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Hi all,

| raninto an interesing amugical measuement problem recently and thought it might
make a god example for our web site. | was askd to measure ad evaluae the aougtics
and sound system peformance of a large major league basball/football domed sadium
(inthe pastfew yeas | havebeen involved in the gystem sdup and amugic design of a
largenumber of sportsfacilities). | used BaartPro to measureboth transfer functions
and impulse resnses.

To measurethe cmplete impulse respnsein such a reverberat room, | useda 131072
point FFT and loweredthe sampling rae from my normal 44100 Hz to 110&2Hz in the
Delay Locaor. The rea®n for thisis ©mething ALL Smaat uses $ould know: the
delay locator requires a time corstant that is about the same length as (or longer
than) the decay time d the system under test. The FFTTime Congant isexpressed in
seondsand is @lculated athe F-T sizedividedby the sampling rate. The domed
stadum is extremely reverberant so | €leded alarge FFT and lowered the smpling rate,
to acheve an FFT time mnstant of 11.888 seondd The picethatone pays for thisis
thatall information above 5512 Hzs lost (diweto the Nyquist rde).

This measuement was made $ing pink noise as aaference signal with the microphone
atthe front portion of the upper sdang deck.The gadium wasempty and all of the
speakeclusterson.

To analyze this wave file | usedhe Smaart analysis module and displayedthe ddaon a
logarithmic amplitude sale. Ithen zoomed in (reducedhe time s@le) and savedthe
shortened wave file sing the SaveWave ZoomAs feature (n the Analysis module’s File
menu). Hgure #1shows the measured radt with amotations added sing Microsoft
Word's “Picture Edit” commands.

Figure #1(on the next page), tsplays asignal that represetsthe “sound” or “signature”
of the Stadum’s aougics. Glled an impulseresporse, this signal contains information
about both reverberation and individual reflections. The xaxis is time (in seconds) and
the y-axis is magnitude(in decibels). Hgure #1 represes abroadoand measurement,
which means (in this cae) that information about energy atall frequencies up to bout
5.5k is contained within the impulse respnse.
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The hghest peakin plot in Figure #1, represgsthe “direct ound.” Thisisthe sound that
travels directly from the loudspeaker tthe listener 6r in this ase, amicrophone). The
arrival of the direct sounds followed by a few reflectionsthen a build-up of reverberant
energy Finally, the reverberant de@y can be seen dropping away into the noise floor.

Several quantities an be alculated from the impulse respnse tohelp evaluae und
system paformance. Qhe sich paameter is the ratio of the level of the direct und to
the level of the reverberant energy. As a geeral guideline, to acleve intelligible gpeech
ina publc asssembly space, droadband dired-to-reverberant ratio of more than 15 dB
is desirable.
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Figure #1: An impulse respnsemeasuedin the 3" row of the Upper level
seding. Full system was on and the gadum was empty.

To continue my analysis of the room’ s response, | used the Anaysis modul€’ s Transform
command to cdculate a sebf FFT frames. | séeded a 102 point FFT, (which provides
10.8 Hz relution for data sanpled at 11025 Hzwith an 80% Overlapbetween frames.

Lagly | used a Hnning dda window (the window type | dmost always use).

To look a the frequency domain data, | generally take a gick look at the spetrograph to

see if anything looks uswal, and then usethe Time Sliceview mode, to sedow the energy
in the impulse changes over time for various frequencies.

Cas Study #1: Domed Stalium Page 2



Figure #2 below) is aplot of justthe energy in the octave eentered on 1000 Hz vithin
the ssame impulse respnse. 1000 H (or 1 kHz) isin the upper pdion of the frequency
range for speeb. The level of the directto reverberant ratio can be sen to be appox. 12
dB. Thisisan accepale (if marginally low) value.

The rate of reverberant de@y can be also measued in Time Slice mode (by drawing
alinealong the slope wsing your mouse).For this room reverberant decy rate is
appioximately 6 dB per seand. This deay rate equéesto abroadband reveberaion
time (or RT60 of appioximately 10 seonds!!!!
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Figure #2:The 1 kHz @ergy containedwithin the impulse respnsedisplayed in
Figure #1.

Figure #3 below) displaysthe 250 Hz eergy of the ssame impulse respnseshown in
Figure #1. 2B Hz is afundamental frequency in male spec. Naticethatthe drect to
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reverberant ratio has deceasedo the point that the level direct und is not much higher
than the reverberant level).

Alsonoticethatthe deay at 250 Hz appeates be much more eretic (lesssmooth) than
the deay at higher frequencies. The decea® in the dired-to-reverberant ratio can be
understood asareaullting from the deceag in diredionality of the Dome’s loudspe&ers
at 2% Hz when compared tohigherfreqencies. This seves toillustrate how the abilty
to control the diredionality of sound can help to redue the anount of energy that can
excite (or gimulate) the reverberant sound field.
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Figure #3:The 250 Hz energy contained within the impulse response displayed in Figure #1.

| hope this example demongratesboth how to usethe some of the feaures in Smaart's
Analysis module and that a sgnificant amount of information can begained by studying
the impulse response of a system.

(end of document)
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