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ABSTRACT

This thesis proposes the use of hand posture and gesture as a method for selection and re-
location of virtual object by considering three factors; efficiency, real-world correspondence and
fatigue. The problem found with re-location in VR/VE environments is that the working space of
an arm’s reach is limited. The Ray-Casting method applies a light ray metaphor to solve this
object selection problem. However, the method implicitly requires a stereoscopic viewing system.
With a monoscopic viewing system, the method was found to be inefficient. In solving the
problem, this thesis proposes a Light-Pointing method based on a laser-pointer metaphor. Like
Ray-Casting method, this method can be used to select virtual objects. In addition, it can also be
used to move objects in the z-axis direction. From the research, four different versions of the
method have been developed, namely the linear and non-linear method and methods based on
mirror and ratchet screwdriver metaphors. From the experiment, it was found that the method
based on a ratchet screwdriver metaphor gives the best result in terms of the time used in re-
location the virtual object to the defined target. In addition, to survey for hand postures used for

changing object manipulation modes were chosen from the result of user survey. The selection

criteria are naturalness and fatigue.
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el 4 i e ) ] !
I | : e I 1
l J )| o -l% “\}'l ! : | !
P e oAl of L %
L
el L
/

Dess-lep track ball Sensing glove work envelope

31/ 3.10 uamsdnuuzveImsURFuiuTILL 2 A wazmsUfduiusuuy 3 14 (7]

o o &
3.4.2 matamsU{aunusuuy GO-GO (3]
a e o a o s a Y o

Wumsdduiusludnyauzmaiden uazmsnsehlSunldouTavass dmanms
o ¥ ' 3q 9 1 a o & yq ¥ v Yo v
M idszozveaeunvudlfornimnuiluei demilouvesdldansadlndiag 14
Tagsuszozmaszvnaiagiudldsiaiagimdld dadoveanaiia Ao Ty ludhud
1&u (Non-linear mapping) M 1¥mMsnziuszozannszii ladwin uazdszaninmnsiinu
} 4

= (K" L] 9 ] ) (] 3 = «; d' o -} =

YUBYAVFIWMVUVBINAABI 19U ANABDIFIMVUTY HTanuRm s Tulanaioull
¥

yuand e M IrmsmauAananuniy
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3.4.3 maRAMIU{FuNUSUUY Ray-Casting [4]
Wumsufdwiusludnvuznisiden uaznmsaszinliunaoulavasayiia
4 3 a 21 a e ° = "o Yy ¥ A
wasudnoiag annsadeniagiiliszesiimsitunsuuved 1914 ieaninaauen
° 4 = w o o [ ° a 4 o o o
duaaadouliszozaiug uazihauadwiunmshnuuuneuiumesiwanielnalylu
anvuz 2 Id luannzuadeuaiiow Wedwanailoudaruing dldaunsolfauius
¥

fuing 1A Jeidvvesmnatiniisaii

3.4.3.1 fdediialumsnyuiagiioninuneldmsuaairauuuyuuesnini@on
Mg ldasuszesinvesingianainla

3.43.2 PMIATIVVUMI¥U (Collision Detection) ey luanvue 3 14

3.43.3 myntuiviagivendeuinolunuaunu z hiansem 18 iu msdeiag
Wl ludnuuzawiled 1y

¥ @ oo

3.5 gunsaiiieItesnunuiv

Tuinniinusii 1a15gnsalieAndesenid iy Tusunsuildail fio

3.5.1 q&ﬁﬂalﬁﬂﬂﬁﬂﬁﬂé (CyberGlove)

Wuginseidmivaauldile ﬂ’mﬂuiﬂunmﬂ%u”lmmmif?ﬁa VOIUTENBUINDT
¥u Indeeilesisa (Immersion Corporate) dmsulFaadefuIUNNAIUANIZIIAADY
rriiou uazgnesnuuuinIdmusainu ldmieugeiienily wu fud niesutinn

Would iWudu dnvasvenswaesilhidudduniusiialdee 14 uaziizusia
AmavuHud dagui 3.11

Strain gau?e
T)

Encapsulation in tension

Backing

Teflon wire
to bridge
circuit Strain gauge in

compression (C)

3 3.1 uamsdedms i umiusuefuuy Ife lanignaeu 1 lugaile

Binnseiind (CyberGlove) [7]
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o ] o (] 9 " [ (] T | - nr -~ [ q’ - & [ "
dumisveasueizegaiudensaisg iwu hile Jeile taile iwiiiie e danm
m5 14310 M3 nioyuvesdIuaeg vesile Uszneudomumeinanun 18-22 isuisesd
Tavgailedidnnsoiindthadhosziihuses 18 wues uardravanezil 22 e Ta
a Y o ad - ) - a0
Sneriinutil 18 14gaidediannsetind (CyberGlove) 413921 dagalii 3.12 deyandieenin
/s & w 1 ' ' P @ o J ' o
NN HiladzlinEnin 0255 meszildsunlasludnvuzuuuiui Tasiuegiu

dnuazaua1eg vesiedaanld

Fuig twigar iinbidn pad so0s o8

G

H ad = ° ] u’: [
51 3.12 gUnsainaiiedidnnseting (CyberGlove) HAzAMNIIVBUTUITOITA 22 77 [8]

o ] s ad - U
Aumiasuesneguugailedidnnseiing (CyberGlove) gneenuuuliaega

a3 szunaile Aa31i 3.13 uameTwaziBuavesreyaag uuileyniiuees lagnaadall

63310
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Posterior (Dorsal) View
Right Hand

Distal A Distal
3 Interphalangeal
Phalanges Medial : Joints. (D1J)
Proximal li
: T Proximal
Shunah Gy \ Interphalangeal
P Joints (P1J)
Thumb 1J
Thumb Proximal Lﬁ::l::grzc;
Phalan
: Joints (MPJ)
Thumb MPJ
Metacarpals
Thumb Metacarpal
Metaca
Trapeziometacarpal Joints (MCJ)
Joint (TMJ) Carpals
Radius Ulna

U 3.3 uanalassadramamuinniievnveauyud [9)

A1001999AU 52N VUA199 VBITYN 1ﬁauﬁmswa:;§Uﬂﬂ:aq%mugﬂﬁnq i
e 1dgnanm s fagudt 3.13 tieri Tghedase ) dail

3.5.1.1 MPJ (Metacarpophalangeal Joint) lﬂu%ﬂﬁﬂﬁléﬂuizﬂ’iNﬂi:ﬁﬂ‘ﬁ’l‘l’fﬂﬁw
(Proximal Phalanx) ﬁ"l.lﬂizﬁﬂﬂ'lﬁﬂ (Metacarpal) Whdoiu

3.5.1.2 PU (Proximal Interphalangeal Joint) iiludadefiogdavindods M fhun
m‘fu’fan?amm%'un'lﬁ'ini'lufhuﬁﬁ’;am:m'mm:qnﬁﬁﬂﬁuiﬂuﬁdﬁunszgnﬁﬂ’fanzm
1Ay

3.5.1.3 DI (Distal Interphalangeal Joint) li‘.lui’;'miaﬁa;jﬁﬂmn‘i’fmia Py 3u kit

4 ; 2 " F .
wousznInnszgnilitenaniunszgnlateiindhdodiu

¥
1 a o ]

3.5.1.4 TMJ (Trapeziometacarpal Joint) ifudlaseiiegiitinianiiiedasindede Mp

n’ Y | - o ﬂ "o n’ ar ) 1 Yo 9 A
VDIUINAILUUDAINT WANHUSL uum‘nym-uaqmmunuawﬂnanwaua
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M0 3.1 uandede u gaARRuTUIYET

HIM e (T) TMPJ, TPLJ uag TDIJ

7% () IMPJ IPIJ L@ IDIJ

fanana (M) MMPJ ,MPIJ uag MDIJ

ﬁ’fJuN (R) RMPJ ,RPIJ 1tz RDIJ

fifeu (P) PMPJ PPIJ 112z PDIJ

i Waniiie ua:ﬁﬁ(TABD), 7% waziinan (IABD), finan uag
{1173 (MABD), #1711 taziiafes (PABD)

thiio mssevesthileseniniiniuideduiiafes

Joilo tadeile l1drami (Pitch) naziiadeiie 11419 (Yaw)

3.5.2 gUnsnluenAMUINUY 6 UNU (6DOF Tracker)

Tuszuuneufiamesimhuiidesiuszo 3 57 1wy szumhises, szuniia
¥999520 N30ITVUANITIIAADMIATTOU  AdeFuR WML AA TudnYUZIUURUR uaY
24AIN1IMYU (Orientation) YBIIAY %qmmﬁ'mmsumizuuﬁmdn?:uagiﬁ'umsﬁﬂﬂ
Yszgnd 1 ludnumzla Taouanmafidaunlsiinnld gy szezma, anuiud uazdan
anui lunmsdsuljedeya Wudu luszuvannzedemaiioudeanisanumiuig
lumsindouthoing udszozimsdalng v iiduiemiiaie

UnIiVBNAWNUIILY 6 UNU (6DOF Tracker) FlelEneiinusiiaudae

L & a a e '
szuuiman Wi (Electromagnetic Tracker) ¥iwanlavu3sn Polhemus U 3 SPACE®
ISOTRAK I A331/%13.14

51 3.14 uananmsnvesgUnsaiuendumiianuy 6 unu (6DOF Tracker) Y84

V31N Polhemus JU 3 SPACE ® ISOTRAK 1T [10]
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fidulsznousieg dade il Ae qunsaidanauuimdn i (Transmitter) 1
Snuaziudmdougnued G 305 wazgdii 36 simhiidudadsdyao uaz
Amuadumisveagaddasuduiieiivufugunsaiuntunimannih Receiver) Taodl
$riimsUszina 60 fhtuegiuanizundenlumslfim msizengnsunaudyy o

nindagiitlu Tany M ldanumiud uazszuzimsanas

DIMENSIONS:-2.15x 2152 2.3l

izo--wz«:m—‘—.__'
- . LiD
LT[  cH—= 2 ¢
2.3 b |
+X— | 1400 - _?._ .
&
= o=
d 15 PIN
I:-E"A \ CONNECTOR
I
Ya-20

| 4 MIG. HOLES
+Y

8

+Z DIRECTION IS OUT OF PAPER (TOWARDS VIEWER)

U1 3.15 uamannavesgUnssidanauiman Irih (Transmitter) iasrdauiiuiia 10)

31 3.16 uamanmensaidsndauwimanvd (Transmitter) [10]

" ¥
m31Fnugunsaldandumiman’liih (Transmitter) 1Wsegdwmisiusy s

A i 1 o [ . ] -
manaeui luvuzlfiu uazaisIieglndiugunsalsundumiman i (Receiver) uaz
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medidyyranisuonivmoiudyguvesqunsaisunduumiman Infuie LilhiAams
JUAIUVRIT Y I

qUnsaiundumimdn i (Receiven  Tvwnaidn uaziiyasudyanarih
(Electrical Center) #agi 3.17 uazq1lil 3.18 vimhilsudggnadmmising uazesmnis
wiyu Taoduiusfugunsaidenauiionndn Toih (Transmitter)  #ag1lfi 3.19 naasdmmia
uazmsARdegUNISiueNA MY 6 unu

~ I
" 0:]
]!ﬁ(}lé\'\/‘nurmm CENTER
g (R

31 3.18 uansnmgunsaisunauiman Wi (Receiver) [10]



wcwiver ASimulation §

[Goondinate

|Bystem
i

lisar
Cuourdinate

trer
e \ Bystom

™

Natlve
Coordinata
Bystem

FUN 3.19 uarasdumia uazmsAndsgunsaluend iy 6 unu (6DOF Tracker) (8]

3.5.2.1 MAUKUINNA (Position)
' e " Aaw .. ' o " AW o o
MAMNUINNA (Position)  Uszneudlsmidmianiavesginsalsudyg i
' o : = o' Yy a o o v
lll.llﬂﬁﬂ'lﬂﬁ'l (Receiver) ﬁsawﬁuwaﬂuumunu X, y uac z Tau 190 aNUAWH LIV
T 4 ' o . v 1l 4 [ -1
gunssidanduiman Iri (Transmitter) Tavanuuzvsaunugilnssidanauiman i

(Transmitter) Llﬁﬂdﬁs‘lgﬂﬁ 3.20

i

SRR ;\,é ﬁ -X

3171 3.20 uansdnyuzveaunugUnsaidsnauivdn Wi (Transmitter) [8)

L] o ] - = | 1] -] E=1 4 " L] o )
mdmmiainaimizeiailusudmues ¥eszoevnszniasusesiugnseids
At an i (Transmitter) 9z a2 mgndeaniug Wemusesoylureiaiilszum

= o 4 [ 4 ] = :
100 iyudwas lasianingaguinanvesgnsaidenauminian I (Transmitter)
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3.5.2.2 AIBIAINIINIYMU (Orientation)

A1LIMMIMyuYBITUITeTUsTnouAIomIemMInyu 3 A1 lAuA Aearnns
MU TUIUI5 I (Yaw M50 Azimuth), A19fMsvyuluyuiae (Pitch 139 Elevation) 11aze
pemmamyulunisiuBos (Roll) Fagii 321 Tashiemanuunuveuuiesifivuiy

Armanwaunuvesgunseidendumimin i (Transmitter) Aagalii 3.22

w_lTD —g Cu l__,;:'

4

(M (v) (M)

U1 3.21 AnBUEMINYUIUTTDTAIUAIBIANITHYU (D) yaw, (V) pitch 1A (A) roll

+Y

+ Wf—— =

-Z

i §

Ui 3.22 dnvazunnuvewueSisufuLILnUYe gL NI el danauiman Tvih

(Transmitter) (DR 1BIAINITNYU yaw, pitch A roll TAUNITY 0 87N [8]



24

luszuuunuveasued uay qunsaidendumiman i (Transmiter) 1oz
gy Tasszuny xy veawred seuuuiuszuulunulswvesszuuiialan (World
Co-ordinate) g unk z o lunuads luvaizfiszu xz vesgunsaidanduusimanuih
(Transmitter) 924U MAVTZUL THILMIT VYR ZUVNAA TAN (World Co-ordinate) 1AL HAY
y oflunuans snfudioriuaumed iy fesmnsmy yaw szilumesmnms
wyuseuun z veuwuwes Fuwziumsnyuiiviuiuszanulusnvessuuida
Tan (World  Co-ordinate) 83ufA109/1N15MyU pitch  vziifumnmsnyuseunnuy  vea
wues Suvmiiumesmyuoveuruesinsshituszunnlunurnuvesszuniia
Tan (World Co-ordinate) uathmmmﬁm;u roll %:Lflufhmmqmauunu X ‘ummmmm'f
FazumiumsihuBsweusuaed wanslugii 3.21 (0) () ()

ving1lit 3.22 snfludnuazmsneve e eifsutunuunuvesgunsaids
AduwinEn T (Transmitter) 1ifoaninszuniumisiiiaveagunsaina 2 arafu dnfu
aingalii 3.22 nzwniumuwa{ﬂmwag"luﬁ'num-mfmmﬁmzum“luuu’mmmssuuﬁﬁﬂ
Tan (World Co-ordinate)

mesmmsnyuiien ldnnmurefimhuiusifou (Radian) Tnougazeam

MIHYULBIIVDIAIAIT

-rLasnw 3.1
/2L B<n/2 (3.2)
—RASYyST® (3.3)

Taoi @, B,y ABAIBIAINIINYU yaw, pitch 1AL roll AMUEIAY TAUA1BIANIHYY
a‘: ' & = = 3 o = <
14 3 ANTUMINILUY Euler Angles FaluIneiinusii 14111521V Direction Cosine Matrix

o A v ' ° )
unlgunuiisanngduuuiudiwedenismaiudile
3.6 Direction Cosine

Direction Cosine 11un1514A1 Cosine naasiian1sveInmes 1aq nnszifuunu

a o n’: a  w P
X,y Uas z 'nnnmamué'wm ﬂﬂg‘lh’l 3.23
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Zw Xy

et o

3UM 3.23 u@AI Direction Cosine ¥03INABI NNTERINVINUE1IDA [5)

" »
' " o o o a @
thﬂ'ﬁ'ﬂ']ﬂ'] Cosine ‘uﬂ»u’mmaiﬁni:mﬂmmu X, y U2z ﬂﬂﬂllﬂué‘?\'lﬂquu

¥
o =

anson laaatl

v=[x y zJ (3.4)

Z
cos . =— » cos ¢, = X ., cosé, =M (.5

i
Tavit v ununnineslaq oz cosg, , cos . cos ¢, Aef Cosine  voaINIABTH
nsgiinuunu x, y uazz vewunud Wiy Tav cosg,’ +cosg,’ +cosg’ =1
sofugrimuald p=|[ cosg cosp,cosp | ¢ l&nnmes pifunnimeiuilimia
(Unit Vector) w89 v iliosiimsununniaeslag dounuvesing sz1dnmes 3 nnined
fAvanndafuuaziu Lﬂaﬁ1ﬁﬂﬂN“lmwiazuﬂwaﬁwqmmm Direction Cosine U

UAUB1984 9219 Direction Cosine Matrix &4M15 3.6

Y I=(T M ||y (3.6)
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Tavhi r, , r, uaz r, AR Cosine NN x vaadagnszMiuUNU X, y UBY z
YBIUNUD B MW

1o r,, , r, wAY 1y, ABA1 Cosine NUAU y voIIagnIzINLUNU x, y AL 2
YBUNUS WD AW

Taoh ry, , ry, AT ry, ABA Cosine NN z voviagnszMiiuuNu x, y Hag z

VDWNUD DI MUY

3.7 maudaa¥usvngin (Geometric transformation)

msudauFusvndaluneuinaesnifinidumsnlasud i aing yuia vse
o = o d’d ti @ E [ [ 9 .
wywing lAsiifie msndeudiwiag (Translation), M3UFuYUIATAY (Scaling) UazMsHyw
[ . A a a (-:4:; 3 o A o ' | '
701 (Rotation) Lummm*ntn'uwuﬁumuwamnmsmaauﬁ’wmq (Translation) IWUIBUN

=1 - Y ar cr
171 IﬂUE]ﬁ“LI'Ileﬂﬂ‘TU

3.7.1 mamaaFusniadia 2 ddluanvuzmsmaeudieing

msudaaFusvingia 2 HadmsSuneuinnaes laona 1oz 1Fuunsndg vuia 3x3
iesnnawsoihun s lumsiVouTdsunsudroneuiunes 1ad1e lunisdiuiudle
- s o’: o ﬂ 9 = - oo aaqg Y 1 = W s o
uunInguiuuszasslimsnlasunng 2 Nalveglugzilves WiaenWug (Homogeneous
coordinates) {TUNDY 19U WA (x,y)'m%uua;j“lugﬂﬂm (x,y,h)Tﬂuﬁ’ﬂﬂ‘nzﬁﬁNﬁiﬁ hii

AUNINY 1

4 ¥ o . - e =S = - oo oy
MIAABUINYIAY (Translation) Tu 2 HA wuwda yala Aignnalussyuiinansi

it aa A ° " = - e
1%¥0U (Cartesian) 41V 2 HAgRIRdBUGIL IAwmisa1g Tasmsnlaouiina (x, y)Tae

munsnou ldaaaums 3.7

x! 1 0 ¢ |x
y'=10 1 ¢, |y (3.7)
1 0 0 1|1

de  xy = mdwmisidady

o9 4w o
tx’ ¥ ‘J'zU:‘n'NﬂﬂQQﬂ171ﬂaﬂuU1U1’Jﬁ1”llﬂuuﬂu Lasad

-~
Il
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Pt L

x',y' = mawmdannaluind s ldvinaums

3.7.2 mindasBasvindia 3 FRludnuuzmsnaeuieing

maudaususninda 3 admsuneuiuaes lnona luse 1duunsng vuin 4xa

o 3 a do by = = a o aaq ¥ 1 a oo
uazlumsfnudrsuumsndsuiuszdesiimsnldouiinn 3 idldegluzdvesiinaen
ﬁ’u‘l{ (Homogeneous  coordinates) Y 1Y WA (x, y,z)i]m%uuﬂgﬂugﬂmm (x, y.2,h)

Taova Toedmuald A daunidu 1

msindoudoIng (Translation) w3 iid wuois manasuiioiag ldedmmia

a

Aaaee Tunudeda 3 6 Tasausoeulddsaums 3.8

-

X 1 O 0 ¢ |}=x
Y110 1 0 ¢y
2|10 01 ¢ ||z 88
1] [0 0 0 1j1]

AMAMHUINNAAY

£b.
o
&
=

N

I

a9 [ o n’:
t,.t,.t, = szoznuigeamsdiunlaou ldmuunuueu uazunua

' P !

mdamnuannalnunduow 1donaunis

=
<
N

I
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!ﬂﬂﬂﬂﬂ]iﬂ{]ﬁﬂ‘wuﬁ Light-Pointing HaZN133UNT

24 v &
AU 1117 MNMIvdIND

4.1 matiam3U§§uNus Light-Pointing

¥ ]
nauaudsiug i lumsdniuinoldannzinadeuaiioui lanandhdu (1]
@ o ' o w o . . . < ¢
l{luﬂ3m11uﬂmmmpjuuun‘|inszmnmﬁq (object manipulation modes) HINTTNAIU
maiamsUfduiusimnzaudmivudargluuumsnseiredng fiflidundesinisan
8y 2 avonan
- awv o Joa
- msienjduvuveamsUfduiusnminzey

& [ | ::
- NMTRADNAMUDNHUTTY

- awr -’G;
4.1.1 m‘:men;ﬂsm‘umiﬂﬂauwuﬁmﬁmzau

[ -t

o a e ow Jd ¥ A = - = =
anvazmslfduwus laoaselaglgnmsindeunvesiie Tumsiaen nduiviag I

¥ " ]
=) -~ — 1

3 o @ o & ; "o ] 3q 3/ o d' -; =
mamnﬂlui:uxmms mwuﬂgﬂumuwummgh ﬂﬂiﬂ'ﬂ 4.1 NUN A HIBWUNIRWIEN

Re

(Local) tiioav1ndasidadanain s diimsiauumainmsifduiuiaieg Yunenld

0 ¥ ] ¥ ) ¥ "
AlFaunsomiuszoziimsiui A iuiiui B nSenuiinsounqu (Global) 1a

b d

" ¥ [ . ]
5N 4.1 uarasdnuuzvesiunszozinsvest mvuludiu A uaziuiszoziimsiie 1%

matiamsfduiusivemiuszoziims ludiu B
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»
Twainofinusadviidunsdimahauneldmsuaawauuuypuueanm@oss 10
3 a av o Jda 1 - . A4 o ¥
MsANE NN matiamsUfauiuiniiegud) 1y mniia Ray-Casting tievnaunuldms
=] o ¥ ¥ = [ a & a o 4
uaAsHauuUyuuIn ALY ilddldasussezdnvesingAanainld  Funaiiadanan
° o L] . . : & o a a
e ludnuuems19iie (Gesture base interaction technique) Tunisaauny Falimaiinh
° @ A e oA a a o o 4 ]
i ludnuuziruAodnu fie matin GO-GO uazmaiind Idwannvununendlymins
° 3/ =) =1 ' = a i 4
maumeldmsuaaranuuyuueanmdel Goniunailna Light-Pointing ¥uilu metaphor

nldidenld Azl 4.2

° Center of ° Center of

User's Hand  Projection Userwith Projection
Position Ray-Casling Techmque
(n) (V)

3 42 urasmsnSouifisumatiadioinmlszgnamoldyuueaunimian
(1) AN Light-Pointing  (v) Nem1alunisideninglavly imaiin Ray-

Casting

imniln Light-Pointing ifumaiinfiwanni mnfiugmnisifauves gnsafidne
uaraaIes metaphor 1iiea9n gunseisdaonauaes fugunseliilfimetraunsna
TudnuuzigldFaunuames lusiingieguusenn iefisziinmue Tavdwasiioonsin
gunsaidsnanezannsenuuuenmiifiyuuesludnuus 2 5 unuieziduyuuealy

aa o

ANV 3 UA A3 4.3
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311 4.3 uansdnuazms i ludugunseiddouaaaes

= qv VY a & o P 3 o
matiail Iddounuumsindeuivesgaudsiannsgnuuuvenn laslyginsal
o o ' a : " a o a = o 3

A3 TAR MUY 6 unUARAIBGUUYITdIanNsBTing (CyberGlove) UTNUNAITDIID
o 4 Yo ' o ¥ A d o dw Y y st ¢
1717 4.4 Tavlddumiamasdeiionsinghdesmandonums lygunseisatouauaiyes

° 1 ¥ ' 4 o o o U Y d o
Maudremsdiwdeiio uazreuuvwieiinuyaumiieguusenin tiveddening 14
ansomvanumnsa lumsludoudumisvesiaglunuaunu z 14 aunsoesue

¥

mshau Taoiiseemilu 3 dau dail fie msadiege uazdwaaaiiou MIATINTUMI¥Y

ac o a ° [
LagID m‘jﬂi ‘]Jn_jﬂUuﬁ“l“uajﬂtliuuuqunu z

31t 4.4 uaasginsaiasaviadunmisuy 6 unuiignAndseguugsilediannseting

(CyberGlove) VInwunaeile
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4.1.1.1 m3adaga nazdwauailow

anvae Inssadanmninmszniauiiu 2 diu Aedmusnezdnudumiimsan
NTTNVVBIGWAIVUIDAIN ABTTUZVINYARWATNAVIBNIN AD 5202 L2 Taoidiie w14
MR veIgUnsainT v iaR MUY 6 unu Falszneudumdumiaveauny x, y,
z UATABIAMNITHIYU yaw, pitch, roll AANUYARIUAIN (Center of Projection) YBIIAYUU

venmludnvas 2 1A e ldlumsideniag dagili 4.5

L1
Screen
L1
L2
User
@

Center of Projection

3UM 4.5 nansdnyuzMsNIUYeUNALIA Light Pointing

¥ .
NNTUATUIASIINLIDINNMITANNIENUdwasuuIen et Il adedas

wiiou e szor L1 edfunldoudumisiaglunuiunu z  fegaeldaniizuiaden

¥
=

L é o l:l o
riiou vinmsAa Faldhaumsi 4.1), 4.2) nag (4.3) unlszgng 199

Rx_end_ position = ((COS a-cos ﬁ) X R!engrh )+ Rx_origin (4 1)
y _end _ position = ((COS a-cos ﬁ)x R[enguh )+ Ry_orr'gin (42)
Rz_end _ position = (.... Sin ﬂ X Rleng:h )+ Rz _origin (43)

=

8 Mumisgalavesdwaualonvouny x

x _end _ position

=

y_end _ position

-

fl

=) o ' o -~

o mnmmigmjawmmmumlﬁnaummlmu y
-

fl

=

8 Auvisgaasvesdwauaiouveunu z

z _end _ position

R fio AVUIVDIA WA

length
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R, i 1O AWMUATUAUYOIRAUTIVBANNY X

R, i 1B AMMUATUAUVDIPAUAIVOUINY y

y_origin

R, .. 10 AWHUASUAUVDIRAUAIVDILAY 2

z _origin

a, B B DAFNNIITNIYU yaw, pitch

afegauaadiiouTavinnuldvinaunsi (4.4), (4.5), (4.6), (4.7) 1az(4.8) fail

L = ((cos a-cos ﬂ)x Z onp )+ R, ovigin (4.4)
L, =((cosa-cos B)xZop)+ R, origin (4.5)
LZ = (_ SEn ﬂ X ZCOP)+ R:_on'gin (46)

L, fiod umuqqmlmwmanmamnauwmumuwammmunu x
L, Ao d nmmQﬂﬂmu‘uma1uﬂamuaunmumuuwmwumunu y
L fod mnuqingmmummummuaunmuamuimmw'umuﬂu 2
cop A0 ﬁnmummwawﬂnwmmmunu z

4

 ian B ﬁ1Lmumnwwmqmmwmunu x
fio & umuansnmummqmmwmunu y

y_ ongm

';U:U?:JN

fo mtmmwnw‘umqmmwmunu z

z O.ﬂg"l

a,f o BIFINITNYU yaw, pitch

chm'liou ((Rz_on‘gin = Lz )+ (Rz_ end _ position - Lz »X (Rx_end_pasition N Lx )+ L: (47)
Yposi!ion ((Rz _origin - Lz )-:- (‘Rz_end_pmitr‘on - Lz ))X (Ry_eud_posi.rion - Ly )+ LY (48)

1]

Sosition N0 AMMUSVOIPALANATOUNRWDUIBMNINY X

Y

siion 18 AUMUIVBAUTUATOUNIWVUIBNINUNY

4.1.1.2 M3ATIVIUM IV

4

ANYUTMINTINIUMTBUILIRBMNTY 2 dIu fail Ao

- MIATIUMsTUvIgAUAInUIaginwuuven wludnyuy 2 A 1435msms
i@eniWines (The Selection Buffer) 11 OpenGL Library #3319 4.6 m3szydmumiianswu

ar e o L ] "o o N = ' '3

veagAuautazing 2 UA Tagezdumstunnaniviies (Hit Record) iy luniloanus
Tugaemsadrauusians n3e15ABTNIN (Render Process) §1MUT 2 Auntafinafiyn

uere ifimsdeuiuvesiaglusrusumaesnmaimstiuinaniviies (Hit Record) vz
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Ve v oA ¥ ™ o ' ° [ I ] o '
My 0 uAlienuiinsFeuiuveaiagegludumisinavesgaudesinisiuiing.
ar . [ A& o K o ° " oA
UiMeF (Hit Record) szimifiy 1 e ingegivdeunuasivaeuTaslddumiainanaudn

" ar o1
voauaazinglumsnlSouiioy

Selection buffer (0] ——  Number of names on nomes stock ot
time of hit = ng
[1] —— Minimum z volue
[2) — Maximum z volue

[ng+2] =~ Bottom of names stack

.
.

Next hit record == [ng+3] = Number of nomes on names stack for
this record = n,

[ng+4] >~ Minimum z value

UM 4.6 eFvwNsTVIUMSHIIIUMIReNTWINE YB3 OpenGL Library [11]

- MsasIuMsyuvesdwauaiounuiag 3 danwldannzuiedemaiiou 1%

mssnugandwadudaiuiag ludnyuzdminiuialivesiag 3 144 Taoldin

¥
@

aumsumlszgna 19l

A=(x,-x,) (4.9)
B:(yl —J’o) (4.10)
Cz(zl _zo) (4.11)
Taosdmuald x,,y,,z, =0
Tavi
v-ii=0 (4.12)
i;=(x|_*’co)."'(}"l_yo)JH'(Z':_zu)k (4.13)

ii=(x'—.xz)i+(y'—y2)j+(z'—zz)k (4.14)
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i’."-‘.=(J‘7'_“:2X-":1 “‘xo)'*'(}"—}’zxyl "}’o)+(z'_zzxz| _zo)=0 (4.15)

r ’ ’
X% _Y=W_2"%

(4.16)
X=X N=Y Z1—%
z.:[(x'—xz)(xo-x1)+()"-yz)(xo-xu)]+zz 4.17)
2172
’ 2 2
Y= B-A(xz—x)+BC§2+f§zo+C Yo +V,B 4.18)
(C +B )

Taoh C? + B # 0 vindumsi 4.18

o AlBCz + B2y + Cyy 4,8 )+ (1,8 - Ax JC* + B)+ (BAx) o

(C*B + B* + BA*)
Tavit (C?B + B® + BA?)# 0 vnaunsii 4.19

VINAUNITN (4.17), (4.18) LAY (4.19) 2 Iddmmuania x', y'uaz z’' vesgan
o o‘: - ey 9 £ =1 o v o " e
dwasamIniuing 3 44 meldannznadeuaiiou venninildnswdumiannalu
Msa5299uMsrundl dun g ldannsalddwmisinalunuiunu z iedsunlasu

dumiaing 3 AR NABINITONAIY

4.1.1.3 I msdSunfaeudwmia Taglunuaunu 2
a 3 2 a o .3 - aw o w d - Y 9/
MAA Light-Pointing iduWannywneudlygmimsjduiusmaideniagniola
= 2 . - a a o

anmznadeuaiouluyuuesnmded Fuih ldansodulsz@niamlumaditiag

¥ . 3 "
18 vimiu ladsanmsUfduiusimudn Taomuanuawnsa lunmsidfunl/asudwmia

1 14
Faglunuaunu z iesninmatianisUfauRusNugudy Ao matia Ray-Casting i
" ket ¥

awsadFunlfoudwmiaiaglunuaunu z 18 Wil IdWennms 1danmudiu 2 piluoy fe
sUnuusssund Wumsmuguingilansuzamiiedls i Aviagdimdmiesenriig
9/ ] - a ﬁi o ar d‘l :: =
A1% nargduuylisssund unsmuguingidaudiiumsinaeuilugduuusssuna
] 4'. d' ar [ Y . 9 = =
WU M3ndoun Iave IHunanNIsNINAZNOUVYBINTLINIT (mirror metaphor) Wudu 1 5 3%

¥
fage 1l



35

ac o - ' - o [ A A “
- 359 1 puwusssund dadrunsinuudasiaiu 1:1 WedlHndeuniletn nie
" @ ' o A H L " L] o
pONH10INAIRIF (Ay ) 1 midw Fagezindioud (Ax) muiledldludnyuy 1 misnguiu

] v ¥
Aag1M 4.7 nazTdhaumsh 4.20 szynaladal

Cenier of Projection

:; a I ad o a ° " o @ 1 a
3UM 4.7 nanedledadsmsdsunldoudwmiaiag luuuaunu z dadunei

HUVDASIAIU 1:1
LI+L2=k (4.20)

A 1 " o
e L1 fie szozvnseningadly ludenn
¥
L2 A szozvnszringanean i lldwiumisasduvesiag

k  fpanan

" ] " ¥ -

ad a e 1 ] o ' 4 v 4 = A
- 359 2 JUuuusssund dadrusiinuudasidiu 12 Wedldindeuiier nie
penH19INAIG 19 (Ay) 1 nidw Jagezindeud (Ax) mwiledldludnyusy 2 mizusuiu

. [ ¥
A7 4.8 naz Idihaumsh 4.21 ulszgnaldwadl
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L1
u -'—\)' Cenier of Projection

31U 4.8 uamadieg I TMsUTunlasudmmiaing luiuannu z dadaunah

HUVBATIAIU 1:2

Ax L2 4.21)
Ay Ll

A 4 o Y - "oy v o v
Ax fip szezmsindeuNvesIaguInAmisadn ludadwmiala
A 4 4 ° ' oA 3
Ay i szozmisindeunveId mmlioved 1y
L1 fie szuzvinszningadld Tudvenin
¥
L2 fio szozvinszvingauenn lldumisdaduvesiag

- 339 3 Uuu bidlusssuna erdonannsnmazReuveInszINIaT (mirror
metaphor) Tauifidasidau fie 1:1 uay 1:2 iedlMndeuiiedmenminguziadeuiid

& ' i i i & ac
widldadenszanian szt 4.9 unlszgnd 19 Taoswes Ax vzasathuiudsanii uazis

o
Neod
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UM 4.9 uaasiiedaiimsdsvasudwmisag luuuaunu z Tave st mirror metaphor

- N4 zﬂlmv'ﬁ'ﬁu‘lﬂa WYY non-linear 11175013 non-linear mapping U

Uszgnaldlumsinaouiluuuun 2

- 30 5 gduuy lidlusssundedundnmaiinuves lvassuuiirmaiion

(ratchet screwdriver metaphor or one-way screwdriver metaphor) Taviioasiaaufe 1:1 uag
4 y 4 ar o A ﬂ. ' ar \ _ r ar

12 iedldindeuniledimdidl§ingeznaeuidhmdlfisuiu ualuiimmanduiuee

e

TivhmnAnnumsindeud dsgii 4.10 naz 1dhaunsi 4.22 snlszgnald

r
Z =Zrent _ position Z last _ position (4.22)

Taosmuald —1> 2z’ > 1 vinaunsi 4.22
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|
|

f:"‘?
N\ J e aile

Screen

3UM 4.10 nansdred 1 s MsUTuasudumiaiag luuuaunu z Tave v one-way

screwdriver metaphor

4 v A A
4.1.2 m3menmieimINzay
P A aa Y o [ v o 3/ [ 3 &

wasgruvesmilenilyegluilagiudiulnginvidesiuanuneduniuniie Tay
" [ i a J a o o I e =a [ [ 1
Wil NAAYY AN Tausssu nazanmadeuni lvesumasiuiia dauniiieh
° /9 99 a a ot ' A4 g A A
indszgnalyludnsinusiiinnuuanaeeinmilen ¥ luszuuniuiiie 1iesnn
o 4 o /q Vet o ¥ ' 8 ' 79 ¥
319U Sensor Minnszgnalstidmauissnd uaziisanedemsilszgnd ldau
Tuanoiivusatiuil 1819sso lumsidenmileimunz auiidade T

- UszANnEn N (efficiency) W91521A1WISI UAZBATIANUAANAIAVEIITID 1Y
sennalianu

- 1wABMIEIU] (ease of use) AlFannsaidhlannumuosinimile sinns 14
TuFiadsedriu wu mileduiag Wudu

o_aa v ¥ . VoA o 1et A A o w

- 99138M 3 159U 14 (retention) Millevsanuae laitinnumane iemudids
Tnumiledsna dldaunsoddmile uazilszgnaldanuld

anvagMleIMINgay Msdeandesnumsesniidalunsifiiacu droatianin
' g W aa o o ' a ' A a & 3 '
i lFauluadadsedrivunnmls elinngan dlesnnifanuilesd uazoinaems

CARN
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v 4 ) -
4.2 MIdumanaeu 11l Mmavesdle

o o g/ [ | A o ° (- | a ° a
mMsfanuYeyamiiameiinimaass lasfimuajduuumiedmiumsseniida

d‘ - e g e o ' = g 1 C: - J
edfduwusiuiagriugaiiediannseiing (CyberGlove) TaoguuuuvsaniiioMinavu
dosagludoulviidle 18w Souldiss annsodednnumuoienily1dlumsesn

fda uaz hisglugtuuvine inanuiliesd 1841 dredramiiienadiu daguli 4.11

(M) (v

U7 4.11 wansdiediamiie (n) MileuaasanIugdn (v) Mileduing

¥ v 4 o 4 o d v 4 a a saq ¥ ¢ -
1 Tdsunsuduuuunwanvusanudoya ¥Inotinuiilfisuiyeivesgaie

¥ ¥ L

1@anNIaiing (CyberGlove) 12 #7 sznaudauiiniutiie 17% uaziinan Tasdany

oA

' A o - ¥ a Y o Y a
B aﬂ]uﬂiullﬁa:ﬂ-lualﬂu:ﬂ]u?u 10 A9 adg“lu‘uﬂgﬁ %uﬂ'ﬂa@ﬂlﬂnvﬁﬂlnﬂlﬂu‘uﬂgﬁﬂu

¥ ¥ il ¥ ]
@ '

" = Y Vv - | v o ¥ ag v 1 ﬂ; 1
Adana 0-255 Tasdiuagnums Insseveatizie nimiwihdeyahn1d maAundoluusay

(1

2. Se DD

Yy
13

" oA - oA

aveyaniiie o1 lddszuranaludiunissuun llﬁz‘;i‘]"l'ﬂ'lﬁﬂ Tﬂﬂg’lx‘lgﬂ nag

L1}

o=
&

nvuifivuiudeyanfieglugudeya Asgui 4.12

@

New posture Input posture Output posture

Classifier Recognition

Inserts posture records Retrieves posture records

Posture Database

°

50 4.12 urudsdumsumsdanudeya Suun uazdimiie
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4.2.1 Yuneumidwun uazsimile

¥
maians$umn uaziimiie luinerlinusild Minimum  Distance  Algorithm

s & {l - &4 o ot ar dv
Pattern Recognition FUUUNNUADNNUI AITUNIITN 4.23 AU

6,(x)=—-mind (x, g ) (4.23)

J

& a v e o 4 ad a o
o x fo ﬂﬂuﬁ‘l‘lﬁﬂﬂ'm'lﬂl“li'm‘ﬁﬂ511'E!Qt]~lllilﬂlﬂﬂ'ﬂiﬂuﬂ'ﬂ (CyberGlove)
ija a ' o ' 1A o o ¥
X" flo vﬂgamawmnmazwuwas1mmazmumnqmﬂu1ugm‘uwa

i,j fie Aumiaund nazaedniluudazgadeya

Tauh d(x,x") fie HanFummrszozviann x uaz x"/

9 J "

wnaumsi 4.23 ded1¥darnihilenngaiiedidnmseiing (CyberGlove) luvazimsiiy

L] L] L @ i 7 4 . o Al 1 ar Ll = 1]
amhitedanluduilandy d(x,x™) Fafludiumsii dnmidednaniiaszozin

=t ar ' (= | a o [~ 9/ yvq ¥V o o da o o
Indifvatuamiiiomdsigriiulugudeya  Alyansesendmidailansungnimua
sy B luTsunsuduuuudaoviiio



uNnNn 5

Nan1Inaaog

P e g 1 1 A
5.1 gunsaiililumnaaes nazmsdaiuamiie

5.1.1 Qﬂnmii‘hi'lummmaa

- I5paneuRAADS PC Intel Pentium 4 1.8 GHz

- gailedidnnseiind (CyberGlove) diaunwiia 22 wwwes Wau TavuTiv
Sumeitu 1n190103150 (Immersion Corporate) dminldAnaoszNIN
AlwnuTdsunsy

- gunssivend MUY 6 uAY (6 DOF Tracker) YA lavu3En
Polhemus 34 3 SPACE® ISOTRAK I $117u 1 1aves
(Resolution 0.0038 cms/cm of range, Update Rate 60 updates/second)

- Tdsunsudunuuienniu esiassannzwndeuaiion nuld
doulufismuatu TavAndefugaiiediannseding (CyberGlove) gunsal
VBNRWNUILY 6 11N (6 DOF Tracker) taz Iusunsusanudeya Tav
w1910 1151054 Microsoft” Visual C++ 6.0

- Virtual Hand Library Version 2.4

- OpenGL Library 1.2

- MatLab® Version 6.5 dA317Ins1zvdeya

5.1.2 Msdafummiie

v o/ L] L) A o
e Tdsunsuaunuulumssafuamidemeritllldlumsnaaes Tdsunsuee

o o

3 A A ] ; 9 o o
uindnuuzyilefigndmuaiu Uszneudiedeya 300 yalu 1 seumsdany Taolu 1
3

E
adeya wwilszneudloaninuiresyesgaiiediannsetingd (CyberGlove) :MNHU1YA

Y

o2

]
=

¥ ' Y 1A ¥ A o v o ¥
‘uﬂyam'ﬂ1mmauw'lﬂﬂmmammé’1m memuwmnu"l”flupmay_a

5.2 MInaasd

¥ o ﬂ A @ A a4 = o
minaaedldusesmilu 8 msnaaes fie Mmadadenmileuguimngaudmiy
mseenmds Tunuannzwadenaiou manlSouioumsdnuludiudadenudly
(User  Interface) M3ifSouifivumaiianisy§duius Light-Pointing  m3nfTouiiioy

UszAntnmvesitusunldsudumisvesiaglunuunu z  msideniagignialasly
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(MALiA Light-Pointing  3uAuMie msulSouiisulsz@ninimvediimsiansiaglu
uuuny z 1nol4inatia Light-Pointing 3aufuniide msufSoumsulszansnimvesisms
faneiaglunuaunu z  Tudnvazdudumisveandeadindsunuszos laoldmaiia
Light-Pointing 32ufuniiie msnfSouisulszdntnmesaiimsiansingludnuuy
a - v a . L ' a "o & o -

1B HAZUNUDAIY (freeform) TaulHmAlia Light-Pointing IUAUNIND FUTIWAIDYA

»
YDINITNANBIAII AdH AD

ar & T A 4! n:i
5.2.1 Mafam@aNMUdNnUF I UNNINZaN
A o o A a4 A Yy 4 W I 2 '
l'ﬂﬂ\‘nn.l‘.iﬂﬁiﬁBﬂ“1ua“ug1u“ﬂizﬂaua'ﬁﬂu']ﬂ']lullla UIAY LAZUINAN TﬂUTn

A A o ° A Y a A o v @ v
UINUHINIMINITNAADUUDIAUUNIUDNIHUA 23 M Iﬁﬂﬂﬂﬂﬂgﬂ\’ﬂnﬂ—ﬁi‘“\rlu1u

o

= [ [ g P ¥ o u’: o d’ ar
Fimlszdriu sl 5.1 Sidinismaass 7 au Fuaeulidsil Fnowlsuvudeuniy
Faufums Iddhinsnaasvimiie uazeenmduienduiviagawdidy werianly

asuuvvasuny ludIvsITEAUANMIMIIE ANYBINITBNUANUNEIoN 1% lun1seen

u'.u 9 = s - d' Vv Vv -:; ar u’:’ Y ' '
Mdsvar 1 I 5 sy Ao wnfiga wn 1hunais ves vesiiga nasniniulsuaasm

] o

) o @ o & 9/ o A ° v H
fioiimsideniagaduiunisinilie 13uulaz merinnldasunuvaeuniuludiuves

o A a a 3 a o A ai ¥ T |
ﬁ:ﬁ'ummmBuﬁ’mmﬂmmﬁhuuiun 59YAU A 111f’l1'l?[ﬂ uIn 'IJTLIﬂE’I'N Uy uﬂﬂ‘l’liﬁ!

L " A e o 2 v A P a & o
31111 5.1 LEAINMUD 23 N NUIWININTNATDUUDIAU INDHIMUBWUTIUNIHUIZ TN Lo

gaanasanumssaniide moldanzuiadeumaiieu



M3 5.1

s d o o " A A >
Hﬁﬂ\!lﬂﬂﬂ‘luﬂ (%) 'uauznummmmzﬁwmmna'n?ranﬂﬁ'mnumsarm

ﬂ°1ﬁ’a"luu¢iazvi1ﬁamnuwfmumn
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wefiFur(@veszauanuMmInzauveshilefineandeatumseendida
viile | wniige N thunan Viou Youiiga
1 71.43 28.57 - - .
2 - - 42.86 57.14 .
3 - . - - 100
4 g s 14.29 42.86 42.86
5 - - 28.57 28.57 42.86
6 100 - - : -
7 - - 42.86 14.29 42.86
8 14.29 14.29 57.14 14.29 -
9 : . 28.57 42.86 28.57
10 3 - 42.86 42.86 14.29
11 . 14.29 57.14 28.57 -
12 . - 28.57 57.14 14.29
13 s : 42.86 42.86 14.29
14 . : 28.57 42.86 28.57
15 - - 28.57 42.86 28.57
16 : 14.29 42.86 28.57 14.29
17 - - - 14.29 85.71
18 100 . - , -
19 s . 28.57 28.57 42.86
20 28.57 71.43
21 . . 14.29 57.14 28.57
22 - : 28.57 57.14 14.29
23 . » s 57.14 42.86
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M3t 5.2 uaalesiFud (%) vesszduarmnilesdrluudaziilennuuuaeuo
wlodidud (%) szauauilesd luudazmiie
yaile | windiqa 1N huna Vioy Vouiiga

1 - - - 85.71 14.29
2 . - 42.86 42.86 14.29
3 71.43 28.57 - . -

4 - - 57.14 14.29 28.57
5 28.57 42.86 . 28.57 .

6 . - - - 100
7 14.29 28.57 57.14 - -

8 - 14.29 85.71 - .

9 - 28.57 71.43 . -
10 14.29 42.86 42.86 . .
11 - 14.29 71.43 14.29 -
12 . - 28.57 71.43 .
13 - - 28.57 28.57 42.86
14 - - 28.57 57.14 14.29
15 - 28.57 57.14 14.29 -
16 - 28.57 14.29 42.86 14.29
17 85.71 - 14.29 - s
18 - - 14.29 28.57 57.14
19 - 28.57 42.86 14.29 14.29
20 - 14.29 14.29 57.14 14.29
21 - 42.86 57.14 - -
22 - . 14.29 57.14 28.57
23 : 57.14 14.29 28.57 -

wannsnaasubesduldnumsied 5.1 uag 5.2 Taoinasimihminsaieg

Tusaszaunnuilesd Yo iesiiga uazsnszauaNumMMzauYeIieiaeandBaiy

o & o v A A an v P VoA A
NITDBNATIAI UIN Ilazu'lﬂ‘nqﬂ Tﬂﬂ'n'uiﬂwus'luﬂ'lﬂﬂ']ﬂﬂ‘ﬁ“ﬂﬂa@n]ﬂ\'lﬂu 1%!“‘ nuan i1,

6. 18 uaz 20 Fadaziilerunsoimuailadduiieiaeandeatumsimnlszyndly

sauipTdsunsuduuuy niemaidamsifduius1d
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522 manfSvuifsuauAanenudly

aduTusunsudunuumeldanziadeuaiion ieinsmansaiouiioy
L) J o A o J o
drunadefufifiieniugquiagmuldannzinademaiion seninlsunsuadining 3
aa o - s o o - o s 9/ - J =
fiana T Taefigunsafinmiimsnaass Ae nnd fuTusunsudunuuiiadreiu Taol

3 o L <u =3 A )
gunsaiiinnminaass 1dun qaiiedidnnseiind (CyberGlove) 1io14ilelumseen
P o va a4 - v - v o a a '
fdanrunuiagmelditeu luiimileuiuns 2 Tusunsu Asil fie gansanaw 3 gniseeylu

¥

uuaueuszILINY x Tudunsuusnifinsnaass 5 AW uAazAuIIMTIAENgANSINAY
fiegassnans uazlfundvudumisveaTagnsanan himdrimsmaasalunuannu z 10
wudwas Tudadaiiunieminels funeuiiaes finsmaassnihimsidengamsanay
mavn nazlSunldoudumiavesingnsanay Teguugnmssnaunalunuszunuuny
y  ludmduaeugane imimaasnimsidengnnsanaunidie uaziliunlaou

fumisvesingnisnan Wegldgansanaunarlunuiszuunu y dagii s2 uaz 53

-
e L e L L RS

[ Cesiis

i 5.2 uaaamslfdniusmaiden uazfunldoudmmisvesing AuTusunsuadte

Fag 3 Hiam I Taoldund



51U 5.3 uamamsdduiusnmsiden nazdiundsudmmisvesing fuTusunsudunuy

Taoldmile

dl :; = = - o c: o 1 o
MINN 5.3 LTAWIAURAVIUIN)IINNITIADN l!'c']S“JJSUL‘]JE\UH?\'ILLTIHQ‘UBQ’J%Q

.. 5 Fsmsuazgunsal
Aiinsnaaesaui - T
e nuo
1 67.12 48.05
2 46.75 39.87
3 72.12 42.14
4 88.46 58.79
5 52.30 39.70

aw @ o 1 1 & v
HaINNTNARRY Midjduiuimelaannzademaieuseninallsunsy

¥ Ed " [
aunuy nazTsunsuadredag 3 Hana 1 nudimsilszgaaldvdleugmifidnuusi

Wusssumalums1dau uazasandsstuniseonsideve Tdsunsy 1¥u nsududy

. ¥ ]
annsoiulszaninmlumsinulasaaduasuludiuTnuanmsnszinlSulasuiag

TasdlFamunsadhilimstinulaghisuiludesilndu uazaaszoznarlunmshanld

ar A d‘ =1 [y - " o 9 9/ o ar d'
sTAUNIN evunumsaanenud 19 Tas1dund dagii 5.4
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Time (sec.)
100 —prmp e

90
80
70
60

50 -+
40 =
30
20
10
0

m 2D Mouse
0 Gesture based

Participant

JUM 5.4 uaasrundoveaImszniems lundiumile

5.2.3 manfSouisumatiamsyUfauius
aooa - [V o o = oar o o
Wumsnaaeudsz@ninmlumsideniag TaniunainmsUfduiusumaasy
14un maiin GO-GO, AN Ray-Casting HazinAiin Light-Pointing noldideuly deil 1
Aviinsnanes 6 AL himsnaasamsUfduiuimsidongansanay 5 gn yuaminu 99
Foalunudszunuunu x ¥ gnag s iwudmas nazlunuaszuuuny y szozimiiu ua
= & @ = = & v ¥ ¥ = o vy o
nAuanalm Tasliyuueuunniael segniwldanizuiadeundoiny Tidiins
] 3/ a ° o w
NANBITUYNNINHINTBUAAINA 100 IBUAAT IMsiAengnnsenau Taslidiiumsiden

Wludiavilsingeguugnmsanasuuuguaudiy #agii 5.5, 5.6 uag 5.7

31U 5.5 uaaunniin Light-Pointing



JUN 5.7 uaaunaiia GO-GO

q' c; - = = g 9/ a aw o oo
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A Light- Pointing Method for Virtual Object Selection and
ipulation in a Mor pic Viewing System

P K rk. N Cholikak

King Monglmt's Institute of Technology Ladkrabang, THAILAND

Virtual object selection and re-location are two basic
object manipulations that can be found in mast VRIVE
applications. Many interaction metaphors have been
developed for object manipulation in VRNVE
environments. Of particular interest is the ra
method. The method applies a light ray metaphor in
i and moving a virtual object. However, the
method implicitly requires a opic \namng ys
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Support System for Telecommunicalion using Keywords
K Asai, *F Saito

National Institute of Mullimedia Education, JAPAN

*Solidray Co. Lid.. JAPAN

We developed a prolotype system 1o suppor
telecommunications that uses keywords selected by the
presenter in videoconference. The presenter holds to
show keyword cards, and the listeners at remole siles
can see additional information with the keywords.
Although keyword caplions are considered effective in
vtdeo learning environments for learning foreign

1o be efficiently use. With a pic viewing sy

inefficiency of the method in terms of task completion
time is demonsirated in this paper. For a system using a
monoscopic viewing device, a light-pointing method
based on a Iasef—pounlar metaphor is proposed lo
alleviate the sh g of the il ray-casting
method. Compared with the ray-casting method, it was
found from the experiment that the proposed method is

ges, we think they should also be available for
interaclive communications. Our prototype system
recognizes letlers and characters in a video image, and
provides us with addilional functions. such as language
lranslation, 30 models. and audio reproductions. The
visual data are overlaid onto the real scene with a
mullilayered display, using a Web browser as a
presentation tool to enable us to easily authorfedil
multimedia data. Oplical characler reader (OCR)

1l

noticeably more efficient in terms of task plation time.

F1G.2 P0218
Crilical Technological Issues of Commercializing a
Pitman Shorthand Recognition System
Y Ma, G Leedham, "C Higgins, 'S M Hiwe

g Tect ical Uni INGAPORE
'Noﬂlnghnm Uﬂwmnty UNITED KiNGDOM

Pitman shorthand has been shown lo possess unique
advantages as a means of fast text entry on hand-held
devices. Based on previous academic achievements,
this paper discusses crilical issues in the
commercialization of Pitman Shorthand Online
Reorganization System from the technological
perspective. In this paper. critical lechnological issues
are classified into two aspects. These critical issues are
illustraled by an entire online simulating syslem which
realizes all core functions from inputthrough
segmentation, recognition lo transcription of Pitman
shorthand.

80

e was implemented inlo the recognition
function for Japanese, and an open-source hbrary,
ARToolkil was used lo detect the characler markers that
controlled the functions of the information presentation.
The support system is designed to efficiently exploit
audiovisual signals of exisling videoconferencing
syslems.

Keywords—Support  Syslem, Kayword, Augmented
Reality, ARToolkit, OCR, Multi-layered Display.
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Abstract—Vlirtual object selection and re-location are two
basic object manipulations that can be found in most VR/VE
applications. Mny interaction nehpim have been developed
for object manipulation in VR/VE envir Of particular
Interest is the ray-casting method. The method applies a light ray
metaphor in selecting and moving a virtual nb]ect. However, the
method implicitly requires a stereoscopic viewing system to be
efficiently use. With 2 monoscople viewing system, inefMiclency 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 metlplmr Is

Nopporn Chotikakamthorn
Faculty of lnformation Technology &
R h Center of C ication 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 stercoscopic display system is quite expensive,
limiting its use to either high-end applications or applications
I]m do not demand high-quality display. In this paper, an

tion method based on a laser-pointer metaphor is

proposed to alleviate the shortcoming of the origi
method. Compared with the ray-casting method, it wal fwnd

from the experiment that the proposed method is bly more
efficlent in terms of task completion time.
Key d virtusl envir t, virtual reality, human

computer Interaction

INTRODUCTION

Interaction within a virtual environment (VE) is typically
composed ol selection, manipulation, and release tasks [1]. In
designing an efficient interaction technique, selection of an
appropriate metaphor is very important. Appropriale 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 rmmpulatnou the

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 stercoscopic display unit, the
proposed method assumes that a 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 casc 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

chosen metaphor affords [6]. Various ints
havebeenpmpoudlohandlebaswob}eelmmpulahonmh
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

0-7803-9282-5/05/$20,00 ©2005 IEEE 1076

Section IIL. Experimental results are provided in Section VI
Concluding remarks are given in Section V.

Il VE INTERACTION TECHNIQUES

In this section, two VE interaction techniques for
performing basic object manipulations are described.

A. Virtual ray-casting technique

The motivation behind this technique was 1o 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 sclecting small objects is

ICICS 2005
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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 difTicult 10 select small
and/or far-away objects [5). Figure | 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
sclecting a virtual object with a virtual hand presence.

B. Go-Go interaction technigue

The Go-Go i ion 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
hand beyond D, the mapping becomes non-linear and the
virtual arm “stretches”, thus permitting the user to access and

ipulate remote obj 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 small movement of the user hand to large
movement of the virtual hand, thus reducing manipulation
precision at a far distance [7].

St G b

a w = w oW m

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

II.  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 instcad of a 3D object, the method based on this

taphor is d “light-pointing”, to differentiate it from the
“ray-casting” method as described in Section I1.

Otyect's 20 Projected
A
User's Hand =~ ’_ Ray Projected
Poston End Point
L]
Canter of
M
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 arca 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, lo measure the position and orientation of a
(virtual) light-pointing device. The light from the device is
projected 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") i 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.

Figure 4.  (a) Position of the light projected end point while sclecting 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.)
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In addition, for the ray-casting method, disparity between
the actual viewer position and the center of projection can also
cause a usability problem even in a system employing a
stereoscopic display device. To avoid this problem, an
interactive stereoscopic viewing system should be employed
instead of a static-view system. This, however, increases the
system complication, and in most cases, degrades the display
quality.

B. Light ray-object intersection detection

As described in Section IIIA, with the proposed method, an
object is selected when the projected end point of a light ray
intersects with a 2D projected image of that object. This greatly
simplifies light ray-object collision detection because, unlike
the ray-casting method, the proposed method performs the
detection in 2D rather than 3D space. Shown in Figure 5.

° Center of Center of
UsersHand  Promction  yserwith Projection
Position Ray-Casling Techmque
(@) (o)

Figure 5. (a) The proposed method performs collision detection in 2D space.
(b) For the ray-casting method, light ray-object intersection must be
performed in 3D space.

IV. EXPERIMENT
Performance of the proposed method and the ray-casting in
sclecting virtual objects was considered. The scene used in the
experiment was composed of five spherical objects aligned

Figure 6. Snapshot of the screen during the experiment using the light-
pointing.

horizontally but with different depths as shown in Figure 5.
Measured with respect to the distance between a user and the
projection plane (which was 100 centimeters), the real-world
size of each object was 5 centimeters.

All participants were asked to select those virtual objects
with the selection order chosen randomly. For each experiment,
the instruction on the order of object selection appeared on a
computer screen just before a stop watch started. The light-
pointing, the ray-casting and Go-Go methods were tested in the
experiments. Screen snapshots during experiments are shown
in Figures 6, 7 and 8.

The time required to complete the task was recorded for
each experiment. The mean and standard deviation of the time
required to complete the task for each of the six volunteers are
shown in Figure 9.
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Figure 9. Mean times for object selection using the light-pointing technique,
the virtual ray-casting technique and the Go-Go technique.
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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’ case of leaming, 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 afler sufficient training of the proposed method is
still the best among the three methods.

-\1‘_\-*—*'-—.. =]
£ |

*  Round
. Lnghl-polnung . Vu'tual r:y{asmg a» Go-Go

Figure 10. Averaged task completion ume for each of five ordered wials.

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 cnvironment 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. E.xpen'm:nlal result demonstrates
lha.llhepmposedmmod- Ihe task pletion time in

bjects, as compared with the ray-casting and
Go-Go melhods under the monoscopic viewing setting.
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ABSTRACT

One of the mosl time-consuming and costly tasks in
D p sy ging is object modeling.
Normally, 3D computer graphic content creation
applications adopt pointing devices such as a 2D or 3D
mouse, a trackball, or a tablet digitizer. Those devices
provide a single point coordinate information, one at a
time. In addition, familiarity with commands and
operation sequences require stecp lcaming and practicing
curve, before a user can effectively usc the tool for
complicated object.modeling. In contrast to those single-
point-of-contact devices, a human hand provides many
more points of contact, at each time instant. Object
manipulation in a rcal world relies extensively on this
feature. Motivated by this fact, and that the human of
suflicicnt age has already learned how to use his'her hand
to perform common physical object manipulation in their
everyday life, this paper considers the use of hand
posture/gesture as a device for manipulating a virtual
object in 30 computer graphic modcling. The paper
describes a  hand  posturc-bascd  Human-Computer
Interface (HC1) framework, to be used in the 3D
modeling problem. Outline of the posturc classification
subsystem is described. Design of the posturcs is also
detailed. A prototype software has been developed to
cvaluate the efficiency in using the devcloped HCI
metaphor for manipulating 3D object positional and
orientation propertics. Comparative experiment has been
performed using the proposed method and a conventional
approach based on a single-point-of-contact pointing
device.

Keywords: Virtual reality, HCI, computer graphics, 3D
modeling, gesture recognition

1. INTRODUCTION

One of the most time-consuming and costly tasks in
3D synthetic imaging is modeling a 3D object. Current
CG (Computer Graphic) content creation tools adopt a
pointing device such as a 2D or 3D spacemouse, a
trackball or a digitizer, as a default device for object
modeling. Those devices only provide single-point
coordinate (positional/oricntation) information at each
time instance. In addition, the way these devices are used

is quite different from how a human hand is used to
manipulatc a real-world  object. For complex
commands/operations ly found in ial
CG creation tools, this generally results in stecp lcaming
curve, and short retention period. In fact, most current
commercial 3D content ercation tools have been designed
specially for a 2D pointing device. This further
complicates virtual object manipulation steps (1, 2J.

In this paper, motivated by the facts that a human
hand contains many points of contact, providing multi-
channel point positional information, and that most users
with sufficient age have alrcady acquired skill in using a
hand for manipulating physical objects, here a hand
gesture-based HCI phor is proposed and applied to
the 3D graphic modeling task. The paper addn:sscs u.:
problem of manipulating positional and ori
properties of a 3D virtual objecct. Propet dcs-zn of hand
postures and a modeling system is idered.

In Section 2 outline of a hand posture acquisition
and classification techniques are described. Next, design
of the hand postures for 3D modeling, are detailed in
Section 3. Experimental results, comparing the proposed
system with a conventional HC) approach, are reported
with some analytic discussion in Section 4,

2. HAND POSTURE ACQUISITION AND
CLASSIFICATION TECHNIQUES

The hand posture acquisition system used in this
study comsists of 3 main components: thc posture
database, the acquisition and the classification
subsystems.

1.1 Hand Posture Acquisition

For direct manipulation using a hand posture [3,4],
an clectronic glove (CyberGlove™) has been used in this
study to acquirc information about finger joint angles and
3D hand oricntation. The hand posture acquisition and
classification modules take from the device 11 input

rs corresponding to 3 finger joint angles (thumb,
index, middle finger) and 2 abduction angles between
thumb finger and Index finger. Data was collected from
five diffcrent users, performing hand posturcs uscd in the
study. The averaged values for each postures, as well as
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some  statstical properties, were then stored in the
system’s database

2.2 Hand Posture Classification

Hand posture classification suitable for 3D modeling
1» quite different from that of nawral sign language
translation  system. Perhaps the most  distinclive
difference is 1 the number of hand postures (o be handled
and the number of finger joint angle data points required.
For command-based gesture applications such as 3D
modeling, it s sufficient to use only a small (selected)
number of hand postures and finger data points. This can
be exploited to simplity the recognition method used in
our study. Here. a simplified recognition technique based
on a Euclidean minimum distance algorithm was adopted.
The method was chosen due o its low computational
complexity, which allows for efficient  real-time
implementation.

3. DESIGN OF THE HAND POSTURES

Hand postures have been chosen to convey five
object mampulaton modes, namely “ldic’, *Sclection®,
“Control  Sclection”, *Grab®. and ‘Transparency’ (sce
“Fig. 1:").

The first posture represents the “ldle’ mode, This
mode is an initial mode before a current mode can be
changed to another. For example, when a user needs (o
perform object translation, the system must first be
returned 1o the “Idle’ mode, before turning into the *Grab’
mode,

The ‘Seclection” mode. as activated by the posture
described by “Fig. I-b:", 15 used to choose one or more
objects that will be affected by subsequent actions, This
mode is analogous to the use of a conventional 2D
pointing device for multiple object selection (in most
tools, a control key “Curl” must be pressed while sclecting
multiple objects with a 2D mouse).

By using the poslure described in "Fig. J-c:", the
*Grab' mode is activated. This mode is used to 'grab’ a
sclected object(s) and move it to a new location. The
mode is analogous to the 2D mouse ‘grab’ or ‘drag and
drop™ mode.

Another manipulation mode as activaled by the
posturc in “Fig. /-d:" is the ‘Transparcncy” mode. This
mode is specifically designed for use in 3D object
manipulanon. It is included 1o help identifying and
manipulating an object occluded by another objeci(s) in
front of it. This mode is y for ipulating 3D
objects using a single view. By letting objects 1o be
manipulated using only a single view, time spent in
switching among different view is eliminated.

To manipulate an object hidden behind another,
h the *Ti ency’ mode and the fronl object’s
surface is changed to a semi-transparent one.

4. EXPERIMENTS

A software prototype has been developed to evaluate the
cfficiency of the proposed method, in manipulating 3D
virual object positional and orientation properties.

Fig. 1: Set of hund poustures for giving instructions on 31
vhject manipulation modes

The proposed system has been compared with one of
the ¢ cial 3D creation tools.  The
commercial tool uses a 21> mouse as its pointing device.
The developed program was written in C using the
OpenGL library. The 3D input devices are the nght-hand
CyberGlove™ electronic glove. and the Polhemus™ 6-
DOF tracker

Flg.2: Initial scene created in one of the commercial 3D
content creation tool using a 2D input device (2D mouse)
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Fig.3: Snapshots of a prototype program for 3D
objection manipulation using a posture-bused method

Both programs were st under  similar scene
condition. In both cases, initially the scenc was composed
of three spherical objects placed on the same horizontal
level, and aligned horizontally. Each of the participants to
the experiment was asked to manipulate each of the three
object such that their positions were changed to the target
points located on the middle of the window. The objects
were also required 1o oriented to aligned vertically (scc
“Figs. 2-3:7).

Because the tool against which the developed
prototype was comparcd, is menu-driven, the participants
must first click on the *move’ button on the program
menu before translating an object. Then each translation
axis as appeared on top of the object under manipulation
was selected lo carry out the translation along the
corresponding  direction.  The same operation  as
performed by the developed prototype was carried out by
using an appropriate posture, as detailed in "Fig. 1:".

In all experiments, ftask completion time was
recorded. Averaged time required to complete the task for
each of five volunteers is shown in "Fig. 4:".

From the figure, the task completion time when the
developed system was used is lower for 4 of 5 volunteers.
From the volunteer satisfaction survey, it was found that
this increased efficiency is due to the fact that the number
of steps required to switch object manipulation modes,
necessary to perform the task, is reduced when the
developed protatype was used. In addition, minimum
hand movement is required by the developed posture-
based method, resulting in less fatigue [5] and reduced
time in giving the system a required instruction. More
experiments arc under way to cvaluate the proposed
system under other task conditions.

Tima {see)
X EEEEERRE

Fig.4: Averaged task completion time for 3D object
alignment using the posture-based method and a method
based on a 2D pointing device.
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