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ABSTRACT

The head-related transfer functions (HRTFs) are essential filters used in three-dimensional audio playback devices
for personal use. They describe the transmission of sound from a point in space to the eardrums of a listener.
Obtaining near-distance HRTFs is important to increase the realism when presenting sounds in the peripersonal
space. However, most of the publicly available datasets provide HRTFs for sound sources beyond one meter. We
introduce a collection of generic and individual HRTFs for circular and spherical distributions of point sources at
distances ranging from 10 cm to 100 cm, spaced 1 cm. The HRTF datasets were calculated using the boundary
element method. A sample of the dataset is publicly available in the spatially oriented format for acoustics (SOFA).

1 Introduction

The head-related transfer functions (HRTFs) are linear
filters describing the transmission of sound from a point
in space to the eardrums of a listener [1, 2, 3]. They
describe the acoustic filtering properties of the listener’s
external anatomical shapes such as their torso, head,
and outer ears. The HRTFs contain spatial information
used by the listener to locate the source of a sound.
They constitute a major tool in spatial sound technology
for personal use.

The HRTFs are measured by placing two micro-
phones on the ear canals and loudspeakers around
the head [1, 2, 3]. Alternatively, microphones and
loudspeakers can be exchanged by virtue of acoustic

reciprocity [4, 5]. The HRTFs can also be calculated
based on three-dimensional head model acquisition
systems and numerical acoustic methods [6, 7, 8, 9,
10, 11, 12, 13]. Publicly available datasets of mea-
sured [14, 15, 16, 17, 18, 19] or calculated [18] HRTFs
typically contain data for sound sources distributed at
a single distance from the center of the head. Such
distance is taken on the far field (beyond 1 m) where
the HRTFs hardly depend on distance.
Studies on auditory distance perception are highlight-
ing the necessity of obtaining HRTFs for positions
within reaching distances to increase the realism during
the binaural rendering of sounds in the peripersonal
space [20, 21, 22]. However, obtaining near-distance
HRTF datasets is still difficult [23, 24, 25, 26, 27, 28].
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(a) Vertical polar. (b) Interaural polar.

Fig. 1: Spherical coordinate systems.

The construction of point sources represents one of the
main difficulties encountered during measurements in
the near field (within 1 m) [23, 25], whereas the com-
putational power is still a major limitation encountered
during calculations involving high resolutions along
distance [28].

In this study, we introduce the process for creating a
dataset of HRTFs for near-field distances ranging from
10 cm to 100 cm, spaced 1 cm. Some far-field dis-
tances are also included (e.g., 150 cm and 200 cm).
All HRTFs were calculated by using three-dimensional
head models and a numerical solver for the acoustic
wave equation running on a scalar-parallel supercom-
puter. The boundary element method (BEM) [8] was
chosen as the numerical solver because it has been vali-
dated for point sources in the near field [29]. A sample
of the dataset is publicly available* in the spatially ori-
ented format for acoustics (SOFA) [16].

2 Geometry and nomenclature

Figure 1 shows the spherical coordinate systems used in
the HRTF dataset to describe positions of point sources
around the head. In both coordinate systems, the y-axis
is the interaural axis defined by the line connecting the
eardrums. The origin of coordinates~0 lies halfway the
eardrums and defines the center of the head. The front
position lies along the positive x-axis. The xy−plane
defines the horizontal plane, whereas the xz−plane de-
fines the median plane.

In vertical-polar spherical coordinates, a point in space
~x=(r,θ ,φ) is specified by its radial distance r, azimuth

*http://www.ais.riec.tohoku.ac.jp/
~salvador/download.html

angle θ ∈ [−π,π], and elevation angle φ ∈ [−π

2 ,
π

2 ]. In
interaural-polar spherical coordinates, a point in space
~x = (r,α,β ) is specified by its radial distance r, polar
angle α ∈ [−π,π], and lateral angle β ∈ [−π

2 ,
π

2 ].
The HRTF for the left (or right) ear describes the trans-
mission of sound from a point in space ~xsource to the
position of the left (or right) eardrum ~xear. The free-
field HRTF, denoted by H, relates sound pressure P at
~xear to the sound pressure Pff that would be measured,
using the same sound source, at ~0 while the subject
is not present. For a given frequency f , the free-field
HRTF for a single ear is defined as follows [3]:

H(~xear,~xsource, f ) =
P(~xear,~xsource, f )

Pff(~0,~xsource, f )
. (1)

The interaural HRTF is an important function for the
study of interaural cues. It is defined by the ratio be-
tween the HRTFs for the left and right ears as fol-
lows [3]:

Hinteraural =
H(~xleft ear,~xsource, f )
H(~xright ear,~xsource, f )

. (2)

3 Creating the HRTF dataset

This section describes the process for creating the
dataset of near-distance HRTFs. The process comprises
head model acquisition, distribution of points around
the head, calculation, and storage.

3.1 Head model acquisition

Currently, four models of listeners’ heads compose the
HRTF dataset reported in this paper: two generic mod-
els and two individual models. One generic model
was captured by three-dimensional laser scanning,
and the other generic model was captured by micro-
computerized tomography [8]. The individual models
were captured by magnetic resonance imaging.
Figure 2 shows the head models. Panels a and b show
the generic models, whereas panels c and d show the
individual models. In all panels, the limits of coor-
dinate axes correspond to the smallest parallelepiped
containing the head model.
Figure 3 shows examples of interaural HRTFs for the
head models in Fig 2. All plots consider point source
distances ranging from 10 cm to 100 cm, spaced 1 cm,
along azimuth θ = 100◦ and elevation φ = 20◦. As
the point source approaches the left ear, the individual
dependencies are more noticeable because the acoustic
shadow effect of the head becomes more prominent.
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(a) Head 1. (b) Head 2. (c) Head 3. (d) Head 4.

Fig. 2: Generic (left) and individual (right) head models.

(a) Head 1. (b) Head 2. (c) Head 3. (d) Head 4.

Fig. 3: Interaural HRTFs for a distribution of sources along distances at azimuth θ = 100◦ and elevation φ = 20◦.

3.2 Distributing points around the head

The choice of suitable distributions of point sources
along directions is also an important issue in HRTF
applications such as the analysis and extraction of
spatiospectral acoustic features [30], the interpolation
along angles [31, 32], and the extrapolation along dis-
tance [33, 34]. These applications often require the
analysis of acoustic data in transform domains defined
by the Fourier transform along circular [34] and spheri-
cal boundaries [35].

In this study, the grids used to distribute the sources
around the head have been selected so as to ensure
the accurate computation of Fourier transforms over
circular and spherical grids. For each head model and
each distance, the dataset contains two types of circular
grids and four types of spherical grids.

Circular grids are described in vertical-polar spheri-
cal coordinates. The point sources are equiangularly

spaced 1◦. The circular grids used in the dataset are of
the following two types:

• Horizontal-plane, circular grids

• Median-plane, circular grids.

Panels (a) and (b) in Fig. 4 respectively show examples
of horizontal-plane and median-plane distributions for
a single distance.

Spherical, equiangular grids enable the accurate com-
putation of Fourier transforms on circular boundaries.
According to the coordinate system underlying their
definition, the following two types of spherical grids
were considered:

• Vertical-polar, equiangular, spherical grids

• Interaural-polar, equiangular, spherical grids.
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The use of vertical-polar, spherical coordinates is con-
venient to describe distributions without points over
the south polar cap region of the sphere [36]. The
use of interaural-polar, spherical coordinates is impor-
tant in studies of binaural localization along the so-
called cones of confusion [14]. Panels (a) and (b) in
Fig. 5 respectively show examples of vertical-polar and
interaural-polar distributions for a single distance.
Spherical, nearly-uniform grids enable the accurate
computation of Fourier transforms on spherical bound-
aries. According to the method used to distribute points
on the whole sphere, the two following types of spheri-
cal grids were considered:

• Icosahedral, spherical grids

• Maximum-determinant, spherical grids.

Icosahedral, spherical grids are constructed by sub-
division of the icosahedron’s edges [37]. Maximum-
determinant, spherical grids are based on the maximum-
determinant criteria for precise integration on spherical
surfaces [38].

3.3 Calculation and storage of HRTFs

HRTF calculation was performed in the frequency do-
main using the BEM Solver in [8]. The BEM solver
runs on the scalar-parallel supercomputer of the Cyber-
science Center, Tohoku University, which consists of
68 nodes of type LX 406-Re2†.
Calculated datasets were stored as free-field head-
related impulses responses (HRIRs) in the time domain
by using the SOFA format [16]. In addition, the cor-
responding metadata containing information such as
the underlying geometry and simulation conditions was
also included in the SOFA file.

4 Reading SOFA files in Matlab

The SOFA files corresponding to circular and spherical
HRTF datasets for one of the individual models have
been made publicly available (see footnote on page
2). Accessing the data requires MATLAB or GNU
Octave. In addition, it is necessary to install the SOFA
Matlab/Octave API version 1.0.2 [16]. A Matlab script
example to read the SOFA file containing a horizontal-
plane, circular dataset and its metadata is described in
Table 1. The script also performs a distance variation
analysis detailed in the next section.

†http://www.cc.tohoku.ac.jp/data/pamphlet_
en.pdf

(a) Horizontal plane. (b) Median plane.

Fig. 4: Circular distributions of point sources.

(a) Vertical polar. (b) Interaural polar.

Fig. 5: Equiangular, spherical distributions.

(a) Icosahedral. (b) Maximum determinant.

Fig. 6: Nearly-uniform, spherical distributions.

5 Distance variation analyses

The near-distance HRTF datasets created in this study
can be used to investigate the variations over distance
by means of modal analyses on angular domains as
proposed in [34]. Modal analyses consist on examining
the ratio of angular Fourier representations between
an initial distance r1 and a final distance r2, such that
r1 > r2. Such a kind of analysis is convenient to unmask
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Table 1: Matlab script that reads a circular dataset and its metadata to perform a distance variation analysis.

1 %% Start SOFA Matlab/Octave API
2 SOFAstart;
3

4 %% Read structure array Obj from SOFA file
5 Obj = SOFAload('gen01_h_circ_hor_dir360_dist141.sofa');
6 Obj = orderfields(Obj);
7

8 %% Dimensions of data
9 Fs = Obj.Data.SamplingRate; % sampling frequency in Hertz

10 Ns = Obj.API.N; % number of samples along time
11 sample_circshift = Obj.Data.Delay; % circular delay of HRIRs
12 Nazim = Obj.SourcePositionNumberAzimuths; % number of source azimuths
13 Nelev = Obj.SourcePositionNumberElevations; % number of source elevations
14 Ndir = Obj.SourcePositionNumberDirections; % number of source directions
15 Ndist = Obj.SourcePositionNumberDistances; % number of source distances
16 Npos = Obj.API.M; % number of source positions (Ndir*Ndist)
17 c = Obj.SpeedOfSoundInMPS; % speed of sound in air (m/s)
18

19 %% Head-related impulse responses (size: Ns * Ndir * Ndist * Nh)
20 head_model_name = Obj.GLOBAL_ListenerShortName;
21 HRIR_left = permute(reshape(squeeze(Obj.Data.IR(:,1,:)), [Ndir Ndist Ns]), [3 1 2]);
22 HRIR_right = permute(reshape(squeeze(Obj.Data.IR(:,2,:)), [Ndir Ndist Ns]), [3 1 2]);
23

24 %% One-dimensional domains
25 t = (0:Ns-1)*1/Fs; % time (seconds)
26 f = (0:Ns/2)*Fs/Ns; % frequency (Hertz)
27 m = -Nazim/2:Nazim/2-1; % circular harmonics domain
28

29 %% Source positions in spherical and Cartesian coordinates
30 azim = Obj.SourcePosition(:, 1);
31 elev = Obj.SourcePosition(:, 2);
32 dist = Obj.SourcePosition(:, 3);
33 [x(:, 1), x(:, 2), x(:, 3)] = sph2cart(azim*pi/180, elev*pi/180, dist);
34 x = reshape(x, [Ndir Ndist 3]); % Cartesian in m (size: Ndir*Ndist*3)
35

36 %% Head-related transfer functions (size: Ns/2+1 * Ndir * Ndist)
37 HRTF_left = fft(HRIR_left); HRTF_left = HRTF_left(1:Ns/2+1, :, :);
38 HRTF_right = fft(HRIR_right); HRTF_right = HRTF_right(1:Ns/2+1, :, :);
39 HRTF_interaural = HRTF_left./HRTF_right;
40

41 % Initial distance in meters
42 dist_init = 1; ind_dist_init = find(dist(1, :) == dist_init); Ndist = ind_dist_init;
43

44 % Initial and final distance HRTFs
45 HRTF_left_initial = squeeze(HRTF_left(:, :, ind_dist_init));
46 HRTF_right_initial = squeeze(HRTF_right(:, :, ind_dist_init));
47 HRTF_left_final = squeeze(HRTF_left(:, :, 1:ind_dist_init));
48 HRTF_right_final = squeeze(HRTF_right(:, :, 1:ind_dist_init));
49

50 %% Circular Fourier analysis of distance variation for the left ear (Dm)
51 HRTF_left_initial_m = fftshift(fft(fftshift(HRTF_left_initial, 2), [], 2), 2);
52 HRTF_left_initial_m = repmat(HRTF_left_initial_m, [1 1 Ndist]);
53

54 HRTF_left_final = permute(HRTF_left_final, [1 3 2]);
55 HRTF_left_final = reshape(HRTF_left_final, [(Ns/2+1)*Ndist Ndir]);
56 HRTF_left_final_m = fftshift(fft(fftshift(HRTF_left_final, 2), [], 2), 2);
57 HRTF_left_final_m = reshape(HRTF_left_final_m, [(Ns/2+1) Ndist Ndir]);
58 HRTF_left_final_m = permute(HRTF_left_final_m, [1 3 2]);
59

60 D_initial_to_final_left_m = HRTF_left_final_m ./ HRTF_left_initial_m;

AES Conference on Spatial Reproduction, Tokyo, Japan, 2018 August 6 – 9
Page 5 of 9



Salvador et al. Dataset of near-distance HRTFs

(a) Head 1. (b) Head 2. (c) Head 3. (d) Head 4.

Fig. 7: Fourier analysis of distance variation between two horizontal circles, from r1 = 100 cm to r2 = 25 cm.

(a) Head 1. (b) Head 2. (c) Head 3. (d) Head 4.

Fig. 8: Fourier analysis of distance variation between two spherical surfaces, from r1 = 100 cm to r2 = 25 cm.

patterns of distance variation that would otherwise be
hardly observed in the natural angular domain.

Distance variation in the circular Fourier domain is
performed based on the following expression:

Dm(r1→ r2) =

´
π

θ=−π
H(r2,θ)exp( jmθ)dθ´

π

θ=−π
H(r1,θ)exp( jmθ)dθ

, (3)

where m represents the index to circular modes.

Figure 7 shows examples of Dm in (3) for the horizontal-
plane, circular datasets of the head models in Fig 2. Dis-
tance variation mainly emerges as a symmetric angular
bandwidth that increases with increasing frequency.
Within the angular bandwidth of interest, it can be
observed that individual-dependent features are more
prominent at middle and higher frequencies.

Distance variation in the spherical Fourier domain is
performed by using the following expression:

Dnm(r1→ r2) =

´
Ω∈S2 H(r2,Ω)Y m

n (Ω)dΩ´
Ω∈S2 H(r1,Ω)Y m

n (Ω)dΩ
, (4)

where Ω = (θ ,φ), dΩ = cosφdφdθ , and Y m
n is the

fully-normalized spherical harmonic function of order
n and degree m defined in [39].

Figure 8 shows examples of Dnm in (4) for the
maximum-determinant, spherical datasets of the head
models in Fig 2. Distance variation is mainly displayed
as an angular bandwidth that increases towards the
higher modes with increasing frequency. Individual-
dependent features are hardly observed within the an-
gular bandwidth of interest, as opposed to the results
from circular modal analyses shown in Fig. 7.

In addition, the above analyses suggest that the model-
ing of far-to-near distance variation, both on the circle
and on the sphere, is a difficult process that requires
low-frequency boosting of high modes. This obser-
vation is in agreement with the ill-conditioned nature
of the acoustic propagation problem [39]. Moreover,
ill-conditioning particularly constitutes a major diffi-
culty when designing distance-varying filters for the
synthesis of HRTFs on the horizontal plane from their
values on circular boundaries [34].
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6 Summary

The process for creating a collection of generic and
individual head-related transfer functions (HRTFs), for
circular and spherical distributions of point sources
at near distances from the head, was presented. The
HRTF datasets were calculated using a boundary el-
ement method (BEM) solver that has been validated
for near distances. Dense distributions of points were
considered thanks to the availability of a parallel su-
percomputer system. Distance variation analyses on
circular and spherical Fourier domains were also pre-
sented to exemplify individual dependencies of HRTFs
along distance. A sample of the dataset was made pub-
licly available in the SOFA format. There are plans to
include more models and gradually integrate the calcu-
lated HRTFs into the Research Institute of Electrical
Communication (RIEC) HRTF dataset [17].
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