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The first part of this paper presents a series of formulae for calculating acoustic indices in micro-scale urban areas,
such as an urban street and a square. The acoustic indices include reverberation time and sound pressure level. The
formulae are based on both analytic theory and regression of intensive data obtained using two computer simulation
models, one based on the radiosity method and the other based on the image source method. The calculations using
these formulae and using the computer models are rather close, generally within an accuracy of 10% for
reverberation time and 2dB for sound pressure level. The second part of the paper presents a prototype of an
acoustic animation tool for urban soundscape design. The intension is to take various urban sound sources into
account, as well as their spatial and temporal conditions. The system considers idealised cross-streets and squares,
which can be input graphically in a 2D environment. The acoustic characteristics of the urban environment are
determined using the above formulae or a database storing results pre-computed by the two computer models. There
is also a database of dry signals. With a given receiver and sound signals, the system can produce virtual sound
fields with reverberation, and the sound files can be played back in real-time. It is expected that both the formulae
and the acoustic animation tool will be useful for urban designers.

1. INTRODUCTION
With the introduction of new EU noise policies [1], noise-mapping softwareltechniques are being
widdy used in European cities [2]. While the techniques can provide an overdl picture for
macro-scale urban aress, to study the sound propagation & a micro-scae — such as an urban
street or a square — it would be more appropriate to use detalled acoustic smulation techniques.
Severa computer Smulation models have been developed, and good agreement has been
obtained between predictions and measurements [3-5]. However, the current smulation modds
ae dill not suffidently user-friendly, and the computation time is rather long. For urban
desgners, it would be ussful a the desgn dage to use smple formulae that can estimate the
sound propagation in micro-scale urban aress.
In addition to noise prediction and reduction, great atention has been pad in recent years to
soundscape research, which concentrates on the interaction between people and the acoudtic
environment [6,7]. To aid soundscape design, it would be useful to develop a tool that can add
acoudtic effects to the animation process, taking various urban sound sources into account, as
well asther spatid and tempord conditions.
In this research, two computer models have been developed, one kased on the radiosity method
and the other based on the image source method, for caculating sound propagation in urban
dreets and squares. Using the modds, a series of parametric studies have been carried out.
Consequently, empirical formulae have been derived to cdculate reverberation and sound
digribution in urban spaces. Based on the computer models and the empirical formulae, a
prototype of an acoustic animation tool has been developed for urban streets and squares. This
paper briefly presents the empirica formulae and the prototype toal.
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2. SSIMULATION AND FORMULAE

A sies of formulae have been deveoped for caculating the reverberation time (RT), early
decay time (EDT) and sound pressure level (SPL), under various boundary conditions. This
paper, for the sske of brevity, only presents the formulae for urban squares with diffusdy
reflecting boundaries.

The formulae are related to the computer model based on the radiosty method. In the modd,
each urban boundary is divided into a number of smdl patches, and the sound propagation in an
urban area is smulated by the energy exchange between paiches [8-11]. The modd calculates
impulse responses, from which various acoudtic indices can be derived, including RT, EDT and
SPL. Udng the mode, a series of parametric studies have been carried out with a wide range of
urban square configurations: length L = 20-200m, width W =20-200m, height H =5-100m, and
square area 400-40000nY. The lengthvwidth ratio is 1:1 to 4:1, and the sideheight ratio

~LW /H is =0.5-40. Buildings are considered to be aong two, three or four sides of a square,
with an absorption coefficient of 0.1-0.9.

It has been shown that with diffusdy reflecting boundaries, for an urban square surrounded by
buildings with low sdelheight ratio and low boundary absorption coefficient, the average RT30
usng the radiogty smulaion is very close to tha caculated by the well-known Eyring formula
However, with the increese of ddeheght ratio and boundary absorption the Eyring formula
becomes increasingly inaccurate. Based on theoreticd andyss and regresson of smulation
results, severd correction items are introduced. The find form of the reverberation formulais:

RT30 = 0.16v (88.6+4%, + 2.7—“t|w) (3

- SLn(l- a)+4mV

where S is the totd surface aea and a is the average absorption coefficient, both including an
imaginay square celing. V =LWH, m is the ar absorption factor, and a, is the average
absorption coefficient of boundaries, i.e. fagades and ground only. It has been demonstrated that
within the configuration range conddered, caculations by equation (1) and by the radiosty
modd are very close, generdly within an accuracy of 10-15%.

With a amilar procedure as above, a formula for the SPL didribution in a square with diffusaly
reflecting boundaries has aso been derived:

L = +10lI
b og(4pr2 W+L R

whee R=%a; /(1-a;) and a; =a+4mV/S. L, isthe sound power leve of the source, Q is
the directivity factor of the source, and r is the source-receiver distance. The difference between
cdculations udng equation (2) and usng the radiosty mode is generdly within 2dB. Equation
(2) is ingpplicable to long rectangular spaces, where the SPL attenuation is considerably grester
than that in quas- square spaces.
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3. DIGITAL AUDIO ANIMATION

To develop a digitd audio animation tool for aiding the design process of urban soundscape, the
basic requirements include: (1) It should consder various urban sound sources, such as treffic,
fountains, sreet music, condruction, human voice and bird dnging, (2) It should consder
dynamic characteridics of the sources, for example, variation of traffic in a weekday; (3) It
should consider the movements of sources and receivers, and (4) The caculation speed should
be reasonably fast, so that a desgner can adjust the design and then listen to the difference.
Exiging software, however, is not directly applicable to the above. Programs based on
techniques for room acougstics smulation, athough producing rather accurate acoudtic indices
and providing good aurdization functions, are time-consuming and less suitable for congdering
multiple sources with dynamic characterisics. Some noise-mgpping programs can provide
acoudtic animations, but reverberation is normaly not consdered, and the source conditions are
dill rather dmple. In the virtuad redity sector, digitd sound rendering techniques are being
rgpidy developed, but the space configurations and the sound source dtuations are rather
different from those required in urban soundscape. As a result, to aid urban soundscape design, it
is till necessary to develop asmple but practica tool.

In this research such a tool is being developed, where the early part of impulse responses can be
smulated by techniques such as ray-tracing, and the late decays are determined using formulae
such as those presented in Section 2, or using a database. In the database the results are pre-
computed usng smulation models such as those mentioned in Section 2. In this way, the source
location and the spatid effects can be reasonably well smulated, but the caculaion time is
greatly reduced. In the following sections, a prototype of such atool is briefly presented.

3.1. The system

The prototype has been developed usng Java, an object-oriented programming language.
Currently it is for idedlised cross-streets and squares, and the reverberation effect is based on the
RT raher than smulated impulse responses. The interface of design input is shown in Fgure 1.
It dlows the user to input a desgn grgphicdly in a 2D environment. Within an area of 200m by
200m, a wide range of street and square dimensions can be given. Buildings are assumed to be
continuous dong a street or aong two or more Sdes of asquare, and of a constant height.

Any number of sources can be sdected from a database, which currently includes 20 dry sound
samples in .wav, .au or .aff format. The sources can be put a any podtion in the Streets or the
square. Thereis no limitation for the Sgnd length.

For a given recaver, the sysem can determine the acoudtic indices including RT, EDT and SPL
based on a database or formulae, as described in Section 3.2. The system can then produce sound
files with appropriate sound levdl and reverberation, based on the digitd audio processng
described in Section 3.3. Figure 2 shows the interface for inputting sources and receivers, as well
as genearating sound files. The cdculation and convolution are rather fast — a sound file can be
played back immediately after a receiver is given. The origind dry signds without the effects of
urban environment can aso be played back for comparison.

The system is intended to be user-friendly and greet atention has been paid to user interaction. A
desgner can change the configuration, and then ligen to the acoudtic environment in red-time.
A desgn can be saved for further comparison and presentation. In the system a hep function and
someinitid desgn guidelines for urban soundscape are also included.
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Figure 1. Interface for design input in the prototype tool for aiding soundscape design.
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Figure 2. Interface for inputting sources and receivers and generating sound files.
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3.2. Database

For urban dreets, a database has been created to store pre-computed acoudtic indices, including
RT, EDT and SPL. The database is based on smulations using the radiosity mode and the image
source modd as mentioned previoudy. For urban sguares, direct cdculation can be made using
the smplified formulae as patly presented in Section 2. In the database both diffusdy and
geometricdly  reflecting boundaries ae conddered. Currently the boundary absorption
coefficient is assumed to be 0.1 and no air absorption is taken into account.

In the current database the range of dSreet dimendons arel length, 10-200m; width, 560m, and
height 3-16m. For squares the dimensions correspond to the applicable range of the formulae
(see Section 2). The database is Hill being expanded by conddering more configurations and
more boundary conditions.

3.3. Digital audio processing

The sysem renders user sdected dry sound signas with the acoudtic indices, to smulae the
reverberation effects. Conventiondly digitd audio processng could only be implemented using
soecid digitad dgnad  processng (DSP) hardware because of the limitaion in  computing
resources, but the Java sound application programming interface (API) specifies mechanisms for
capturing, processng, and playing back audio data in a framework that promotes extenshility
and flexibility [12]. It dlows full access to the underlying synthess and the rendering engine
without much complicated digital processng code.

A st of unit generators form an audio processng chan (including the specid unit that
communicates with the audio hardware), dlowing the sysem to read, render and play sound
files. These generators, which have been implemented using the Java sound API, encapsulate the
use of audio processng a the sgnd level. The source unit reads the dry sgnd as a .wav, .au or
aff file and passss it to the reverb unit. The reverb unit renders the sound via audio-buffers and
the sink unit converts those back into audio files.

In this prototype, the implementation of the reverb unit is based on the reverberation adgorithms
origindly developed by Moorer [13-14]. The input dgnd is filtered through 6 pardld comb
filters with a lowpass filter in esch loop. Each comb filter is characterised by a feedback
coefficient and a delay time, which are relaied to the space sSze and the RT. The reult of
summing the 6 comb filter outputs is fed through two dlpass filters, which are agan
characterised by a feedback coefficient and a loop ddlay time. The find result is then mixed with
the origind dry Sgnd.

3.4. Discussion and further work

The todl is ill in its initid sage, and substantid development is being caried out. Vaious
digitd audio animaion methods, from computing full impulse responses to conddering a sngle
RT, will be compared through subjective ligening tests in a CAVE environment [15], in order to
determine a fast but appropriate method. Head-related functions are being integrated to generate
virtua acoudic environments with a better spatid impresson More state-of-the-art techniques
in virtud redity are ds0 being integrated [16]. Genera configurations of micro-scale urban areas
will be conddered in 3D, with the posshbility of inputting drawing files from a range of programs
commonly usad in architecturad and urban design. More spatid and dynamic characteristics of
the urban sound sources are a so being incorporated.
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4, CONCLUSIONS

This paper briefly presents the empiricd formulae for caculaing sound fiedd in micro-scale
urban areas like an urban square, and a prototype of an acoudtic animation tool for aiding urban
soundscape design. The formulae are easy to use and the cdculations usng these formulae and
usng the computer smulation models are very close, generdly within an accuracy of 10% for
reverberation time and 2dB for sound pressure level. The prototype smplifies the smulation
process by usng a database or the formulae. With a given recaelver and dry sound sgnds, the
system can produce virtua sound fields with reverberation in red-time. While the prototype has
been proven to be useful for aiding design, substantia further developed is till being carried ot.
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