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In recent, most mobile devices such as smartphone come with embedded 3-axis magnetic sensor. The 3-components of earth
magnetic field for the body axis of devices are essential to determine the orientation of the devices together with the 3-components of
earth gravitational field. In this paper, we present in detail the algebraic process deriving the formulas to calculate the Yaw, Roll and
Pitch angles, which specify the orientation of mobile devices, from the measured total 6-components of earth magnetic and
gravitational fields. In addition, the derived formulas are verified by experiment with a simple apparatus and smartphone. Through this
paper, we expect to provide a reference to developers of application software and sensor firmware who require calculating the
orientation angles of mobile devices.
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Fig. 1. (Color online) The definition for the orientation of mobile devices by three successive rotations of Yaw, Roll, and Pitch and definitions of
coordinate systems (a) Reference coordinates and Yaw rotation axis (b) Coordinates after Yaw rotation and Roll rotation axis (c) Coordinates after
Roll rotation and Pitch rotation axis (d) Coordinates after Pitch rotation.
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Fig. 2. (Color online) Rotations of body coordinate system by (a) Yaw (b) Roll (c) Pitch.
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Fig. 3. (Color online) (a) Simple apparatus to set Yaw, Roll and Pitch angles and smartphone to measure the body axis components of earth

magnetic and gravitational fields (b) Setting of Yaw, Roll and Pitch.
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Table 1. Verification results for the derived formulas to calculate Yaw, Roll and Pitch angles.

Setted orientations (deg) Measured g, (m/s?)

Measured B, (G) Calculated orientations (deg)

Case
Oy Or Op bx Loy Loz Box Bby By, Oy Or Op
1 25 52 -28 -7.7 2.7 =52 —-0.40 0.14 -0.26 24 53 =27
2 130 52 -28 -7.8 -2.6 =52 -0.47 -0.19 —-0.02 129 53 =27
3 =35 52 -28 -7.7 -2.8 =52 -0.22 0.03 -0.46 -36 53 -28
4 -135 52 -28 -7.7 -2.8 =53 -0.22 -0.36 -0.28 -134 52 -28
5 =25 50 =20 -7.6 -2.1 -5.6 -0.25 0.11 -0.43 =27 52 -21
6 =25 50 =35 -7.4 -3.6 -5.0 -0.23 0.04 —0.46 =22 50 =36
7 =25 50 —64 -7.4 =57 -3.0 -0.24 -0.19 -0.41 =22 49 —62
8 30 28 -20 —4.6 -3.1 -7.7 -0.31 0.11 -0.37 27 29 -22
9 30 36 -20 -5.7 2.7 -7.2 -0.35 0.14 -0.33 27 37 -21
10 30 50 -20 -74 23 -5.8 -0.41 0.16 -0.26 27 50 -22
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T T AP AR BAE AR ghosnE A &
T AT FAES A eI wE ngks o183k
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