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Traffic noise assessment is largely based on quantitative indicators and predicted sound levels, which may
be difficult for non-experts to interpret. Auralisations offer a complementary approach by enabling realistic
auditory representations of traffic noise in its environmental context, thereby supporting communication,
understanding, and decision-making in infrastructure planning.

This paper presents the principles and practical applications of an online auralisation tool developed with
focus on traffic noise assessment and communication. The approach is based on synthetic traffic noise
sources combined with established outdoor sound propagation modelling, allowing perceptually plausible
representations of road traffic noise under varying traffic and environmental conditions without relying on
site-specific noise recordings. Key source characteristics and propagation effects are incorporated to ensure
consistency with recognised engineering prediction methods.

The auralised sound is presented using binaural rendering, enabling headphone-based playback through a
standard web browser. The system is intentionally designed with a limited set of user-adjustable parameters
to balance usability with perceptual realism, making it suitable for use by both acoustics professionals and
non-expert stakeholders.

Experiences from development and applications indicate that auralisations can serve as a valuable
supplement to conventional noise metrics, particularly in planning processes, stakeholder dialogue, and
public engagement related to road infrastructure projects. The paper also presents current limitations and
outlines potential future developments aimed at improving perceptual realism and extending applicability.

1. Introduction

FORCE Technology (FT) has worked with auralisations for the past 15-20 years.

Auralisations (or Auralizations) are the acoustic counterpart to visualization — a method for producing realistic and
credible auditory renderings of sound sources, whether real, non-existing, planned, or imagined, in a specified
environment or context.

FT, often in collaboration with the Danish Road Directorate, has carried out several auralisations of planned road projects
and presented these at public meetings etc., see [1], [2] and [3]. FT has also created auralisations for trains, heat pumps
and wind turbines.

The early work with auralisations was carried out mainly using recordings of real single noise sources that were filtered
and mixed with several other noise sources and soundscapes.

Even if this process often contributed to high quality and very realistic auralisations, it was rather time consuming with
numerous manual steps, and somewhat limited to certain situations. Much time was spent on recording noise sources and


mailto:erth@forcetechnology.com
mailto:pfi@forcetechnology.com

performing filtering of these recordings. Recordings were also limited to existing noise sources and often contaminated
by background noise, i.e. bird song and other, distant noise sources. Even if background noise such as bird song can
contribute to the immersion of the listener, FT’s experience is it must be decoupled from the noise source to avoid
becoming an interference.

Therefore, the interest in using synthetic noise sources has increased over the years. The experience of early tests with
synthetic noise sources showed a rather non-believable sound. FT’s experience is that a trustworthy sound is decisive
when it comes to communication with the public in general.

To reduce the manual work and mitigate some of the limitations of the methodology previously used by FT in sound
recordings, FT has developed an online auralisations tool, which is now available at ear.forcetechnology.com.

The online auralisations tool applies synthetic noise sources together with the Nord2000 noise propagation method, [4]
and [5], and HRTFs from the CIPIC library, [6] and [7], to let users create their own auralisations.

This paper describes some of the background, methods, and ways in which auralisations are carried out.

1. Auralisation tool

The tool is divided into three different types of noise sources that can be auralised until now:
e Country road and motorway
e Wind turbine

e Heat pump

The tool also consists of a propagation part, for propagating the noise between the source and receiver through the
atmosphere. Because of the authors’ knowledge of and experience with the Nord2000 method in terms of both propagation
method and source models, this method is used in the tool.

To present the auralised sound, it is filtered through a Head Related Transfer Function (HRTF), or more correctly a Head
Related Impulse Response (HRIR).

The tool is equipped with a limited number of options and adjustment possibilities to make it easy to use. Increasing
complexity is not very difficult, however, and the tool can be adjusted to meet specific customer needs.

These parts are described in more detail in the following subchapters.

General input

The user is presented with a sketch of a situation where the user can input data using the mouse and keyboard, such as
receiver position, noise barrier position and height etc.

Country road and motorway noise sources
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Figure 1: Part of user interface for country road auralisation with a receiver position (dark green dot) and a noise barrier
(brown rectangle). Not in scale.



The noise generated from a road starts with a pink noise signal. This is then filtered with the 1/3 octave band spectrum
obtained from the Nord2000 road source model [8]. The source model includes input parameters such as

e Vechicle category, e.g. light, medium, or heavy vehicle

e Vechicle speed

e Angle between observation direction and the travelling vector (directivity)
¢ Road surface type such as SMA, SRS, ABS and so forth

e Whether or not (Boolean) studded tires are used

e Whether or not (Boolean) the surface is wet

So far, to improve impression of the noise from a vehicle with combustion engine, a single tone representing the first
engine firing order is added based on assumptions as to number of cylinders and engine RPM. Analysis of pass-by
recordings have been used in the development. Non-combustion engines like electric cars have not yet been considered.
However, since the noise from the tire/road contact is dominating for speeds above 40-50 km/h, it is assumed to be rather
insignificant in many situations.

The road lanes and the corresponding noise sources are simulated in terms of several straight and parallel line-sources to
simulate a 2.5D model.

Wind turbine noise source

Figure 1: Part of user interface for wind turbine auralisations with a receiver position (dark green dot). Not in scale.

The wind turbine noise source is so far rather simple with a pink noise signal temporally filtered through a saw tooth time
filter. Currently the user can change the overall sound power level of the wind turbine.

The wind turbine is simulated as a point source in a 2D model. For example, the receiver position can be moved further
away from the coastline.

Heat pump noise source




Figure 1: Part of user interface for heat pump auralisation with a receiver position (dark green dot) and a noise barrier
(brown rectangle). Not in scale.

To generate synthetic noise from a heat pump, a pink noise signal is generated and then filtered through a typical broad
band heat pump noise spectrum. On top of this, several tones/harmonics are added to the signal. The analyses of recordings
of heat pumps have been used as a basis for the development of both the broad band noise and the tonal components. The
tonal components generally consist of a few major low frequency components — around the rotational speed multiplied
by number of blades plus the first few harmonics of that, plus a larger number of less pronounced higher harmonics.

The heat pump is simulated as a point source in a 2D model.

2.  Sound propagation

The sound is propagated from the source towards the receiver using the Nord2000 noise propagation method. It has
several inputs, basically condensed to:

e Terrain data:

— Distance

— Elevation

— Flow resistivity (to estimate ground impedance)
e Meteorological conditions
e Source height

e Receiver height

To simplify and make auralisations more usable for people without expert knowledge, the number of meteorological
inputs is generally limited to wind speed and direction, temperature, and relative humidity. The ground is generally flat
with either an acoustically soft grass surface or an acoustically hard surface such as water or asphalt.

For offshore wind turbine auralisations, the influence of multiple reflections over water can be handled by different
approaches. The default Nord2000 implementation applies incoherent addition of multiple reflections. While this
approach tends to underestimate the noise levels reported in [10], it was found to be more consistent with the
long-distance, over-water measurements analysed in [9]. In contrast, applying fully coherent addition of reflections
produces an overestimation of noise levels relative to both datasets.

Since neither purely incoherent nor purely coherent summation of sound captures the full behaviour across conditions, a
hybrid method mixing coherent and incoherent contributions was developed and implemented to achieve better
accordance with measurements. When auralising offshore wind turbines, it is therefore possible to choose which reflection
method to use.

Furthermore, it is also possible to include slow random variations in the noise level, based on the temporal fluctuation
characteristics documented in [11], when auralising wind turbines.

3. Presentation of auralisation

The propagated sound is filtered through an HRIR from the CIPIC database. The database consists of many recorded
HRIRs. To limit the user’s effort with and the complexity of the tool, only a limited selection of HRIRs is presented as
options to the user. HRIR-filtering allows for presentation of the sound over headphones. Since the auralisation is provided
online through a normal browser, a simple calibration with a recorded speech signal enables the user to carry out a rough
calibration of the sound level. The user is also advised to disable any other possible effects in the user’s sound system,
such as automatic loudness adjustment. The sound can also be presented through a loudspeaker setup or a PA system.



4. Technical details/disclaimer

The web-based tool is built using the Blazor-framework and simulations are carried out on the server. Interactions, be it
input from mouse and keyboard, or output from visual feedback and sound over headphones, are handled by the web
browser. Whether the user’s browser or computer processes or alters the produced sound signal is to some extent outside
the control of the tool.

5. Future work

The online auralisation tool is still under development and there are many improvements to consider such as:
¢ Inclusion of acoustic reflections
o Inclusion of tones from tires especially when auralising heavy vehicles
e Improved wind turbine synthetic noise generation:
— Wind speed dependency
— Model-specific parameters
— More realistic noise generation around a blade
e Heat pump model-specific sound

¢ Ambisonic output

So far, focus has been to produce a usable tool and thus activities such as evaluation using listening tests are under
consideration.
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