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1. INTRODUCTION

This paper describes some field experience on #zeand measurement results and procedures of the
Acoustic Camera manufactured by GFal in Germanythgyuse of Acoustic Camera in measurements it is
possible to differentiate and localize differenuses. Main measurements have been done on a Wind
Power plant close to a road but also some othesunements will be discussed. Finally there willgbeen
some real-time hands-on tips as well as a discasgiout sound power level calculations.

2. ACOUSTIC CAMERA

The Acoustic Camera from GFal is based on beamfarof a conventional delay-and-sum beamforming
(DAS) in the time domain.

P = =Y p(t-24,(r)) (1’

DAS beamforming can be performed in either the toméhe frequency domain, whereby time domain DAS
is done by separately delaying each microphoneakigmaking them align before summation and
normalization. DAS in the frequency domain is diffiet by that each microphone signal is first tranmsfd
into the frequency domain by FFT and then shiftdter that the signals are summarized and nornthlize
The GFal Acoustic Camera currently uses the timaalo DAS mainly because of the faster processing
speed and new signal processing algorithms.

Figure 1. Typical setup up of an Acoustic Camesteay: Microphone Arrays (Ring, Star and Sphere)
(Left),
Data Acquisition unit (Middle), Software (right)
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2.1. Specification

The performance of the complete system is typically
e Sampling speed: up to 192kS/s simultaneously fatennels
« Dynamic range: approx. 35 — 130 dBA (24 bit AD)
* Frequency range: approx. 100Hz to 20kHz (depenaiingniicrophone array)
e Measurement distance: approx. 40cm to 600m (depgrati microphone array)
» Calibration: TEDS and clicker
« Filtering: Lp, Hp, Bp and Bs-filters with up to 1@B/octave slope

The functionality of the complete system covers:
* Recording to disk: including playback, wav-file exp
e FFT and/or 1/3-octave spectra
e Spectrogram with filtering and playback of filtersignal
e Ordergram
e Acoustic Photo and playback
e Spectral Photo and playback
e Acoustic Movie and playback
» 3D Acoustic Photo

2.2. Outdoor considerations

Outdoor measurements have been done in 10 diffgasitions, as well as complementary sound level
meter measurements. Typically 32s of data have bapmled at 48 kHz and stored onto a hard-disc, and
then the signal has been post analyzed. In the firdéé system have been run on battery using daibery

and a 12 to 220VAC converter, it is here importantse a professional converter with true sine esion,
instead of cheaper “pulse converters”. For outdes® we have selected the “Star-array” due to s lo
frequency specification: from 100Hz to 7kHz (diaereB.4m = wavelength of 100Hz), and its integrated
windscreens. By this we can optimize the setup tihieh was typically found to be approx. 10-15mninstf
time and <5 min for each successive time. It is algsier to move around from each measuremeniqgosit

During the measurement on the wind power plantjais a rather flat field making it possible to hake
equipment in the trunk of the car, while drivingrfr position to position. First it is good to chdhk “auto-
enable microphone” box so that one makes sureytstera recognizes the array and its sensitivityHsy t
means of TEDS. Secondly it is good to check thealvperformance by use of the clicker and to chibek
microphone performance and to set the range byistydhe level plot.

The wind speed was noted to be around 8m/s withehnigust winds likely 10-12 m/s. This could cause
spikes in the microphones, so it is necessarydk &b the time function after each recording. Theran aid

in the playback function so that it is easy to dikelisten to the recording. By checking the lep@dt one

will also get information about the measuremengeaand eventual “overload” — which is also avaiadih-
line.

The software calculates the Acoustic Photos or AtowMovies referenced to a plane, so it is necgdsa
measure the distance to the objects. A separatndeslaser meter helps in this case. Even sibgsible

to change the distance after the measurementalkis makes it possible to move around quickly. Some
other preparations to consider is to prepare measamt directories, disk space, back-up disk andytar
batteries are fully charged. A spectral photo edlsily be 1 GB in size.
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3. MEASUREMENTS

3.1. Noise Levels
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Figure 3.1. Overview of location of Wind Power Rland levels in dBA, Tvaaker

[Square Brackets] = SLM values
(Parenthesis)....... = Acoustic Camera measurememtected, see Ref.[1]

Acoustic Camera values as averages out of paB2wofime function.
* Measurement values calculated as average oBRsaneasurements.

** Including approximately 30s long freight train.

3.2. Acoustic Photos

SpectralPhoto AC Testd 50m mot vag A-vagt. asp*
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‘Sampingrate: 48.0 Kz time dorian (0767 s} fom 12.34610 13,1165 Bandpass

Figure 3.2. Sample of Acoustic Photo on both Winev& Plant and Road, filtered 71-345Hz
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An acoustic photo is an overlay of the acoustinsiopressure “on top” of the image from the camé&hee
temperature scale on the right side is called #woustic contrast”, and typically the “noise floaf this
acoustic contrast in an acoustic camera systeswmngwhere between 10 — 15 dB.

The acoustic photo is generated from a part of time signal which can be filtered in dBA or by
butterworth filters: Lp, Hp, Bs or Bp. It is alsogsible to playback the marked time function feesected
microphone

AC TestS 60m S0grad A-vigd.chi
2570 I

2670

8 4 g g 10 12 14 18 18 20 22
Samplingrate; 48.0 kHz Mark il channels from 0471 to 21 882 = Eff:32.822 mPa (64.30BA) Max 220372 mPa  Min: 265332 mPa

Figure 3.3. Marked segment of 32s time functiordi®rchannels, incl. wind noise at the end.

The spectrogram is used to generate acoustic pbgtesidying tonal components and to easily deriifig
including playback of selected area, so that tepldi/generation of the acoustic photo is optimized

Spectrogram AC Tests 60m 90grad A-vagd

40.0

g

0 2 4 8 8 10 1z 14 16 2-sidiy
Samplingrate: 48.0 kHz (Micd8 from 3.030 to 20.453 =, from 10125 t0 11.287 kiz | Eff.: 714.690 yPa (311 dBA) Max: 2.085 mPa Min: 502:411 nPa

Figure 3.4: Marked segment from 10.125 to 11.267m 3.030 to 20.453s time function
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The filtered signal from the spectrogram will geateran acoustic photo which will show the localmabf
the dominating source.

Photo_AC Test5 80m S0grad A-vagd aph®

= R T Froi = 00 m Eff: 1 JBA)

Figure 3.5: Acoustic Photo from marked segment 1878)861Hz, from 19.520 to 20.415s time function

From the spectrogram it was clear that there wasvang which had significant extra contributiontire
high frequencies (10-11kHz). By the use of acoustavies it is now possible to determine which d# th
wing in the time signal that was giving this cobttion. It is also possible to playback the filegtrise in
the movies.

Movie_Al 315 60m S0grad A-vagd.amo*

-“ Press. dBA  man
2 147

Figure 3.6: Acoustic Photo from marked segmentd®16 11.0381Hz, from 11.426 to 20.228s time
function
The left side wing with a high frequency contritouti
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In the Acoustic Photo each of the pixels have aesponding spectra, it is therefore possible tpldisthe

spectra for every pixel in the photo. Vice versathar useful post-processing algorithm is the “Sé¢c
Frames”, where it is possible to do the opposit: évery part in the frequency spectra it is pdssib

mark an area and then to display the corresporideagion for this part. This is very useful to detéene

from where tonal components come from. A measurémethe wind power plant gearbox shows this:

Figure 3.7: Spectral frames and location of tolahpgonent 2359Hz

Next phase of development is to calculate the sqaveer level Lw, an ongoing study (graduation watk
LTH, Sweden) will soon provide results on how aeterthis is.

AC Testy 145m 80grad nr2 A-vagl_PhotoZC.aph™

Press (HWS) doA  me
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Figure 3.8: Sound Power estimation Lw=72.5 dBA fr@gion of interest (ROI)
(note: Filtered tone at 2359Hz)
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4. SOUND POWER CALCULATIONS

The acoustic camera software Noiselmage calcutagesound power from the SPL data and the measure-
ment distance. Measurements were done in an armechamber with a reference sound source (90.7dBA)
and a disturbing source. The influence of microghdistance compensation was studied, as well agtow
sources influenced each other. The original digtasithe fixed measurement distance. Four cases:

1. The reference sound source is placed at a fixedigo$p0) while the disturbing sound source is edv
along the focus plane in four 0.65m steps to pwsstipl, p2, p3 & p4. Measurement distance = 5m.

2. Disturbing sound source is held at fixed positip0)(while reference sound source is moved along the
focus plane in four 0,65m steps to positions p1p82and p4. Measurements are made at 5m distance.

3. The reference and the disturbing sound sourcelaceg 0.32 m apart in the focus plane. Measurements
performed at 1, 2, 3 and 4m distance.

4. The reference- and disturbing sound source Waeg close together far off to the left in the wsta
photo. The distance from the array to the referemekedisturbing sound sources were 5.36m and 5.44m.

For tests with measurement setup 1 and 2 the nexasut distance varies in regards to the measurement
positions. The sound power calculations are presemt fig. 4.1 and 4.2, where in figure 4.1, thstaince

has been modified so that it more accurately refesrihe true distance and fig. 4.2 is the original.

sl = the reference source, s2 = disturbing sosfc2@s2 = Both s1,s2 “ON” measured at s2.

Sound Power, modified distance Sound Power, original distance
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Measurements done with setup 2 are presented imdsigl.3 and 4.4.
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Sound power calculations for measurement set-upt8 4m) are presented in figures 4.5. Figure ¢ 1
measurement set-up 4.
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Figure 4.5 Figure 4.6

Within limits of spatial resolution, the SPL reagnfor the individual sound sources are givenolild be
expected that the influence of a nearby sound sownoaild decrease as the distance between thenagecre
This is overall true considering exceptions arela@rpble. The sound field produced by the distugbin
sound source, the compressor, is unknown. As tloeoptione array is exposed to different angles ef th
compressor in the positions (p0, pl, p2, p3 andtpd)possible that variations in the compressadiation
pattern cause deviation from the expected. Thidhibtagybe the reason for the higher values SPL dswbr
from the disturbing sound source in measuremeni&tas well.

To evaluate sound power calculation capabilitiedjes on SPL are proportional to the acoustic casngr
approximation. One dB SPL scales to one ¢Bdiven the same focus field distance.

5. CONCLUSION

By the use of Acoustic Camera in field measuremgnsspossible to localize different sources, eweth
other dominating sources present. It is possibleower a large number of measurements per dayef on
makes proper preparations. The measurements régutisthe Acoustic Camera shows good correlation
with sound level meter measurements, after applgorgection. By the use of the various new evatumati
possibilities such as Acoustic Photo, Acoustic Moand Spectral Frames it is quite possible to ipeal
noise sources, also when these do not really daentha overall levels. With new algorithms it isspible

to get the sound power levels Lw directly from eneggle measurement even with disturbing sourceseclo
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