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Inexpensive Visual Motion Data Glove for Human-Computer
Interface Via Hand Gesture Recognition

Youngmo Han'

ABSTRACT

The motion data glove is a representative human-computer interaction tool that inputs human hand gestures to computers by
measuring their motions. The motion data glove is essential equipment used for new computer technologiesincluding home automation,
virtual reality, biometrics, motion capture. For its popular usage, this paper attempts to develop an inexpensive visual - type motion data
glove that can be used without any special equipment. The proposed approach has the special feature: it can be developed as a low-cost
one becauseof not using high-cost motion-sensing fibers that were used in the conventional approaches. That makes its easy production
and popular use possible. This approach adopts a visual method that is obtained by improving conventional optic motion capture
technology, instead of mechanical method using motion-sensing fibers. Compared to conventional visual methods, the proposed method has
the following advantages and originalities Firstly, conventional visual methods use many cameras and equipments to reconstruct 3D pose
with eliminating occlusions But the proposed method adopts a mono vision approachthat makes simple and low cost equipments possible.
Secondly, conventional mono vision methods have difficulty in reconstructing 3D pose of occluded parts in images because they have weak
points about occlusions. But the proposed approach can reconstruct occluded parts in images by using originally designed thin-bar-shaped
optic indicators. Thirdly, many cases of conventional methods use nonlinear numerical computation image analysis algorithm, so thev have
inconvenience about their initialization and computation times. But the proposed method improves these inconveniences by using a
closed-form image analysis algorithm that is obtained from onginal formulation. Fourthly, many cases of conventional closed-form
algorithms use approximations in their formulations processes, so they have disadvantages of low accuracy and confined applications due
to singularities. But the proposed method improves these disadvantages by original formulation techniques where a closed-form algorithm
is derived by using exponential-form twist coordinates, instead of using approximations or local parameterizations such as Euler angels.

Keywords : Motion Data Glove, Hand Gesture Recognition, Human-Computer Interface, Optical Indicator. Closed-Form
Analytical Algorithm

_ = .M B

A 3§ gdalolt it HFE T 2ap
-1‘_"{-1';.‘]3220(}!{‘.1 104 289 g
4 7 eli1ak 20006 59 1890, 22 20094 69 109 R . i ) )
495 - 20000 641 189) A g0 F 2Evol A, 714 &4, biometrics, &4 7Y



342 BEMZIST2I=ZXA B H16-BE HMI5=(2009.10)

A 59 vdgAEH HFH A7EEe] FAH B B
3 gtk o] F vlEe A HAFH ke o)~ 7
£% 82 s=d, o] EFHoz AlgsE dEHQ Ay
Eo| (2 Dol Fo1A4 it

53] £53& Ad2yn Fulo] Foff wix] o= 2lzkn
AFEIZEe] QEHol A Fubg AFFo2M[1], EH Ao
214, 7H484, biometrics, 24 A 5o Ty Folo]
F&3tcH2]. AT Azt HAFE T Qe Aol A7}
g Us 2zkebd AQE ez FRUske ARSI 4
A @) o9l e Azt HFE Y EHo|x Hu| 9
27 EAle ARH o2 o] 7|&g AHEEE FLEY4,
7H38 4, biometrics, B4 % T Ao Arjee A
2 djF 3ol AP Eo] 51 Qi)

ol2g Fu|e] 17l EAE A7 YA dxe A
glol £8HA A Al2dEwe AFEE AZHHQ HEHo
ATH7E SHH3-4]. A E5EA v ATE AL
A$E a7te] AuE ALEE whdel wE Aeol FA o
ol A&glofl= ofelgo] gtk olzg FHAeAM 2 AF
oM v d AlAgH H7be] HHE BE Fu| e B
o2 AMgsle 4837t e AV n4dE AaEE )
stz gl

AestEl 54 golg ZeBE 17te 2A A4 A48
ARESIER(3, 6], 2 7HAo] vl vMA sfe] i3k
AH3EH7)E oY) olg 7 olfE A EA dlolE
FHE7 fgoz g2 AlgEAE R drh webA
B4 deolg ZHe diFE A 2 HEE HFe

A7t P Qo)
fHFS
'] A 6—
i JJ #@cE
Ll

3XHH KL AL R é@a
@ w3

(38 1) 30 2lefH o]~ Fu[5]

2, Heotste HIFY M O0jE S2HE A|2HY
T4 % 83

B A7odE 27k 2H A4 A9 M2

el u A 71&g AHEF BT B HEWe A9
o 22la ujd Alxage] vl Eg W3] A &3] AL

He FE A dial Eoujd 9 g dybyge
2 B o)y wha e dE v e b|a] v]8o] Az
7t A @3l Fersta, 44 s dnglZe) dEE o
Hol gt} 53] Alge] o o) 7le] £712e] glojA
7t "ol wlg AZsA dehds 5A0 .

oje} & FHE FEY] YA B ApdAdE =
gt 2ofe] FatH AAAE dASm, &71g 4+ 8o
Fagozy A A& si@dstazt gk ol 7]Ed
Bo] ALgEe] od Holu} A Hejo Bata AAAE o
dAe] 2L YR o] 7= Ao ARH|A Y &
7tetat Zol B2 FEo] FAl6 A 4% A
ZAgde 2 715E AdZ 357 Jdoks L nes
71 913 Mol B =goA Ase vFE BA o]
B 288 Alzge] FAo] (2] 2)o Fo4 drh

HE] vHe] sy L Fel P A ez ¥
#sl=d vlsl, B vjde] 334 AR BY SunFeS
G g v dE ez FAEE A9 279l 2En
Gallgt v Y Fejo duFe AL Aol HolA A
3 AHge] EElElan, FE7A Y wE AL S50 YA
A ool = AP shed 94 ZHAY AsE IAS)
Al 8t7] o) o] Ao gAY AEL 47 o
+S ougch By olvet 4 diNWe] gtat A3 )
e BAE 54 3l7] AN Aee Y 9 430 4
A bt} o9} e H|AME Heo dnFe GHE F
3t7] Sl B dFelde HEF =l 2AEE FEA
23 g9 43 dnFL Fetnzt jid olg e
HAA 9 HIYo R Taylord AT71019F Leed] A-1117}
Ed, I 7|8 olojtjols RdE A< A HeZ o
#38tn, Y2 g Adste HdA F oshde A=k ARA
o g4 Addzm 7HEF F Y3 Zeo] FHE §E39
A2 v #EH 339 JAAE A doh o)y
3 dmeFEe Askeo] ulg AHoke Aol AW, EH4
H Aste] AREI} A gx, ZAA A6 Fad HHz
< A A Loz BEHY AT A gode &
o] git}

PC IS HIFE 84

LZEAN

Bl
L || e
S =
HIFER 28
diolel 232

28R AAR f

(38 2) Hetshs HIFL2M HojE] 22{E Al2H



12

. Al
S5 QMg

olelg 7% WA wHE Fua] A B AFolA
e BaZe A4 7T 298 3R AUEF Folv)
J% ATE FYBTh 2 71 ofoltol: &9 33U
49g 149 804 BHe 2goz Rastd mudYshx,
a2 8 gde) Aze A Adehs P4 Adg
o 22ln Hdz B9 2de) AREE ¥l A4 2
A8 /10 SYsa, S4Bl @ Ygez A4

s Aot 208 B8

3. FEHY XAX Sy 22F

€ HelA= (2 20 FoIH F8H Az 94 4
A2RE &9 3¢EZS ol J4 MY gnFe
AAg ol& falME 94 &9 2% Y dFse
Zle] o3t 1Y 3& &9 W #E ¥ RUdS H
FI ok 9714, i%} j& 4 &7 Hseg B &3
< vehdch. s Ee AS $ge BN, w,E 3
4% Welolm, ¢ N4 w, BB HAZAE eruch
o] 1YL v "‘—1 334 -r%-c 1291 3|d @de] =%
o2 FiE & USE ¢ F Uk g 13 A @
Ao $29E A &9 £5E {48 & A "o

a2y AFHH (29 3¢ FASE 1344 34 #de
€52 48 RS g} (2Y )= A BH) £58
BFR gl o7|M, r& A Fiolm, CE AR
w e o9 & Helrh o] aFA A F A wg
TRz YA ¢ WFe HAE HAFm ok, adx
o] 34 Z#AzA HBH 4o §F H Yo H2& 4
A Y& o]Fstqirt

grep yol 44 91x9 A (zhviet 25 Wk zu)7}
72tz g9t zola, FivlEle] FYmdo] Y=2g2 FoIA&

6 asa

y& i=1 =2 = i=4
Wu-.!l aa
\-._._/ ===

T
)| '
>

(33 3) 29 Ny 29

o

212t - HFE QEHOIAE M2HE HIFYE 29 OO S 343

ASols, Besl BA40 4YB.

zq = exp([W]@)Y, (1)

A714, we A% w WE] gdeeltt. Hu% 4

o] H& 3do dig] Eelog (DAL o Zo] 1H
& 4 ok

(zg - C) =exp([W)a)(Y, - C) (2)

@42 AFY olghA AgE7|7 2@FHo2 F o A
23 del2 AAME "avt o 71E9 HYME E3
Euler Zt-& ARE38HAl 5=dl, ol¢} & FHHQ vj/ds
e BoldE wEA =, F49 udgAL sEAAA
Hol 23 Heg g8 =&387] oA o] EAE B
g4st7] A 2 = oM (2) 4o A+ EY2E F
EA(w, 6)& A8 F53Q s glo] ¢ H
2l¢ P2 A/AE 4 & rodrigues’s EEE AME3
Rorigues’s formulal12]el 1A 9, thg3 go] HdE
& sdch

exp([W]@) = I +sin(@)[W]+ (1-cos(@))[W]

o] 4% ZUEY, Euer & AM83td AAHL wo)
Hlall, 5ol 24 o, 6o dafjM MPow FHH A
£ 7 Atk wEbA, 95 g t=tan(8/2) & A}&3
, AQ)E e Zo] EAet £ 47 Moz ¥

(2
%’dilF%'EHE 1H & A sHol 2% e ¢
E2¥ A dn

Nﬁo Mg mlo

mltz +m,t +m,

mt* +n,t+n, 3
oq71A,
100
I=(010|, m, = C+k,—k,ER?,
001

m, =2k, €ER®, my=C+k +k,ER?,
n,=el(C+k —k,)ER, n,=el(2k,)ER,

(38 4) &H nHe| 28



344 TEHMEIFES=IXI B H16-B2 R5z=(2009.10)

ny=el(C+k,+k,)ER, ky=(I+P)Y,—C)ER®,

ky=—[wP(Y,—O)€R? k,=W|(Y,— C)ER?,
e,ERYE #Z Wgo] gguEolti(o] oA 7Y et
S EYE Y, Aefd £ =RdAE Jlulzt 2E
A9 Z-%¢ #& W¥gez AAYL k, k, kE m,
m,, my, Ny, Ny, N9 EH] UF A1 FFE FEo B
olA, o] HEg YLedd Hedy] A8 B A%
g Z71goln}).

A(3)& 3d BEe] Mz A wEH F4 A A
ole] #AE RAFn gt nhyo] e, AW FHEAH
B4 A7 FAAE 2(3)E ol fste A §H A
Z+g AadE d F ik o] EAle 34 AEE nHsid
HAs FAR AT Pavt gk £ oS e
AAE 7t =99 F dAY, B =FdMertd gl
AHEEE e Foll sl HaAE HAHE 24 P&
dz 5o By

J=g-qlP (4)

A71A, g AGel o8 TR, 7= ¢o 2Rzl

A 8 Foj 43 BAE B4 Ao, A4S
A 1% azd %=0% Zol »W e pe 4%
g % 3ok

~

4ot +ett +et+e, =0 (5)

714, ¢ = (alb, +alb,)/(alb,),

¢, = (alby +alb, +ajb,)/ (afb,),

¢y = (agby +agb,)/ (a]b,), ¢, =(azby)/ (afb)),

a, = (m, —n,q), ay =(my—n,q), a; = (my—nyq)

b = (myny —myny), by =2(mny —myn,),

by = (myny —myny)

2(5)e] Fol7 ThEA WA AL 4]0 27 Heel HE
7HAcH13].

AG)E FAEE 1349 8d @] Gasy gxedF
& Zt 9o Az HEFoEN HA &9 IS
HA¢ 4 k. AGelA Ak 13491 3 B J4
4 gneFo] e AFE 7Hd 23 Feo dudF
o]7] Wil AzHoz A &£9 9 HY LnAFE
He Aibze 23 e dnelFol ddh

B2 &9 A4 £5L A dMste HHe 44
#% 9ok sAw o] whEe vj$ BE7] dEe, At
Aol ol FAY:, 27 FH< A4 LneLFE T
7] oldth= ol Uk WA Zzbe] 134 A Al
LEL £ o s W WA Id BEe FA
o HHgste ArgE 2§ FFE7t 2ol FE A

53] 449 849 47 B¢ 4% 2 #avd 42 2%
7b FEHY oA gd2 254EF o3t AR £ Utk
AT e &9 F+E 4 &b dAZE W
Ao 7F A7) Wgel, g 2z As) H st
AZ 7L BA 9k o FE disiM= g A9
Age 53 23 AFe ANWIAESF

4.8 #

B HolME 243 3N AL vFY 2A dolH
Fejuo| segojsl AZES OB T H5& AT
ok (2¥ 5 28eA gk H]Fd 24 dojg Zyu
BEAE FHF A E BoFa Utk A7 8 Aol Mo
2 EAY g 2¥e FeA A7 wHeig Rig
HelE 7R 2 gt} o] 8 AzE 6T 24 dojg Z
dB 2AE & 719 s ALgste 91F weM &
dech a22n de HAEL T8 B ANz 94 9
g Faia, 3HA Mg AN dnEL 4 B3
A EAY 94 A6l FHEEd, HPEe AHY A
7+ A, B AgolME b 034 m 2o $1K
o] nAF Ui, F4 A7) 512 x 3834 ol AF
AHEE AUeleE ohgae Y EAolth o] AU
1.20GHze] 28 Alo]2¢ 712 #HE$ PCIAAMATLABS
A e

(28 5)¢ 194 age vl$2A2E 2Ysy] de F4|
Ao, 2HA 1YL 9F vlg2E FYE Adelolm, 3
WA Oy 08% ufSAg Y Aeolt) o] Al 1Y

(D% 5) Mg AlU2|e, 1¢m, 24, 3Hg 38
2 EMUZ Fo|ME], 2% 0pes 28
REZIPL 28 YEHE 20FECL



o

& EX on

& AHun, &rjgo] ZolAA AloklA Al Ba ¥
BE oo more] B AR od 2 9A7 4 7
s3e $U% 4 Ao

gd&o2 o] 4 7} 9}-?—:': 29 ol s 38N

Aoke 44 4 dnelFe HEst, & FuHE HAE
Azt a¥ol (28 6)°l ﬂ-*itHE'—'. —1-0121 Atk (2" 6)l
A ALE Adste FBAY dandFe AHSEHAM BUd
&) gejolxn, A2 FHE F3l -'r'“{l- &9 Fejold. of
E Atol9] Aolgg F o F&3 B4sh] AdM B 14
A AEe AASAT A71A, 2L Hdd #H
Z3E @9 o€ FAY @Fo2 o AMsAH 7
Eo wAe] HmE 9IFA, v]dFe] HEY gmeF
Difranco®] #W4{[14]3 23 Fefo] 4y Lne]F< Lee
o BA15]e HEWUS ¥ ZAg=E A ANsAL
ol £9] AF}E B, AdstE WAL FFY Leed W4
of "3l ext&o] ul¢ Hx, A uHFe] wiEY ¢aue
79 Agxd 7H7he A £ 5 Urh

HFd 24 doje 2YBE AHEE &F4 A4 A
A BEE RAGA F2G FEo] A Aol & F Y
th 2 olfE AAT A&E ZEEZ 37 gl oy @
AR A, <E 1>A A Z3gE 47 98] 229
A AIZES <3 2>l AAlE

<& 2> BY, AGFE Ao A A% FF Y
A Leed] WA AtAzto] 7o 23, H{dFe] WHEF

7

Conigumton afer Mo

34
(8 ) Holsle susugnaag ues sue o |
in, 3901 T2 NG aels, 8

s B, S8 Gien 2o AHIE SoE0

rot

g

SIEAMOIAE M7HE HIFY 249 HIOIE 2HE 346

0|7} . ZHEEY

(g S| oTT

219l Difranco] € mEEel vld) ul$¢ He A& &
ckh <E >3 <E 2>9 ZARE Fs BY, B =
A A whAlo] 2l Hele &AA %I'IEJ% v
He AiAZtezE udye By odmeF Uy
¥ AEzE 7S €98 F stk

e
2 = A
oy oy 2 4)

(B 1) B8 S ¢ 248

Agt w2 Lee Difranco

Ready 0.1509 03325 0.1253

Left-push 0.1791 0.4137 0.1419

Right-push 0.1510 04144 0.1120

(H 2) HHZ SRHA AlZH

Aot k] Lee Difranco

Ready 0.1226 0.1350 0.4917

Left-push 0.1263 0.1264 (0.4832

Right-push 0.1214 0.1387 0.479
5d 8

2 =dAE A71E HFE 24 dojg 2EE A
ook & $49 AL b3 2o A, &9 33d &
AdE 144 34 Bde] FHYtez 23 sy =
qFsnt. B &9 334 FHYL VA 24 2dd
71Me HS Abgdte] 2@ 139 24 #d9 AU
o2 ¥ M3 RAYFo2H, diF Bl 8ol4E
Eola, Al A4 Al ALHE 3d BEE APAH B
@oz ARY & AU 2 g FEAEE ¥l
7l 8l AHEE A wA A 2dE & F AU
A, 235k BEEE ®ol7] M AY =] e
HY3te =Y 7129 23 e 43 H2y
& P32 Zol2RE HAH3 flo] YAz AN A&
S2M, Angte] Ag=st G2 dEE 72 A &
A 2 dFdME AAqe FEAEE Eol7] sM, B
AL HA3 gz Y ¢ndFe FHsEtn g
A wdel Aok 23E HH3 Al AT ALBaYch A
A, E7hge] J1Ed 84 FH83] A8 2 2 ge
9 FEH ANAE =]lstgoh 71EY vFY B H2
ol A &3] AHHE Mol H e Fay A zE
7k e 474E ey 844 S5 ofde Ao
FE3e], & d7dME S2EHA e 71 2o Yo
BA ANAE Edstn, 7129 A48 JEPE 29
Hog FEHY & AEE wAsYch B =FdA At
B4 & vheA S BAH IHA & F3o] HLP A3,
E71%0] &8 FojA Alofdlq @He] g 4zZg 7}
A ZRAAE ol BFe AAlzte] o8] 742 Q BA 9
AXE F3E F 8¢ FASAS. g, &9 2d
Felo] a4 gnF FATF H AMAICZE )



346 ZEM2IBTI=2X B M16-BY M53(2009.10)

[1] Jakub Segen,Senthil Kumar, “Shadow gestures: 3D hand
pose estimation using a single camera,” IEEE Computer
Society Conference on Computer Vision and Pattern
Recognition, Vol.1, pp.485, 1999.

[2] Vassilis Athitsos, Stan Sclaroff, “An appearance-based
framework for 3D hand shape classification and camera
viewpoint estimation,” Proceedings, Face and Gesture
Recognition, 2002.

[3] Chung-Lin Huang, Sheng-Hung Jeng, “A model-based hand
gesture recognition system,” Machine Vision and Applications,
Vol.12, pp.243-258, 2001.

[4] Stefano Pellegrini, Luca Iocchi, “Human posture tracking and
classification through stereo vision,” Proceedings, International
Conference, Computer Vision Theory and Applications(VISAPP),
pp.1-8, 2006.

[5] “VIRTUAL REALITY," www.cg.its.tudelft.nl/~fwij/aux/4-
Virtual reality.pdf.

[6] Takahashi T, Kishino F, “A hand gesture recognition method
and its application,” Systems and Computers in Japan, Vol.23,
No.3, pp.38-48, 1992.

[7] K. Rohr, “Incremental recognition of pedestrians from image
sequences,” Proceedings, [EEE Computer Vision and Pattern
Recognition, pp.8-13, New York City, 1993.

[8] J. Zhao, “Moving posture recognition from perspective
projections of jointed figure motion,” PhD thesis, University
of Pennsylvania, 1993.

[9] David E. DIFRANCO, Tat-Jen CHAM, James M. REHG,
“Reconstruction of 3-D Figure Motion from 2-D Correspon-
dences,” Proceedings, Conference, Computer Vision and
Pattern Recognition, pp.307-314, 2001.

[10] C. J. Taylor, “Reconstruction of Articulated Objects from
Point Correspondences in a Single Uncalibrated Image,” [EEE
CVPR 2000, pp.677-6684, 2000.

[11] Sung Uk Lee, Isaac Cohen, “3D Hand and Fingers Reconstruc-
tion from Monocular View,” Proceedings, 17th International
Conference, Pattern Recognition(ICPR04), pp.231-236, 2004.

[12] R. M. Murray, Z. Li, S. S. Sastry, “A mathematical intro-
duction to robotic manipulation,” CRC Press, 1994.

[13]1 I. Z. Emiris, “Solving polynomial equations: foundations,
algorithms, and applications,” Springer Verlag, 20005.

[14] D. E. DIFRANCO, Tat-Jen CHAM, James M. REHG,
“Reconstruction of 3-D Finger Motion from 2-D Correspon-
dences,” Proceedings, Conference, Computer Vision and
Pattern Recognition, pp.307-314, 2001.

[15] S. U. Lee, L.Cohen, “3D Hand and Fingers Reconstruction
from Monocular View,” Proceedings of 17th International
Conference on Pattern Recognition (ICPR04), pp.231-236,
2004.

[16] “5DT Data Glove Ultra Series,”, www.5dt.com/downloads/
dataglove/ultra/5DT Data Glove Ultra-Manual.pdf.

3w

ymhanl23@hanmail.net

MEdiga Z2 & ()%

Ah

Mgt Aol AEEetat AT

&}

MEd gt A7) (T EA AL

Az, VLSI AA dF)

20023 Aot 71ASE (AL FAREnH, A
Qo] AA 12, 28 Ao HF)

200213 ~2003d MF-Fd| vt S5 FATL AUATY,
ddadus

20044 ~2005 o] Fei A st A RFN T} AFAYRAL
ATy

20061 ~3 A FreFAbolv st FHFEFI AYRAL Fug

20073 ~38 4| International Biographical Centre (England),
Deputy Director General % Honorary Director General

20073 ~9 A World Congress of Arts, Science and Communi-
cations (England), Vice President

2009 ~3 A American Biographical Institute Research Asso-
ciation (USA), Deputy Governor

A ok AFEu A &4 Heln|tlo] 2 A g4 94, =}
o 9 2R o= A2y AZESe] Akd FHFE
o] A+ QlEHo| A, HR7|ES A% FHH} T




