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Modeling HRTFs for Customization
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ABSTRACT

This study reveals some recent attempt in modeling empirically obtained B&K HATS (Head and Torso Simulator) HRTFs
(Head Related Transfer Functions) to isolate parameters that stimulate lateral and elevation perception. Localization using non-
individual HRTFs often yields poor performance in synthesizing virtual sound sources when applied to a group of individuals
due to differences in size and shape of head, pinnae, and torso. For realization of both effective and efficient virtual audio it is
necessary to develop a method to tailor a given set of non-individual HRTFs to fit each listener without measuring his/her
HRTF set. Pole-zero modeling is applied to fit HRIRs (Head Related Impulse Responses) and modeling criterions for
determining suitable number of parameters are suggested for efficient modeling. Horizontal HRTFs are modeled as minimum-
phase transfer functions with appropriate ITDs (Interaural Time Delay) obtained from RTF (Ray Tracing Formula) to better fit
the size of listener’s head for usage in simple virtualizer algorithms without complex regularization processes. Result of
modeling HRTFs in the median plane is shown and parameters responsible for elevation perception are isolated which can be

referred to in the future study of developing customizable HRTFs.
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Figure 1: HRTF measurement setup.
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Figure 2: Horizontal HRIR (Head Related Impulse
Response).

3. HRTF Modeling

3.1 HRTF Cleansing
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Figure 3: Empirical HRTF (top panel) and cleansed
HRTF (bottom panel)
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Figure 4: Cleansed left ear HRIR at 0° azimuth (top
panel) and its minimum-phase reconstruction
(bottom panel).
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Figure 5: Ray Tracing Formula for nearby sources (left)
and far-field sources (right). The corresponding ITD is d.

3.3 Pole-Zero Modeling
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Figure 6: Horizontal min. phase HRTF modeling result
(p=20, q=5, azimuth=0°, left ear).
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Figure 7: Median HRTF modeling result (p=10, q=5,
azimuth=0°, elevation=60°, left ear).
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Figure 8: Pole-zero plot of median HRTFs. Arrows
indicate the direction of elevation change (azimuth=0°,
elevation=0~90°).
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