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Abstract: This research describes the development of a system that estimates the natural finger postures
of a user’s fingers from the images captured by a fisheye camera attached to the center of the user’s palm.
We consider that the flexion of finger joints has a dependency because each finger joint is not easy to
bend individually. Our method can estimate finger postures easily by applying inverse kinematics with the
interdependencies. The finger postures can be estimated by detecting the fingertips on each image and re-
ferring to the following preset information: the positional relationship between the camera and the user’s
fingers/fingertips, the length between the finger joints, and interdependencies between the finger joints. Our
system only requires that a fisheye camera be attached to the center of the user’s palm to detect fingertips
for estimating finger postures. This implementation can help to develop immersive AR/VR system because
of the user’s freehand. We applied the interdependency proposed in the previous research to our method to
estimate the finger postures, and simultaneously measured the flexion angle of each finger joint using optical
motion capture to calculate the error. We experimented with a new dependency relation derived only for the
thumb and confirmed that a more consistent interdependency could be derived.
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Fig. 1 Attaching the omnidirectional camera.
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Fig. 2 Overview of the proposed method.
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Fig. 4 An omnidirectional camera image.
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Fig. 5 A binalized skin color region.
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Fig. 6 Template images.
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Fig. 8 A result of fingertip detection.
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Table 2 Movable range of finger joints.
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Fig. 11 Interdependence of finger joints in Ref. [11].
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Fig. 12 Motion capture markers.
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Fig. 13 Interdependency between thumb joints.
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Fig. 14 Averaged interdependency between thumb joints.
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Table 5 Error rates (thumb).
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X 15 AR A< AHLOKT
Fig. 15 AR pottery wheel throwing system.
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P MP CM

levell 2%  14%  11%

A level2 | 10% 9% 13%
level3 1%  20% 7%
levell | 20% 6% 20%

B level2 2% 1% 20%
leveld | 14% 10% 16%
levell | 28% 4%  19%

C  level2 8% 19% 28%
level3 1%  24% 24%
levell | 27% 49% 24%

D level2 | 11% 43% 19%
level3 5%  39% 22%
levell | 50% 31% 49%

E  level2 | 42% 31% 49%
leveld | 46% 34% 50%
levell 4%  43% 3%

F o olevel2 | 14% 53% 3%
level3 0% 51% 33%
levell | 16% 13% 29%

G level2 | 18% 16% 30%
level3 | 20% 4%  26%
levell 8%  44%  48%

H level2 2%  33%  43%
level3 | 12% 40% 47%
levell | 14% 41% 49%

1 level2 | 22% 30% 46%
level3 | 22% 36% 47%
levell | 40% 40%  48%

J level2 | 30% 37% 47%
level3 | 30% 31%  44%
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D level2 5%  39% 9%
level3 9% 29% 15%
levell | 38% 10% 34%

E  level2 | 30% 11% 36%
level3 | 30% 9%  34%
levell 0% 29% 18%

F level2 | 20% 41% 28%
leveld | 12% 38% 27%
levell | 14% 3% 9%

G level2 | 12% 1% 8%
level3 | 20% 6% 7%
levell 2% 29%  31%

H level2 8% 20% 33%
leveld | 30% 21% 44%
levell | 20% 21% 30%

I level2 | 20% 20% 31%
leveld | 24% 23% 34%
levell | 36% 21% 29%

J o level2 | 24%  19%  30%
leveld | 24% 11% 2%
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