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Abstract

New tangible input techniques are transforming human-computer interaction.!!! Point-contact devices!?l such as buttons are simple and scalable, but they capture limited
spatial information. In contrast, surface-based contact interfaces!?] such as touchpads provide richer spatial input but require larger instrumented surfaces. We present
MagBall, a magnetic-ball sensor that captures fine-grained interactions, including displacement and force, through the rotation of a magnet-embedded ball over a 3D Hall-
effect sensor array. Our design localizes diverse physical interactions to a single point-contact yet operates at multiple scales from millimeters to meters. Our machine learning
models can infer the displacement and force accurately. Furthermore, our device supports interactions across diverse surfaces such as glass, metal and human skin, without
additional instrumentation. We demonstrate applications in stylus pens, wearable trackballs and smart massage tools, which naturally align with the rolling mechanism.
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Smart Massage Monitoring Tool
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Future Work: MagBall Array for Robotic Skin

While MagBall is currently a single point-contact device, extending it to an array could enable multi-point interaction measurements. In robotics, such arrays could provide
rich spatial tactile information for sliding contact events, which are ubiquitous in both daily life and manipulation tasks. Moreover, applying customized magnetic fields, we
could even use MagBall arrays as controllable frictional interfaces. This would enable integration of both sensing and actuation at the fingertip of robotic hands in a compact
design for either smooth rolling contact or precise grasping control.
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