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Documentation of Auralisation Techniques for Aural 
Production and Experience 

 

1. Introduction 
Technology is omnipresent in our everyday lives. Throughout the past years, cultural institutions like museums, 

theatres, or musical venues, have been utilising modern technology, like virtual tour guides, online streaming 

platforms and similar applications to their advantage. During times like the COVID-19 pandemic, many were even 

dependent on finding an alternative approach, since people could not visit due to lockdowns. The technique of 

laser scanning real-world cultural heritage sites offered a wide variety of opportunities to keep culture alive. Virtual 

models of these sites could be made, allowing visitors to get visual and even acoustical experiences.  

 

The AURA project took this approach and created digital visual soundscapes. Three musical venues, namely the 

Konzerthaus Berlin, an old classicism building from 1821, the Teatro del Maggio Musicale Fiorentino, which opened 

in 2014, and the Lviv Theatre of Opera and Ballet, a renaissance revival building from 1900, were laser scanned, 

which allowed for a digital recreation that was accurate down to the centimetre. These 3D models could then be 

utilised for auralisation and resulted in a realistic visual and acoustical virtual experience of all three venues [1]. 

In the following the background research, concept development and implementation, as well as learnings of the 

technical aspects of the project will be described. 

2. State of the Art 
This chapter will describe the current state of the art in terms of auralisation, and what prerequisites were 

necessary for the development of the auralised models and to achieve the desired visual and acoustical experience 

of the three music venues. 

 

2.1. Auralisation Techniques 
During auralisation, a sound field is virtually reconstructed. Material parameters of objects and their effect on 

acoustics as well as the overall room geometry are taken into consideration, creating a realistically sounding audio 

experience [2]. These conditions are stored in a mesh that is combined with a visual mesh, resulting in a visual and 

acoustical model [3]. 

 

Research within this field has been conducted among others by the Audio Communication Group at the Technical 

University Berlin. Stefan Weinzierl has directed multiple projects regarding acoustical reconstruction and 

auralisation. One project was the acoustical recreation of the Teatro Olimpico in Vicenza. Different positions within 

the theatre were scanned and created a model ready for auralisation. Materials for parts of the model were 

selected and recreated the acoustical behaviour of the old Teatro Olimpico [3].  
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2.2. Audio Production  
One of the prerequisites was the production of audio tracks that are free of background noise, echo or any other 

imperfections. This is important to ensure a good auralisation. Otherwise, background noises can influence the 

sound within the auralised model and not provide a realistic virtual soundscape. 

 

Therefore, recordings were made of the 4th part of “Golliwogg’s Cakewalk“ from Children’s Corner by Claude 

Debussy. These recordings were done in the anechoic chamber of the Technical University Berlin. The music piece 

was played by the musicians of the Konzerthaus orchestra. The anechoic chamber ensures clear instrument 

recordings that are not affected by echo or noises.   

 

Each instrument was played separately, which brought many problems with it. Musicians are not used to playing 

alone. The dynamics of a play come from an entire orchestra playing together.  

However, for the auralisation separate tracks were necessary, so each musician avatar can get their respective 

audio file assigned.  
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2.3. Avatar Production 
The recorded music tracks are combined with musician models that can then be placed on the stage of each of the 

music venues. The musicians of the Konzerthaus were, therefore, laser scanned and 3D models were created. Each 

of them was holding the instrument, they are playing. These scans were done as part of another project in 

cooperation with HTW University of Applied Sciences and the Konzerthaus Berlin.  

 

The produced avatars could then be used to better visualise the audio tracks that are performed in the auralised 

3D models. Unfortunately, the avatars are static and do not contain any animations, making for a less realistic 

experience. However, the creation of animated models especially musicians playing delicate instruments requires 

immense work effort. 
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3. Auralisation of 3D models 
 

The projects focus on creating applications that virtually bring the user inside the three music venues. The user 

should be able to move to different positions, look around and listen to a music piece in each of the halls. The 3D 

models were created first. Using a laser scanning survey, digital recreations of the buildings and halls were 

produced, that could then be used for auralisation. 

 

The development was done within the Unity Editor, which was the main development environment for prior virtual 

and augmented reality-based projects. Unity has built-in settings to create spatialised audio. These 3D sound 

settings can be activated in the audio source component, which has to be tagged on each object that emits audio. 

This component holds settings like spread, doppler level, the type of volume roll-off, and minimum and maximum 

distance, at which the audio can still be heard [1].   

 

 

 

These parameters can be used to create the foundation for a three-dimensional soundscape within a VR 

application. However, this method does not consider any of the room's geometry or material characteristics.  

 

The use of an additional audio plugin was necessary to fully auralise the models. A first research analysis compared 

multiple plugins and resulted in three potential candidates: the Oculus Spatializer by Facebook/Oculus, Resonance 

Audio by Google, and the Steam Audio plugin by Valve. These plugins are free to use, are being actively developed 

and supported and are all compatible with Unity. The advantages and disadvantages of each of them were collated, 

and a decision was made mainly based on the project’s use case [1]. 
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The decision has fallen on Steam Audio, which has the best-sounding occlusion system, meaning how sound is 

affected when passing through solid objects within the room, and many settings for geometry and acoustic 

materials. Occlusion could be set gradually, and frequency-dependent transmission can be added. The integration 

into Unity can easily be done by importing the package. This made Steam Audio the most suitable option for the 

project [1]. 

 

After the plugin has been imported into the editor, Steam Audio needs to be activated in the audio project settings. 

Therefore Steam Audio needs to be selected as a spatializer plugin and ambisonic decoder plugin (Fig. 6). 

 

 

 

The next step is to add the Steam Audio source component to each game object that contains an audio source. 

The component includes settings like occlusion, type of head-related transfer function (HRTF) interpolation, and 

options for directivity of sound. Indirect sound settings like reflections, real-time or baked simulation etc. can also 

be found in the component (Fig. 7). 

 

The second component needing is the Steam Audio material, which comes with an automatic Steam Audio 

geometry component (Fig. 8). Those are tagged on all objects within the virtual environment. Each part of the 

floor, walls, chair and so on has to contain these components. In that way, each object can get a certain material 

assigned to it. Preset materials like carpet, wood, rock etc. can be used, or custom ones can be created. These 

materials will be the main influence on how sound will be affected when travelling through the virtual room. 

 

After setting up these parameters the auralised model can be tested. The user can hear differences when moving 
through the environment. Changing material parameters will result in clear differences in acoustics as well. The 
room can be modelled to recreate real-world conditions by experimenting with varying parameter settings. 



 

9 | D2.3 – DOCUMENTATION OF AURALISATION TECHNIQUES FOR AURAL PRODUCTION AND EXPERIENCE 

 

 
 

 
 

 

 



 

10 | D2.3 – DOCUMENTATION OF AURALISATION TECHNIQUES FOR AURAL PRODUCTION AND EXPERIENCE 

 

3.1. Auralised Model of Berlin Venue 
The first model to be auralised was the Great Hall of the Konzerthaus Berlin. The model features 14 musician 

avatars, that include audio sources with the respective instrument voice. The avatars were produced during a 

previous project and are real-life laser scans from the musicians of the Konzerthaus Berlin orchestra. The 

instrument voices are separate tracks from the 4th part „Golliwogg’s Cakewalk“ from „Children’s Corner“ by Claude 

Debussy that were recorded in the anechoic chamber at the Technische Universität Berlin. 

 

 

 

The auralisation was carried out according to the procedure described in the previous section. All model parts 

were tagged with the components and material parameters were set. The material selection was done based on a 

visual analysis on-site. Fig. 10 shows an exemplary object from the model consisting of multiple wooden benches. 

 

 

 

Models of the musicians were positioned on stage, each of which has a Steam Audio source component making 

further customisation of sound directivity (direction of sound emission), occlusion (influence of solid objects on 

sound) and more settings possible. 



 

11 | D2.3 – DOCUMENTATION OF AURALISATION TECHNIQUES FOR AURAL PRODUCTION AND EXPERIENCE 

 

 

The music piece can be heard from different positions within the virtual room. Giving the user the ability to 

experience differences in acoustics from varying seats. 
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3.2. Auralised Model of Florence Venue 
The development of the auralised model of the hall of the Teatro del Maggio Musicale Fiorentino underwent the 

same course of action. The setup of musicians on stage is the same, making a comparison between the models 

possible. 

 

 

The objects were tagged in the same way as in the previous model. The selection of the material however was 

different. Contrary to a merely visual analysis for the Konzerthaus model, the materials for the Teatro were 

analysed during the laser scans. The exact composition of each material was documented. This resulted in a 

detailed table containing material parameters like surface density, low, mid and high-frequency absorption, 

scattering, and low, mid and high-frequency transmission. Custom materials were then created and used to tag 

the objects in the 3D model.  

 

 

 

Similarly to the KHB model, the music piece „Golliwogg's Cakewalk“ can be heard from several positions within the 

3D environment, making the user able to experience visual and acoustical changes. 
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3.3. Auralised Model of Lviv Venue 
Lastly, the auralised model of the Lviv venue was completed. The auralisation process was the same as before. The 

same musician avatars and sound sources were placed and similar listening positions were chosen.  

 

The material selection for this model was based on visual analysis. During the laser scanning surveys, pictures of 

every object in the hall were taken and stored in a database. This database was used to derive the appropriate 

materials for the Steam Audio material component. An exemplary object with wooden material tagged is shown 

in Fig. 16. An excerpt of the database table can be found in the following figure.  

 

 

 

„Golliwogg's Cakewalk“ is being played by the avatars on stage and can be heard from multiple positions, like back 

row, first row, balcony and so on, giving the user the ability to move within the environment and hear differences 

between not only the positions but also the three models. 
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4. Visualisation and Virtual Reality Development 
The auralised models are set in a virtual environment that can be experienced on the Oculus VR goggles. The VR 

experience is accompanied by a simple interaction system that allows the user to move within the halls, switch to 

certain positions, and enable, disable as well as move musician avatars. 

 

4.1. Visual Iteration of 3D Models 
All three models underwent many visual iterations. Starting with the KHB model, a prototype was made using a 

hand-modelled version of the great hall. This model had a less accurate geometry and slightly different materials 

and textures. This version was mainly used as a first testing iteration for the auralisation plugin while the laser 

scans of the Konzerthaus were still ongoing. The hand-modelled object could not be used, since the dimensions of 

the room were not the same as in the real hall. To achieve the most realistic auralisation as well as visualisation 

the dimensions and materials need to be as close to real life as possible. The laser-scanned model could then be 

used without any visual changes. 

 

 

 

The model of the Florence venue was first tested with a visual model using no textures and no chairs to improve 

performance. This version could be used for developing the auralised model, however, it was visually not realistic 

and not satisfactory (Fig. 19). 
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More iterations were done regarding textures and lighting, improving the overall visualisation immensely. Based 

on reference pictures the colours and materials were adjusted (Fig. 20).  

 

 
 

The final version has realistic colours, materials and lighting and can therefore provide the best visual experience. 

The auralisation is not based on the visuals of the model and could stay the same throughout the iterations. 

 

The visualisation for the music venue in Lviv needed three main iteration stages. The model that was used for 

auralisation was a simple model without textures and simple colours to distinguish between materials. This model 

could not be used for an appealing visual experience and was solely used to create the auralised model and was 

invisible during the experience. 

 

 
 

Following was the integration of a point cloud. Different densities were tested, ranging from 1mm to 50mm, 

meaning the distance between the points within the point cloud. The results were good but the denser the point 

cloud, the more realistic it looked, but  the more computing power was needed at the same time.  
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Not being able to achieve a satisfying visualisation using the point cloud that was both realistic and performant, a 

new textured model was created. The textures are based on the point cloud but form a 3D model, and are not a 

loose formation of points. This model was then combined with the auralised model and could be used for the VR 

experience. 
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 4.2. Development of Interaction System 
There are multiple ways to interact with the application while it is running on a PC or laptop. The user can enable 

and disable musicians using the F1 to F10 keys on the keyboard. 

 

F1 First violine 
F2 Violoncello 
F3 Contrabass 
F4 Flute 
F5 Oboe 
F6 Clarinet 
F7 Trumpet 
F8 Harp 
F9 Small drum 

F10 All other instruments 
 

 

When the user is testing the application simply in the desktop version, positions can be switched by clicking the 

keys 1 to 8. While experiencing the virtual reality version the position-switching works conveniently with the Oculus 

controller. Grabbing musicians and moving them to a different position works only in VR and can be done by using 

the controller as well. 
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4.3. Deployment for Virtual Reality 
The Unity project uses the XR Plug-in Management package, which allows for very simple deployment for different 

XR devices. In the settings under XR Plug-in Management, the required devices, in this case, Oculus, can be 

selected. Besides that only the camera needs to contain a Tracked Pose Driver allowing the camera to register 

movement from the VR glasses. 

 

The application could then be tested easily by connecting the Oculus glasses and running the application either 

from the Unity editor or directly as an executable. 

5. Conclusion 
During this project multi-sensory models with a focus on photorealistic visualisation and reconstruction of acoustic 

conditions were created. Fully auralised versions of the three mentioned musical venues were implemented. The 

auralised models were then used to conduct several case studies, analysing the best uses and opportunities for 

auralisation within the cultural context. The implemented machine learning model and data mining techniques 

can be used for audience prediction. Furthermore, these models helped in developing business and monetization 

methods. 

 

The chosen auralisation plugin Steam Audio was found to be very simple to set up and use. The spatialisation 

settings enabled the user to hear clear differences when moving within the halls, with the music changing in 

volume and also direction when the user would move their head. The selection of materials created an auralisation 

where audio was reflected and absorbed differently depending on the material characteristics. Hearing differences 

between the three venues was very dependent on the right headphone equipment and a certain level of acoustics 

expertise.  

 

Further research has to be conducted in the fields of auralisation and how auralisation can be made more 

accessible and less cost intensive. Other technologies for the visual experience of cultural heritage have to be 

explored. Mixed reality glasses like the Microsoft HoloLens can bring different advantages over a virtual reality 

experience. Especially use cases that focus on the reconstruction of cultural heritage sites can benefit from 

transparent display that simply projects virtual content on top of the actual site. Best practices have to be created 

to study the combination of 3D digitalisation, auralisation and mixed reality. 
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