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Improved Finger Bending Angles Measurements for
Accurate Interactions with Virtual Objects

Hyuk Wang*, Sun-Uk Hwang* and Yong-Gu Lee**

ABSTRACT

Various virtual gloves have been developed for the past four decades. These gloves have sensors that
can measurc bending angles at finger joints and the positions as well as orientations of hands. Previous
rescarches were mostly concentrated on wilizing different kinds of sensors. As the technology matured.
more interests are given owards building virtual reality applications. Furthermore, due to the recent
reduction of costs, these devices have been widely adopted. Our particular interest lies in (hree-dimen-
sional applications where virtual objects arc grasped and manipulated. For these applications, it is cru-
cial to accurately measure finger joints angles for realistic objeet interactions with the virtual hand. With
inaccurale measurements, virtual hands would penctrate inside virtual objects after they are grasped. Or
allemnatively, virtual objects would be grasped beforc hands arc making any contacts with virtual
ohjects. In this paper, we introduce new design of virtual gloves for improved finger joints measure-

ments,
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Fig. L. Virtual hand penetrating into the cylinder when
grasping the virtual objcct.
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Fig, 2. The measuremenis of real angles on the back and at
the palm.
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Table 1. Lengths of phalanges
Index finger
Distal phalanx 2.5 ¢m
Middle phalanx 2.5 ¢m
Proximal phulanx 4.5 cm

Back/Palm of a hand

PIP

B ® ® Back
Dip m—— Dol

Fig. 3. Bending angle differences berween the back and
palm of finger joints in a virtual space.
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Fig. 4. Kinematics of a finger.
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Fig. 5. [lex sensor attached to cach joint (a) VirtwalGlove
Type B (VGlove B) with sensors attached on the
back (b) VirtualGlove ‘lype P (VGlove P) with
sensors attached at the palm {¢) VirtwalGlove Type
BP (VGlove BP) with sensors attached on the back
and at the palm (the flex sensors attached are
highlighted with dotted lines).
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Fig. 6. ADC value of Virtual glove and CyberGlove®
when bending or extending the index finger ()
Measurcment data for three joints {MCP, PIP, DIP)
of the index finger when wearing VGlove P (b)
Measurement data for two joints (MCP, PIP) of the
index finger when wearing CyberGlove® (c)
Actual bending motion of a finger.
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Table 2. Bent valuc, cxtended value and gain when bending
the index finger with VirtualGlove and CyberGlove®
(Unit: 0.008 V/ADC value)

Sensor Max. Min Max- Gain
position | Value | Value Min !
9
Vil |_MCP | 994752] 93 | 64752] 340
glove | PIP |279.9406] 88 | 191.9406] 0.297
(Palm) [ nip [1504257] 80 | 704257) 0.298
Cyber- | McP [1422517| 108 | 34.2517| 0.64
glove®
(Back) | PIP 1487285 72 | 76.7285| 0.74
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Fig. 10. Experimental setup (a) Three sensors attached to
back and palm of the finger to compare the
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Fig. 11. Distance error between the coin center and each
phalanx with the flex sensors located at the palm
and on the back of a hand.

(Distance 1 & 4 : between PP and coin center,
Distance 2 & 5 : between MP and coin center,
Distance 3 & 6 : between DP and coin center)

{(a) Distance error with sensors at the palm of a

hand (b} Distance error with sensors on the back
of a hand.
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