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Background: Orchestra Canopy

• Reflection
• Time window
• Freq. response

♪♫

Time Data - Title

Time [ms]
858075706560555045403530

un
ca

l. 
[v

ol
ts

] /
 u

nc
al

. [
vo

lts
], 

[L
in

ea
r]

100
90
80
70
60
50
40
30
20
10
0

-10
-20
-30
-40
-50
-60
-70
-80
-90

Lower limit
x=47.125 ms

y=-3.889

Type: Rectangular
dx=20.000 ms
dy=-10.141
Upper limit
x=67.125 ms
y=6.252

WinMLS Pro

Smoothed Frequency Response Magnitude - Title

Name: OFO_25       Comment: Comment
Measured - 10:26:45, 31Jan2007       Plotted - 23:22:54, 15May 2007

Frequency [Hz]
100 1 000 10 000

un
ca

l. 
[v

ol
ts

] /
 u

nc
al

. [
vo

lts
], 

[d
B]

12

10

8

6

4

2

0

-2

-4

-6

-8

-10

-12

-14

WinMLS Pro

http://www.akutek.info/research_files/canopies_arrays.htm


Reflector array prediction

• Fresnel-Kirchhoff (FK), Rindel (1991):
L= 20*log(μ)

μ = panel area / array area
• FK assumes “perfect” reflectors

– Sufficiently rigid
– Large compared to wavelength: Leonard, 

Delsasso, Knudsen (1964)
• Reflectors are NOT perfect for larger λ

http://scienceworld.wolfram.com/physics/Fresnel-KirchhoffDiffractionIntegral.html
http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=JASMAN000036000005001010000004&idtype=cvips&gifs=yes
http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=JASMAN000036000005001010000004&idtype=cvips&gifs=yes


Two filters
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Example: Disc fc
• f <fc asymptote: Scattering from disc, 

normal incidence (Pierce 1981)
• f>fc asymptote: Fresnel-Kirchhoff (FK)
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Hypothesis 

fc critical frequency of array Reflection Filter 
ε Panel Edge Density of array
C constant to be determined

ε⋅=⋅≈
∑

∑ C
area

perimeter
Cfc

a

b Perimeter 2a+2b

Area a*b



Scale model test

• Scale model test trend: fc = 68* ε
• R2 = 0.98
• Theory on discs: fc = 64* ε

http://www.akutek.info/Posters/MS_ArrayPoster.pdf


More tests

• Different shapes (normal incidence)
• 40 model arrays with different element 

shapes and patterns (Student project, 
NTNU, Trondheim):
– Trend: fc = 67*ε ±11% (disc theory 64*ε)
– Comment: Uneven frequency responses due 

to FK-effects leaves some uncertainty.



Incidence angle
• Reflection filter 

“drowning” in FK-
effects:

• Interference 
– Due to periodic array 

geometry
• Dips and peaks 

move with angle
• FR’s sensitive to 

position
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Incidence angle

• fc correlates (R2) only 61% with angle
• fc variation can be explained by FK alone
• Hypothesis “Reflection Filter is angle-

independent” may still hold

y = 0,0348x + 1,7421
R2 = 0,6104
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Further work

• fc -predictor must be confirmed
– More tests on different panel shapes
– More tests on oblique incidence
– More theoretical tests

• Search for array geometries with frequency 
responses close to ideal high-pass filter
– To provide good reflected sound quality
– To make fc-detection easier



Canopy design issues

• f >400Hz fill-in important, since through-the-
orchestra path is obstructed
– > elements must be large enough

• Smooth FR’s up to 4kHz important
– > elements must not be too large

• Higher position – wider frequency range
– but later and weaker response

• Lower position – array should be less dense
– to prevent stage separated from auditorium

http://www.akutek.info/Presentations/MS_Canopy_pres.pdf


Conclusions

fc= C*ε
at normal incidence for some geometries

• C apparently in the interval ~64-68
• Must be tested for generality: Different array 

geometries and incidence angles
• Smooth FR’s should be pursued
• 400-4000Hz important for canopies
• Canopy arrays inherently narrow-banded
• Optimum panel size and shape important



Thank you!
• Full paper: 

http://www.akutek.info/Papers/MS_Array_2007.pdf

• Acoustics, research, papers, more: 
www.akutek.info

• ICA 2007 homepage:
http://www.ica2007madrid.org/

http://www.akutek.info/Papers/MS_Array_2007.pdf
http://www.akutek.info/
http://www.ica2007madrid.org/
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