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Abstract

This study aimed to validate calibration routines for an experimental setup that simulates and presents realistic
acoustic environments via open headphones, with real-time motion tracking. A virtual acoustic environment was
implemented, using the real-time Simulated Open Field Environment (rtSOFE) software package, which employs the
image source method for real-time applications. This setup, including a set of calibration filters and the procedures
to create them, was previously used to study face-to-face communication in nosy environments. The results in the
present work support the use of this system and it’s filter creation procedures in future auditory research, providing

areliable platform for real-time experimentation in virtual and augmented acoustic environments.

. Introduction

This study aimed to validate the SPL calibration of an
simulated acoustic environment with open headphones.
The real-time Simulated Open Field Environment soft-
ware package (rtSOFE) [ 1], capable of real-time binaural
room impulse response (BRIR) calculations, was used to
augment a two-person conversation including dynamic
position changes with arbitrary reverberations and back-
ground noise. Head-related transfer functions (HRTFs)
can be used for the receiver as well as a mouth-directivity
model to simulate the source. This makes rtSOFE compa-
rable to other real-time binaural spatialisation software
such as the 3D Tune-In Toolkit [2], the Binaural Render-
ing Toolbox (BRT) [3], the Toolbox for Acoustic Scene Cre-
ation And Rendering (TASCAR) [4] and the room acous-
tics simulator RAZR

This experimental setup, which was previously used
to study face-to-face communication in noisy environ-
ments [6], relies on precise equalization filters to ensure
accurate transmission of audio signals without the influ-

ence of hardware artifacts. This work details the methods
utilized to validate the production of the correct SPL by
the system, including headphone and headset micro-
phone equalization, integration of motion tracking, and
discusses the results of these validation steps.

IlI. Methods and materials

This experimental setup used rtSOFE, a software package
designed to simulate acoustic environments using the
image source method. On the one hand, the software
package consists of the rtSOFE instance, which calcu-
lates the BRIRs for a given source and receiver position
while using the provided room parameters to incorpo-
rate reverberations. It can also use a directivity profile for
the source and and a HRTF for the receiver. Directivity is
implemented by applying a multiplier, similar to an ab-
sorption coefficient, at the beginning of the image source
method. On the other hand it has the convolver, which
takes an input signal and calculates the convolution with

(© 2025 Infinite Science Publishing


https://orcid.org/0009-0002-8029-8304
https://orcid.org/0000-0003-1511-6164
https://orcid.org/0000-0003-3490-123X
https://orcid.org/0000-0002-0870-7612
mailto:luca.goetzke@student.uni-luebeck.de; florian.denk@uni-luebeck.de
https://dx.doi.org/10.18416/SCP.2025.1997
https://dx.doi.org/10.18416/SCP.2025.1997

Student Conference Proceedings

L

/ Participant 1 \

rtSOFE
Motion mi?ria?i)?e 1 instance 1,
tracker 1 e uaﬁzation creation of
a BRIRs

Headphone 1

Headset
microphone 1

o _/

Convolver 1

Headphone 1
equalization

Motion tracker
1+2 calibration

|

/ Participant 2 \

MSOFE Headset -
instance 2, microphone 2 Motion
creation of e uaﬁzation tracker 2

BRIRs q
Headphone 2
Convolver 2 ‘Headset
microphone 2
~———

o /

Headphone 2
equalization

Figure 1: Interaction flowchart of the interaction of the different parts of the experimental setup. Participant 1 is represented by
Motion tracker 1, Headphone 1 and Headset microphone 1 on the left and Participant 2 respectively on the right. The purple
path shows the processing chain for the positional updates and the resulting BRIRs. The orange path shows the transmission
from each of the headset microphones to both of the convolvers. The blue path shows the transmission from the convolvers to

the headphones.

the BRIRs and headphone equalization filters as an out-
put. The flowchart in Figure 1 shows the connection
between the different parts of this setup. Participant 1 on
the left is talking (source), and participant 2 on the right
is listening (receiver). The position of the source (Motion
tracker 1) and the position of the receiver (Motion tracker
2) are both sent to the two rtSOFE instances. Here the
BRIRs from the source to the receiver are computed and
sent to the convolvers. Convolver 1 sent its output to
Headphone 1, enabling Participant 1 to hear the rever-
beration of it’s own voice. Convolver 2 sent its output
to Headphone 2, letting Participant 2 hear Participant 1
with reverberations. The positions of the participants get
updated approx. 43 times per second, enabling real-time
directional auditory cues for the participants. Both par-
ticipants are functioning as source and receiver. Further
rtSOFE instances can be used to simulated additional
virtual conversations from recorded speech or for added
background noise. Due to the use of open headphones
(AKG K 1000, see Figure 2), direct sound transmission
between participants is preserved.

To produce an accurate auditory impression for the par-
ticipant, the influence of the open headphone and head-
set microphone (AKG MicroMic C 520 Vocal) capturing
participants speech had to be minimized. This was done
by creating equalization filters for each of the devices,
to ensure a correct SPL presentation at the participants’
ears. The filters for the headphones were applied in the
convolvers. The headset microphone equalization filters
were implemented by adding frequency-specific attenu-
ation for all directions on top of the mouth directivity [ 7]
utilized in the rtSOFE instances.

Lastly the motion-tracker (HTC Vive Tracker 2QAB100)
calibration was done by defining a virtual room in Steam
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Figure 2: Open headphones (AKG K 1000) on a head stand.
The open nature enables the simultaneous reception of the
natural acoustic environment as well the headphone output.

VR and introducing an offset for the motion-tracker po-
sitions to change the reported position to the middle of
the head instead of beeing on top of the headphones. An-
other part was transforming the coordinate system used
by Steam VR to the coordinate system used by rtSOFE.

The test setup (see Figure 3) for the validation of the
equalization filters and the motion-tracker calibration
simulated a receiver on the left and a source on the right.
The test signals were played back by a loudspeaker (cus-
tom made, with VIFA 10 BGS as drivers [8]) and were
picked up by the headset microphone or the reference
microphone, which was located near the motion tracker
on the left. The test setup was located in a sound booth
(IAC Acoustics, based on 120-A-Series). Octave-band-
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