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Abstract There has been demand for many magnetic sensor applications, and to develop low-cost
devices, it is critical to accurately understand the behavior of the magnetic field and the characteristics
of magnetic sensors and target devices during initial development phase. The magnetic field has been
known to have very complicated nonlinear data to calculate, so it has required expensive computing
machines or research to accurately calculate the magnetic sensor values. However, this paper introduces
a characteristic of a magnetic sensor called the giant magnetoresistance (GMR) and proposes simple and
sufficient approaches to develop a wearable joystick device using a magnetic sensor. Particularly, this
paper introduces the design factors for how to properly develop a low-cost wearable joystick device
using magnetic sensors after carefully considering the mechanism of a real joystick and the
characteristics of magnetic sensors. As a result, user test results are provided to show how users can

operate this new wearable joystick device.
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Fig. 1. A general joystick and the design of wearable
joystick. (a) General joystick input device. (b)
Wrist movement model in hand anthropotomy
model. (c) Installation of 4 magnets and
sensor pad around wrist.
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Fig. 2. Main CPU module of the wearable joystick
device. (a) Actual PCB and package. (b)
System block diagram.
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Fig. 3. Installation of magnets and magnetic sensors
(a) The relationship of a magnet and a magnetic
sensor. (b) Simplified mechanical modeling
with magnet and  wrist. (c) Joint Frame
relationship over wrist, glove and sensor pad.
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Fig. 5. Cosine scaled falloff effect. (a) Left ~ Mid
gesture (b) Right ~ Mid gesture (c) Top ~ Mid
gesture (d) Bottom ~ Mid gesture.
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Table 2. User test result over each hand movement

Movement Average Error Max Min
Left ~ Mid 0.5mm 0.8 0.1mm
Right ~ Mid 1.5mm 2.8mm 3.6mm
Top ~ Mid 1.4mm 1.7mm 0.9mm
Bottom ~ Mid 0.5mm 0.9mm 0.1mm
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