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Room acoustic simulation is currently dominated by
Geometrical Acoustic (GA) solvers. These models are
efficient and have been widely used for approaching 30
years [1], but it is also widely known that they are not
accurate in all scenarios. This is usually at lower
frequencies or in smaller rooms, where the modal density
remains low up to a higher frequency.

ABSTRACT
The audible frequency range covers many octaves in
which the wavelength changes from being large with
respect to dominant features of a space to being
comparatively much smaller. This makes numerical
prediction of a space’s acoustic response, e.g. for
auralisation, extremely challenging if all frequencies are
to be represented accurately. Different classes of
algorithm give the best balance of accuracy to
computational cost in different frequency bands. At low
frequencies, wave effects such as diffraction and
interference are essential, but methods modelling the
underlying PDEs directly have computational cost that
scales with problem size and frequency, rendering them
inefficient or intractable at high frequencies. At high
frequencies, geometric ray descriptions are more
efficient, but the accuracy they can achieve is limited by
how well the geometric assumption represents sound
propagation in a given scenario; this comprises accuracy
at low frequencies in particular. It is therefore often
necessary to operate two algorithms in parallel handling
different bandwidths but, combining their output data can
be an awkward process due to their differing
formulations. This is particularly important for early
reflections, which give crucial spatial perceptual cues –
for late time the wave field becomes chaotic at high
frequencies and the benefits are less clear. There is
therefore a need for a unified full audible bandwidth
algorithm for early reflections.

‘Wave-based’ methods such as Finite Difference Time
Domain [2] or Boundary Element Method (BEM) are
extremely accurate [3] but their computational cost scales
badly with frequency, meaning there is an upper limit to
their practical use. Moreover, it is well known that at late
time, the sound field in rooms at high frequencies
becomes diffuse and chaotic at high frequencies. There is
therefore little to be gained from running a
computationally expensive wave method in this region;
an energy-based algorithm that gives an ensemble
average of likely responses is more appropriate [4].
Figure 1 illustrates different regions in a room impulse
response spectrogram. GA is currently the de-facto
method for the orange and red regions, with high modal
density, but it is common to apply different algorithms in
each block. Often for the orange block, with its sparse
reflections that are important for spatial cues, a
deterministic algorithm such as the Image Source Method
is employed. Later in the red block, it is common to
switch to a stochastic ray tracing method. This is less
accurate, but its computational cost for higher reflection
orders is very favourable compared to Image Source, and
the chaotic nature of the field negates the benefits of a
more accurate method.

This paper will describe ongoing research to develop
such an algorithm by exploiting synergies between
Boundary Element Method (BEM) and Geometric
Acoustics (GA). It will describe how appropriately
chosen oscillatory basis functions in BEM can produce
leading-order GA behavior at high frequencies, and how
these might be assembled into a full. It will introduce the
‘Wave Matching’ BEM, a new formulation that can be
solved by marching-on-in-reflection, a property shared
with GA that makes it inherently suitable for modelling
early reflections.
1. EXTENDED ABSTRACT
Prediction models are at the heart of modern acoustic
engineering and are used in a diverse range of
applications, from refining the acoustic design of
classrooms and concert halls to predicting how noise
exposure varies through an urban environment. They
also allow Auralisation to be performed for buildings and
spaces before they are built or long after they are lost.
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Figure 1: Illustration of regions of low and high
reflection density (left to right) and modal density
(bottom to top) in a room impulse response spectrogram.
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Notable here is an emerging thrust of research on what
Svensson & Savioja term “Surface-based” GA [1]. The
variants of these that consider wave direction are the most
sophisticated, and these ideas have been suggested
independently by several groups [4]–[7]. Being based on
a boundary element mesh, these methods appear
particularly suitable for coupling to BEM, likely via
stochastic energy statements [8].
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