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The effect of head movement on HRTF in 3D sound system: Sensitivity
analysis on Sphere HRTF
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ABSTRACT

Human’s vision is mostly confined to the area in the front and we, humans heavily depend on the sense of hearing to
gather information in areas out of our sight. Thus, the virtual reality system consisting of the 3D sound effect gives the
user a much better sense of reality than the system without the sound effect. Virtual 3D sound technology has mainly been
researched with binaural system. The conventional binaural sound systems reproduce the desired sound at two arbitrary points using
two channels in 3-D space. Head movement of listener might be change the nominal acoustic transfer function and deteriorate the
performance of 3D sound system based on loudspeakers that needs a crosstalk canceller. In this paper, four kinds of sensitivity
functions of sphere HRTF are derived to investigate the effect of head movement on HRTF in 3D sound system. Changes of HRTF
caused by rotational and translational motion of head are obtained as we calculate the derivatives of HRTF with respect to angle and

distance.
Jls4Y
r distance from the center of the sphere to the
source (m)
Y7, normalized frequency
P normalized distance to the source
[/ angle of incidence (rad), the angle between the

ray from the center of the sphere to the source
and the ray to the measurement point on the

surface of the sphere
hy, mth-order spherical Hankel function
hy' the derivative of h, with respect to its
argument
P, Legendre polynomial of degree m
On mth-order modified spherical Hankel function
P, pressure on the surface of the sphere (kg/m2)
Py free field pressure at the center of the sphere
H head related transfer function relative to free
field
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Figure 1. Binaural sound system.
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Figure 2. Sphere HRTF model
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Figure 4. Sensitivity with respect to frequency
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Figure 5. Sensitivity with respect to angle
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Figure 7. Sensitivity with respect to angle
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Figure 6. Sensitivity of two ears in polar coordinate
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Figure 12. Sensitivity of two ears in polar coordinate
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Figure 13. Sensitivity with respect to distance
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