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Introduction
A typical approach when simulating sound propagation
in complex scenes is using the concept of geometrical
acoustics. Every simulation framework is based on cer-
tain assumptions, which are limiting the scenarios they
can be applied to. At DAGA 2021, we presented two
frameworks. The Atmospheric Ray Tracing framework
[1] allows the simulation of curved sound propagation
paths considering the inhomogeneity and movement of
the atmosphere and a ground reflection. It is designed
for the purpose of aircraft noise auralization. On the
other hand, the image edge model [2] is used to simulate
straight paths in urban areas considering higher order
reflections and diffraction.

In this contribution, we briefly present a method for com-
bining both approaches. The goal is to consider the afore-
mentioned propagation effects of both frameworks. This
is of particular interest for the auralization of aircraft
flyovers close to residential areas.

Free-field comparison of atmospheric and
urban propagation models
A good approach to compare models of atmospheric and
urban sound propagation is to visualize sound paths un-
der free-field conditions. As shown in Figure 1, the
blue ”atmospheric” path is curved due to the inhomo-
geneity of the medium. The yellow ”urban” path, how-

Figure 1: Comparison of free-field sound propagation be-
tween an homogeneous and inhomogeneous medium.

ever, is straight due to the assumption of a homogeneous
medium. This leads to a mismatch of the sound field
properties at the receiver. The most striking one is the

incidence direction, which is required for the rendering of
spatial audio signals. However, the different geometry of
the paths and the meteorological properties along those
paths lead to a mismatch of additional acoustic parame-
ters relevant to an auralization. Those include propaga-
tion delay, spreading loss and air attenuation. Addition-
ally, also the launch direction at the source becomes rel-
evant when considering directivities for the source. The
following approach aims to avoid the discussed mismatch
by using a virtual source position as interface between the
atmospheric and urban model as indicated in Figure 2.

Figure 2: A virtual source position allows to maintain the
acoustic properties of the inhomogeneous medium at the re-
ceiver for the homogeneous case, e.g. incident direction.

Interface: Virtual source method
The so-called virtual source method is a three-steps pro-
cedure to interface between atmospheric and urban sound
propagation models based on geometrical acoustics:

1. Simulation of direct sound path using the atmo-
spheric model under free-field conditions

2. Calculation of virtual source position

3. Urban simulation based this virtual source consider-
ing urban structures

The result is a set of straight sound paths including
higher order reflections and diffraction but also consider-
ing the acoustic properties of the atmospheric simulation.

The position of the virtual source is chosen in a way that
incident direction and propagation delay are maintained
for the direct sound (see Figure 2). For this purpose, a
ray is cast into negative incident direction starting at the
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receiver. Then, the virtual source is placed at distance
datmos, which depends on the propagation delay of the
atmospheric free-field path τatmos and the speed of sound
used in the urban model curban:

datmos = τatmos · curban (1)

The other parameters - namely launch direction at the
source, spreading loss and air attenuation - are main-
tained using adapted formulas based on the respective
parameter of the atmospheric free-field path. For exam-
ple, the spreading loss of an urban path of length lpath is
calculated using a normalized version of the well-known
distance law:

fspread,urban =
fspread,atmos

1/datmos
· 1

lpath
(2)

In this equation, fspread,atmos refers to the spreading
loss of the atmospheric free-field path. Normalizing this
with inverse distance between receiver and virtual source
datmos ensures that the spreading loss is maintained for
free-field conditions.

Auralization based on combined model
An auralization of a simple flyover scenario was rendered
based on the proposed approach. In this scenario, the
aicraft flies over the street canyon shown in Figure 3. The
receiver is located in the center of the canyon and faces
the positive y-direction while the aircraft flies directly
above the receiver from its left to its right.

Figure 3: Street canyon used in flyover scenario.

The resulting binaural audio signal is presented in this
video [3]. Additionally, the video shows the positions of
aircraft and virtual source as well as the resulting sound
paths in the urban domain. It can be observed that while
the direct path is occluded by the left building, the air-
craft is localized on the right-hand side of the listener.
This is, because the reflection at the right building is
the most dominant sound path. As the direct path be-
comes audible, the perceived location moves to the left.
This underlines the importance of considering buildings
in such scenarios, since those effects cannot be included
by atmospheric models alone. Furthermore, it should be

noted that the presented audio contains artifacts, that
occur when sound paths become valid or invalid (oc-
cluded). Those are likely caused by the processing of the
diffraction filters, which are based on the uniform theory
of diffraction (UTD) [4]. Since this is based on third-
octave magnitude spectra, the neglection of the phase
can lead to an improper superposition of complementary
sound paths. This, however, is a limitation of the ur-
ban model alone and is not caused by the virtual source
method itself.

Outlook
In the future, we are planning on publishing a full paper
with more details on the proposed method in an open
access journal. This will include a preliminary validation
as a proof of concept. Furthermore, we would like to
improve the processing of the diffraction filters in the
urban auralization model to remove the artifacts which
are audible in the presented auralization.
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