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Hi all,

For the seond in a hopefully ongoing seiesof case sudies, Ihave sleded asmall room
designed for both critical listening and home theaer. This rcomis eqlippedwith high-
end listening eqiipment and date of the arthome theaer projection... however aoudical
concerns have raiseda numberof issues. | was asked twauate the room. | was only
told that the owners were not happy with the sound of the room. Here'swhat | did, some
reaults and some interpretation of thesereaults.

To begin my evaluaion | studied a draving of the raom, which is essentially redangular
with the following dimensions: Length — 26-0", Width - 15- 4", and Haght — 9-0".
The rcom had a carped 1oor, ahard @iling treatment with diffusive elements and some
modest (i.e. thin) acoudical treament on the walls.

Before making any measuements | spet afew minutes listening to music! | believe
that hisis a citical ¢ep,never underegimate your eas! Thisyear lam carying sveral
discs for critical listening. My favorite of the moment is Shavn Colvin's “ Steady On”.
Track 1,garts with akick drum and bell. The kick has a ouple of “doubletaps that
will often disappeain rooms with excessLF reverberance. Alsoit is easy to hearif the
drum or bell areout of balance, whch | find tobe a gret reference.

The first measurement | made was an impulse response. This alows me to find both
the delay value reqired for making transfer function measurements and to see any
potentially disturbing reflecionsor uneven reverberant de@y. Tomakethis measure-
ment Iset up a small measurement mixer that feeds its left and right output into

my computer and | sant aline level output on an aw bus tooneof the stereo loud-
speakes inthe raom. | used jnk noise for my first measurement.

To makethe impulse respnse | usedsmaat’s Delay Locaor feaure.l sdected a 44100
sampling rae,a65536point FFT and 5 averages. Ths sampling rae and FFT size
reaulted in aFFT time mnstant of 1.48seonds. After making the measuement, | clicked
the Analysis button in the Delay Locabr to loadthe file into Smaat Pro’s analysis
module. The resilt is show on the next page in Figure #1.
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Figure #1: An impulse respnse madewith apink noise eferencesignal. The
microphone wasplaced at a a#ral listening position in the room at earheight.

A quick glance atthe impulse respnseshows a &irly typicd reault. The direct und can
be clealy seen, followed ty a few disaete reflections, ad areverberant de@y. However
with a microphone only 11msec from the loudspeakeone might expect a Bghtly greder
broadband dired-to-reverberant energy ratio. None of the refedions sem obviously
problematic, however the firsttwo are §ghtly higherthan might be desirable.

Figure #2(shown on the next page) kows the transfer function measwed from the sane
point asthe impulseresmpnse measurement above. The transfer function was made in
Fixed-Roint Per Qitave reslution, and saved in a reference file. Thrty-five (35)
averages weae usedwith pink noise aghe surce sgnal.

Several elements of the transfer function plot stand out:

a) The largeresonances (positive pe&s) atlow frequencies
b) Thedip at 600 Hz
c) The roll-off above 5Khz.

In geneal, the firstitem; the Low Frequency resonances, aethe mostlikely to be
aooudic inorigin. At 600 Hz the dip could reasnably be due toa“floor bounce”
reflection in the measurement or perhaps a mossover problem in the loudspeake. The
last item (the 5kroll-off) isthe least likely to be aougtic and, as dirst guess, pbably
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attributable to arelative gain or driver efficiency problem. 1took thefollowing 2epsto
investigae the first pioblem, the low freguency reonances:

F=] Real Time 1 - JBEL-Smaart Pro Real-Time Module

File Control Locator Yiew Options  Help

|| [T [ f5E @[ c0] & imfeg[7 2] [@ BB ¢ S

SIA Acoustics / WSDG - Listening Room
[TRANSFER FUNCTION]
1.45 kHz, 0.1 dB

LF Resonances
l HF 5I<Hz
“ .....n =

a

- '."H.i!’l

18

Decibels (dB)

MF 60CHz dp

-1
250 a00 1K 2K

Frequency (HZ) [TRANSFER FUNCTION]

SNl =1 v =] seloe] 2 vl
300 < 0 = )

left speaker only mic at center.

Figure #2: A transfer function measural at the same location as the impulsein Figure #1.
The measurement wasmack in Fixed-Point Pa Odave Reslution using 35 aerages.
Pink Noise was used dke ource signal, however music would yield the same reault.

On thistype of plot, values dovethe 0 dBlinerepresent amplificaion or reonance.
Values kelow O dB represat ether sme type of attenuaion or cancellation.

To study the low frequency resonances | first alculatedthe expeded modal frequencies
of the ivom. This is asimple calculation, which is relevant only in well-shaped
redangular small rooms (no kalconies please)! Given the length, width and height of a
redangular rcom, expeded modefrequencies an be alculated wsing the following
equdions:

P, = (565/Length) * i,

= (5@/Width) *i, R = (565/Héght) * |

P modes
(from length, Hz)

Q modes
(from Width, Hz)

R modes
(from Height, Hz)

1 21.7 36.9 62.8

2 43.5 73.9 125.6
3 65.2 110.8 188.3
4 86.9 184.6 251.1
5 108.7 221.6 313.9
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In our casethe raoms dimensions are: length = 260 ft., Width = 153 ft., Heght = 9.0 ft.
The value 56 in the equéions cmesfrom one half the gpeedof sound ~1130ft/sec.

A careful look a Figure #2 6r the rd file) reveds that the low frequency resonances
occurat 43 Hz, 66 Hz ad 109 Hz. It is extremely interesing to note that these
frequenciesalso appeam the predicted Pmodes(as®ciatedwith the length of the room).
This crrelation would sugyestthat the loudspeakers exciting modes in the room. This
reault also sems tobe in ageement with our ealier obsevation that only thin absorptive
materials were usedn the walls. Thin materials often have poor low-frequency
performance — paticularly below 200 Hz. To verify this | transformedthe impulse
resmnse(from Figure #1)into the frequency domain and looked at the both the Time
Sliceand Spetrograph displays in the Analysis Module. | ®leded a 1024s0int FFT
with 85% overap for my transform paameters.
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Figure #3: The Rainbow Time Slice display. This display shows the decy of soundin
the room for threeoctave bands enteredon 1000 Hz, 500 Hz and 125 Hz. The x-axisis
in decibels and the y-axisisin seconds. Ndicethatthe 125 Hzband de@ys much more
slowly and lesssmoathly than either the 1kHz or 50 Hz bands.

A dispaity between the deay ratesof mid-high frequencies and low frequencies is
expected asmost absorbing materials ae more effetive at higher frequencies. However
inthis asethe deay rate at 125 His lessthan haff the deay rate at 500 Iz (the reverb
time* at 500 k wasmeasuredo be ~Q2 sec, wile the deay at 125 Hz was@emined
to be ~Q55 seonds). | usedmy curr to findthe deay rate for ead frequency range.
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To further invegigate the low frequency problems (did | mention that ypon my first
listering | was sruck by excessvely “tubby” low frequency sound?), | looked that the
Spedrograph. The Spectograph is a 3Dplot, with time on x-axis, frequency on the y-
axis and amplitudedisplayed by color.
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Figure #4: The Spectograph Display. This display shows the deay of sound in the room
for frequenciesfrom 20 Hz to 22kHz.The x-axis istime (in seconds) and the y-axisis a
logarithmic frequency scale. The redcolor represats the highest level (magnitude).
Noticethat the low frequency energy decays much more slowly and unevenly than the
higher frequencies.

Once we had looked at the transfer function, the Time Slce and the Spetrogragh, in
conjunction with my earlier listening, we(the infamous Jbhn Storyk and | madethese
measurements together) mncludedthat this raom suffered from a lack of effective low-
frequency absorption. In fact, this is aproblem in many small listening rooms, fome
theaers and control rooms. The factthat the three g resonances in the low frequency
rangeall appearal inthe pralicted raom modes assciated with the length paameter
suggets that adding low frequency absorption or diffusion to the walls perpedicular to
the long axis of the room might be an effective treatment.

Oneimportant note isdue here, | used Smaat in this caseto help identify a problem in a

room. | think thatthe resilts grongly suggesthat the room wasbehaving modally.
Further, the measwedreaults, wren comparedto a smple prediction of modal
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frequencies, gave extremely similar resultst While | think thatthisis avery valuable
process, Wwould like topoint out thatthe acomplete lution includes sleding and
detailing the pioper type,amount, and installation detail s for ary proposed treatment.
Aesthetics, ost and durability considerationswill alsoplay arole in finally dedding how
to treat this room.

Once a@in, | hopeyou have found this case teidy helpful. | have includedone small
footnote below addresing the useof the term reveberaion time in small rooms. Thisis
suggeted reding for acougics geekglike me) only!!!

* The term reverberaion time is extremely common and in fact not very useful! The
parameter is best apftied in rooms where adiffuse und field exists. Urfortunately this
is NOTthe cag in most control rooms and home theaers, and even many concert halls!
Reverberation Time or RT60 is avery srange paameter as it is arelationship between
volume and ab®rption — howeverit has little correlation with subjedive preference. |
like topoint out that raoms with identical reverberation time spectras(reverb time at
variousfrequency bands) can sound radically different dueto the dstribution of
reflections. So in closing this short tirade, let me say that Reverberation Time should be
treated asone of alarge numberof pieces tothe aougics puzle (and if fact not avery
important one).

(end of document)
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