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Introduction

• For room acoustic modelling is 
searched a better method to take the
directional characteristics of sound 
reflections into account

• If successful, this may be introduced in 
the ODEON program
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Reflection models 
(asymptotic models for short wavelengths)
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Snell’s law: θr = θi Lambert’s law: 
Probability of diffuse 
reflection is ~ cos θr
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Scattering as a weighted vector addition of 
specular and diffuse reflection

Zone of 
probability

Small scattering, 
s = 0,2

High scattering, 
s = 0,8
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Babinet’s Principle

a) b)

=

Reflection from a surface (a) is equivalent to 
transmission through an aperture (b) with same size 
and shape, surrounded by a rigid baffle
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Solution from sound insulation theory
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Radiation function for a single frequency

2

max,

sinsin






 ⋅=

Y
Y

X
X

I
I

r

r

)cos(cos
)cos(cos

0

0

ββ
αα

−=
−=

kbY
kaX



9

Radiation function for a single frequency
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Measurements, 
M. Kleiner (1996)

A: Plane surface

B: Diffusing surface
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Variation of radiation function within an 
octave band
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Radiation functions for an octave band, for the 
centre frequency, and the suggested approximation 
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Difference between octave band average and the 
suggested approximation with the constant A = 0.67. 
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Directivity for angle of incidence α0 = 90°
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Directivity for angle of incidence α0 = 60°
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Directivity for angle of incidence α0 = 30°
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Directivity for angle of incidence α0 = 5°
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Examples of dimensions and frequencies

1000500250125633,50 m

20001000500250125631,75 m

400020001000500250125630,88 m

8000400020001000500250125630,44 m

80004000200010005002501250,22 m

ka = 
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ka =   
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ka = 
1/2

ka = 
1/42a
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Application to a ray tracing model

Average distance between N rays in a distance r1 from source
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Application to a ray tracing model

The directivity function can be used in a ray tracing 
model below a certain frequency, which depends on the 
distance to source and receiver, number of rays and 
the size of the reflecting surface.
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k :  angular wave number
a :  half length of reflecting surface
r1 :  distance from source to reflecting surface
r2 :  distance from reflecting surface to receiver
N :  number of rays
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Conclusion

• The known solution for sound transmission 
through a rectangular panel may be adopted 
for the sound reflection

• The directivity function for an octave band 
may be efficiently approximated by the 
function:
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