Better bass througimultiple subwoofers

Home theaterhas put bassreproductionand subwoofers intéhe spotlight Variougechniques
and toolshave been usetb manage bass and integrate it within the whole syst&hile bass
became arucialaspect ofa home theatersystem performance. the bass is not good, most
would then considerthe system inadequate.

So just vhat makes goothas® Undersandably, the first answer would be a good subwoofer.
This is true, but this is only part of the solution. Téeality is that THE ROOM rulesagreat
extent here and very ofteroom-related issueganrelegatea very goodsubwoofer tojust a
boomy cubeWhat can we do tget the best possible bass with a given sub given roorfd
Before we look at our optionsve need to understand what happens in real rooms

Our home theaters have small rooms from the perspective of architectucaistics. h a small
residentialroom, we primarily focus ondmodal resonance structukegenerated by standing
wavesandits influence on sound qualityn small roomsthesemodes occurin the bass
frequency rangeand present a serious problem

A room is a volume of aionfined withinrelatively hard boundarieghat has its own

resonance structure which depends rk S Nsze ariddgundaryconditions(floor, walls,
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few modes that are engjized bya subwoofer placed in &ont corner.
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Standing waves in a room with rigid reflective surfaces

Direct sound plus room resonances

Fig.1 Single subwoofer in a room



The graph in Fig.2 below shows actual room measurements at typical three listening positions
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correspond to seating position colorgNot onlydoesthe resulting bass response look bad, but
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Fig.2 Real-life room example
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Applying EQ to green response (e.g.47Hz, 57Hz) would tresult in worsening conditions
at cyan or magenta seat. It is clear that global EQ is impossible for one subwoofer -
three seats system even if it is based on “smart” averaging. Such EQ has no effect on
room modes since it is applied in global electronic domain.

Souwnd or look familia? How oftenhave westruggled with subwoofer placement only to find
that we are getting lots of inarticulateoom nearthe walls and nothing in the middle of the
room or wherethe listenersare actuallypositioned?Some probably give uppncluding that
the room is just plain bad and nothing can be done.

The factisthat the room is very important part of the systeniNo matter how good pur
subwaooferis, if you do not take time to investigate how the room is affectitsgperformance
and how to remedy the problemyou may end up nogettingwhat you and/oryour customer
have expected based orthe subwoofeQ gpecs alone



What arethe possible solutionsMost would say that first step t® find the best location for
the subwoofer. Optimizing its position indeed may improve the bassyubidrtunately onesub
does not allow effective control of multipleom modes as demonstrated abovd-or example,
by moving the subwoofer out of the cagn(where it produces the most boomy bass with most
modes energized) closer to the middle of the rgame would control the first mode, but at the
same time we may actually increase the effect of the second mode that has magnitude
maximum near this locatim The result would still be unbalanced bass. | realize that some may
actually put total volumévery often unnecessdy exaggerateglahead of acclate balance and
articulationand simply use corner location for subwoafeam surehowever,those mosthome
theater enthusiasts wouldhuch prefer to heathe sound thatthe people who created it

wanted them to hear.

The other solution for good basisat probablycomesto mind to manyisroom EQ | would say
that one has to be very careful usingdespite adversS R & I dziben¥fitsi A O ¢

It is clear that at bestoom EQ can make response smoother in one location. There is no
guarantee as we see in Fig.that it would makesoundbetter for the next nearby listener

There is another problem witblectronicroom EQ. Thbeassthat we hear in the room is a
combination of direct sound from thauibwooferand room resonance modes. When EQ is
applied to reduce a peak that is created by a room mode, it actually does not affect that mode.
The room will keepesonating on this mode. We simply reduce the originebming signaso

that the combined subwoofer+room sigrngthys more or less balanced. The problem here is
that the room mode with its high Q and longer decay would mask and smear bass ddtails.
more room modes we havéhe less accurate would be the bass.

This is not all. Yet another potential problem exists witep is applied to fix response dips.
Most of us know that this could lead to dynamic range reduction at best or amp clipping and
evento awoofer failure.A response diphat is associated with roomnodal null is simply
impossible teeliminate using=Q As noted above, EQ does not affect room modes aad if
room mode has a null in a particular spot it withy anull regardless of how much power we
put into asub.The effect okignallevel boostin this frequency range woulde minimal Yet we
would stress the amp and the wooflading to clipping without noticeable output increase.
Bottom line; do not try tofix response dips by EQ boost!

Another solution thal sometimes hear about from AV professionalsising acoustiabsorbers
¢ bass traps. There are twtypes:resonatorsand wideband porous absorbers. Tipeoblem
with them isthat inthe real bass rang, belowl100Hz, only resonating absorbers could be
effective (unlessyou are willing to covethe walls with d least foot thick panels Resomting
absorbers could bexpensivepulky and they have to be preciselyned toroom modesusing



measurement equipment to be truly effectiv&Keep in mind that simple room mode
calculation is almost uselessinceour rooms are not chambers with rigid walumayneed
several precisely tuned resonatifrgpsto control different room modes.

Over he past several yearthe experience ohelping installers to solve their bass problems,
proved to me thathe first and most effective solution for better bagsat we should be
considering isising multiple subwooferddarmanResearchGroup have workedn this subject
for many year$l] and they concludedthat noticeably better results in terms of baascuray
and consisteny of response over several seatan be achievedsing at least two , better four
subwoofers. Using aitiple subwoders allovs counteractingroom mode generatiomivery
effective way. By putting subwoofers in at least two or bettelifferent locatiorsit is possible
to achieve rather minimal room mode excitation. The result is not only smoogisponsebut
alsomore consistenbassfrom seat to seat.Only having achieved tHatter allowsan installer
to useroom EQo get furtherimprovemens. Fig.3 shows generetcommendedositionsfor
two and four subwoofer installations. | would like to stress that each room is differehi
would strongly advise to take an Rieasurement system angend some time optimizing the
positions based on particular room response. The reality shows that this optimization can pay
off greatly.

Fig.3 Recommended general positions for
multiple subwoofer installations



Fig.4 shows redife example of gradual basesgponseimprovement in a room using ongwo

and then 4 subwooferdhile there is no dramatic SPL increase when the second module was
added, the room response became amazingly smoother. Adding yet another pair of subs on the
left wall only slightly improve (already very good) response but at the same time we got

almost 6 dB SPL increase. Thesetlaealetails that installers have to look for.

Fig. 4 Real-life example
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Note the set up inthe lower right cornerof Fig3 The subs shown there are installed in the
ceiling. YeX in the ceiling You can dahis usinganin-wall subwoofer

Fig.5 belowshows the measurement of suahstallation from a BG Radi@ustomerin a typical
25 x 17 feet room. The customased 4BGX THXltra 2certified subwoofer modules. Betae
the sub igruly vibration-cancellinghe was able to instathodulesin the ceiling wihout any
concerns.lt is apparent that neither front nor rear par of subs are able to genesatesfactory
response, yetvhen they are combined they produce truly fascinatingulé



And lastlyl would liketodA K2 4 K2 g S@Sy || KAIKE& NBIAFNRSR dAy
make mistakes in automated mode. Fig.6 shtivesroom response of thabove subwoofer
system integra@d with the main front speakers.



