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ABSTRACT

Open-source software plays an important role in the ad-
vancement of the development, intercomparison, and ac-
cessibility of novel and improved room acoustics sim-
ulation methods. Although the amount of open-source
software in room acoustics has increased over the years,
it usually remains less well-maintained and less user-
friendly than their proprietary counterparts. Typically,
open-source room acoustics simulation software exists
as code repositories rather than ready-to-use applications
and, therefore, requires technical know-how to be built
into usable software. In this work, the Community Hub
for Open-source Room Acoustics Software (CHORAS)
is presented: a web-based user interface that provides an
open-source community platform for room acoustic sim-
ulation methods. This platform acts as the front-end for
back-end software that can be developed remotely. In this
way, any researcher and/or institute can contribute to the
platform by integrating their simulation software into the
back-end of the application. Currently, users can select the
diffusion equation (DE) and discontinuous Galerkin (DG)
method to perform room acoustic simulations. Multiple
simulations can be run consecutively, allowing for com-
parative analysis of results. A preliminary user evaluation
indicates that CHORAS is intuitive to use, but improve-
ments can be made.
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1. INTRODUCTION

The field of room acoustics simulation methods spans
more than half a century, and during this time many dif-
ferent software have been created. However, the vast ma-
jority of these software is not available to the public [1].
Although there may be a lack of incentive for researchers
to share their research software, open-source software can
potentially lead to acceleration of science, increased im-
pact, improved reproducibility code quality and sustain-
ability, and a tighter-knit community.

Examples of open-source room acoustics software are
Pyroomacoustics [2], RIR-Generator [3], gpuRIR [4], and
SoundSpaces [5]. For an overview of the state of open
source room acoustics software as of 2024, see Hornikx
et al. [1]. A major issue with many of these software
systems is that they are made available as code reposi-
tories rather than as ready-to-use software applications.
Therefore, many systems require technical know-how to
build them, and this might scare off potential users who
do not have the required skills. Furthermore, as each soft-
ware has their own pre- and postprocessing pipelines, this
makes their simulation results difficult to compare.

In this work, we present the Community Hub
for Open-source Room Acoustics Software (CHORAS),
a web-based platform for room acoustics simulations.
CHORAS is built using a modern web application stack
designed for scalability, testability, and maintainabil-
ity [6]. Furthermore, it has been created with cloud de-
ployment in mind, so that users will not have to install
the software locally or run heavy acoustics simulations on
their own machines. The back-end of the platform is writ-
ten in Python reducing the entrance barrier for potential
future contributors.

The main contribution of CHORAS to the room
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acoustics community is a platform for researchers and de-
velopers to add their own room acoustics simulation back-
end software and use CHORAS as the front-end. More-
over, CHORAS allows for comparison of different sim-
ulation methods, as the pre- and postprocessing stages
of the simulation are identical. The idea of allowing re-
searchers to add their own simulation techniques is shared
by CHORAS and i-Simpa [7]. However, i-Simpa requires
local installation, and cannot benefit from the advantages
that current-day cloud computing provides.

This paper is also call to the room acoustics commu-
nity to contribute to CHORAS. This can be done either by
contributing to CHORAS itself (front-end / back-end), or
by adding one’s own room acoustics simulation back-end
to the platform. The CHORAS repository is available on
GitHub [8] and includes instructions on how to contribute
to the platform.

The remainder of this paper is structured as follows.
Section 2 describes the software architecture of CHORAS
and Section 3 presents the various functionalities of the
platform. A user-evaluation and results thereof are pre-
sented in Section 4. Finally, concluding remarks and fu-
ture work are presented in Section 5.

2. SOFTWARE ARCHITECTURE

This section gives a high-level overview of CHORAS’s
software architecture (see Figure 1). Low-level details can
be found in [6].

2.1 Overview

CHORAS consists of a web-based front-end, a Python-
based back-end, and Python-based acoustics simulation
modules. The front-end is built using React 1 , a widely-
used JavaScript library for building user interfaces for the
web. To enhance type safety and catch programming er-
rors earlier in the development process, this project uses
TypeScript rather than JavaScript.

The back-end was developed using Flask 2 , a
lightweight and modular Python web framework. The
back-end also handles the communication to a database
which stores and manages simulation configurations, such
as source and receiver locations and 3D geometries,
and simulation results. PostgreSQL 3 was chosen as a

1 https://react.dev/
2 https://flask.palletsprojects.com/
3 https://www.postgresql.org/

database, and SQLAlchemy 4 as an Object-Relational
Mapper (ORM). The back-end also communicates to the
various simulation modules, which are described in more
detail below. Given that acoustic simulations can be
time consuming, it was imperative to implement an asyn-
chronous processing mechanism that prevents system re-
sponsiveness from being compromised. To this end, Cel-
ery 5 , a distributed task queue was used, enabling the
offloading of long-running computations to background
workers, ensuring that the primary system remains re-
sponsive.

2.2 Simulation Back-end

The simulation back-end is the part of CHORAS which
consists of various simulation methods. Here, the room
acoustics community can contribute most with their own
room acoustics simulation software. Naturally, any soft-
ware added to CHORAS should be open source itself.
The modules currently available are the diffusion equa-
tion module 6 [9] and the discontinuous Galerkin mod-
ule 7 [10] and are written in Python. Both modules use
the open source meshing tool Gmsh [11] to convert the
geometry to a mesh (.msh format) which can be used for
the simulation.

The communication between CHORAS’s back-end
and the various simulation modules happens via JSON
files. The relevant settings (such as source and receiver
positions, geometry, simulation length, etc.) are loaded
from the database into a (new) JSON file, of which the
path is sent to the relevant simulation module. The module
will be able to use the settings to perform a room acous-
tics simulation. The results of a simulation are written to
the same JSON file, which can ultimately be fetched by
CHORAS’s front-end and be visualised.

As mentioned in Section 1, members of the commu-
nity can add their own room acoustics simulation back-
end to CHORAS. Although each individual simulation
back-end could have a method-specific parameters, all
should allow for the following inputs:

• a single source and receiver location (but prefer-
ably multiple),

4 https://www.sqlalchemy.org/
5 https://docs.celeryq.dev/
6 https://github.com/Building-acoustics-TU-Eindhoven/

Diffusion/
7 https://github.com/Building-acoustics-TU-Eindhoven/

edg-acoustics
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Figure 1. CHORAS’s software architecture with the community (end users, researchers, and developers) high-
lighted in yellow. Researchers and developers can easily contribute to CHORAS by adding their own simulation
methods, as well as by potentially helping to develop the platform itself. See Section 2 for a detailed description.

• geometry input (.geo / .msh / .obj),

• material absorption coefficients, and

• a path to the JSON file as an argument, so that the
simulation progress can be updated while the sim-
ulation is running.

For parameters unique to the simulation method, re-
searchers will be able to easily add this to CHORAS using
a custom JSON file (see Section 3.2.3 for more informa-
tion).

3. FUNCTIONALITY

CHORAS has been designed to perform acoustic simu-
lations while providing end users with accurate and reli-
able results. Additionally, the front-end has been devel-
oped with a strong emphasis on ease of use. This section
presents CHORAS’s functionality using a typical work-
flow using Figure 2 as a reference.

3.1 Front page

The project hierarchy in CHORAS is structured as fol-
lows: Group → Project → Model → Simulation. In other
words, each Group can contain multiple Projects, each
Project can contain multiple (3D) Models, and each Model
can have several Simulations (with different configura-
tions) performed on it. CHORAS’s front page shows the
two top levels of this hierarchy, i.e., the Groups and the
Projects (see Figure 2a). By clicking the Import Geome-
try button at the top of the front page, a user can upload
a 3D geometry file (currently only .obj and .dxf are sup-
ported) and assign it to a Group and Project. They will
then be able to navigate to the Simulation page.

3.2 Simulation page

The Simulation page has two main components: a view-
port showing the 3D model and a toolbar for configuration
of the simulation settings (see Figures 2b-d). The 3D ge-
ometry (.obj / .dxf) file uploaded in the previous step is
converted to .3dm by CHORAS’s back-end, which is used
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Figure 2. A summary of CHORAS’s functionality. The bubbles show how to navigate to a different view
shown in that respective subfigure 2.(a-f). See Section 3 for a detailed description.

to visualise the geometry the viewport. The following sub-
sections describe the functionality of the three tabs in the
toolbar in detail.

3.2.1 Sources/Receivers

The Sources/Receivers tab allows users to add sources and
receivers to the simulation. See Figure 2b. Currently, only
a single source or receiver is available, which will be ex-
tended to multiple sources and receivers. Users can edit
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the locations of sources or receivers using the textboxes
in the toolbar, or (after clicking on a source or receiver in
the toolbar) using the arrows in the 3D model. Finally, if a
source or receiver is outside the geometry volume, it will
be coloured red.

3.2.2 Materials

The Materials tab allows users to assign various materi-
als to the different surfaces in the model. See Figure 2c.
Selecting a surface in the dropdown will highlight this
surface in the 3D model and will trigger a pane listing
all available materials. Absorption coefficients for octave
bands from 63Hz-4kHz are shown at the bottom of the
pane and are graphically visualised next to the material
names for convenience.

3.2.3 Settings

In the Settings tab, when a user selects Advanced, they
can select which simulation method they would like to use
(currently DE and DG). See Figure 2d. The Edit Settings
section is dynamically generated based on the selected
simulation method. This is a valuable feature, as this al-
lows researchers and developers to easily expose their de-
sired simulation parameters without having to write the
front-end code for it. Apart from the simulation back-
end, all that is needed is a JSON file listing the parameters
needed for the simulation back-end. See Algorithm 1 for
an example that allows the front-end to generate one text
box and one slider that control the energy decay thresh-
old and the length of the impulse response, respectively.
The minimum, maximum and default values as well as
the stepsize can be determined. The back-end will then be
able to read the input values and use these settings for the
simulation configuration.

3.3 Running a simulation

When a user is done with the configuration described
above, they can click on the Run the simulation button at
the bottom of the toolbar. If something is wrong with the
configuration, such as a missing source or receiver, or a
surface not having a material assigned, a notification will
show on the top right informing the user how to fix the
mistake. Otherwise, a pop-up will appear through which
the user can start the simulation (see Figure 2e). The pop-
up will show the progress of the simulation in real time,
and will allow for the user to cancel the simulation as it
is being performed. The pop-up can be closed so that the

{
"type": "deSettings",
"options": [
{

"name": "Energy decay threshold",
"type": "integer",
"display": "text",
"min": 10,
"max": 60,
"default": 35,
"step": 1

},
{

"name": "Impulse Response length",
"type": "float",
"display": "slider",
"min": 0,
"max": 20,
"default": 1,
"step": 0.1,

}
]

}

Algorithm 1: Example of a settings file deter-
mining the parameter layout in the front-end for
the DE simulation back-end (See Figure 2d and
Section 3.2.3.)

user can set up a new simulation if desired. The progress
can still be followed at the top left of the page.

3.4 Results page

Once the simulation is done, a Results button will show
at the bottom left of the toolbar. The results of several
simulations can be compared and can be exported to .xlsx
and .csv (ee Figure 2f). The results page has several tabs
which are described in detail below.

3.4.1 Parameters

The Parameters tab shows the results of the following
acoustic parameters (in octave bands from 63Hz-8kHz):
early decay time (EDT), reverberation time (both T20 and
T30), clarity (C80), definition (D50), center time (Ts) and
sound pressure level (SPL).

3.4.2 Plots

Currently, the Plots tab only visualises the energy decay
curves (relevant to DE). In the future, this tab could show
different types of plots, such as frequency responses.
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Figure 3. The auralization tab of the results page.
The impulse response generated by the simulation
back-end is visualised and can be auralized (see Sec-
tion 3).

3.4.3 Auralization

The Auralization tab allows users to view and listen to
the generated impulse response. See Figure 3. In addi-
tion, users will be able to upload sound files that will be
convolved with the (resampled) impulse response at the
sample rate of the input file. Both the impulse response
and the convolved audio can be downloaded.

3.4.4 Results comparison panel

CHORAS features a results comparison panel with which
users can compare results (Parameters and Plots) of sev-
eral simulations side by side. See Figure 2f. In the future,
the authors would like the auralization tab to also include
functionality to easily compare between simulations.

4. EVALUATION

To assess the state of CHORAS, a workshop was organ-
ised with the platform. The main goal of the workshop
was to assess CHORAS’s:

• usability, i.e., the ease of use, and

• usefulness, i.e., how useful the software could be
for the participant.

In total, six people participated in the workshop, among
them acoustic consultants, acoustic researchers, and soft-
ware engineers. This workshop was mainly to see whether
the development of CHORAS was progressing in a desir-
able direction, as well as investigating what the priorities
for future development should be. It is important to note
that the version that was tested 8 neither included the au-
ralization tab (presented in Section 3.4.3) nor the ability
to export to .xlsx and .csv (see Section 3.4).

The rest of this section describes the methods and re-
sults of the evaluation, as well as a discussion of the re-
sults.

4.1 Methods

Three laptops were prepared with CHORAS installed (lo-
cally). The participants were asked to follow predefined
steps in a document 9 in pairs. A walk-through video
of the workshop can also be found online 10 . In sum-
mary, the participants had to run several simulations using
CHORAS, explore the results, and play with the platform
freely.

As the number of participants was low, it was cho-
sen to use a variety of evaluation methods. First, some
of the authors of this work observed the participants as
they progressed through the workshop document. Par-
ticipants were asked (and reminded) to think aloud [12].
After this, participants were asked to fill out a (slightly)
modified version of the System Usability Scale (SUS) 11

[13], followed by a semi-structured interview focusing
on CHORAS’s usefulness, i.e., whether the participant
would use CHORAS in their professional workflow. The
workshop ended with a Mentimeter questionnaire 12 in
which they were asked about their overall experience us-
ing CHORAS, what they liked about CHORAS, and what
they thought could be better.

4.2 Results and Discussion

Due to the small number of participants, the results in this
section should only be interpreted as preliminary. How-

8 https://github.com/Building-acoustics-TU-Eindhoven/
CHORAS/releases/tag/NWOworkshop

9 https://archive.org/details/workshop 202503
10 https://youtu.be/fIsPHmw7jaY
11 https://forms.office.com/e/Ea6N5Dq8Nk
12 https://www.mentimeter.com/
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ever, the findings are still considered to be meaningful and
can be used to determine what future steps to take.

Using the formula in [13], the final average SUS score
was found to be 75.4/100, which translates to a ‘good’
or ‘acceptable’ grade. This gives an indication that the
current version of CHORAS is already fairly usable.

One of the main results obtained from the observa-
tions and semi-structured interviews was that many par-
ticipants mentioned that they would like to listen to the
impulse response after a simulation had finished. As men-
tioned at the start of Section 4, this feature had not yet
been implemented in the version available during the user
test, but is available in the current version (also see Sec-
tion 3.4.3). Other suggestions include the addition of
colours in the 3D model to indicate the various materi-
als, the removal of the Group level in the project hierarchy
(only the Project level would suffice; see Section 3.1), and
including a progress indication for the meshing procedure,
as this can take a long time as well.

The Mentimeter questionnaire indicated that partic-
ipants rated the overall experience with CHORAS as
7.3/10, which is fairly consistent with the results obtained
from the SUS. The answers to the question what peo-
ple liked about CHORAS included the word “intuitive”
several times, as well as “all-in-one platform” and “com-
paring results of simulations”. What participants thought
could be better included “the design”, “not being able to
cancel the simulation,” and “material visualisation” (refer-
ring to colours denoting various materials in the 3D model
as mentioned above).

Overall, the authors are pleased with how the partici-
pants interacted with and rated CHORAS. With a score of
75.4/100 on the SUS and the fact that participants found
CHORAS intuitive to use indicates that the development
of the platform is on the right track.

5. CONCLUSION AND FUTURE WORK

This work presents CHORAS, a web-based open-source
platform for room acoustics simulations. Currently, two
existing acoustic simulation methods – the diffusion equa-
tion method [9] and the discontinuous Galerkin method
[10] – are coupled to the platform. CHORAS allows
other researchers and developers to add their own meth-
ods to the simulation back-end, and provides an easy way
to expose method-specific simulation parameters. Infor-
mation on the software architecture and functionality of
CHORAS has been provided, as well as the results of a
user evaluation.

5.1 Future work

The first step in the future development of CHORAS is
its deployment to the cloud. Currently, users and devel-
opers need to go through a lengthy installation procedure
and need to run three separate processes (React front-end
+ Python back-end + the Celery task-queueing system) to
use the platform. Ultimately, CHORAS should be fully
cloud-based, such that users can visit a website, log in,
and run the simulations remotely. Developments to Dock-
erize 13 the application are in progress and are expected
to be finalised soon. Cloud deployment might also open
up the possibility to run simulations in parallel, because
as mentioned in Section 3, simulations can only be run
consecutively.

Furthermore, the coupling to the DG simulation back-
end does not properly include frequency-dependent mate-
rial impedances yet, which will be added as soon as pos-
sible. Looking towards the future, the authors intend to
link other open-source simulation software to CHORAS,
if the license of the respective software allows it, such as
Pyroomacoustics [2] and other software. This offers more
types of simulation methods to users and fosters a com-
munity.

In addition to the above, many small improvements
can be made to CHORAS. These include, but are not lim-
ited to, the possibility to include multiple sources and re-
ceivers, to improve plotting functionality, to cancel run-
ning simulations, to show the progress for meshing, and to
improve material handling (grouping surfaces into layers
and colouring by material). Finally, the authors acknowl-
edge that the CHORAS user interface is heavily inspired
by the Treble software 14 . Once the current functionality
is stable, efforts will be made to overhaul the design to be
more original and suited to our needs.

5.2 Our vision: A stronger community

The main reason that CHORAS was initially conceived,
was to build a community around open-source room
acoustic software. The authors are convinced that a
community around CHORAS, consisting of academic re-
searchers, software developers, and end users, will accel-
erate innovation in the field of room acoustics software
and will be beneficial to all parties.

To kick-start this, the authors plan to organise several
workshops and hackathons surrounding CHORAS in the

13 https://www.docker.com/
14 https://www.treble.tech/
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near future. These events could greatly improve the vis-
ibility of this project, and thereby attract those who are
interested in joining the community. To reiterate what has
been mentioned in Section 1, this paper invites the room
acoustics community to contribute to CHORAS, either to
the platform itself, or by coupling their own simulation
methods. The repository is available on GitHub [8] and
includes guidelines on how to contribute.
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