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1. Why is spatial sound so important today?

Spatial hearing is one of the fundamental abilities of human perception. We
do not only hear what a sound is — we also perceive where it comes from:
from the front or back, left or right, near or far. This spatial orientation is
deeply embedded in the human auditory system.

In recent years, expectations regarding audio reproduction have increased
significantly. People no longer expect simply “good sound,” but an immersive
listening experience — at home, at live events, and increasingly in vehicles.
Cars are evolving into personal spaces for experience and communication.
This creates a technological challenge: How can sound be reproduced in a
way that it no longer appears tied to loudspeakers, but instead emerges
freely within the space?

2. Award-winning immersive sound environments worldwide

The Fraunhofer Institute for Digital Media Technology IDMT has been devel-
oping object-based 3D audio systems for professional audio and entertain-
ment applications since the early 2000s and has received numerous awards
for its work, including Thuringian Research Award (2003), German Stage
Prize “Opus” (2006), Tony Award for Best Sound Design (2018) and AVard
Award (2024).

Fraunhofer IDMT’s 3D audio technology has been implemented in numerous
international installations, including:

Bregenzer Festspiele

Staatsoper Berlin

Opernhaus Zirich

Barrymore Theatre

Aldwych Theatre

Maly Theatre Moscow

Presidential Palace Ankara

TUI Cruises ships “Mein Schiff 1 and 2”
SAE Institute Cologne
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¢ Research laboratories including:
o llmenau Interactive Immersive Technologies Center, Techni-
cal University of limenau
o MAVEL Multisensory Laboratory, University of Applied Sci-
ences Wirzburg-Schweinfurt
o Braunschweig University of Applied Sciences (HTWK)
o Audio Lab, Darmstadt University of Applied Sciences

3. What is object-based (immersive) audio — and how does it dif-
fer from channel-based reproduction?

To understand why Audiofields is unique, it helps to compare the two funda-
mental approaches to spatial audio reproduction.

Channel-based audio reproduction
In conventional audio systems, sound is produced as a mix for a fixed loud-
speaker configuration, such as:

o Stereo (2 channels)

e 5.1 surround

e 7.1.4 systems

The audio file already contains information specifying which sound should
be played through which loudspeaker.

The spatial impression is created by assigning signals to specific channels.

Channel-based Audio
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Figure 1 In channel-based playback, the audio file contains information about which sound
should come from which speaker. Copyright Fraunhofer IDMT
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Limitation:
This approach works optimally only when the playback environment matches
the production environment — which is rarely the case in vehicles:

e Loudspeaker positions vary

o Interior geometries differ

o Each vehicle model has its own configuration

The result is often a limited and less natural spatial impression.

Object-based audio reproduction

The 3D sound system Audiofields from Fraunhofer IDMT is based on object-
based audio rendering. Instead of storing sound as a finished loudspeaker
mix, it is stored as a collection of individual audio objects.

An audio object consists of:
e The actual audio signal (e.g., voice, instrument, warning tone)
o Metadata describing the position and movement of the object in
space

The loudspeaker signals are calculated in real time during playback — tai-
lored to the specific acoustic environment.

This means:
e Each sound source can be freely positioned in space
e The system automatically adapts to any loudspeaker layout
o The spatial impression remains consistent across different vehicle
models
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Figure 2 In object-based audio rendering, the audio signal always consists of the actual signal
(e.g., voice, instrument, warning tone) and the coordinates for the position and movement of
the audio object. Copyright Fraunhofer IDMT

4. Why is object-based audio a technological breakthrough in
vehicles?

Immersive object-based audio technologies used at events often rely on
large loudspeaker arrays and significant computing power. For automotive
use, the technology had to be fundamentally adapted.

The vehicle interior is acoustically one of the most challenging environments:

Extremely limited space

Fixed number and position of loudspeakers

Strong reflections from glass and plastic surfaces

Different seating positions

Strict requirements regarding energy consumption and processing
power

Fraunhofer IDMT’s 3D sound technology Audiofields has been optimized to:

Operate with significantly fewer loudspeakers

Run energy-efficiently

Function in real time on standard series-production processors
Scale from entry-level systems to high-end configurations
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For the first time, a technology originally developed for large event venues
has been successfully integrated into series-production vehicles.

5. Second successful collaboration with Mercedes-Benz AG

The integration of the 3D sound algorithm into Mercedes-Benz vehicles rep-
resents the second major success story between Fraunhofer IDMT and Mer-
cedes-Benz.

The first joint innovation project, publicly announced in 2023, involved the
development and integration of sound visualization for active ambient light-
ing in the then-new E-Class generation. An intelligent algorithm synchro-
nizes the vehicle’s lighting atmosphere with music and audio signals via inte-
grated light strips.

Thanks to this active ambient lighting with sound visualization, passengers
can experience music with three senses:

they hear it, they feel it via integrated structure-borne sound transducers in
the seats, and they see it through synchronized lighting.

Figure 3 In the new E-Class from Mercedes-Benz AG, music can be experienced visually
thanks to intelligent music analysis. A light strip in the vehicle interior is controlled to match
the music and sounds. Copyright Mercedes-Benz

Read more here: Press release on the launch of intelligent lighting adapta-
tion 2023
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https://www.idmt.fraunhofer.de/en/Press_and_Media/press_releases/2023/Fraunhofer-IDMT-develops-intelligent-sound-visualization-for-Mercedes-Benz.html
https://www.idmt.fraunhofer.de/en/Press_and_Media/press_releases/2023/Fraunhofer-IDMT-develops-intelligent-sound-visualization-for-Mercedes-Benz.html
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6. Audiofields as a game changer: new in-car applications for
safety, assistance, and comfort

Audiofields not only enhances music content with immersive spatiality but
also aims to enable unified sound management for previously separate sys-
tems such as infotainment, driver assistance, and active sound design.
Every sound — from warning signals to artificial engine noise — is calculated
in real time and reproduced directionally through any loudspeaker configura-
tion. Pre-production and adaptation to different vehicle setups become un-
necessary, significantly reducing coordination effort between development
departments.

Enhanced driving safety through directional warnings

Audiofields supports driving safety through precise 360-degree acoustic ren-
dering of hazards. Potential dangers — such as vehicles in the blind spot or
approaching children — can be reproduced as dynamic spatial audio objects.
The driver intuitively perceives the direction of the hazard without diverting
attention from the road.

Navigation instructions and assistance information can likewise be placed
precisely as spatial acoustic events and synchronized with cockpit displays if
required.

Improved in-car telecommunications

Vehicles are increasingly becoming mobile offices where phone calls and
video conferences are part of everyday life. In multi-participant conversa-
tions, however, it is often difficult to distinguish voices when all sound origi-
nates from a single loudspeaker.

Audiofields places individual voices as spatial audio objects within the vehi-
cle interior. This improves speech intelligibility, reduces listening fatigue, and
increases comfort — especially on longer journeys.

Intuitive interaction through spatial audio

With Audiofields, sound becomes an integral part of vehicle interaction. Mod-
ern vehicle interiors increasingly feature seamless, button-free surfaces
where controls appear upon touch and disappear afterward.

To ensure drivers receive clear confirmation of inputs, Audiofields supple-
ments haptic feedback with targeted acoustic cues. A short sound impulse
can originate precisely from the direction of the activated control.
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The combination of touch and spatial sound makes interaction more intuitive,
reduces uncertainty, and supports safe operation — without requiring drivers
to take their eyes off the road.

Personalized soundscapes

Audiofields enables individually customizable sound environments, enhanc-
ing emotional and personalized driving experiences. Specific sound events
can be linked to vehicle functions.

Passengers could be greeted with a personalized welcome sound or their fa-
vorite music when opening the car door. Pressing the accelerator could be
accompanied by a dynamic engine sound, while activating autonomous driv-
ing mode might trigger an atmospheric soundscape.
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