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Perceptual Glove: Real-time Input of 3D Pose and Configuration of

User’s Hand Using Multiple Cameras and Its Applications

MAKIKO SAITO,H® YOICHI SATOM and HIDEKI KOIKE?

In this paper, we introduce a method for tracking a user’s hand in 3D and recognizing the
hand’s gesture in real-time without the use of any invasive devices attached to the hand. Our
method uses multiple cameras for determining the position and orientation of a user’s hand
moving freely in a 3D space. In addition, the method identifies predetermined gestures in a
fast and robust manner by using a neural network which has been properly trained beforehand.
This paper also describes results of user study of our proposed method and its application
for several types of applications, including 3D object handling for a desktop system and 3D
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walk-through for a large immersive display system.
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Fig.1 Overview of Perceptual Glove.
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Fig.2 Estimation of 3D position and orientation.
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Fig.3 Neural network model.

a) extracted hand region b) approximation with
rectangle

¢) normalization with translation,  (d) down-sampling
rotation, and scaling
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Fig.4 Normalization of input image.
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Fig.5 Overview of system.

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000 1000000000
000000 4(c)@

000000D00000000D000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000 4(d)MO000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000D00000000000000000000
00000000000D0000000000000
000000000000000000000000
0000D00000000000000000000
000000000000000000000000
12x 1200000000000000000000
0000000 144000000

4. 0O g

4.1 O0O0000DO

ooobOoooob ssoooooooobOooon
goooooboooboooooooodgosooon
gob200000000000CO0 1.5m0O000
gooooooooboooobooboobooooooo
gobobooobooooboosobboooooobooobo
goboooooooobooooooooboboooon
goooocooooOooooooboooooboooooboo
goboooobooog 20b000b00000000
200 00000000000000 200000



190 goooooooo

100%
75% I
M poor
50% M fair
O good

25%

0% 1 1 1
Position Yaw Pitch Roll
06 0O0300000000000

Fig.6 Performance evaluation of estimation of 3D
position and orientation.
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Fig.7 Recognition of hand shapes.
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Table 1 Control modes used for 3D object handling.

goooooo ooooo
Zero goooo
one 000 YawD
two 000 PitchD
five oo
point ooooo
ok oo

100%)

75%

| poor
m fair
[ 9ood

50%

25%

O% 1 1 1
No Yaw Pitch Move Size Hold
mode

08 300000000000000

Fig.8 Performance evaluation of 3D object handling.
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Fig.9 Application for indoor navigation.

goooooooooooooobocooooboooon
ooooboooooooooooboooboooboooo
gooooboooooobooooooooooDbonbo
ogo
gooooooboooooooobooooooooa
o900000000000000 4mbO00 2.7m0O
gooobo 1wkoboooooooooooooao3on
CRTOOOOO0OO0OOODUOOODOODODOODOOO
goooboooocoobooboooboooooooooo
goboooOoboo 3ooooooooooooooboo
obooooobooooobooooooooobooooo
0000000000 00O00000O00000 SGI
Onyx200 000000
gooooo3gooooobooobooboooo
gooooodgo200o0o0o00boooooooboo
gbooooooooooooooboobooooboo
OoO0oO0O700D000000COO00O0O FiveOODODO
gooooboooboooboobooooooobooooon
gbobooooooooooooooooooooobo
gooooooobooobooboooboooobonono 3o
gobooboooooooooooboooooobon
00o000o0oooooobooog 7000 Pointing
goobooooooooooooboooobboDbn
goooooooooooooooboooooooon
gooooooboooobboobooboobobooooboo
goooooooooooooooboooooooao
goobooboboooboobooboooooooooo
ubooobobooooboooooooooooobo
gobooooobooobooooooooooooon
ooooOo0ookOoOoOooooooooooooo
gobobooooboooooooood
gobooooobO0o0o0 woooooooooo
gooooooboooob0ooo3oooooooo

Jan. 2002

100%

75%

M poor
[ fair
O good

50%

25%

0% . . . .
Walk Back  RightLeft Up,Down Pointing

010 0O0O0OO0OO0OODOODOOODOOODO
Fig.10 Performance evaluation of indoor navigation.

gbooooooooooooboooobo 2000000
oo0ol1ooooooooooooooobooo
goobooboooooooooooobooooooo
gboooooooooboooooboooboboobooo 3
goooooooooooobooooowebboDn
gboooooooooboooooooooooaan
gobooooobooooobooooooooooon
oo s3sboboodgoooooooooooooon
gbobodoodooobooobooooobooOoobooooooo
gooobooooooooooooobooooooooboo
gooooooooooboooboooooobooaon
goooooooooobooooooooooooo
obooooooooooooooo

6. 0 0O 0O

ooboood20000000b0oo00o0000d
oooobos3sooboooooooooooooood
gboooooboobooobooboboooooobooo
gbooobooboooOooooboobooooooooo
udoobboooooooooboooooooooo
gbooboobooobooooooooboooooono
oooooooooboooocooooooooon 20
goboooooooooboooooboooobobobo o
gooooooooooobooboooobobooo
gooooos3soboobooooobooboobooDboo
goooooodoobooboboloooooooboon
gooooooooboboooooboboooon
gooooobooobooobooocboooooooo
goooboooooooooooooooooooon
gbobooooooboo3gooboboooooobobooo
goooooobooooobooooooobooono200
gbooooooooobooooboooooboboooo
goooboos3sobooboooooobooooooobon
goooooobobooobooooooooooooo



Vol. 43 No. 1 O000OPerceptual GloveDl 000 0000000000000 OO0OOOOCOOO 193

ooooboboboooooooooooooboboooobooo
goooboooooooooooboooooooobooboo
oooooooooooocoobooooon
ooooboooooooooooooooooono
gbooboooooooooobboooooobooboo
goobooooooooooboboooboooobooDo
000000000000 00000Polhemusd0O
ooboooooooooooooboooooooon 3d

ggooooooooooobooooboooooooogoo

goobooooobooooooooooobooooo
jobooobooooboooooobooooobooDo
goboobooooooboooooooooooooon
gooooooooobooooooooooooon
oboooooooooooo

oo OoOoooooooooobooooooooo
goooobobobobobooooooooobobbooooo
gooooooo0oooobooDbODbO0 m 09NP14010
oooooodooobooooooooooooood

o oo o

1) D00o0oooooooO0ooooooooo
00 (1994).

2) Turk, M.: Perceptual user interfaces, Comm.
ACM, Vol. 43, No.3, pp.33—-34 (2000).

3) Zimmermann, T.G., Lanier, J., Blanchard, C.,
Bryson, S. and Harvill, Y.: A hand gesture in-
terface device, Proc. ACM Conf. Human Factors
in Computing Systems and Graphics Interface,
pp.189-192 (1987).

4) Sturman, D.J. and Zeltzer, D.: A survey of
glove-based input, IEEE Computer Graphics
and Applications, Vol.14, pp.30-39 (1994).

5) Cipolla, R., Okamoto, Y. and Kuno, Y.: Ro-
bust structure from motion using motion par-
allax, Proc. 1999 IEEFE Intl. Conf. Computer
Vision, pp.374-382 (1993).

6) Maggioni, C.: A novel gestural input device
for virtual reality, Proc.1993 IEEE Annual Vir-
tual Reality International Symposium, pp.118—
124 (1993).

7) Cipolla, R. and Pentland, A.: Computer vi-
sion for human-machine interaction, Cam-
bridge University Press (1998).

8) Maggioni, C. and Kammerer, B.: Gesture-
Computer — History, design and applications,
Computer Vision for Human-Machine Inter-
action, Cipolla, R. and Pentland, A.(Eds.),
pp.23-51, Cambridge University Press (1998).

9) Sato, Y., Kobayashi, Y. and Koike, H.: Fast
tracking of hands and fingertips in infrared im-

ages for augmented desk interface, Proc. 2000
IEEE Intl. Conf. Automatic Face and Gesture
Recognition (FG 2000), pp.462-467 (2000).

10) Fukumoto, M., Suenaga, Y. and Mase, K.:
Finger-pointer: Pointing interface by image
processing, Computers and Graphics, Vol.18,
No.5, pp.633-642 (1994).

11) Segen, J. and Kumar, S.: Shadow gestures:
3D hand pose estimation using a single cam-
era, Proc. 1999 IEEE Conf. Computer Vision
and Pattern Recognition, pp.479-485 (1999).

12) Rehg, J.M. and Kanade, T.: Visual tracking of
high DOF articulated structures: An applica-
tion to human hand tracking, Proc. ECCV’94,
pp-35-46 (1994).

13) 0000000000000 00000O000OO0
o000 3000ooooooooooOg Db-1Im
Vol.J80-D-II, No.1, pp.44-55 (1997).

14) 00000000000 OOOOOoDUOOoOoDO
00000o0oooooooooooo 300
00oooOooooo b-1I Vol.J79-D-11, No.7,
pp.1210-1217 (1994)

15) Huang, T.S. and Pavlovic, V.I.: Visual inter-
pretation of hand gestures for human-computer
interaction: A review, IEEE Trans. Pattern and
Machine Intelligence, Vol.19, No.7, pp.677-694
(1997).

16) 00 0000 0000000000000
oooooOoooooooooOoOooooooo
O00000000000000O0Vol40, No.2,
pp-585-593 (1999).

17) Utsumi, A. and Ohya, J.: Multiple-hand-
gesture tracking using multiple cameras, Proc.
1999 IEEE Conf. Computer Vision and Pattern
Recognition (CVPR’99), pp.473-478 (1999).

18) Tsai, R.Y.: A versatile camera calibration
technique for high accuracy machine vision
metrology using off-the-shelf TV cameras and
lenses, IEEE Journal of Robotics and Automa-
tion, Vol.3, No.4, pp.323-344 (1987).

19) 00 O0O00000O0OO0O0OOOOooOooOoOoo
00000pp.12-47 (1989).

20) Freeman, W.T. and Anderson, D.B.: Com-
puter vision for interactive computer graphics,
IEEE Computer Graphics and Applications,
Vol.19, No.3, pp.42-53 (1998).

(00120 402000)
(00130100 16000)



194 goooooooo

goooooooon

1998 0 00b0b0ooooogd
gooboooo200000000
gboobooooooooboogo
oboobooobooboooooo
OO0OoOoooONECOODODOOO
goboooobboooooboooobobooooo
gopooooooobbboboooooboooooo
gob00o00ooooooobOobOobOOoOobbOOIEEE
VR2001 Honorable Mention for the Outstanding
Paper Award 0 0 0O

00 Ooooooo
190 000000000000
ooooodooobooobooo
e /| oo0oOo19roooobboooog
goobooobboobogoooo
A L O0O00CO0D0PLD. in RoboticsO
gdbodbooboobuooooboboboooboo
gooooooboooboobooobooobbooo
oOo00oo00o0oboooobooooooboooooa
gooooooobooobooooooboooo
000000 11o00o0o0oooodgMIRU200000
00od0ooOO0 1nooooobooooooboooono
00000000IEEE VR2001 Honorable Mention
for the Outstanding Paper Award(] 1997 Int. Conf.
Shape Modeling and Applications 00000000
goodbooobobooobooobobbooobobo
O0OACMOIEEEOCOOO

Jan. 2002

00 Ooooooo
191 0000o0oooooga
goboobobooobooobooo
/ goboooboooboobooo
. ooobooobooooo
- a goobooooboobooooo
0019940 1996 0 01997 O U.C. Berkeley 0 OO
goooooO0o0o0o0obOoboooboboooooo
00000000 Perceptive User Interfaced 000
go0o0o0oobobo0obooooooooo1991 0
goo0oooooooboobgoob200b0000
000 DICOMO’20000 0000002001 0 IEEE
VR2001 Honorable Mention for the Outstanding
Paper Award 0 0 O ACMOIEEE/CSO 00000
pooooooooo

=




