
geVWXUe   iV   alVo   eUgonomic   and   non-VWUaining.    

Fig.   5.    GeVWXUe   4:    Ball   iQ   SSheUe    geVWXUe   aQd   YiVXaOi]aWiRQ   

The  YiVXaOi]aWiRQ  Rf  a  baOO  iQ  Whe  VSheUe  fROORZV  Whe  haQd  beiQg  PaSSed  aV  a  baOO                  
ZheQ  beiQg  a  fiVW.  AV  Whe  XVeU  e[WeQd  Whe  fiVW/baOO  geVWXUe  Whe  baOO  ZiOO  VcaOe  XS                  
XQWiO  iW  UeacheV  iWV  PaS  beiQg  ZheQ  Whe  haQd  iV  fXOO\  e[WeQded(bXW  VWiOO  PiPicNiQg                
a   baOO).   The   VSheUe   aURXQd   Whe   baOO   UeSUeVeQWV   Whe   Pa[.    
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GeVWXUeV  fRU  SSaWial  OUienWaWiRn.   SSaWial  oUienWaWion,  meaning  SoViWional  oUienWaWion           
in  a  WhUee-dimenVional  VSace,  iV  haUdeU  Wo  deVign  foU,  aV  WheUe  aUe  leVV  common                
meWaShoUV  Wo  UeSUeVenW  Whe  conWUolV.  One  coXld  aUgXe  WhaW  VSaWial  oUienWaWion  iV  haUdeU               
Whan  SUeYioXV  menWioned  oUienWaWionV  and  a  Zell-deVigned  YiVXali]aWion  can,  WheUefoUe,           
SUoYide   eYen   moUe   YalXe.   

  

5.  POaQe  geVWXUe.   Some  conWUol  XniWV  do  noW  haYe  limiWed  diUecWional  naYigaWion  bXW               
can  haYe  360-degUee  naYigaWion.  A  Slane  iV  a  good  meWaShoU  Wo  UeSUeVenW  naYigaWion               
on  one  leYel.  A  flaW  hand  can  When  be  XVed  Wo  UeSUeVenW  Whe  Slane  UeVXlWing  in  a  good                    
maSSing.  To  giYe  feedback  on  Whe  SoZeU  being  aSSlied  in  Whe  diUecWion,  a  gUid  V\VWem                 
can  be  XVed  Wo  YiVXali]e  hoZ  mXch  SoZeU  and  in  ZhaW  diUecWion  Whe  SoZeU  iV  aSSlied.                  
B\  moYing  Whe  hand  like  a  Slane  Whe  YiVXali]aWion  Zill  coUUeVSond  VhoZing  Whe               
coUUeVSonding   YiVXali]aWion.    

  

Fig.   6.    GeVWXUe   5:    PlaQe   geVWXUe    aQd   YiVXaOi]aWiRQ   

The  YiVXali]aWion  iV  deVigned  aV  a  gUid  V\VWem,  ZheUe  Whe  SoZeU  and  diUecWion  aUe                
indicaWed  b\  coloUing  Whe  VTXaUeV  accoUding  Wo  Whe  geVWXUe.  The  boUdeUV  of  Whe  gUid                
ZoUk  aV  a  conVWUainW  indicaWing  Whe  ma[imXm  of  SoZeU.  The  black  VTXaUe  in  Whe                
middle   indicaWeV   Whe   neXWUal   SoViWion.    
  

6.  XYZ  geVWXUe.   While  Whe  geVWXUe  Slane  geVWXUe  giYeV  360  degUeeV  of  naYigaWion,  iW                
onl\  coYeUV  Whe  [  and  \-a[iV.  In  ViWXaWionV  ZheUe  \oX  ZanW  Wo  SoViWion  oU  conWUol                 
VomeWhing  in  all  diUecWionV(along  Whe  [,\  and  ]-a[iV)  Whe  XYZ  geVWXUe  can  be  YalXable.                
The  diVWincW  geVWXUe  of  VimXlaWing  Whe  XYZ  a[iV  ZiWh  \oXU  fingeUV  makeV  iW  inWXiWiYe                
and   Zell   maSSed.     
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Fig.   7.    GeVWXUe   6:    XYZ   geVWXUe    and   YiVXali]aWion   

  
The  YiVXali]aWion  inclXdeV  foXU  elemenWV;  a  ball,  a  c\lindeU,  an  XYZ  a[iV  and  a  VSheUe.                 
The  ball  UeSUeVenWV  Whe  hand¶V  SoViWion  in  Whe  Ueal  VSace.  The  c\lindeU  YiVXali]eV  Whe                
SoZeU  being  aSSlied  aV  iWV  WhickneVV  incUeaVeV  aV  iW  geWV  fXUWheU  aZa\  fUom  oUigin  (Whe                 
SoinW  VeW  Zhen  acWiYaWing  Whe  geVWXUe).  The  XYZ  a[iV  iV  WheUe  aV  a  YiVXal  aid  Wo  VhoZ                   
Zhich  diUecWion  and  SoViWion  in  VSace  Whe  foUce  iV  being  aSSlied.  And  Whe  VSheUe  iV                 
WheUe   aV   a   conVWUainW   Wo   YiVXali]e   Whe   ma[imXm   of   SoZeU   one   iV   able   Wo   aSSl\.   
MXlWifXncWiRnal  GeVWXUeV.   The  geVWXUeV  SUeVenWed  Vo  faU  haYe  been  conVideUed            
VimSle,  and  mainl\  focXVed  on  one  conWUol  oXWSXW.  Combining  diffeUenW  geVWXUeV  Zill              
VhoZ  Whe  WUXe  SoWenWial  of  geVWXUe-baVed  inWeUacWion.  Being  able  Wo  conWUol  a  comSle[               
conWUol  V\VWem  ZiWh  Vingle  geVWXUeV  WhaW  conWUol  VeYeUal  oXWSXWV  and  When  SXW  in  a                
VeTXence   of   non-oYeUlaSSing   geVWXUeV   can   be   YeU\   YalXable.    
  

7.  RRWaWLQg  C\OLQdeU  ZLWK  FORZ.   B\  combining  Whe  c\lindeU  diUecWional  geVWXUe  ZiWh              
Whe  geVWXUe  foU  floZ  conWUol,  one  haV  a  mXlWifXncWional  geVWXUe  WhaW  giYeV  Whe  XVeU  Whe                 
SoVVibiliW\  Wo  conWUol  floZ  and  diUecWion  ZiWh  one  hand.  AlVo  in  WhiV  caVe  can  Whe  floZ                  
conWUol  be  calibUaWed  Vo  WhaW  negaWiYe  floZ  iV  SoVVible  (UeYeUVe  eWc.).  The  WeVW  of  WhiV                 
geVWXUe   and   YiVXali]aWion   can   be   Uead   in   Whe   ne[W   chaSWeU.    


