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Context – From where we start…

►
 
Context & aim

►
 
Methods

►
 
Measurements

►
 
Conclusion

 Many situations call for in‐situ sound absorption assessment

 City soundscape  
(noise barriers, road absorption...)

 Buildings insulation  
(walls, panels...)

 Pass‐By Noise ISO testing 
(road absorption)  [ISO 10844:2011]

http://www.paperblog.fr/6851409/safe-house-la-maison-bunker/
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Context – From where we start…

►
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►
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►
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►
 
Conclusion

 Measurement standard: ISO 13472‐2:2010

Impedance tube measurement

Based on ISO 10534‐2 (2 microphones)

Range: 250Hz  ‐ 1600Hz (1/3 octave)

Uncertainties corrections to apply
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Let’s ask ourselves some questions! 

►
 
Context & aim

►
 
Methods

►
 
Measurements

►
 
Conclusion

1. How reliable are ISO standards?
 High frequency limit (microphones spacing)
 High frequency limit (tube geometry)
 Low frequency limit  (devices’ quality)

 Uncertainties?
 Repeatability?
 Accuracy?

Small diameter impedance tube 
with largely spaced microphones:

mic1mic2 

D

s1
mic2

ISO case: D large enough 
No cutoffs from each microphones pair
But different results per pair!

mic3 
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Answers? … Aims of the present work
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Methods per pair of microphones

►
 
Context & aim

►
 
Methods

►
 
Measurements

►
 
Conclusion

Problem: 

Each pair shows drops of coherence 
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Methods per pair of microphones

►
 
Context & aim

►
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►
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►
 
Conclusion

2. Improvement: Weighted average by each pair’s coherence
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Global method 

►
 
Context & aim

►
 
Methods

►
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►
 
Conclusion

 Single operation to get the absorption coefficient
 Spatial sampling (each microphone position)

 Over‐determined (more microphones than wave components)

 Solution obtained in Least‐square sense

 Generalize the ISO method: Formally identical for 2 microphones

...mic(n)

D

mic(n-1) ... mic3 mic2 mic1
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Sensitivity analysis - simulations
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Conclusion

 Sources of uncertainties:
 Errors on microphones’ positions (= phase errors)
 Uncorrelated  random noise on each microphones’ amplitudes

 Errors on microphones’ sensitivity

 Methods of testing:
 Normal distribution of errors

 Position standard deviation (std = 2mm)

 Additive Gaussian noise (std = 10% of max pressure)

 50 averages with errors

 Add more microphones with different spread
 Linear

 logarithmic
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3 microphones’ tube

►
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►
 
Methods

►
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►
 
Conclusion

 Ideal test setup to validate LSQ method:
 3rd microphone beyond existing ones
 Respect minimum distances from (cf. ISO 13472‐2):

1. Source
2. Test ground

 Available test setup:
 3rd microphone placed between the 2 existing ones
 Optimal positioning with regards to each coherence
 Designed to test COH method with reflective grounds

mic3

mic1

mic2

mic1

mic2
mic3
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Grass ground and rigidly-backed gravels
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Gravels h=25mm
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Conclusions

►
 
Context & aim

►
 
Methods

►
 
Measurements

►
 
Conclusion

 LSQ method: Single operation to get the absorption coefficient
 No average of absorption coefficients per pair (potentially quite different)

 More stable, reliable and flexible:

1. Less uncertainties (more information)

 Largely spaced microphones  Increase low frequency accuracy

2. Less sensitivity to microphones’ spacings / phase errors

3. The method allows enlarged designs for impedance tubes

 COH & LSQ methods: Identical to ISO methods for 2 microphones

 COH method: Reduce artifacts due to coherence loss
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Next steps

►
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►
 
Methods

►
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►
 
Conclusion

 Build a new test impedance tube with largely spaced microphones

 Improve calibration procedure

 Plane‐wave approximation: tube cross‐section remains a limit!
 Do some tricks:

Try the LSQ method removing the tube!

What’s the link to the impedance tube?
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