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Spherical and Flat Surface Motion Sensing using Laser Mouse Sensors
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KUMAGAI Masaaki, Tohoku Gakuin University, Tagajo, Miyagi
Ralph L. Hollis, The Robotics Institute, Carnegie Mellon, Pittsburgh, PA, USA

This paper describes a sensing method for motion of a spherical surface. The method uses two or more optical mouse sensors,

detects circumferential speeds of the surface, and transforms those speeds into angular velocity of the sphere. It can be also

applied to a flat surface sensing by assuming that the radius is infinity. With weighted average of multiple combinations of

sensor outputs, the experimental result showed only 1% error in sensing. A particle filter based absolute estimation method was
also introduced. It compensates the position error by using pattern-filled surface and reflection sensing of mouse sensors. The
method was examined through simulation on a flat surface, which showed effectiveness of the improved method.

Key Words : Motion detection, Spherical surface, Laser mouse sensor, Particle filter
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Fig. 2: Three mouse sensor boards with fixing frame and drive unit.
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Fig. 3: Experimental result of ball motion sensing while the ball was
rotated by hand. Points with lines indicate trajectories of unit vectors
fixed at the center of the ball.
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(a) Input for the estimation; (vz, vy, w.) and four sensor readings.
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(b) Ideal trajectory (black outline with gray dashed line) and
estimated (red outline).
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(c) Distribution of particles (n=1000)

Fig. 4: Simulated results using particle filter for absolute measure-
ment.
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