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Visualization Technique
of Stationary Vehicles

Transmission path of “hidden”
sources.

Contribution of “hidden” sources.

urrently no method exist which can
provide these information easily.




Location of “Hidden” Sources

m Sequential search by using Partial

%) \82) g |9e) (9 coherence analysis
/ However these procedures can not be
" used to localize sources.
my| | -~ Two new kind of algorithm is developed.

m Partial SVD method (PSVD).



cross spectral matrix are less than or
equal to those of original matrix.

ACIOANDL; AN 20N 25 -5 A 'n-100 A n-1.
The more significant the signal that is
removed, the more the singular values of

the conditioned cross spectral matrix will
be reduced.



Experimental Setup




Experimental Results
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Integrated Nearfield Acoustical
Holography (INAH)

O Ul
Contribution of “hidden” sources

By using
NAH and partial field decomposition



Decomposition of the Sound Field

Experimental
Setup




Results: partial field 1
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Results: partial field 2
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Results: partial field 3
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Exterior Noise Field of a
Vehicle - experimental Setup

Hologram aperture
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Results: Localize sources
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Results: Transmission path

Partial sound field
associated with
reference 1

Partial sound field
assoclated with
reference 2



Results: rRanking, Contribution

. Oil pan

Source contribution at the center point 1m from
the side panel by reconstruction of Al at the
observation point

1. Engine head (95 %)
2. Olil pan (5 %)



Visualization Techniques
of Nonstationary Vehicles

1 forward propagation procedure

Amplitude Correction (compensating for spherical
spreading)

0 Intuitive method

1 maximum likelihood estimation
= Array Design

s Experimental Results



Kinematics of Moving Noise Sources
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Beamforming on a Reconstruction Plane
Attached to and Moving with the Vehicle

stationary
microphone array



Backward Propagation
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alculate the propagation distance, R(t,), for the samples received at t,
eceiver time)

(b) Generate the emission time vector corresponding to the receiver times
t. =t -R(t)/c

(c) The resulting non-equi-spaced time history is resampled to obtain an
equally-spaced time history in the source (i.e., emission) time frame



Forward Propagation

T

©

alculate the instantaneous distance, D(t.), between the assumed source
osition and the microphone for an assumed signal emitted at t,
enerate the corresponding receiver time vector by using the formula,
t =t +D(t.)/c
(c) The measured microphone outputs sampled at equally-spaced sample

times in the receiver time frame are resampled using the unevenly-spaced
receiver time vector obtained in (b)




Forward vs. Backward Calculations
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results from backward results from forward
propagation procedure propagation procedure

» The calculation time was reduced by a factor of three by using the
forward propagation procedure when compared to the backward
propagation procedure.




Amplitude Estimation

2(t) = ;wmym(t—Am)

< A __ O R, ., R
= Zmeexpme— T
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= Aexp(jat)

(with R_=R® andw, =R,/M )



Maximum Likelithood Estimation

ector form :

where

y:{yo(t+R0/C)’ yl(t+R1/C) """ yM—l(t+RM—1/C}T




Maximum Likelihood Estimation (cont.
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Relative Power (dB)
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16-microphone array
(f =500 Hz, x, = 0 m)
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64-microphone array
(f=500 Hz, x, = 0 m)

* Sidelobe levels decreased by more than
5dB as either the number of microphone
or array aperture size is increased.



Array Design
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 Random array was randomly generated and snapped to an underlying grid.
* Random array reduces the number of redundancies in the co-array.



Experimental Setup
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Experimental Results

= Vehicle Passby Yisualization
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Experimental Results (cont.)

= Yehicle Passby Yisualization
Window Save Data Colormap
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Conclusions

the decomposition of the sound field from hidden
sources.

Noise source visualization successful for non-
constant velocity (capable of resolving
loudspeaker and tire noise).

Improved computation time by using forward
propagation procedure.

Reduced sidelobe levels by using maximum
likelihood estimation for amplitude of the source
strength.




	Purdue University
	Purdue e-Pubs
	6-2000

	Visualization Techniques to Identify and Quantify Sources and Paths of Exterior Noise Radiated from Stationary and Nonstationary Vehicles
	Hiroshi Stuart Takata

	tmp.1488747491.pdf.4padS

