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Abstract
Individual head-related transfer functions (HRTFs)
can be numerically calculated from 3D ear meshes
with the help of the software package Mesh2HRTF.
However, the process from the individual ear geometry
to a valid project for Mesh2HRTF can be tedious as
it involves many steps: head generation, ear stitching,
mesh grading, and the setup of the project directories.
Here, we introduce Pinna2HRTF, a pipeline, automat-
ing that process by taking paired (left and right) pinna
meshes stored as STL files as input and outputting a
binaural HRTF set stored as a SOFA file. The pipeline,
implemented in Python, generates an appropriately
sized dummy head, closes the ear canals, stitches the
ears onto the head, applies frequency-dependent mesh
grading, exports ready-to-run project Mesh2HRTF di-
rectories, and runs Mesh2HRTF. Further, an optional
stage called Mesh2PPM can be used to register ear
geometries to a parametric pinna model (PPM), which
then provides ear meshes of sufficient quality for the
calculations with properties such as a closed surface,
no artifacts, and uniform sampling. Pinna2HRTF is
open source and available to the public.
Keywords: Pinna2HRTF, individualized HRTFs,
Mesh2HRTF, SOFA, pinna meshes, numerical acoustics

1. Introduction
Listener-specific HRTFs are important for accurate
spatial audio rendering [1]. While acoustic measure-
ments remain the reference [2], numerical calcula-
tion from 3D geometry has become a viable alter-
native [3, 4, 5]. The software package Mesh2HRTF
and its boundary element solver NumCalc can com-
pute HRTFs from meshes, but preparing these meshes
still requires considerable manual work. The steps
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involve: Generating a head, stitching ears onto it,
grading the mesh, setting up the simulation. Further,
if the ear meshes are not of perfect quality, cleaning
up the artifacts, closing the surface, resampling are
also required.
Pinna2HRTF automates this workflow. Starting
with the left and right ear meshes provided as
STL files, Pinna2HRTF handles head creation,
ear-canal closing, ear stitching, mesh grading via
hrtf mesh grading [6], and exporting the data
project directories for the numeric calculations with
NumCalc. The optional stage Mesh2PPM [8] can be
used to register ear geometries to the BezierPPM,
which is a parametric pinna model (PPM) [7] produc-
ing ear geometries that can be individualized and are
suitable for HRTF calculations. The final outputs are
SOFA files [9] containing binaural sets of HRTFs.
The code of Pinna2HRTF is publicly available at
https://github.com/Any2HRTF/Pinna2HRTF. Here,
we describe how to setup and use Pinna2HRTF.

2. Data layout and installation
Pinna2HRTF requires Python 3.11. The depen-
dencies are installed via uv sync. In addition,
hrtf mesh grading [6] and Mesh2HRTF [3, 5] need
to be installed separately.
The optional inference step works in a fixed data
directory structure, expecting the STL files of the left
and right ears to be in the directories called:

Target STL Left
Target STL Right

respectively. The name of the files must be the same in
both directories. Note that multiple files are supported
in each directory, facilitating the processing of HRTFs
of multiple subjects in a single run.
In the following of this article, we assume the root of
the data directory to be Data. For pair-wise prepro-
cessing, the paths to the left and right STL files are
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Figure 1: Pinna2HRTF workflow from paired STL files through optional Mesh2PPM registration, preprocessing,
NumCalc, and SOFA export.

passed directly with --left-path and --right-path,
as shown below.

3. HRTF calculation
3.1. Preprocessing
For each pair of left and right STL files passed to
hrtf-preprocessing, the preprocessing includes:

1. creation of a dummy head sized to match head
diameter as defined by the distance between left
and right ear scan,

2. closing the ear canals if open,

3. cutting an area around each ear on the head and
stitching the ear mesh to it,

4. running the mesh-grading algorithm [6],

5. preparing parameters for the numeric calcula-
tions by defining the microphone positions, as-
signing materials, and exporting project directo-
ries for NumCalc.

All these steps of preprocessing —from ear meshes to
the export of project Mesh2HRTF projects—can be
run with a single command:

uv run hrtf-preprocessing \
--left-path "path/to/left.stl" \
--right-path "path/to/right.stl" \
--export-path "path/to/export" \
--mesh-grading-executable \

"path/to/hrtf_mesh_grading" \
--Mesh2HRTF-path "path/to/Mesh2HRTF/mesh2hrtf" \
--head-radius 75

The optional --head-radius flag places pinnae at the
specified lateral head radius; if omitted, the pinnae
remain at their original positions.
This creates the output directories containing the
Mesh2HRTF projects:

path/to/export-Left
path/to/export-Right
path/to/export-intermediates

The individual steps of preprocessing can also be run
individually. First, to create a dummy head from the
ear meshes, run:

uv run python \
HRTFCalculation/Preprocessing/src/create_head.py \
--left_path "path/to/left.stl" \
--right_path "path/to/right.stl" \
--export_path "path/to/export.stl"

Then, to close the ear canal, to cut the ear geometry
to fit the head mesh, and to stitch the ear to the head,
run the following:

uv run python \
HRTFCalculation/Preprocessing/src/ear_canal_closer.py \
--ear_path "path/to/ear.stl" \
--export_path "path/to/export.stl"

uv run python \
HRTFCalculation/Preprocessing/src/cut_eararea.py \
--head_path "path/to/head.stl" \
--ear_path "path/to/closed/ear.stl" \
--export_path "path/to/export.stl"

uv run python \
HRTFCalculation/Preprocessing/src/head_stitcher.py \
--head_path "path/to/cut/head.stl" \
--ear_path "path/to/closed/ear.stl" \
--export_path "path/to/export.stl"

respectively. Note that these operations need to be per-
formed separately for each side of the head and sequen-
tially, since files created in previous steps are required
for the next ones. After stitching, hrtf mesh grading
needs to be run on the resulting meshes. Finally, the
script material assign and mesh2input.py needs
to be run to define the microphone positions, assign
materials, and export project directories for Num-
Calc project folders through Mesh2HRTF. For the
parameter description for Mesh2HRTF, we refer to
the Mesh2HRTF wiki pages, with the most important
parameters being the graded head mesh, source type
("Left ear" or "Right ear"), output path, program
path, and frequency-vector definition, which can be
set as flags in the commands.
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Figure 2: Preprocessing writes export-Left, export-Right, and export-intermediates folders.

3.2. NumCalc and postprocessing
After the preprocessing steps, NumCalc is run to com-
pute the HRTFs. To this end, the two project folders
are arranged in a common project directory and Num-
Calc is run with:

uv run hrtf-numcalc \
--project-path "path/to/Projects" \
--numcalc-path "path/to/NumCalc" \
--max-instances 1 \
--max-cpu-load 90

This results in a large number of files, which can then
be converted to individual SOFA files and merged into
a binaural SOFA file with:

uv run hrtf-sofa \
--left-project "path/to/Projects/Left" \
--right-project "path/to/Projects/Right" \
--output-dir "path/to/HRTF" \
--overwrite

This creates SOFA files in the individual left and right
project folders and writes the merged binaural SOFA
files to path/to/HRTF.

4. Optional inference via Mesh2PPM
and BezierPPM

If the input ear meshes are not suitable for direct
HRTF calculation, an optional inference step can be
used before running the HRTF workflow described
above.
In order to register the ears to the BezierPPM [7],
Mesh2PPM [8] can be used. Mesh2PPM is a pre-
trained neural network that infers BezierPPM pa-
rameters, which are then used to parametrize the
BezierPPM and synthesize an individualized ear ge-
ometry. To this end, the inference is run on the data
directory:

uv run hrtf-inference \
--data_dir /path/to/Data

This performs the inference and writes the results into
four new directories:

Prediction Parameters Left
Prediction Parameters Right
Prediction STL Left
Prediction STL Right

The first two directories store the inferred BezierPPM
parameters; the latter two directories store the regis-
tered ear meshes, which can be used as input to the
HRTF workflow described above.

5. Conclusions
Pinna2HRTF automates the workflow from pinna
meshes to a SOFA file containing individual binaural
set of HRTFs. It handles head creation, ear stitch-
ing, mesh grading, and setup of the Mesh2HRTF
project directories in a few command-line calls. The
optional inference stage provides BezierPPM-based
ear registration. Pinna2HRTF is available at https:
//github.com/Any2HRTF/Pinna2HRTF.
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