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3D Motion Sensing of any Object without Prior Knowledge
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Abstract: We propose a novel three-dimensional motion sensing method using lasers. Recently, object mo-
tion information is being used in various applications, and the types of targets that can be sensed continue to
diversify. Nevertheless, conventional motion sensing systems have low universality because they require some
devices to be mounted on the target or because they are based on cameras, which limits the types of targets
that can be detected. Our method solves this problem and enables noncontact, high-speed, deterministic
measurement of the velocity of a moving target without any prior knowledge about the target shape and
texture, and can be applied to any unconstrained, unspecified target. These distinctive features are achieved
by using a system consisting of a laser range finder, a laser Doppler velocimeter, and a beam controller, in
addition to a robust 3D motion calculation method. The motion of the target is recovered from fragmentary
physical information, such as the distance and speed of the target at the laser irradiation points. From the
acquired laser information, our method can provide a numerically stable solution based on the generalized
weighted Tikhonov regularization. Using this technique and a prototype system that we developed, we also
demonstrated a number of applications, including motion capture, video game control, and 3D shape inte-
gration with everyday objects. (Presented at SIGGRAPH Asia 2015. ACM Transactions on Graphics, Vol.
34, No. 6, 2015.)
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