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Abstract

This paper concerns extracting 3D motion information from a 3D input device in real time focused
to enabling effective human-computer interaction. In particular, we develop a novel algorithm for
extracting 6 degrees-of-freedom motion information from a 3D input device by employing an
epipolar geometry of stereo camera, color, motion, and structure information, free from requiring the
aid of camera calibration object. To extract 3D motion, we first determine the epipolar geometry
of stereo camera by computing the perspective projection matrix and perspective distortion matrix.
We then incorporate the proposed Motion Adaptive Weighted Unmatched Pixel Count algorithm
performing color transformation, unmatched pixel counting, discrete Kalman filtering, and principal
component analysis. The extracted 3D motion information can be applied to controlling virtual
objects or aiding the navigation device that controls the viewpoint of a user in virtual reality setting.
Since the stereo vision—based 3D input device is wireless, it provides users with a means for more
natural and efficient interface, thus effectively realizing a feeling of immersion.

Key Words : 3D input device, HCI, color, stereo, MAWUPC, PCA, virtual reality

* FrB, ZEfFatubt HCILLAB (Imaging Media Research Center, KIST)
Human teraction Lab, Samsung Advanced
(Hormen Computer Inferaction Lzb. o ERR, BEAEK BT TEH

Institute of Technology) (Department of Electronics Eng., Korea Univ.)
AR, BRI BRIl BRAE B2 HT20014E11 AN E, S48 A 20024E4H8H

(429)



I.M E

A E 7o dh= B 7eEe] Wl o
ghd AHEe 3l e Folagw e ARE
A4 ohFedld wely AA AR "Heldt gl
At HA3Ee) AR (Human-Computer Interaction,
HCDE 878k =l5ick oleidt A7kt AFEs 4%
A4 RolollA] Firjelaie] glER ake dideE
AFE vA e o8l EH9 £33 FE3)
= AT 7P Aldag]s ARAel olE o) Ag A
237wl Teel Be FE& wkw glepl?

CAD/CAM, #3t8] AlEelold, 7HdaAl 5o -4
Fopl FE4E2 dslas AMAEE A 334
A AAelM AHAFA o1FH Y 5 9l
Mz 2] e &R ARAlE 4iA A
Fakg & 4 9l dE AT "ashl =k ")
AgE T gle oFE A g 2R % 15 7ol
oS- cleRgt 913 AHSo] Akt 1 Feln
A 7P wol AMET e Q1Y AHE vk 7)
BT Fo)~EEo] glARt 33 A M AME
7)ol Wi FApd Aol =3 dA AHslE T 9)
= magnetic trackere 2]} Azl 7] Fo] 9%
uho} 3x18l 9)x)9} A FhEe] At AL S 9
ov] 7Hde] wie srlel= o] glek® old wls)
A AFE ¥R wubgE o83l &3t B A2AE
JHAA R olgsh= by =EZ B A7} olFoiA|
3 9dem 2D/3D "R TV Ale], 9=$ Bely], 7}
AN EAe] zalsla dslsle o g o4
=5 Qleh #R|ek o9} o] Eou} e AAAE o)
43h= 7129 A7 F2 221 FzblA F2 o)F
12 ket wela] 3xR) FAMlA o) F3) A Fe
e vl oA At 9leix] AL vk ¥
Tk oolel g o shlelbs o83t Ealel 34
S FE3] S A7 gol Ay At & o
o] shelelze EAl9] zZo] & Fip] FErhe @
Aol Qlck. EA9] Zo] gtg F3brl Sl whiell: o
2] 7R AR 7Fg 2ol olgEi= ube] H)
#e. shel2hE o] g3l whelth

B E=ReA] Akl 33K oY e 712 3
A AREY BalslA A7) 7R
I ol A, A, g 5AS agdes A

4

i

N

[e]

=

= O

=22

e HAE 7uke s 3 33 91y A

(430

FHER 5

Folol 334 FAA o153} A g Fal
o 744 B2 dnlAel ot Fhe) EAE A
4 zApshedl 462 4 3ok

E: 3 1. 948 A=) #5
Table 1. Classification of the input device.
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Fig. 1. Flow Chart of the proposed 3-D input

device.
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Fig. 2. Proposed 3-D input device.

m.

SHHe 3xY X £& YDnAF

7l 2t ol dx HFAe] $ix9} H$ 3
AdollAe] 7 o) 9] ARIAE Fei 2HE
L 7hle] ARAE Ikl B wielxde 2AHHE
2 Fieete) 7|8k T8 T3] $l8A perspec-
tive projection 3P} perspective distortion FHL
8 # Foilele) ARAAS gk ook A
g FAE T3] A B wRelxe Ak &4
d, el AR o} 8dith WA A dAelr] 47¢]
7F HAE g A slelMe -8t
2k sz F28le] e EAY AAF AR o) dA
g B3 ) Pl A AEd) A=, 4
A ARt A AR Aleloll A Al IAIE A
Agste] FAle] sle A HEE 7Bl Gl dief o
2 7B e UREE 7PE $9E el ¢
2 ARE =gl olxd Ak A E4H

2}
7}



Q

=

=1
[

E T R e v LI

gl Agrse Esl dojxl e gl 7 &
stazl shs EBAlS] 7l dadelxe ) o)y
wf Foll PCA(Principal Component Analysis) <3l2]Z
S o] &sled i) FAle Aberh

= TR

LB R e e R L U i
AHEL. v)R] A
Z—i].O] ma '?Lg' na 9\14“5‘
= 5 7]’“'"31'9]
7helleke] ARl 3,
1 SAeleh Aelelolie edels
HES olg3t] 2 7hvl=ke] Wiy
FEate] B4 321 $Ade _,Jg‘h:}.[ﬂ
W ofel Ay Aholet Aelnelold

=z

[e]
=

Fhleite] Vs F2E AEEH &
Al & oJAlof|A] Holl ERHES thE & Al
1 o]-83}A] Z}ze] Feziz} A o Aelu
gloldS salshe Aemeld A Hfll Al
. ST el Aelnde)de] Ase] w
ol "ol 4 ks el vk Wty olshe w
HAQl sl Aeindeld e Hakslw 215
3l 7lelig} Al ol dolety & 5 ¢lek”

2 ErllMe Albsle 3] oY AR 54 A4
Fo iRl 2 o] FAlS #He odalofale] wjAlx

ol2 Ei e EAANESS T

a1

/\
=2

EAgew ARt
] perspective projection =3} perspective distortion
FEE T 5 glod ol I perspective
projection 23} perspective distortion -2 F3 3
AR el B4R $ixE FE 4 olek ‘“”1 7h)
EH perspective projection &g %6}71 A why

o2e dArjdd(Fundamental) &9 JEslE &
a2 T8k wbdF projective basisE 1%%}% Y
ol gt} ¥ Z=FoAE projective basisE ©]-&35}o]
perspective projection 3PS 7Rk FH$ oAkl
AFARAE 7= m=1[u, ]}
v1Telz e 4 wHES AU
3L Tl A w=1x,y,2 023 & o
H-&(pinhole) 7Pz} Bl 29 F4e] mjA=E=
A= 32k TR 2419 $)A (L7} (2)2}
Z& IAE gk

L=
2 &

el

m=1[u,

= A

slu,0,117=P [x,9,2,]7 M

g 3R o1 Ak FHAE A
s lu,o N"=pP (29,247 (2)
s9t s 2 #H9E AAld8(scaling) £L4o)s P}
P& H3E 247 aga BA%] perspective

(432)

projection 3¥-& VehAck projective basisE 083t
o 32 MM A AS QAo T
gk o]Z A #g- dAke] HES olnl U gl 33
A FAe] Euclidean reference frameellXe} $13, &
W=[X,Y,z1]°l A& collineard}A] HE157] $4g
8&o| perspective distortion s&Eolcl. wel w o] AF
FAE o A 3 2o] Yl 4 9tk

/1i[x,-,y,-,z,-, ti]T=D[X,‘, Y,‘, Z,',l]T (3)

(i=1..,n) i< projective basis

Av A8 84051 DY perspective distortion

FPE  4x49] FZ7]F ZeErh Y9 perspective
projection &3} perspective distortion 3PS F3}3}
o AMow Fdshd
lu,0,11T=M[X,V,21]7 4
lu,o 1"=M [X,V,21]7 ®)
M=-Lpp ©)
M= —ser’D @

3zl M 3 M-S perspective projection 3HT}
perspective distortion 3™, AA|Ud¥ 842 ¥ Fsl=
o}

2. A3k RGB A4 37

2AgE wl7e SR deodatela] B4 Alake. slzl
EFAY 49 34 & o, A ARE o &
491 S Al duk e e e Ea o
2 el 4= RGB AAheAhe Aol 19
He ol9} 2 A AW ¥ 2L 34y )
Aeom m¥=ch aeh) RGB e 3 Ak
st ofu]e} 3-?'JE(Bnghmess)Ehl = v AR
o] Hisglol| oM Fho] Wk S XeE)dt o wr
ke 299 Aol g W37l 7 2 o
Qo] Hck wWebd A Q) o] HE Ao A=
Adgres st & ¢ slok A o)
vehd 5 1% 39 3t

\_

1_ 37
U= TR



20024 TH EFLBEFIGE

b= ®

,_ R e B
R+G+B' ¥  R¥G+B'°" R+¥G+B

of #, @zl Ad 4% Afolefli=
r+g+b=13% 2L AL Agstae ke A4
L rg AETMOR Y S Qlek AR 4
AR Fxzel o3k 2 FFL A F AT ¥
2 ope}, #wel] | WA 4 g T AETE AHY
223 Axle] FaElel Ag] ARke 25 4 Qlrk

v g b

.Gy
10.333,0.333)

Magenta Yetiow

3.0 05.05)

a2l 3. A3 RGB Axed
Fig. 3. Normalized RGB color model.

3. B4 Aol B E o4 AihAs

EA Aake) FEE o] 83t A4 wEe sl 2
a1 7 g FHAkel mlE] B4 YA S Aol
T3, 18 dabela 7 gavt s dode] Falel 7t
HESFE B oz HEkle A 7|8 de8E ¥
o} 299] do] AA=] AHF3E RGB Hdg3te)
Zhx slejeke 9] 7ol spvllel mdd) ue} of
7t o8 A B2 uelch oledl <& weisly]
HaiA Age Fa & 59N e B 3¢S
ol g3le] EAY MAREE A 99} o] FRARE
(Gaussian) £-2& 2y 4 glch w2ty 54 4
o] Rl VSRS & Wl S ZA ERE
g2 ] 3 e dAeE uie ARE A
Holebw ARk

1
2n 0, 0,

e""[l (Axd) = m,)2+ (A= m,)z}] ©)

g, o,

Z(x,y) = G(rx,¥), glx, 9)) =

Zx, e A HEE goln (x, 3 93004
49 AAE vepdck m o m, 2B 0,7 o,
= B4 Yake) Haps xFEwAjelr)

(433)

¥£39% Pl £48 73

4. MAWUPC (Motion Adaptive
Unmatched Pixel Count) Y4¥=l&

MAWUPC <xel&e A4 Arel 29 Axe
449 AgS $3she AWUPC(Adaptive Weighted
Unmatched Pixel Count) ¥¢32|&-$ 7MA¥ HosZ,
ZAstyAl sl BAlY A HHE o]4%t Ay W
#3449 ZHEE 4% UPC(Unmatched Pixel
Count) A4l 223 49 ARE FE3h= olit #
w PE](Discrete Kalman Filter)®} &3lAql Agfe=
o2tk Alqlste FulEe YibHow BAS
o] A A4 s P 2 FA ARE Y
Ag 7R ZAstuat she EAELS] AA EA¢
A9 FAeA wheir)h = B A EAE 8
A% 4 gl Aol gtk AWUPCE &4 A4ite] &
Ae) d9e FZ3] s Ak HEE e o
Aoz 2311 3kl EAQlel 2ls) Wt ugd
Jgol] w2 #BE e Foishe duelEeE o
Az} Zho] bl 4= ik

Weighted

awvpc=2xy.0 3 8 Ui a0

UG, g =
1, if 120, 7,0 —Z(, j, t=11> Th(Z (i, j, 1)
an
0, otherwise

(12)

Mz g ) = o] 7 tQ)—zsszZ}

Z(i,j, e WPag A3E [0, 261 HE et
Woghels Th(ZG, j,0)€ AlEo]=(sigmoid) T2
A za e daelld 9431 (1, ) s Skl sl
Ao} wHEgt Aol wet A4l dARE ATt
o] W Qgke Almmel= o] y|&7|E AAIUC
Aaxe|= ey JlEAeg A wEg o] £
shael]l M e 2R AAIGES AlTsle wiAe] &
B4 AE 7R EAG $Aqle] AHuste A &
4 e Ado) gtk A4 Wk ghell A (Dol
A e AgAq SAYE NEHRE Fue AL 5
A Aol gAlele BAIE A8AoE FEF 4 9l
£ 3] 243 Zlolrt

MAWUPC d8|&e AWUPC otwelZd] 239
ARE L3P Ha F 7R whEe AR’ A |
A e 22 Are wkde 98] o)Al bt e




~1

a2 e e
o 23] ol Zu
3}_—17_, ‘%}'éq os]o_;]I _%_
o] 9O E o]Rojzl SrlEE SE o)
W) Abe] WbgAle- o] &sti gluk o]e)

M Alzg] A2 Alglslaes A

Ui 7HA7] ghect 2] 7, fx ¢

2 o)oial Alzdlel e wgAe] AA: g A
+Rr AL po] 288 7= AEe] qlrh

ﬁ[+] 2.5 _2 0.5 D; @p,

e l=11 0 0 ber |+ | @y, (13)

Dy 0 1 0 Do Wp,

b:
21:[1 0 0] by | t v (14)
D2

Al (1302 A=) Akl wbAlel . (1) 24w}
gAjo]e,

F AR A FEE R 32 vkaaE
AHgskE Zlolch AbSAlRt BEE 2 ur ZER
e AEIP] ST JAGe] HAe 98 A A
Hob 2219 AHxol 9g $)x] J RS uledsid),
SM(x,)=N m,, ¢,° (15
Z'=SM(x, )Z(x, 9, (16)

MAWUPC(x,y, 0= Z (x5, I_EVN ingU( i7,0 (17
Ui, 5,0 =
1, if |Z(4,j,8) — Z(i, 7, t— D> Th(Z (4, j, £))

0, otherwise

SM(x, y)= 271 F7blA 7RS-Aet B¥E e

B2} vkram olat %}“P ejel os) oz A7
dXel 1< m, B FACR k3 5,79 TR

e} 2 & Aags Avel 23 cleaz g4
g el Akt B 7158 gke) AWPUCS) Esit).
5 PCAE o]_g_z‘s]- T oi/g-,] %:Al = %_}-_J_a]z

A EAA 2 o] ARl A 2 2A9
A8 32 2AYE ded e F29 d9e @
Fak o}l EAle] B} AEgl $E EAA RS
AEZ Fe, AT 29 Yl B g =9l

O oJLl-
2 v

2 3 374 91 A

(434

FHHR

ol Hespl 2 5 =S sz
del Al $4E 22 AW slee) Ay
A EAe Fe) ANE olgehs wpEs A4 Ww

E o83z o E rold Az 4 olch WA
P JRE o]gsh= w0 F Hough Hzhe o]23}
o 99 ¥HE FFshe g¢welBe] RO. Duda®t

PE. Hartell ojsix] 2802 A7|=EAqck ax)ut o
o} zke upyl-o- 3a191e] A4 T7Hparameter space)el]
A, AZF13(right circular cone)®] AFHE Alilslo}
3p7] wiell AAZEe] BlEgAHolhs WS 71A]
I ek o19] g weksly] 9% Kimme 432]2&
< 22He] AgtelA Aol A AR}
ohel 220 At HAle] ARE el
Hough % 432]3& Kimme ¥3259 $E2 7
A7) ey AdEdel™ oheog Ae o)gs)
o EAY FAS Feh= whow CAMShift 0|
7IEM ek CAMShift 2572l22 Mean-Shift
5 A9 A 2 7H’ﬂ§'} HoeZ o7 %
g9 hENiteration)& F8 Folzl AelA 71
7H- e FAFAS FHA-9 #H3Hlocal maxi-
mum)<- 7}}-“;_-1:}- ole} & %ﬂ]g} e == xu/\l- 2

T ol83te] F dale] A AL i
F W 25 wWekA(directional) 9] i3] Q)=
A AsA Ao S 99 e 3
dErhe wHel ok 29 4% Hough WSk}
CAMShiftE o]-g3ted 7o} A& F] dAfolch 1
H 4ol Bex|= wle} o] P9 FA1S Paley)
A7l AR AAS] st B =Folale Ak}
el ARE o]83la rjokglt zHBANME Al
el & 37l $18 PCA (Principal Component
Analysis)E ]85k}

PCAS o83l o] 3418 sh= FAHL =7
7 7o s FRlske s 1Y oo muy
-4 3"\‘:’ HHoZ proiRich B4 Axke
g A2 AY Atk =
Wkt 718 dejsle] 7 7 o
T e 4o :1" %84<] Eigen-

Ak

Fe- 4
2]

gune 01%6}1 =4 7 o
o]_a.s].l _\__a]-xu + o:l/\Lg
2o BFe AHgsh] B9 7

| e}

Mz

WP} 4

7 A 4

©

29 BFL olgh ols) o]



20024 78 BTIRERGE #£398 SPHR F4 %

(e) ) ()

(g)

a3 4. A9 FAE il e
(a) 48 <44} (b) Hough transform& o] &3}
o g 9] H=A, (© oF 94, @
hough transforms °l-§3le <o FHAL
AR Fg 94, (@) 1Y 34, () CAMShift

£ ol8ste] 7 A FA, (@) ¥ <34,
(h) CAMShiftE |83 49 FAL 2F
T 3

Previous method to extract the center of the
circle.

(a) input image, (b) curve of the circle
using Hough transform, (¢) input image, (d)
curve of the circle with error using Hough
transform, (e) input image, (f) center of the
circle using CAMShift, (g) input image, (h)
center of the circle with error using
CAMShift.

HEennN
1=

ol
ﬂjﬁﬁﬁﬁ
d4dA0

J8 5. Fd 7 g4 d
Fig. 5. Example of trained circular image.

Fig. 4.

Bge SRl T Gae] Y RS olgResy
7 o} AT Sl A BHE B Y B of

(435)

75

vz} sht = T oRe] Ak ARakg ol 8sh] wlE
o Al A7k EY 5 ik oRkE 2EEA ¥
Hell ARG b - ofake MapE g 7brt 1997)o)
o o}F A Eigenvalue?| %%F I + e %
kg olggich A 7 gAre 1998] A4 FollA
9golu], =4 - AR 84, Wb T Ak 8%,
3 gake 8otk oyl 5% 2] 2] ¥
uhekg delsio] Fu ogake] ool

o A7k qlEEE dalezRE W9 TS TP
A8 HA 7 o] gl glella] Mo wFE G4
& B3 49 FA Fuel AF FHE Y 4 9tk
ol MAWUPC #3534 73t 94499 gl
A AR HEE odake] iz AR dizpd wies
projectiond § Foll AEE A5 FEE AR F
AlS U9 FA Fue A% 23 W A F
Hel XE FRE FAoz 9 A5 AEL w3}
AFIAA F G AR} o|3A A3 41
< principal componet2H A3k viehict
principal componentE AH8-3led AT A
D}‘%ﬂ]— 7&_1:}_.[15]

I'={y, 7o, 7 vl (19)
w=u;,(I'-¥ (i=1,2,...,0) (20)

¢/= ﬁla), u,»+£l" (21)

F/: @/+(IT (22)

r & NaNo| sk slg kg welsigt 7o)
2 owE dHANA HE vE owa olE A

principal component ol Fe38le] D& sER|Eo)
o ATEE At relth Le ARgEs
eignevector?] 7jolct. o]} o] AR At <l
Hogab ok AR 44 0, Alolel et A
2lE AXRI ol9} o] Aasiyl galst ATAR
Adate] f-Zejvid(Buclidean) Hels wlasle] §Z
2]l A=rb 7P 2L AgsiE ogake] o) 34
I ZolE ol Aol ZF F dake) HEzql 9
A Ago2 AL A Ak} A"
e fEEYd AEE wiaske wPpES block
matching ¢72]EE o]8]) 18 6+ S 99
FAS HIAAZEA AFsidE ddez e 34
< FHE 7182 35 25ka, Aks) 23k £Ao)d




76 €L vjAE sute

M owlaslgien] AE> AF FE HolE JEeR
FRA, AE FH22 B 7]HA v asiglch

| EEadd
T e dddd

a dddd
ddddd
ddddd

hﬁdﬂﬂﬁﬁddﬂ

a8 6. 7‘5‘%5}% T A4

(a) block matching ¢72]Z& (b) ASFHE
71E2 2 Akt A4 (o) A8 FHHE A
T3 G4, (D ASFR22 AT 44t
Normalized circular image.

{(a) block matching algorithm, (b) Nor-
malized images with length of diameter
candidate, (c) Normalized images with
length of diameter candidate+1, (d) Nor-
malized images with length of diameter
candidate+2

Fig. 6.

mixloto 2 HEshiciels xEdl o] Fale &
3} f-3=idd A=yl 7R 2 AgslE gake
3 FHoisbd 1719 34E onlle] BBk 14_5}%
4 otk whA o]T grlle] s fle] FAFRE
T e o] AERich #HE3Aq Ao e T
Sk HbH-L o] FAs} 7l o)e) o] BRI
o] e vk A= Sl g8 AF S e
LAE o)A & o] AR A9 S 7= 5 ok

s

V. 255 EXH9

— [om- = |

H

J_(_I

e
o
e

1 3%H A F4e) o153 34 A
7 7o) 3391 914 7k olgslod Akshe 33k
d=EA 92 Zo B @S AN 5 gk 9

(436)

2§33 oY A

FHR 5

U BY b x4 7o) PIGoR YukHel 4
Folxe 8 7] A (X, ¥,, Z)), ¥4 79
HAAE ( X,, Y, Zy), LA 79 AxE
(X3, Y3, Z3), =3 9] X8 (Xx,, Y, Zy)
°o]aL 3AH 31 A9 FAe) AAE (X, Yo, Zp)
gt & o

X():( X1+ X4)/2, Y0=( Y1+ Y4)/2,
Zo=( Zl+ Z4)/2 (23)

X% T"{J—i AL "Edl), Y& F4e
2 3-E W(pan), Z&F FA 029 AL Q(yaw)t
3 Aejgict o] o 7 & FAlozel AL thgy
22 s B 7 5k

pan=tan "' —2 =2k = tmn -1 }2: Z‘) (24)
tilt= tan ! Y; ;00 -1 f.:: Zq
= an G (25)
yaw= tan _lﬁ = tan ”——H (26)
= tan “‘—*—‘;(,i: %o

2. 4¢] #9383 occlusion)

32K 1EAA N Qe 49 F FAblA & ot
o2 AR d slejA e FA1e &R )
< 7t 7 e Alele) ARl eah 44 WeE
Hoful= 79l dAgAbe] R Aoz 753
AR 32 (PR A48 o] WA= A
o= 7} e} FAlele] o] HRE o4l wag
79 94 A €A A #%E 2AY 4 gk
& o] I Foll HiAto] WA S e
34 Fo} ThE 7 Aele] o] ARE olgslo e
3 7o) 3A14d $1A] Fh& G& 4 Uk

(X, — X+ (Y1~ V)2 +(Z,— Z,)2 =200 @)
(X, = X9)?+ (¥~ Y +(Z,_2)* =200 28)
(X, = X)?+(Vi~ YD +(Z— 20 =400 (29)
(_Xl_;& X, )2+(_Yﬂi ¥,)?



20029 TH BFIBEHNE H3VE SPR BH4¥

Zy+ 2,

; (30)

+( —-Z)*=100

@D, (), ()= F4 T} o 7 Alele] A
2 Jeplie Aoln 4 30 EAl9 e B4 7
ste] AzlE vl Aelch. $19] 449 A E9
the At o] ARl A7 A rof 339 F
el AxE ¥ 4 ek

X, A Xy~ X3) A Yy~ Yy 2 Zy— Z 7}
Y,|= {2( X3— X4) 2(Y3— V) 2(Z5— 24)]
Z, -2X, -2Y, -22,

X, = X%+ v, - vty Z,2- z,®
X"}Z_ X42+ Y32" Y42+ Zgz_ 242
-4 X,'-4 Y,2—4 Z,°

3D

V. Y 2y % En

1. A8 37 2 Ay A3

B =Eox Asle 28 FElE o]4]) 3
A4 Qe wHE AYe B wiAE 2
dubdal fAoA Agsslon Weld M AFE A
oA C/C++ Adotg o83l st shllzhe &
< G4} ZzF 20%2409] WNEE Ze [EEE 134 7}
o2l ¥ g o] &3kt MAWUPCE ol-43le 54
AAFe] $IXE di&she AddlA A (99 A e
IrE O B =Fd A" MAWUPC %
AWUPC 4ol AR 448 48 4] (12)9] Qg
& e AYeEyy A $e IHE FE 0o
A=sigty. UPC |4kl wiRe 8lste Ao &
We] =7]el 2N+1) £ 3& AMERlE, B4 S
W T akel A8 98 AR 24 999 2]

3 e Zr)e 0 AHsch 2] 94 e 2
e 27 =zl dgshe A 7 oy A
7ol 158] =& gteg MdAsixct

®»

(a)

(437)

77

(e

ag 7. 4wz 53]
(@) ¥, (b) A Atsl (o) Aahdgt
A}, (@ HHGY <M YAHEE, ()
MAWUPC A=}

Fig. 7. The procedure of color transform.
(a) Input image, (b) Color Normalization, (c)
The result of color transform, (d) Color
transform in the search region, (e) The
result of MAWUPC.
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Table 2. Comparison of robot arm and mea-
sured input device's motion.
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X(em) | Yiem) | Zlem) | X(cm) | Ylem) | Zicm)
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41837 | 01007 | 0.243%

6.2136 | 00761 | 0.0377

-0.1032 | -2.1684 | 0.2842

00354 | -40618 | 01095
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-0.1045 | 0.2328 | 2.2456

01934 | 01862 | 3892
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olalviololo|lo|lo|s

-0.1807 | 0.2843 | 58983

10% 101548

Rotation (pan) Rotation (pan)

15 14.8967
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Fig. 9. The extractions of the circle’s center.
() Left image at the reference frame, (b) Right
image ‘at the reference frame, (c) Left

J% 8. AT A A 332

@ A2 <18 94 0) $2 98 9, © image after trasnslating Scm to Y axis, (d)

A2 Az oA (d) = A 94 Right image after trasnslating 5cm to Y
Fig. 8. The results of to extract the center of the agls. . DR

circle. 2. 7 A8 Ay Az

(a) Left input image, (b) Right input image, 919 7+ #2w AlY AFE upEro g Alkshs 33}

g e g (@ R g e o) 498 A 3 M 9
sk AR MR Tkl B $49Y

(438)



0024 7TH BYLSE®HGE

% Aleld $ AUEE Open Inventer® ol-§3h] )=t
Hg.om 7F 34 Ala”le) 329 339 229 A
Hete] dlole] A wpH-e TCP/IPE ARSIt
d 102 FEE 339 239 Are] osix g
7Rl B 24 BolFy qlch ol A
23 3391 A ARE sMF E49] 2X90e Ao
# a2 glom 33 23y FRlelA] Aol AR}
o] Aol & = gk

38 10. 7K B9 AT o A=A 2
Fig. 10. Motion of virtual object.

£39% SPR F 4% 79

B =Rl AHEHS FiEieiE] AAzkewn
s 29 Jalogye] ARk 33K H A
o) g2lql AuE FE3l W 872 QEjde]x
& ATshs Ao Adsidcl F9- ko] EAH
& olgsl §ly A RAYS FAH3] A
8 Aol 7 7} A e A, fAYe A
S EgAHoE A3 MAWUPC YuejiEs Agkslsd
L zb o] FAE &3] A PCA €aeEs
ol-43lgth 4709 BA g [l o FAUE
317] el ko] EARE o] 48t g i
2he] AAJAIE T = e, &4 7ok - Akl
Aol dAsr] wliol e F Felld AgAEe]
A7l o] e 33 HIE 45 5 e
Aol glch PCAE o83l FAstuAlsl= 72 &
AE A ule T oAk deeh e A4S =
F aEEy] sl 7)) e gk o838l
e} FAE A whel vld wig- &gHo|ct o)9}
e AFE wAE 7R g 331 9lH AA A
2gle dwe] Aejdgeld A9 mRgle] ExkE
7e 7l M E AR 4 glen, 31 &3
& AR FEste] 7MY e Ak 2eE-
32H8-8 7hssH ssdch

Higkshe EA AU B4 RS =¥ A
242 AeEld & o ol Izt FSEe] A4S
2h8-2 A4 5 glrkh Aljkle BAle M 374
A¢] ol AR|EH b olje} Aal sieztel] At
= EAE Rl AA sheele] XY 7P
Fhilete] 23S 5718kl 58 5 otk

g HE

[1] GRBradski, “Computer Vision Face Tracking

Component of a Perceptual User
Interface,” IEEE workshop On Applic Vis,
Princeton, pp. 214--219, 1998,

[2] Kazuyuki Imagawa, Shan Lu, Seiji Igi,
“Closed-Based hands Tracking System for Sign
Language International
Corference on Face and Gusture Recognition,
April 14-16, 1998,

{3] YWu, TSHuang, “Human Hand Modeling,

as a

Recognition,”



50

[6]

[7]

(8]

[9]

~d#He wH

Analysis and Anmation in the Context of HCL"
ICIP'99, Vol. 3, pp. 6~10, 1999

THe, and KEKaufman, “Virtual input device
for 3D systems,” In Proceedings Visualization
‘93, pp. 142~148, 1993.

RTTsai, “An Efficient and Accurate Camera
Calibration Technique for 3D Machine Vision,”
In  Proceedings CVPR®, Miani Beach,
Florida, pp. 364~374, IEEE, June 1986.

“What can be seen in three
In

on

O.D.Fuageras,
dimensions with an uncalibrated stereo rig,”
Proceedings European Corference
Computer Vision, pp. 563~578, 1992.
Z.7hang, ODFaugeras, R.Deriche, “An Effecive
Technique for Calibrating a Binocular Stereo
Through Projective Reconstruction Using Both
a Calibration Object and the
VIDEREIL:1, pp. 58~68, 1997.
HGKim, NHKim SCAhn, “Skin Region
Extraction Using Moving Color Technique”,
The 4th IEEE Interrational Workshop on
Intelligent Sigral Processing and Communi-
ation Systerrs, pp. 73~33, Nov. 193, Australia.
Fo9, AYET, A, Y, “Udede R 7}

Envirnmont,”

F M R(IEEH)

20000 we{lisha Mgt &4
(Z3hap. 20024 zEdiEts HAg
gt Z(F8AD. 20029 29~
Al 25714 HCLLAB o
TR <FAEel: AFE wlA,
4}FA%, Human Computer Inter-

action, Hlo|&8] §3 53>

(440)

Hg 7k g & 33

[10]

[11]

[12]

[13]

(14]

{15]

4 A FHIR 4
A RS QIR & AlaA QA Ax®E) gigrd
AF28ps] =EA] ABA 59 4F5 pp. 70~82
1999, 4

olE, “AFE WA o4 ARG A &
A AR 28" AR Y A7)
sJF 4JAF3}9] 3 201, 2

R.GBrown, Y.CPatrick, Y.CHwang, “Introduc-
tion to Random Signals and Applied Kalman
Filtering,” John Wiley and sons, Inc., 1997.
RODuda, PEHart, “Use of the Hough
Transformation to Detect Lines and Curves in
Pictures,” Comm. of ACM, Vol. 15, Nol, pp. 11
~15, Janu, 1972.

CKimme, DHBallard, JS@m@ “Finding
Circles by an array of Accurmilators,” Comm
o ACM, Vol 18, No. 2, pp. 120~122, Feb,
1975. - '

YCheng, “Mean Shift, Mode Sesking, and
Clustering,” IEEE Transactions on Pattern
Analysis and Machine Intelligence, Vol. 17, No.
8, pp. 790~799, Aug., 19%5.

MTurk, APentland, “Eigenfaces for recogni-
tion,” Journal o Cognitive Neurcscience, Vol
12, No. 1, pp. 71~86, 1991

S IR

R 1 HEAR) |

1988 Ao AAlEFE 2]
(D). 19900 d A-gd AeiA ST
3 Z2(FARD. 1996 A2t
AelAEZa 2FPD. 196
~197d  Univ. of Southem
California M:H'l 19973 ~3

A FFAArIedT Arivid Al AddF

. <FHPARol: 1T
=94} HAI

A5, AR, G43E, o

4>



20024 7TH ETFTREFGE

¢ & HOEER)
1996 AN Ar]FE EQEFE
Ah. 19984 A H71gsts 4
(F3AAD. 19983 39 ~&A) - 3=
FH8l7 1A TAEKIST) dAtvicieisd
} e dsd <FaalEel: AFE
B4, E3 kAL Human Computer
Interface, IBMR $41>

B & g(E&R)

198219 Canegie-Mellon
Electrical Engineering &(F-3Ah
19863 Univ. of Maryland System
Engineering &4 (T4 198
d Johns Hopkins Univ. Electrical
Engineering  (F344h 19924
Catholic Univ of America Electrical Engineering (¥
shah 19839 9¥~1995d 29 white Osk A7&
Principal Engineer 19921 99~199%5d 29 Univ. of
Maryland Part-time Asst. Professor 19965'd 3 ~&i
s Ar) - Az} A FERE Yas <FIA
Fof:oln|z] dHele] §3, FAXE WX/FAH/FH,
S EAE>

Univ.

(441)

$394% SPH &4 81

£ M H(EEE)

19749 =3gAs AREE
B ZQ(Z3AP. 19824 Univ. of
Kent (England) UK Ax}gshst
i (MSc). 19854 Univ. of Kent
(England) UK #1333} (PhD.).
19934 794 ~19Md 64 EF Univ.
of South Australia Q7. 1977 129~ &
F}3}7 | A FUKIST) YA, <FIAlEok: 4
A+ A28 VLSI %, AN fusion, W d4dxe],
2832 Bl A2, 7PAEAE interface, A-1E9
2 §A MPEG4 5>



