00o0oooooog Vol 50 No. 12 2831-2840 (Dec. 2009)

ARForce: Vision-based Multipoint Force Vector Sensor
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In this paper, we propose a novel vision-based force vector sensor called “AR-
Force.” ARForce enables users to measure the 3D position of marker as well
as the magnitude and direction of the force that are applied by fingers. Our
proposed system comprises a camera and an input device. The input device is
made of elastic body and it comprises two types of markers. One is a square-

shaped marker that enables a user to detect the position of the device. The
other markers are small circular-shaped ones that are placed within the elastic
body. The positions of the circular markers are moved when a user applies a
force to the device. This enables force detection. The input device has no elec-
tronic circuit or cables; therefore users can move or rotate the input device in
midair as long as the device is caught by the camera. ARForce enables users to
construct augmented reality environments in which they can manipulate virtual
objects by using finger motions.
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Fig.1 (Left) Appearance of proposed system, (Right) Captured image and force vectors. The green

arrows indicate the force vectors applied by the user.
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Fig.2 The simplified diagram of proposed input device.
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Fig.3 The deformation of force markers when a force is applied to the surface.
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Fig.4 The diagram of proposed image processing algorithm.
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Fig.5 (Left) Simplified diagram of ray path from camera to Force Marker, (Right) The green point
shows the projected position of moved Force Marker.
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Fig.6 Simplified diagram of experimental arrangement.
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Fig.7 (Left) Appearance of experimental arrangement, (Center) A xyz-stage, (Right) A 6-axis

force sensor and an rubber ball.
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Fig.8 Result of experiment 1-3. Each graph shows relationship between input force and estimated

force.
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Fig.9 An user is controlling CG character with finger motion.

O0ooooooooooocGoOOoOooOoOooooUooooooooooouoooo
gobooobobooobooooooooooobooobooboooboooboobo9bboOonoDOo
goobooooooooooooooobcoooobooboOoooobooooOoboOoooooboo
gooooboooooooooooboooooobooOooboobooooooooooOoooDbono
gboooobooobooooboooobooooobooOoooooOOoboboOoDOOooOoobooDo
goooooboooooooooooooboooooboobooooooboooobooooooDoboo
Oo000o0ooooooo0o0ooooooooO0oOoooooooooOoooooo cGgo
gobooooooobooooobooobooooobooooooobooooobooooboboooDooo

5. O u

goooboobooooobooooooobooobobobobooooDbbooooobooOooboo
0000000000000 000000000000000 ARForceOOOOODOOO
gooooooooooooooobooooooboboooobooboooooDboboDboo
O Force Marker 00 0000000000000 0O00OO0O000O0OO00O0OO0OODOOO
O000000bo0O000000O00000000O0O000000O0 ARODODOOOO
goooobooooooooooooobocooooobooOooOooooooboobOoOoooonon
o0o0o000ooo0oo0oooooo0o00oooooo0 cGoooUooooooooo
0O AROOO0OO0OOOOOOOOOOOOOOO0O0O0OOOO0O0ODOODO cGooOoOoo
goboboooooobooooobooooooooOoOoOoboOoOoobOOoOoOoOoO0obboOooDoOo
gooooooooooooooooobooOobooooo0ooooooooOoboOooooDboObo
0000000000 00o00oo000ooo0o0oU0oo0ooo0O0 AROODOOOOO
goboooooboooooooobooooboooo

gobooobooooooboobooooobooooooboooooooooOo3bcoooonooo
goooooooooooooooooooboOooooobooooooocoooooDoonoo

00o0oooooog Vol 50 No. 12 2831-2840 (Dec. 2009)

OOo0o0O0O0OD0DOO0000000C0O00OD0OD0ODODO000000C0D0OO Force Marker O
O000000oQoOoooOO00 IDO000O00O0oOoIDOODO Force Marker OO OO0
oooooooooooooooIboooooooooooooooooooooooo
gbooobooooooooboooobooboooooooobooooobooooon
ocooooOoooooooooooooobooo IbOooooooooobooooOoOoboOoon
ocoobOoO0O0O0o0o0o0ooooOoOOooooooOOOoOOOOOOO0OIDODOO Force Marker
cooooooobOOoOOOOOOOOOOOOODOOOOIDOOOOOODODOOOOO
ocoooO0o0ooooooOoOoooOO IbOO0O0O0O0OOO0OO0O0O0O0O0OOOO0O0O0O0000O

o o O 0O

1) Kato, H. and Billinghurst, M.: Marker tracking and HMD calibration for a video-
based augmented reality conferencing system, Proc. 2nd IEEE and ACM Inter-
national Workshop on Augmented Reality (IWAR’99), San Francisco, CA, USA,
pp-85-94 (1999).

2) Woods, E., Mason, P. and Billinghurst, M.: MagicMouse: An Inexpensive 6-Degree-
of-Freedom Mouse, Proc. Graphite 2003, pp.285-286 (2003).

3) Ishii, H. and Ullmer, B.: Tangible bits: Towards seamless interfaces between peo-
ple, bits and atoms, Proc. Conference on Human Factors in Computing Systems,
pp.234-241 (1997).

4) Kakehi, Y., Naemura, T. and Matsushita, M.: Tablescape Plus: Interactive Small-
sized Displays Upstanding on Tabletop Display, 2nd Annual IEEFE International
Workshop on Horizontal Interactive Human-Computer Systems (Tabletop 2007),
pp-155-162 (2007).

5) Ayatsuka, Y. and Rekimoto, J.: Active CyberCode: A Directly Controllable 2D
Codes, CHI 2006 Extended Abstract, pp.490-495 (2006).

6) Koike, H., Sato, Y., Kobayashi, Y., Tobita, H. and Kobayashi, M.: Interactive Text-
book and Interactive Venn Diagram: Natural and Intuitive Interface on Augmented
Desk System, Conference Extended Abstracts on Human Factors in Computer Sys-
tems (ACM CHI 2000), pp.121-128 (Apr. 2000).

7) Kohli, L. and Whitton, M.: The haptic hand: providing user interface feedback with
the non-dominant hand in virtual environments, Proc. Graphics Interface 2005,
pp-1-8 (2005).

8) Kamiyama, K., Vlack, K., Mizota, T., Kajimoto, H., Kawakami, N. and Tachi, S.:
Vision-based sensor for real-time measuring of surface traction fields, IEEE Com-
puter Graphics and Applications, pp.68—75 (2005).

9) Kakehi, Y., Jo, K., Sato, K., Minamizawa, K., Nii, H., Kawakami, N., Naemura,

(© 2009 Information Processing Society of Japan



2840 ARPForcell Augmented Reality 00 000000000000 0OOO

T. and Tachi, S.: ForceTile: Tabletop Tangible Interface with Vision-based Force
Distribution, ACM SIGGRAPH 2008 New Tech. Demo. (2008).

10) 0 0000 0OO000000000000000000000000 000 &g
ForceTileO OO OOOOODOOOOOOODOOODDOODODOOODOOODOOOODOO
0000000000000 0000000000 13000 (2008).

11) Jo, K., Kakehi, Y., Minamizawa, K., Nii, H., Kawakami, N. and Tachi, S.: AR-
Force: A Marker-based Augmented Reality System for Force Distribution Input,
ACM ACE 2008 (2008).

12) Landau, L.D. and Lifshitz, E.M.: Theory of Elasticity, BUTTERWORTHHEINE-
MANN (1985).

13) Zhang, Z.: A flexible new technique for camera calibration, IEEE Trans. Pattern
Analysis and Machine Intelligence, Vol.22, No.11, pp.1330-1334 (2000).

14) 000000000000 000000000000000000000 200000
J000d0dd0d00dooooooooooooooonoooooooonD ¢O0Vvol.e4,
No.628, pp.4798-4805 (1998).

(0021030 18000)
(0021060 4000)

O oo

2070000000000 000DOO0O20000000000000O
gbobooobooboboobooboooooboobooooboobo
gooooobooboon

a oo

20020 00000000000000000207rO000000COCOO
gobooooooooOooooooooomoboOooOoooobooOoooon
gbooooboooobooooboboobooooboboOobobooboooooon
goboodgo2oe0800b00o0ooobocobobooooooboonooobooo
goboooooooobooooobooooooobooooooo

00o0oooooog Vol 50 No. 12 2831-2840 (Dec. 2009)

o0 Ooobooooo

20 0000000000000DOO207rODO0OOODODOOOO
goodooooodooooooooooooooooobooooon
oo0000oooo0ooobCimo0ooooooooooooooo
ooo0o0oooooOOoO0ooooOOoOoo20robbOO0OO0OO0O0OboOoooOn
goboooooooo

oo do

1995 0000000000000 00DLOO0OOOObOOObOOO0On
gbz2o060000000000000000DOO00ODOOODOOOOCOO
gboooobooz2c07r000O0obOOob0ObOOO0ObOOoObOOObOOOnOonOn
gobooooboz2o000b0boooooboooooooboooooooon
gobooooboooooboooooooboooobobooooooooo

oo oo

199 0000000000000000000O000O0DO0O0O0ODDO1999
gbooooooooobooboboooooooooboboobbooDo
gobooboobooobooobobogbz2e020b00b0b00ooOoOoDOo
goboboooooooboooooobooobbooboooobobooooo

0 i

80 000000DOOOOOOOO1973000000O0O00000
ooooooooOb0OO00o000001ooooooooooooooDD
gboboooboooboooobooooooooosooooooooo
Oo0oOoOOO0OD0D019920000000001994 0000000000
goodooobz2oe0l0cbboooooooboooboouoboobbooboboo
googzoootoooooooooooooboobobooooooooboboooooooooo
OU0OOOOOO0O0O0OOUIEEE/EMBSOO0000000OO00OUO0OOOOOOIMEKOOO
O000OOO0IEEE-VR Career Award DO OOIMEKOOOOOOOOOOOOOOOODO
ooboooooooooooobooboooooboooon

(© 2009 Information Processing Society of Japan



