)

U ~atl “’ v»
e Jomoounnal NszteNina1IIANIYIN

swaumsvsdszalsvilszana 2548

&
(PRIN

VR-based Human Computer Interaction Techniques and Applications
a a 1 & a [ b d a A
mﬂuﬂfﬂiﬂﬂﬂﬂﬂ‘Utﬂi?)Qﬂ'é)N‘W'J!ﬂﬂ‘iiﬂiﬂ‘lfQ‘iJﬂ‘iﬂ!ﬂ’ﬂﬂﬁ)’iQlﬁuﬂu!!ﬁsﬂ1§

Uszgnaldan
Tag
SA.A.UNNT J¥ANNIES

MWt MyugHns

HIBUUNWA AN

o 67383 ( bR AT

Tasamsanindvemsaeaistazmalulagaisauna (ReCCIT)

N.71.2549



UNAALD

av & a a 1w A A o 9 s a A
NuNUTeunAliansAnneiunTaInauNInes Iasldgilnsainimesuaiounay
Jq ¢ dy |~ awv 1t Y =< Y a A
mstlszgnd v Tudadlueendlu 2 nuidedes Tdun msfnyuasWaumaianmsiden
A 9/ [ aa v A o o 1 b1
gazmaeuielagquuy 3 Ialagldide  dwmsuszvuildmsuaaswwanuululy  uaz
mMsfAnyINsSIasMIsnszRevsuswaznsuaninveeiag Tugruusnvesauifela
Mimsnms l9vmaazmandeu lnvesiielumseenmdedmsunsdenuazwusy
[y a < & o °
Jaquasien Taolddnudedlgmilunsidaumailn Ray-Casting Fuilumailamsldswaa
Tumudening Fwudnitmsamnaniuiiudsldauneldyumesnmuumaile dmsy
syvunimsuaawan ey Iy #annmsAnyInLIunaiia Ray-Casting HszAnsam
I o o a 4 ™% = 3 o
anas §Ies IdfmuumaiafiSend Light-Pointing Method Y11 Iageduguluuuns Idam
sy s v a & 2P o o - .
ginsalyMeuauaesiuauuuuuafe  WeSeuifisunmsimiauiumaiin - Ray-Casting
dy kY 1 ad o o 3 a a a =)
1ANMINAABULRIAUNUIITMs AR TUa s avtlsedniamlunmsfenuas
o 4 o (Y] 1 aw 1 = I~ = o o
YFufasudwmnuaiag ludiuvesnuideesiaes Wumsdnsuaziau ldsunsuiass
4 4 - a Qo = o y
usuiems ¥ lunisindumaiuanssy  Taoerfoginsel lfussnevaussndy lusidoed
IhnsAnuitnsdnnansnsznvewsiluiag uagimsdauladlumavesiaguuy
N ] 9 [ ¥ e
unae1l3e (Mass — Spring Model) 35 Aanuldnisnszarwveas e lud Tnuaitogluiuing

o w o & d { o Iq 9o
$iia lvaunsoaanarlumsilszunana Fadluanudesmsidinalumsdsegndldiy

ginsalliuseeuauesiililunsnaass



Abstract

This research project on VR-based Human Computer Interaction Techniques and Applications is
divided into two parts. The first part deals with the study and development of 3D gesture-based
object selection/translation interaction technique for a system with monoscopic display. The
second part is on simulation of force propagation and breaking of objects. For the first part, a
study was carried out to find appropriate hand postures and movements for objection selection
and manipulation tasks. In particular, the problem of the existing Ray-Casting method has been
addressed. The method implicitly requires a system with stereoscopic. display. Under a
monoscopic display condition, it was found that the performance of the Ray-Casting method
degrades significantly. To alleviate this problem, an alternative light-pointing method has been
developed, based on a laser-pointer metaphor. Compared to the existing Ray-Casting method
under monoscopic viewing condition, the proposed method was found to achieve improved
performance. For the second part of this project, the research activity is part of the study and
development of a haptic simulation program for dental training, using a force-feedback device. A
method based on a mass-spring model was investigated as a candidate for force propagaticn
calculation. However, to adapt such method to the problem at hand, the method was modified
such that the processing time is reduced. This allows the method to be applied to a force-feedback

device used in the study.
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o/
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4.1 9ano 3NN UM IATIUIUNIINIZDIUUBINIS

L d
L

4.1.1  YUABUMINISHUIIUG

daneTiumsnszaionse I38msasil duusnadie queve vas Tvuaniiusannszi

11935 breadth-first search tawwesvesInualundazarudnszgnadn AumInualua
) 4 < 2 do 9 . 19 o = 8

woinanasliliFes q sudenudniidivuald (penetration depth) laelidesdiistanis
a o @ o o a ¥ 2 9 P 9 v
Sosdrwuvedlnualuawesifaiu  uazTnuafigniddwdrlumwesneunih  szlign
9 2 A g [ c:y @ 1 o @
Whaednluawesde q -l ndwinil sgnszarouse U Tnuade Tvuanudvuues queve

[] E4 vy ] . '
nngili 41 Wuduseumsinuveslilsunsuionua Falseneudledaudin q

Y

& a
AU A9
® (Collision Detection

n1sasFeuMIsuiuvesdIunTwn sznin lunavesingiugalmeiaiien (end
. <o o 1 ¥ v o ad Sany s Vv P 1
point) ¥84g1nsaisranause nseirld lage1desanasiuawd ldnauwdiluuni 2 ualu
[ F 4
daudrnesdmiumsnaassiioy 19n1sasageunssUAUYBINIINAUAUYANIITU INFIZIT
Tupaadeitlszneylude Tnuadis q Adluge tagasvasumssuvesyalasaiioni

s v ¢
Funssnaumniiy duiuaunsnisasrasumsrusziiudaunish 4.1

(x—x0)2+(y—y0)2+(z—zo)2Sr2 4.1)
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i
¥

Collision
Dectection
No
Y
Yes
Yes
v
Find Neighbor
Nodes

Y

Propagate Force
(Every Neighbor
Nodes)

Penetration
Depth ?

No

A4

Increase Layer
Depth

1 k4
5U7 4.1 uaastuasumsinuved lilsunsy

® Find Neighbor Nodes

3 Aﬂy o 9/ Y =) d' a Qs
Tudunsuilazyiinmsdunm Inuadhafssvss nuaimanmsyy  Tagsrdomsdszaa
Y o @

Fuls InseadrevesTnua wazldoisisdvruna 1 x 6 mudufiulunuadraufor a3
Y Yy a Aa b 4y
aAum Iuatafosinatu luseusyduvealdsunsy

3
msdsemadauds Inssadrwes Tnualudat



Struct
{
float mass; /fmuamuaves Inua
int neighbor[6]; simualvuadhafomianun 6 Tnua
Vector velocity; Ausa
Vector force; 1/i%%) Q‘ﬁﬂi S‘V‘i“l“?hﬁuﬂ
Vector position; /Amnuavalnua
float springLength; /anuenvesatseluaniizilnd (natural length)
float springConstant; //‘fhﬂﬁ‘ﬁ'ilmﬁﬂ?ﬁ |
flaot frictionConstant; snsiivesmsmiiaSuiiesninausa
bool propagated = false; /fmuasmilu true defimansznans e uadl
ud
} node;

Propagate Force

:,' dyo s a :g 3 [ 3 = g =
1uwmuummsnizmﬂusa1 mmum‘nnﬁ'lﬂﬂﬂwuﬂﬂmmmmﬂumummmm
2 -3

& Ao 13 @ 19 1 a o Y b a q’:l
anNMuUuUa mem”luhmmanwmwuﬂ ﬂznau"lﬂﬂumiwuﬂﬂmmmmﬁm

St & = q’/' o dy
INUYBTNHIUUN LLﬁ%ﬂiZ%’IULLSQL’lﬂﬁﬂﬂ 9 Iﬂﬂﬁéﬂﬂﬂ]uﬂ’ﬂuﬂﬁu

for (i=1 to no. of neighbor)
o A o ° ] s/ =
O ﬂ'lﬂ')ﬂlﬁ']tliﬂ!uﬂﬁmﬂﬁﬂid ‘i]'lﬂﬂ'llmuﬁ‘llﬂﬂiﬂ‘l«mﬂl'lﬁlﬂﬂﬂ
spring force = -springConstant * x;
s/
X: iZ‘(’J&'?’TNiZﬂ’JNIﬁUﬂﬁQﬁ@Q
° [] a 4 <
O muammuswmwmﬂﬂmﬁaamnmmm
friction force = -frictionConstant * velocity;

o swanawssldiulnuadiafe
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° 1 =1 [} 9/ a
O fammanuslnivesnuadiafos
velocity = (force / mass) * timestep;
O funumidumnialnives Inuadiaufss

O position = velocity * timestep;

® Increase Layer Depth

3
Y

&
YUABUU

a o = A a s = @2 o
1ﬂ15ﬁ‘l1ﬁ]'lu'Juﬂ'J'liJaﬂ‘UﬂQmwaﬂﬂﬁ@ﬂ q NATIAEBIIUNIAITNANNIIN

AYUA

412  nIdusaMenenifiesisuAe (Single External Force Case)

Y ' A o P a = Y =
3319 queue 3¢ hiigeonidisliusamousmiteausuhel 91317 4.2() DnwEn
ypamInsemedaumiy 3 uazTnua 4 fuswinsei queve usnozgnadielaoiilnua 4
a 9/ J A A =2 o ]
@uaun®n 910 queue U3N 1A queue Ao lili5oy 9 TasmaiRuawanAWes YU L, L,

wazgahe L, usarzgansznelladdusin inuag inualuawed | ifuaiwed 3

ver 3 lmver D laer! & merd el mad 13} F. sveriapping
L B 1 L; L L region
P G G G,
R By T 9, O, N

loca¥izec regiol focaiized vegiot

.'om:'r:ea region dudeo Fr énetoEs
ane o Ey
Le=i4). Lo={3.14.55. Lim 1 213.24.15.6). L= {11223 3325 147 Lo=(3.6). Lim{3.34.5.16.7), Lami 2132425261281 L= {1.12.23.34.25.36.27.18.9}

(a) {by
51t 42 manszneveansaly 2 T7 fanudnniu 3 (2) Jusemouenusuhen aszaell

° g J ks - 2 . —-—— = -~ .40-. —_-as o
AURLYBURLBT L, L, L, &8¢ L, {B) WDNLTINWHED 2 43R TRICNURSNUNTAEW

]
A

b4
Aansdeusiui awesveeTnualu 2 wuflavgnIduiy



46

¢ y 4
[+]

Lu Ly veee L
- L 1.

Tegwon ! regicn 2 region

y Y y

C 13 \
[} [ ooy [ e[ gsd f Loy [ Loz [ mne [ Loa JLss [ Loo [wee{ Lie | woemee Ly [ L Lo |
\ J J / \ J
Y P Y

stumulated nodes 1*layer: L, 2 aver: L m® layer: L.

L, denotes the set of nodes in 1-th layer of j-th localized region. L =UL-F
=l

311 4.3 39813 queue vouInuadmiuMInsznIous

413  NINlNsINEUONNANENTS (Multiple External Forces Case)

£ 4 ]
A U QU <t

] = ‘=| dy d‘ ‘S‘ 9 Q/ =
HIINEUDNUAIY ) USE FananeRuRgeenaleuA (1In3UN 4.3) dwmTudagiduse

q

a/ t

MYUBA n U3 THUANTUTINEUBNINNII S, T8 S, 9zqnineundl queue u3n dusundas

dy a = 9 o 4 -4
Tuua S vaafuitesh i, L, segned uninmavasinus idanin S, luwawesusn uaziawes

A\ T AT/
L, sxgnadtediu duneuiivggmihdnldiTes q Tasdumnualndifiosveann q Tnualu L,

A LY n’; & o
LW@‘H“QLU@?Q@T’J Lj+l AUNTEVNATUATANUANNATNUA

) 1 st =

¥ v
Mnszveeus luiuidey q wail fanudusiusiuTnualuawesnsianudn

Y

" ' A A0 d Vary ae a Y [ Ao
Wy ue luiundesia i uAB S MUAIINY  queve usndseneu ludreTvuafitinsan
E ;4 ] 3 ]
ASTHIIeNNA (S, S,, ..., S,) Tuiuiides n Wui aw'lideTvualumwesdalyl wu L, =
L,V L,u...u L, Tnualumiwesduq szgadnulaoiunnudnen L, 89 L, Taudlum

=3 P I | 3 = A 4? o a b @ e <
wesanga Ivualuawesnanas lvzguidhduiivinsufeniloiuimanisdeuiudu i

Ada 9/ v o A

14
4.2(b) memsiauﬁuﬂmﬁuwﬂumwaummumaﬁuiamﬂss‘m 2 1139

4.2 MINABINMIUANTN

@ s ° o (Y o o Yo
vandnmainanteay ezl eemsuandnvediaglas smualdiag
kY a ¢ d [ =/ as g 1 a (=)
1Unssla o dszneumisedniudian q nsegninas denuiluginseiagiy udasieduuall

=] Y a o 9 = & ~ [ [ 1 a 4 a &l
13389101 (bond) ﬂumamummﬂmmm%um'lumm‘umeumazﬁﬂuamam‘um BAUUAN
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doudofuuzgnandliyaguinmaiiuluun eudelufuedunddrufivsdauia (branch)

o a a4 A 1 v o dy =4 & = ' a d 9
Giﬂ‘i’l 4.4(a) Tﬂﬂﬂmgm‘mmaizmwﬂuu Fou B ULIITANIZTSHINUDANUA DT

ﬂ 9Y

=] [ Py g 1 = | t:yd I 1 3

Samesen e dudimun  naeisdnditanuuiann  ssdwalveimanisuanyes
¥

drufidlulaf1don

b
a A

A = o 4 a o d"]d_l 1 ‘ﬂy a @ [} 9 A
liJ’e]lllLiQﬂ'lElu’e]ﬂiJ']ﬂiZ‘ﬂ’mLE]miJ‘u@ﬂﬂ o MUHUTIUNWUNIVBIIAG iJZfNNﬁ‘IﬁW‘NN’JlJ
Y g 9 a o & o Yo a 9 <1 .
miqummmnuaﬂuaﬂymzmuaumu m‘lmaqmﬂmmmu (stress) HATANUIATYA (strain)
é‘ a o =Y g Y a (] 9 a d'
"\J‘HLL’dZtﬂﬂﬂ'liﬂi%‘ﬂ'lﬂ‘lli’]dllid‘11]ENL’é]ﬁLll‘uﬂﬂl'NLﬂU\iN'mWNIﬂNﬁ‘iNﬂ'ltlcluﬂl’t)\‘l'llﬂi‘}‘mﬂu
A Sy 4 ¢ d . ¥ o
Tﬂuﬂuazm ltﬁ:ﬂizmﬂuﬂlﬂﬂﬁ’ﬂﬂ 9 ﬂ'llllﬁkﬂﬂ'iijﬂf{ﬂ‘l’lli'lﬂ’muﬂ"l’l HaENaINITNITINY
EY
LLiQﬁHQﬂLLgﬂ Limzﬁmammmmmw’fﬂuuﬂaxmuma 9 ‘ll@si'?!’ﬁq HATATIVADUAIAY
9 (] T [ =SR] L) P 1 a ¢ A [V | 1 1 Y
mu“lumuma 9 '.nuﬂm1ﬂn’nmtmﬂﬂmwszmmaamuﬂma"lu ﬂ'lilﬂ'liﬂﬂﬂ’ﬂ"i]%ﬁﬁﬂaclﬁ

a g 1 g Y a Y o -
PANUAHAIUUNIRADBNAINAU ﬁ?ﬂlﬂﬂﬂﬁ“ﬂﬂ‘lﬁ’)ﬁ?ﬂquulﬂﬂ

(a) (b)

51 4.4 (@) Tnssadwesingiiseneudianduudian 9 Uszneufunazlnssaiamelui

9/
a o @ o a EY
Shuwaa3s o) msgudvesiagifiiannanduan

4.3 1503009119113

dauRanefugld (User Interface) #19umsdnniltsznenludas GUI (Graphic
User Interface) 4@y HUI (Haptic User Interface) TﬂEla"’J‘uLL'iﬂﬁuﬁ1u1‘mﬁ§1d%uuﬂﬁiﬂﬂcl%
OpenGL aiilu Software Development Kit tim%"'umiﬁ%’nmwnsﬂm”i’ﬂﬂ daumdahuda
ninmslfailnsalneuaesseussitamsauiy 3DTouch Failu Software Development Kit
dmiuldaadetugunsaineuauedeusslasmne

m]'ﬂf]ﬁyugmﬁi‘iuﬂué’faﬂ%ﬂumiﬁuﬁmm'i%mfu azdszneulidis  Audnbue

vosgnssineuaueAenss 1113 3DTouch Uaz OpenGL
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] ' :
43.1 Qunsaimevauasnonss

o’d‘ 9 ) a =1 < 5
Qﬂﬂsm‘n'l‘n‘lumimmuimamiﬂa Personal  Haptic  Interface =~ Mechanism

‘& { = Q’I‘ 4 -] o
(PHANToM) Fuiluginsaifidesdaduilulaz eenuuunuitesassmsadaussd iy

419 dwaaslugilii 4.5

51]"?1 4.5 Qﬂﬂiﬂf Personal Haptic Interface Mechanism (PHANToM)

1 o § o a A 1 d‘ 1 o g/ 2 1 ~ ny £
andhdwyiganiediwferretudly  Fdndarwezdidasnaiis  daaunse
a ' < o j . = g”q 0 = 5 °
wyuldseudienie daunvudawnsoviuia ginssistaiiinweimsaaszaiiu 6 Mg
) ¥
vwihassmsdudanuiagilaenduilawia  daumsdwsdiduannziaedemaiiouss
H ' v "
ianasnaauiusuiy udve lufimsvyu fnszquazAensiiauga Wufed) ginseivia
dy =} ' @ T (7= EY U “ o @
Hazlinnuawgasgludiegudd v hifimsyaousa Tiuoa luvasinemes hamyu
gunsalaziivnng 8 X 17 X 25 wudwas uazadnhidisuemesnsziansaiiuam 3 @
HAZATINNBATYAIMULULAS T FIFIRARIBGUUMUYBIAINITZAY Aderiudyanuosly
a 14 9y o Y o 1 ; < 4 @ o
munanioudisgnien uazilvnalnmsvinudioin Tasnmistanewes 2 @1 Auae
wdiaid o) PHANToM sgdinnumesilszana 0.1 Alansy arudsanuadaegi 0.1 12
o ! 1A a o 3 ] a 4 1
du dawssdldgegeegn 10 Wdu MsmuguiiuIzAILgUAIUABNRAIART  TumTds
o o A& a = o vq ¥ ' 7 9q ¥ o o
dyanantu Welluseanszilaodld szuvrzaevaussdemamsaiidldnszsiniu q lag

9y Y o o 9q 9
ﬂ'liﬁﬂ\iui\iﬂ'luﬂﬁ‘lju’lilﬂﬁj‘l‘lf

43.2 3DTouch HDAPI

Haptic Device Application Programming Interface (HDAPI) Wudunldfanedoas

o 1 $ ' = J
fuginsaimeuauesdonss  Fvueanud s lsunsuaiuguglnel
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t 3 { o
apvaueIAeusil 14 1neld HDAPI doAvesns 1 HDAPI unuil GHOST SDK fifaaunse
A [ v o J = t4 o v
fozauguluszdudndgsimnoanuirinsefiezaiuqueynsalimes Tawewmes1d ms

3
19 mwpAPI Twlddasslfgunsalldtenasinubangy  Insdsannsadamsniy

] 9
Foranmaniorniaduluseniumsdusseimsiauiugunsalaevmiedeiss
fulilednilasasiy

HDAPI 1lsznoviUdae 2 Tugade druvesginsaiFezimihindansluseves
nsfadedemsivglnssineuaussenss uazludiudidammemhaniszqualudu
YNy wunsdas uiludu

" k4 v
stlupums 190 HDAPL 39 lihiuisunn
° 1 A oy Yo o '
1. fueaisuauldiuansaiee
o { 9 a o o 4 Y d 1
2. adailafFuiidiu Callback function dmsuiiudaianisifieafivaylnal ¥auld

o i

4 v g A A v % o
ansofizidumi ausa vienaue yosginsalld wenmmiudemnmnse
dauselidssnilnsalld :

q

i
{1 o o

3. dedndelfseunsalldGuhan sunsasudaws e ludeynsal 14

4. 15UNSNINUUBY Callback function

IPNITNINUVDY Callback function

tn

43.3 Open Graphic Library (OpenGL)

[] 9
openGL  uzeAunldlumsaadefugunssinedunsuaaraginmisly
druvewenmuaznifaudama  vzilszaeuidieTnsdoesuasiladdu  ioldluns
Tsunsuifteadrensiinfiigmaings Taommzfunsadiensifnuuy 3 @ 49 OpenGL

b4 v
HuSuuuziludl we2534 TaouSEn Silicon Graphics Incorporated (SGI)

Py
3

4.4 YHADUNIINANDY

y ¥ - :
ms3senseidunsAnyuazsassmsnszevenss  Jasfmuaninnmuanlums
& ad v &
AIZ0 FINVUABUAIH
[ EY [
L afelumamaaySe 3 dagelszneulidae Tnuasianua 27 Tnua (Tnuain 0 §426)
1 a o o [ dy :
Tasmmisiiimesves Tnuauazmssiasuiludail

o Suuanaveaaz Inualiiiauviny 1 kg Alaniw)
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o gilSdlimanuen luanzdnaminy 25 m (was)
L] dl =y . L] Q oy -7 L]
®  AAINYBdY59 (spring constant) (MINU 0.8 N/m (HIAUABIIAT)
® A1RInUBININHIINISIARRUIVIEUSUNINY 0.5 N/(m/s) (HIaudABIuAIAD
a a
SITRLT)
®  F9TOUNAINITHINU (time step) 1M1V 0.65 s (AUTT)

g do & P & ~ & o A A o
2. thq‘ljﬂimﬂ'maqusuﬁll@u Llﬂz'ﬂiﬂu@u!azlﬂﬁau‘nll‘llﬂ\lﬁ’l!l“ﬂﬂ'ﬂu IW9IAMI

-4 ) d‘ d‘ Q
nszveveuswarAwmisinlaou lin o Tnuandimsnszaiousaly

W g

51 4.6 TnseaFuuaayls i ldlunsdiaes
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4.5 HamMInaaag

451 Han13nNAaeeh 1
1 . [] b4
Tvua 0 wasudumue 1R 10, 0, 25) aztiuswazmanfoud el

L ﬁﬂ1iﬂ5$§]18ﬂlﬂﬁlliﬂllﬂ 1 zawai”

517 4.7 dumdsfilaen lveeIuua 0 Tumsnseneusd 1 awes

v

13197 4.1 usanazd i eieu lvesInua 0 lumsnszais 1 w3

THua ' wsaninseih fumvsiin/gesdy
1 12i | (5.07,0, 25)
3 1.71i- 2.85j \ (-24.28, 23.8, 25)
9 1.71i +2.85k : (-24.28,0,1.2)




e Imsnszerevedusely 2 LﬂLE!’E){

51 4.8 dwwisfiAon llves Trua 0 Tunrsnszatonse 2 awed

d’ ° 1A A v 4
9197 4.2 usazdnmdsfnlaon ldves Tvua 0 lun1snszae 2 lwes

52

Tviun usshnszih SuentafinnlBen e
1 12i (5.07, 0, 25)
3 1.71i - 2.85i o1 28555 8.05)
9 1.71i +2.85k (-24.28,0,1.2)
2 7.8i (28.36, 0, 25)
4 -1.25i - 0.83; (2.72, 2431, 25)
6 0.58i -1.9j (-24.75,49.2, 25)
10 -1.521 +0.83k (2.72,0,0.7)
12 0.371+ 0.59j + 0.9k (-24.37,24.46, 0.41)




452 HaMINAALIN 2

. . ) ¥
Trua 16 wlasudwmua 11 (0, 70, 0) aziinsaazmsnlasudmis laail

e iimsnszawveansaly 1 mwes

gl 4.9 dumisiinldoulivealvua 16 Tumsnszanoise 1 miwes

‘!‘ o oA a o
MINN 4.3 Lliﬂllﬁ:‘;ﬂ'\llﬂu‘!ﬂlﬂﬁﬂuul"l.l‘llﬂﬂi'ﬂuﬂ 16 Tumsnszao 1 1awes

53

!

nun ussiinszth dumi e Aoy
7 3.5 - 4.38K (0, 51.48,23.15)
13 16] (0,31.76, 0)
15 4381 +3.5i (-23.15, 51.48, 0)
17 -438i+3.5 (23.15, 51.48, 0)
25 3.5]+ 4.38k (0, 51.48, -23.15)




e dinsnszaeveussly 2 Lﬂlﬂ@§

10 suvdsfinldou e luua 16 Junmsnszatonsa 2 iees

15197 4.4 usauazdwmdsiinlaou ldveaTnua 16 lunsnseae 2 mwes

54

Tnua Wsafinszin fumisinfFenly

7 3.5j —4.38k (0,51.48, 23.15)

13 16j (0, 31.76, 0)

15 4.38i +3.5j (-23.15, 51.48, 0)
17 -4.38i+3.5j (23.15,51.48,0)
25 3.5 +4.38k (0, 51.48, -23.15)

4 4.43j+0.47k (0, 28.88, 23.92)

6 1.36i + 0.75] + 0.88k (-24.35, 51.28, 24.16)
8 -1.36i + 0.75j + 0.88k (24.35, 51.28, 24.16)
10 10.6j (0,4.48,0)

12 1.16i—1.2j (-23.92,29.04, 0)
14 -1.16i — 1.2j (23.92, 29.04, 0)
24 -0.88i +0.75j + 1.37 (-24.16, 51.28, -24.35)
26 0.88i +0.75j + 1.37 (24.16, 51.28, -24.35)
22 -1.2j + 1.16k (0, 29.04, -23.92)
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4.6 agUlwamsidu

s o o

v a §
® NNHANINARBINLN ITMInsznevewslumweiiing Taelylueauuy
a ; agdl 1t 9 o ' 9, < [

wwaralSeiifiuitide lidudeu mssindeudiad: munzduauiLy real
time

o msilszgna lrauiuginssisaswseaiiou Tanudiulylduaz1Faulsa

b 4

o vinluealums§aesmsnsgasvewssil sl ldWaunae lums$asims
uanvesiagifinammddieliussnmousnuinssii uazWannds lulumsdiaes
nmsyaiuulasldginseisiawss  efnarindnuiuaunndldiivinus

uazlszaumssllumsyadiugly
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Abstract—Virtual object selection and re-location are two
basic object manipulations that can be found in most VR/VE
applications. Many interaction metaphors have been developed
for object manipulation in VR/VE environments. Of particular
interest is the ray-casting method. The method applies a light ray
metaphor in selecting and moving a virtual object. However, the
method implicitly requires a stereoscopic viewing system to be
efficiently use. With a monoscopic viewing system, inefficiency of
the method in terms of task completion time is demonstrated in
this paper. For a system using a monoscopic viewing device, a
light-pointing method based on a laser-pointer metaphor is
proposed to alleviate the shortcoming of the original ray-casting
method. Compared with the ray-casting method, it was found
from the experiment that the proposed method is noticeably more
efficient in terms of task completion time.

Keywords— virtual environment, virteal reality, human
computer interaction

L. INTRODUCTION

Interaction within a virtual environment (VE) is typically
composed of selection, manipulation, and release tasks [1]. In
designing an efficient interaction technique, selection of an
appropriate metaphor is very important. Appropriate interface
metaphor increases a user’s ability to perform 3D tasks
intuitively. For certain 3D task to be performable or not
sometimes depend heavily on the types of manipulation the
chosen metaphor affords [6]. Various interaction metaphors
have been proposed to handle basic object manipulation tasks,
which include selection and translation. In [2], the “Go-Go”
method is described to solve the limited working space of a
direct hand manipulation metaphor. Although using a user hand
to select, grasp, and move an object around in a virtual space
[4] appears to be the most intuitive way of VR-based object
manipulation, a human hand can only operate over a certain
limited distance. A non-linear mapping of a real and virtual
space was -thus developed in [7] to circumvent the problem.
However, this non-linear mapping is quite different from a real-
life experience. Therefore, to efficiently use the method, skill
must first be developed to some extend.

To solve the ease-of-use problem of the “Go-Go”
technique, another interaction method based on the light ray

Nopporn Chotikakamthorn

Faculty of Information Technology &
Research Center of Communication and Information
Technology _
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand.

metaphor is described in [5]. The so-named “Ray-Casting”
method adopts a light-pointing metaphor in selecting and
moving objects in virtual space. It was reported [1, 2, 3, 8] that
the method offers improved performance as compared with the
“Go-Go” method. However, the ray-casting method implicitly
requires that the viewing system is capable of displaying a
stereoscopic image. A high-quality (high refreshing rate)
interactive stereoscopic display system is quite expensive,
limiting its use to either high-end applications or applications
that do not demand high-quality display. In this paper, an
interaction method based on a laser-pointer metaphor is
developed. It differs from the light-casting metaphor of the ray-
casting method in terms of a required viewing system. While
the ray-casting method assumes that a user interacts with the
system through an interactive stereoscopic display unit, the
proposed method assumes that 2 user interacts with a standard
monoscopic display device. The method can be treated as a 2D
projected version of the ray-casting method. Based on VR/VE
evaluation frameworks [2], it is shown in this paper that, under
the monoscopic viewing system, the proposed method
outperforms the ray-casting method in terms of task completion
time, and case of use.

The paper is organized as follows. First, two VE
manipulation techniques, the Go-Go and ray-casting methods,
are briefly described in Section II. Next, the light-pointing
method based on the “laser-pointer” metaphor is described in
Section III. Experimental results are provided in Section VL
Concluding remarks are given in Section V.

II. VE INTERACTION TECHNIQUES

In this section, two VE interaction techniques for
performing basic object manipulations are described.
A, Virial ray-casiing rechniguc

The motivation behind this technique was to allow a user to
select and manipulate objects beyond the area of normal reach.
The user points at objects with a virtual ray emanating from a
virtual hand and then objects intersecting with the virtual ray- -
casting can be selected, attached, and manipulated. While this
technique is simple- to use, several studies and informal
observations have shown that selecting small objects is



difficult. The advantage of the technique is that objects can be
selected at arbitrary distance (in theory) and in a natural
manner. The disadvantage is that it is difficult to select small
and/or far-away objects [5]. Figure 1 shows a screen shot of our
own implementation of a virtual ray-casting technique.

Figure 1. Screen shot of the virtual ray-casting technique while a user was
selecting a virtual object with a virtual hand presence.

B. Go-Go interaction technique

The Go-Go interaction technique extends the virtual hand’s
reaching distance by using a non-linear mapping function
applied to the user’s real hand. The space around the user is
split into two regions. While the user’s real hand is within the
first closer region, t (i.e., when distance to the hand is smaller
than some threshold D as shown in “Figure 2”), the mapping is
one-to-one and the movement of the virtual hand correspond to
the real hand movement. However, as the user extends her/his

manipulate remote objects. The maximum reaching distance
afforded by the technique, however, is limited by the need to
trade coverage against precision. As the distance increases, the
technique maps smali movement of the user hand to large
movement of the virtual hand, thus reducing manipulation
precision at a far distance [7].

Figure 2. Non-linear mapping used in the Go-Go interaction technique.

I1I. THE “LIGHT-POINTING” TECHNIQUE

The proposed method has been developed based on the
“laser-pointer metaphor”. A laser pointer is a small light-
emitting device that is widely used to point at an object on a
screen upon which a presentation material is projected. The
purpose is to draw audience attention to a particular point on a
screen. Because the light from the device is projected onto a 2D
image instead of a 3D object, the method based on this
metaphor is termed “light-pointing”, to differentiate it from the
“ray-casting” method as described in Section II.

Object's 2D Projected

Image i
& o .
User's Hand ~ ~ Ray Projected
Position = End Point
L ]
Center of
Projection
Perspective

Screen

Figure 3. The light-pointing technique based on the laser-pointer metaphor.

-

Fig. 3 illustrates the main concept of the method.
Conceptually, a light ray emitted from a point determined by a
user hand position is projected onto a virtual screen, the same
one that is used to create a 2D image of virtual objects shown
on a system’s display unit. In selecting and manipulating an
object, a projected end of the light ray must be within the 2D
projected area of the chosen object.

A. ' 2D light point projection

In our system, a 6-DOF tracking sensor is placed on one of
the user wrists, to measure the position and orientation of a
(virtual) light-pointing device. The light from the device is
proiected onto a virtual screen using a projective transform.
The projection of the light ray is represented by a small circle
on the screen at the position where the light ray (labeled *1” in
“Figure 4”) intersects with the projection plane. On the same
figure, a hand pointing direction is also shown for the case of
the ray-casting method. This illustrates the fact that the light
ray of the ray-casting method does not go through the projected
image of the object it points at. This disparity problem is the
cause of usage difficulty experienced by our experiment
participants in using the ray-casting method with a monoscopic
display device.

Center of 3 Center of
User's Hand Projection  yser with Projection
Position Ray-Casling Technique

(a) (b)

Figure 4. (a) Position of the light projected end point while selecting an
object using the proposed method. , (b) The ray pointing direction of the ray-
casting method when a user is selecting an object. (shown here for the case
where a monoscopic display device is applied.)



From the result shown in Figure 9, all participants required
shorter time in completing the object selection task when the
proposed method was used, as compared with the times
required when the other two methods were used.

To study the three methods’ ease of learning, and their
definite performance when performed by a well-trained user, a

plot of each method’s averaged task completion against five ’

ordered trials, is shown in Figure 10. From the figure, the Go-
Go method appears to have a slightly better learning rate, while
the light-pointing method and the ray-casting method have
comparable learning rate. Nevertheless, the definite
performance after sufficient training of the proposed method is
still the best among the three methods.

Completion Time(sec.)

i
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10

1 2 3 4 5 Round
« Light-pointing = Virtual ray-casting 4 Go-Go

F igufe 10. Averaged task completion time for each of five ordered trials.

V. CONCLUSION

Interaction techniques affect the efficiency of virtual object
selection and manipulation. In this paper, the problem of the
ray-casting method in performing object selection in a
monoscopic viewing environment has been addressed. For a
monoscopic viewing system, the light-pointing method for
object selection has been proposed to solve the problem. The
method can be viewed as the 2D projected version of the
original ray-casting method. Experimental result demonstrates
that the proposed method reduces the task completion time in
selecting virtual objects, as compared with the ray-casting and
Go-Go methods under the monoscopic viewing setting.
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