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ABSTRACT

A principal components analysis (PCA) of the median head-related impulse responses (HRIRs) in the CIPIC HRTF
database reveals that the individual HRIRs can be adequately reconstructed by a linear combination of 12 orthonormal basis
functions. These basis functions can be used generally to model arbitrary HRIRs, which are not included in the process to
obtain the basis functions. To clarify whether these basis functions can be used to model other set of arbitrary HRIRS, an
numerical error analysis for modeling and a series of subjective listening tests were carried out using the measured and modeled
HRIRs. The results showed that the set of individual HRIRs, which were measured in our lab using different measurement
conditions, techniques, and source positions, can be well modeled with reasonable accuracy. Furthermore, all subjects reported
not only the accurate vertical perception but also the front-back discrimination with the modeled HRIRs based on 12 basis
functions. However, as less basis functions were used for HRIR modeling, the modeling accuracy and localization performance

deteriorated.
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Table 1 Percentage variance and modeling error as a
function of number of PCs (k).

k  %var(k) % error (k) k  %var(k) % error (k)
1 25.1 36.7 11 88.7 5.5
2 424 28.2 12 90.2 48
3 52.3 234 13 91.4 42
4 59.8 19.7 14 92.4 3.7
5 66.5 16.4 15 93.2 33
6 72.0 13.8 16 93.9 3.0
7 76.9 11.3 17 94.5 2.7
8 80.5 9.6 18 95.1 2.4
9 83.9 7.9 19 95.6 2.2
10 86.4 6.7 20 96.0 2.0
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Fig. 1 12 PCs obtained from PCA of the left ear 2205
HRIRs in the median plane.

Fig. 2 Experimental setup for the measurement of
individual HRIRs in an anechoic chamber
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Table 2 Percentage modeling error (% error) for each
subject according to the number of PCs (k).

k HS KB LS CT CH CYy
12 15.1 15.0 18.7 14.4 12.4 13.9
8 37.4 23.3 36.8 20.9 18.4 25.1
4 64.1 50.2 62.2 48.4 38.3 42.4
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Fig. 3 Log magnitude of measured HRTFs in the median
plane (left-top panel) from the left ear of subject
CH and modeled HRTFs obtained when 12 PCs
(right-top panel), 8 PCs (left-bottom panel), and 4
PCs (right-bottom panel) are used.
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Fig. 6 Distributions of the responses of six subjects with the measured and modeled HRIRs. Each row corresponds to
the responses of a single subject. Each column corresponds to the responses of six subjects with the measured or
modeled HRIRs as denoted at the top of each column.
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Table 3 Mean values and standard deviations (in
parentheses) of the localization errors for each
subject in degrees.

CT 20.9(24.1) 31.8(42.0) 28.9(36.8) 53.4(61.5)

CH 222(22.1) 30.7(33.3) 31.5(42.6) 48.2(52.3)

CY 233(219) 21.4(322) 49.8(52.0) 58.4(57.4)
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Fig. 7 Mean of CIPIC HRTF database and 6 subjects’
HRIRs.

Table 4 Percentage modeling errors for each subject
using 12 PCs with 6 subjects’ mean(ul) and
with CIPIC mean(u2).

measured PCs 1~12 PCs 1~8 PCs 1~4
HS 20.1(18.6) 25.3(32.5) 31.0(38.1) 72.7(60.6)
KB 16.6(18.7) 20.0(22.8) 29.4(30.8) 60.6(59.4)
LS 165(17.7) 27.5(21.9) 42.7(41.3) 57.4(38.6)

HS KB LS CT CH CY Ave

ul 8.5 77 120 64 59 5.8 7.7
u2 151 150 187 144 124 139 149
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