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I ntroduction

Room acoustic modeling based on a geometric apprizac
used since the 17th century. By discarding interfee and
diffraction, it is still possible to investigatevezal aspects of
the sound behavior in a room with only energy sutiona

Figure 1: Ray-tracing in the 17th century.

In that case, the propagation of sound can be raddile
same way we can model light, with a ray: a linear
displacement of energy which travels with the speéd
sound in air in the direction perpendicular to weve front.
The ray itself has no dimensions, it is infinitentand has
only a displacement with a certain direction.

Nowadays there are several computer program
commercially available with which room acoustic
parameters can be predicted on the basis of raytra©ne

of the most important differences between these pcen
programs is the way diffuse reflection in a roonmsdeled
and how the scattering coefficient is used. Sevenrethods
have been proposed, discussed and implemented Fh2h
user it is not easy to find out which methods are
implemented in the simulation programs on the giselnject
and to understand the implications of these methods

This paper gives an overview of some modelling mesh
and the way they deal with the scattering coeffigie
including an overview of the methods implementetiva of
the most used software programs. A comparison letwe
different methods is made to the wave based metbod
first order reflection on a flat panel to providesight in the
modelling. It shows that a user should understane t
implications the modelling method implemented ie tised
program and the way the scattering coefficient khdae
used.

Modelling Scattering

Modelling diffuse reflections in a geometric acatst
approach is necessary for a useful prediction tsbkshed
by Kuttruff and Hodgson [3,4]. Hargreaves and C866]
showed that reflections from a flat panel with tinsizes are
only really specular in the far field.

When a (continuous) wave front encounters a room
boundary or an edge, the wave front will be distrafter a
reflection. This can partly be modelled with (deter)
scattering: a redirection of energy propagationis Tiis a
ray-tracing procedure, with the scattering coedfti (s) to
indicate how much of the energy is not to reflgp¢clar.
There are several ways to implement the modellaihg
scattering into ray-tracing procedures and several
distribution functions for the scattering [1 to 18psorption

is left out in this overview:

1. Stochastic redirection of each single ray.

1.1. At a reflection a random number is generatkthis
number is smaller than the scattering coefficidrd,ray will
be redirected taking into account the distributfanction.
Otherwise the ray will continue in the speculaediion.

1.2. A derivative of 1.1 is the vector-based scaite the
direction of the reflected ray is calculated frohe tvector
sum of (1-s)*specular direction and s*redirectiofihe
redirection is according to the distribution fuctichosen.

2. Ray-splitting (not implemented in mentioned peogs)

2.1. At a reflection the ray will be split up indwone for the
specular direction and one for the redirected dwac with
the energy ratio according to the scattering coieffit.

2.2. Many rays for the redirected part, accordingthe
distribution function chosen as described e.g7]n [

3. Secondary source (l)

When a reflection takes place at a room boundary, a
(temporary) secondary source is created at theatesh
point. If this secondary source is visible fromegeiver, a
contribution (taking into account the history otthay, the
distance from reflection point to receiver and digribution
function) is made to the echogram. The ray itséllf wot hit

a receiver, the (temporary) secondary source taenergy
from the ray.

4. Many secondary sources (I1)

This method is usually combined with the Image Seur
Method for the first reflection(s). With ISM the ahelling of
scattering is possible if the energy at a reflectimint is



divided between the image source and a proceduat thdifferent methods leave the user with the questitvether

handles the modelling of scattering, see figure 2.
Two different methods are described for secondauyces:

a) A surface with a scattering coefficient > Odigided in a
number of sub-surfaces. The size of those subeesfis

governed by s(1 «) giving hard diffusing surfaces the

highest density. Vectors from the main source ® déntre
of the sub-surfaces to the receiver are calculaigith
Lambert reflection weighting. The reflection stréng
detected is added to the echogram, creating a JSraékbow
energy contributions.

b) When a “reflection” is detected at a room bougda
secondary sources are created distributed ovesuhface.
From these secondary sources a ray-tracing isedtafor
the receivers visible to the secondary sourcesgraévow
energy contributions are made to the echogram, iedda
time.

image
scource

receiver outside
specular zone,
contribution from
diffuse reflections

receiver inside specular zone: contribution
fromism + diffuse reflections

Figure 2. General idea of secondary sources with

Several distribution functions are:

1. Lambert cosine law, the intensity in a certaireation
only depends on the cosine of the angle of refiacthot on
the angle of incidence.

2. Obligue Lambert, a derivation of the foregoinaking
into account the direction of the angle of incidery the
vector sum of the specular and scattered reflection

3. Uniform.

User Input: the Scattering Coefficient

The input of the scattering coefficient is handtifferently
in different programs. The possibilities range frammid-

frequency one-number input which is expanded tceroth

octave bands by the program to an octave bandinysetr in
the same way as with the absorption coefficient &nd
agreement with the measurement method. Diffractiay
be separately taken into account for either fregpsnded
elements or for finite surface sizes in generaltha first
case, diffraction is modeled by scattering if tigtahce from
the reflection to the edge is smaller than 0.2%sthe wave
length. The latter is a method in which the scatter
coefficient increases with frequency, angle of diecice and

distance/time, and decreases with surface size.seThe

diffraction should be included in the scatteringfficient or
not. A real sound wave will not notice the diffecen
between surface roughness or diffraction due tdtefin
surface size at room boundaries. Basically it's Hagne
physical aspect, but for a different bandwidthrefjiencies.
Although a user has to assign a scattering coeffioivith a
certain surface, which agrees with the approackuoface
roughness, optionally taking diffusing effect offidiction
into account by increasing the scattering coefficier low
frequencies might be justifiable, unless it is takiato
account for in another way in the program.

With the introduction of the scattering coefficiesuhd the
measurement method of 1ISO 17497-1 2004 it was éggec
that the available measurement data would increasthat
measurement results could lead to better guidefimresome
typical cases. So far, that doesn’t seem to bedlse. There
is a list of data published [6], derived from cdétad polar
responses.
scattering coefficient, a comparison is made tosttedtering
of a flat panel. Because the low frequency scaiteoif a flat
panel with finite size is relative high, the finabrrelation
scattering coefficient at low frequencies is alwbys, even
lower than the diffusion coefficient. For higheeduencies
derived with the same method, the correlation sdag
coefficient for a certain surface shape is usuligher than
the diffusion coefficient. It would be interestibg do some
comparison on that point.

| mplemented methodsin CATT-Acoustic
and Odeon

This paragraph gives a short overview of the imgetad
scattering modelling methods the programs CATT-Astiou

and Odeon. There are more programs available, so th

intention is not give a complete overview. Also she
programs are in continuous in development, theeetbis
overview may only be partly up to date.

CATT-A v. 8.0f [7,8]: Many secondary sources (as
described in 4a) for the first reflection. Stockastdirection
with  randomized cone-tracing for the higher
reflections. User input of scattering coefficierdr poctave
band. Optional inclusion of the diffusing effectdiffraction
for free suspended or finite elements. Distributfanction
Lambert.

Odeon v. 9.1 [9,10]: Many secondary sources (asrithesl

in 4b) for reflections up to transition order (uggsut from 0

to 10). A combination of vector-based ray-tracingthw
secondary source contribution at reflection poifuts the

higher reflection orders. User input of scatteraugfficient

one number for mid-frequency, expanded to othayueacy
bands by Odeon. Diffraction modelling for finite riace

sizes. Distribution function oblique Lambert.

In this conversion from polar resporse t

order



I nfluence of modelling method on results
In order to get a reasonable insight in the infagenf the

between calculations and measurements in existogns
would be necessary. Instead, to get an idea oimthesnce
of the results, a look into Round Robin Il is madad a
comparison is given to a first order reflectiontbé wave
based calculation (Kirchhoff). Some remarks up ffrar in
place though:

- The accuracy of a calculation can never be highen t
the accuracy of measurements.

- The accuracy of a calculation can never be highen t
the accuracy of the input parameters.

different modelling methods an extensive comparison,

acquired on the different modelling methods forttecing,
and the distribution of calculation results is #igant in
both cases. With 6 extreme predictions removedait be
derived that in general the use of scattering omefits
instead of geometric modelling gives a better dtif# Ibit
more accurate prediction when compared to
measurement results, espacially at low frequencies.

the

Additionally, a comparison is made to the first erd
reflection calculated with the Kirchhoff expressi@h) for
the sound pressure at a point in a volume V bouriged
surface S, derived from Green’s theorem and thenHeltz
equation, with a monopole source:

— jk(D+r)

p ¢ 1+ jkr 1+ jkD €
P=—|(———cosa + co® }
4nj( r D )

ds (1)
Dr

- The expected accuracy of the prediction methodmsee Therefore an acoustically hard surface of 5 * Ssmlaced in

to grow far beyond that level.

Round Robin 1lIl 2005 by Bork [11] has some inteiregt
aspects related to the subject of this paper. distwith a
high degree of sound diffusive surfaces was thgestilof
this investigation. Measurements were made in théi® as
well as in the laboratory for the absorption analttecing. 21
participants got all the data to make their préaicbf room
acoustic parameters. This was split up in phassc2ttering
modeled by the use of the scattering coefficiend, phase 3,
scattering mainly modeled by room geometry, buthvénh
additional scattering coefficient of 0.2.

Unfortunately, the survey was blind, so no inforimatis
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Figure 3. Comparison of calculated reflection from 5x5m
square from a point source (pink) at 20 m below Hh& m to
the left, angle of incidence 30°, 1kHz (as seetoprright)
On top left: wave based method
Below from top to bottom 0%, 50% and 100% scattering
Below left: randomized ray-tracing
Below right: vector-based ray-tracing

a completely absorptive environment (figure 3 tamht). A
source position is located at 20 m below the midiflehe
reflecting panel with incident angle of 30°, segufe 3 on
top right. For 1 kHz, the results in sound presdevels for
three modelling methods with different scattering
coefficients a comparison is given. In all cases tlirect
sound is excluded.

Figure 3 shows that randomized ray-tracing separtie
“image” of the reflection from the scattered energy
(Lambert). Vector-based ray-tracing leaves the teczd
energy around the “image” of reflection, but theméige” is
not in place anymore. Both methods are by defaatitused
for the first reflection in the mentioned prograntst
sometimes can be chosen. 0% and 100% scatterinlj ies
the expected too sharp edges and Lambert diswibuti
respectively.
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Figure 4. Comparison of the first order(s) secondary
sources to the wave based method for the same
configuration as in figure 3

Figure 4 shows that the ,many secondary sourceshade

as described in 4 gives good results, the “imagethe
reflection is in the right position, and with 30%a#tering for

a flat panel the comparison with the sound pressure
amplitude is also quite good.



Conclusion [9] A new scattering method that combines roughness and

) ) diffraction effects, C. Christensen, J. Rindel, For
There are several methods to model scattering vath Acusticum, 2005

tracing procedures. The secondary sources method as

described has basically a good energy distribufimm a [10]Odeon v. 9.1 Manual

single order reflection from a flat panel if son@atering is

applied (in this case 0.3). Other methods as shiowigure  [11]Report on the 3rd Round Robin on Room Acoustical

3 are less accurate for the prediction of a oneroreflection Computer Simulation — Part | and II, I. Bork, , Act
from a specific surface. Due to their non-expandingber Acustica united with Acustica vol. 91, 2005

of rays, they are suitable for the ,reverberatiaif” tof an

echogram.

Because of the different methods for first / eadflections
and ,late" reflections, users of raytracing progsashould
be aware of the methods implemented to understhad t
implications and accuracy of different methods.

The input of the scattering coefficient is handleakically
different in the mentioned programs. The developren
this input parameter seems to go different wayd,tha user
should therefore inform him/herself about the wde t
scattering coefficient is used in the specific parg and
how this is related to the gathered data thatésl @s input.
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