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Your Home Theatre

Acoustic Design Considerations
Part II—Sound Quality
Norman Varney
Now that we have noise control in place, we have a blank canvas for playback of the impressions expressed by artists without
contaminations. Well, not quite. Noise control deals, for the most
part, with noise and vibrations that are not contained in the original
recorded signals. Sound quality deals with extraneous sound energy that is a result of the original signals interacting with the room.
This includes reverberation, reflections, room modes and resonances. Though there is some cross-over regarding noise control
and sound quality, the difference here is that we will primarily be
addressing the interior of the room, rather than the shell.

Sound Quality Design Approach
There is a hierarchy when designing a critical listening and
viewing environment:
1. The noise control methods needed to accomplish the established goals discussed in the last issue for noise entering and/or
escaping the theatre, along with the established constraints, will
govern the thickness of the walls, floor and ceiling of the room’s
shell. This will call out the remaining physical space available to
optimize the room dimensions.
2. Room dimensions. This will optimize bass response and dictate optimal loudspeaker/listener locations. The room dimensions
and furnishings will also dictate interior acoustical treatments;
type, locations and quantity.
3. Optimization of loudspeaker/listener locations to avoid exasperating the existing room modes, as well as offering the optimal
audio soundstage. This will dictate the optimal screen size and
location. And this will dictate where the first-order reflection points
are for each loudspeaker on each surface of the room for the primary seat, as well as each individual seat for acoustic treatments.
4. Optimization of the screen size and location for optimal viewing/listening acuity. This will dictate both the projector and screen
type needed to throw a picture of sufficient dynamic contrast
range at the distance and size specified.
Let’s go through each of these steps to understand their importance and how they relate to the system performance and our
experience.

Room Dimensions
The first sound quality issue to consider is good bass
response. There are two reasons why bass response should be
looked at first: 1) It pertains to construction considerations that
cannot be easily or affordably dealt with after construction. I have
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demolished many walls and built new ones to fix existing bass
problems. 2) How good the bass sounds seems to be the first
characteristic we scrutinize when evaluating high fidelity: Is it
deep? Is it linear? Is it visceral, articulate, dynamic, etc.?
Remember, low frequencies are very long wave lengths, which are
not easily controlled for either noise control or sound quality. There
are five ways to passively control the sound-quality bass response
in a room:
1. The dimensions of the room.
2. The construction materials and methods of the room.
3. Placing loudspeaker out of the way of the existing room
modes.
4. Placing the listener out of the way of the existing room
modes.
5. Incorporating the right acoustic treatments, at the right locations, and the right quantities.
A large portion of linear bass response is governed by the
dimensions of the space and their associated room modes. As you
will recall from Widescreen Review Issue #227 May 2018, room
modes are resonances caused by sound waves reflecting
between two or more boundaries, typically the parallel length,
width and height boundaries of the room. These interactions cause
construction and destruction of the acoustic energy, depending on
where the receiver is located along its axis—in other words, heavy
or missing bass, depending on listening position. The variance
can easily be 30 dB to 40 dB SPL!
Room modes also cause ringing in the time domain. Their Q, or
quality factor, depends on the damping and frictional loss of the
construction methods and materials used. A high Q factor, as with
concrete construction, will have low loss and exhibit sharp, narrow
peaks in the frequency domain, and prolonged ringing in the time
domain (See Figure 1). The result is droning, muddy bass. A lower
Q lowers and widens the peak, making the frequency response
smoother and the ringing in the time response shorter. This results
in more articulate starts and stops of the signal, and wider dynamic range, because the signal is no longer being masked by lingering sound energy
Though room modes exist at higher frequencies, we are most
sensitive to those around 250 Hz and below, and certainly those
about 150 Hz and below. This is because the modes become too
dense to be distinguished as they get higher in frequency. Note
that a non-rectangular room makes predicting room modes difficult. A splayed wall, for example, may or may not help distribution
of the modes and will certainly make chaos of symmetry, which is
extremely important in the horizontal plane.
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As discussed in Issue 227 May 2018, the room dimensions will
dictate the lowest frequency supported, and how well the room
modes are distributed across all three axes. We are shooting for
even distribution without adjacent modes being too far from each
other (more than about 20 Hz), or too close to each other (less
than about 4 Hz). When you have two pressure peaks close
together, or far apart, they are likely to audibly draw attention to
themselves and offer poor frequency response (See Figure 2).

Figure 1. A room mode with a high Q exhibits a high amplitude and narrow
frequency range, which is easily heard. A low Q mode exhibits a short
amplitude and wide frequency range, which sounds smoother.

We tend to notice the louder pressure peaks (positive wave
coincident) more than the quieter nulls (negative wave cancellation). Where the peaks and troughs live, or are located in the
room, is associated with their dimensional wave lengths. When two
peaks are close together, it is possible that you may not be in the
associated physical location of both peaks to notice it, but it is
likely, as they are physically long and can overlap one another.
Basically speaking, the closer you are to a boundary, the more
pressure peaks you will encounter. Corners double the modes,
and tri-corners triple the number because they include all three
axes and excite all the room modes simultaneously. Placing your-

self or your subwoofer near a boundary, or two, or three, is how
you exaggerate bass response passively. It will excite all your
unique room modes, which is not linear and does not sound natural (See Figure 3). Understanding this concept is important.
Good room mode distribution is hard to achieve. Free on-line
calculators may help you avoid a disaster, but they are simple,
idealistic formulas that miss many of the human perception elements, as well as accounting for construction materials and methods and their associated acoustic characteristic parameters of
density, Young’s modulus, Poisson’s ratio, damping factor, etc.
This is where good software comes in handy. I built my own software program to both model and evaluate room dimensions with
human perception criteria included. This makes it easy to evaluate
many possible room dimensions and find the optimal for the project. I combined it with another program I built that calculates optimal loudspeaker and listener locations for the prescribed room,
which we will discuss the importance of just ahead.
In the last segment, I discussed how construction materials and
methods can offer bass containment with rigid boundaries, or less
support and some absorption by allowing the shell to flex, even
though it is airtight. Shell systems can be designed and used as
very effective bass absorbers.
The “Ultimate Home Theatre” will be rectangular, as this is the
easiest to predict and control from a room mode point of view. It also
will accommodate the best listening layout, both from an audio and
video POV, because we have more people centered between the
screen and loudspeakers. Therefore, the listeners will be configured with the longest length of the room oriented as front to back.

Loudspeaker/Listener Locations
Once room dimensions and construction are established, we
know (in theory) where the estimated room modes will be located
in the room. Construction errors, etc. could change the theoretical
and the actual modes should be confirmed, or physically mappedout onsite with precision acoustic measurement instruments.
Because of their low densities, typical windows and doors act as
escape routes for low frequencies, which will change common
predictions.

Figure 2. Example of room modes for three axes (Height, Width and Length) and their estimated room frequency response. The top mode spacing is nicely separated, whereas the bottom modes have some
“stacked” modes as a result of room dimensions being near multiples of each other.
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Figure 3. Representing the first three modes along just one axis of a 22-foot-long room and showing theoretically where those peaks and troughs live. Remember that each room dimension represents associated frequencies that will resonate. Placing the same subwoofer in a different dimensional room will offer a different
frequency response. Placing the same subwoofer in different places in the same room will offer different frequency responses. The same holds true for the listener.

There are five goals we want to target with our loudspeaker/listener locations:
1. We want to place the loudspeakers away from the first three
mode peaks of each axis.
2. We want to place the primary seat away from the peaks and
troughs of the first three modes, with the exception of the fundamental width trough.
3. We want the front center loudspeaker to be at 0° horizontal
axis and left and right loudspeakers to be approximately - and +
30° respective to the primary seat.
4. We want the primary seat to be equidistant from all the loudspeakers.
5. We want all mid-range and high-frequency drivers to be in
an unobstructed sight line of the primary seat. Preferably, all
tweeters at the same distance, about ear-level, and aimed on or
near on-axis (depending on loudspeaker dispersion pattern and
room interaction).
I realize that the above, as a single goal, is a difficult one to
achieve. I realize that it is rarely executed in practice, though, it
can, and I do, achieve it most of the time. Let’s go over their individual importance for the “Ultimate Home Theatre”:

1. Locating Loudspeakers Away From Room Mode
Peaks
If fundamental modes can swing in relative amplitude 30 dB to 40
dB SPL as a result of subwoofer loudspeaker placement alone, it is
important that we avoid exasperating them by placing the exciters
(subwoofers) and the receivers (listeners) out of harm’s way. Note that
the axial modes are the most energetic, then the tangential, then the
oblique modes. This is because each surface involved is taking some
of the energy away (See Acoustic Design Considerations Part I, Noise
Control, Issue 229 July 2018). As a general rule, the fundamental or
first mode of each axis is the most energetic, followed by the second,
third, etc. If we measured in high resolution (say 1/20-octave), we would
probably see it but may not hear it. This is due to several reasons:
A) Aural adaptation (See Widescreen Review Psychoacoustics
Issue 226 April 2018). In this example, we may acclimate to the
skewed frequency response and autonomously accept and ignore it.
B) The higher frequency range becomes denser with the number of modes contained per octave, and therefore, less perceptu3/5

al.
C) Because the time of signal duration of lower frequencies is
longer before a standing wave (room mode) can be produced
between two or more boundaries. In other words, low-frequency
transients don’t produce standing waves. The sound wave doesn’t
travel any slower, it just requires more time to develop enough
cycles to energize those room resonances (See Widescreen
Review Sound—Vibration and Perception Issue 225 March 2018).
Looking at Figure 3 you can understand that if we place the
subwoofer along the length of the room that is beyond a highpressure line associated with the room modes, we will not excite
them. For example, if we place the subwoofer about 3-3/4 feet out
into the room, we can avoid exciting the third mode of 76 Hz,
along with its harmonic multiples. Of course, 76 Hz occurs in
soundtracks a lot of the time, so having this peak removed will be
very audible—less fatiguing, more pleasant. To give you an idea of
how excess and deficiencies sound in the low frequencies, take a
look at the left side of Figure 4. To hear this graphic come to life,
check out: https://www.youtube.com/watch?v=WhCuZ2yq3po. The
audio for the frequency ranges indicated were boosted or cut 12
dB for extreme emphasis.
I have to be very general here, as the topic of low-frequency
control deserves much more space than allotted. There are many
common ways to control bass frequencies that this author tries to
avoid. Many of them are very popular, and I don’t mean to offend.
I prefer to do things passively whenever possible, rather than
actively. The purer the signal, the more natural, or truer, it will
sound. Often, the ideas below are mistakenly utilized in hopes of
creating a smoother bass response at every seat. Here are a few
active means of smoothing out room modes with a quick explanation of why to avoid them:
• Active Absorbers are loudspeakers controlled by circuits and
amplifiers fed from microphones. They are designed to absorb the
offending frequencies with opposing driver polarity. My favorite of
the active schemes, but in order to work well, the bass frequency
issues must be very basic, like a single offending mode excited by
two room dimensions. Still, the driver can often be heard because
it needs to be located in relation to where the mode lives in the
room.
• Electronic Equalization is the most common. However, changing the frequency response of the loudspeakers means altering
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Figure 4. Correlating audio-frequency ranges visually with their associated subjective descriptions of timbre
perception.

the signal received to all seats. You cannot change the frequency
response seat-to-seat, just as you can’t change the timing or
amplitude seat-to-seat. Physics states that there is only one point
in space where the three can converge together. In addition, fancy
“Room Correction” devices each have unique processing algorithms, which give them unique sound colorations. When one or
two frequencies are problematic, are identified in frequency,
amplitude and Q with high-resolution measurements, room correction devices are for the purpose of taming only the primary seat,
and if such an electronic equalizer is able to filter- match, then
such a device may be called into rare duty. Remember also that
electronic equalization cannot be used to raise deep troughs.
• Multiple subwoofer configurations around the perimeter of the
room. This is done by locating two or more subwoofers around the
room. They can drive modes destructively or constructively.
Though they can serve well at smoothing room modes, I find that
in a controlled room the subs sound audibly disassociated with the
primary loudspeakers and their locations easily identified. Though
the frequencies may be theoretically too low to locate, mechanical
driver excursion noise, chuffing from a port, timing errors, etc., will
give them away. A soundtrack should sound like one voice, not
broken up geographically into LFE and non LFE locations. We’ll go
into calibration of the subs later in this series.
Placing a loudspeaker in a pressure minima area (troughs in
Figure 3 & 5) is a workable idea. It cannot add or subtract from the
frequency response. Because the energy cancels itself, nothing
can change the condition of that mode by trying to drive it at that
location. As discussed, placing a loudspeaker in a pressure maxima area is not a good idea, as it will exaggerate the associated
mode frequency with increased energy. Placing a listener in either
a trough or a peak is not a good idea. (See Figure 5.)

2. Placing The Primary Seat Away From Room
Modes
I have previously discussed (See Widescreen Review
“Psychoacoustics” Issue 226 April 2018) the need for symmetry on
the horizontal plane, so the primary seat will need to be centered
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widthwise. It can’t be helped. It means that when a particular frequency is played, and is played long enough to create a standing
wave, it could be noticed. The first mode will be low in amplitude
(a trough), the second higher (a peak), the third lower, etc. This
compromise is better than everything being a mess 100 percent of
the time. Note that the primary seat will not be located midway
between the length, nor the height of the room, so its constructive
and destructive interferences can be avoided.

3. L, C & R Loudspeaker Locations
With the knowledge established that our frequency bandwidth
and localization is greatest when coming from our front horizontal
plane, not to mention our video screen, we can assume that placement of the front loudspeakers will be important to the audio
soundstage and cohesiveness with the picture. Not only are we
trying to build the best foundation for our biophysical perception,
but we are trying to reproduce what the artists created, and they
most likely used a 60° configuration. Even a simple, two-channel
setup can provide three-dimensional imaging when done right.
Though the word stereo has come to mean two channels, it really
means the sense of sound coming from more than one direction,
and the ancient Greek word stereos means solid. If we have two
loudspeakers in front of us and they are next to each other, we do
not have stereo. If we separate them too far apart from us, we
have a hole in the middle and the sound is broken apart—it is not
solid. In order to convey the information properly, you must have a
solid foundation.

4. Primary Seat Equidistant From All Loudspeakers
Of course, this is ideal, but most of the time you end up having
to reach for the digital processor to incorporate digital delay and
gain compensation to converge the sound at the primary seat
location. Let me just say, the less processing involved, the better
the sound.
With a larger audience comes a larger listening zone, which
requires a larger space. Like a balloon, the room must expand
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flank the screen just in front of it. The center channel, being on an
equidistant arc to the primary seat, is positioned at the base of the
screen. The bottom of the picture is eye height to the primary
viewer. This should allow the tweeters of the L&R loudspeakers
(which are ideally at ear height to the primary listener) to be vertically within about one foot of the center-channel tweeter height.
This compromise will offer the most unaltered reproduction of the
soundtrack.
Of course, you can have the L, C & R behind the screen, but
this introduces many audio issues and shouldn’t be needed or
desired from an audio perspective.
We have just covered the physical interior design layout minus
the acoustic treatments. Let’s summarize some of the basic attributes we have established for the “Ultimate Home Theater” so far.

The “Ultimate Home Theatre”:

Figure 5. Room Node Layout. The colored lines crossing the room represent the estimated first four nodes (cancelation, or low-pressure
troughs) and where they live in the room for the indicated width and
length. Only one side of each axis is depicted. The anti-nodes (pressure
peaks) would be found midway between two lines of the same color.
Also shown is an L, C, R and primary seat arrangement that avoids the
room modes, offers an ideal soundstage, loudspeakers are equidistant,
and a screen that is optimally sized and positioned.

proportionally to accommodate. This may mean additional loudspeakers for even coverage. This is a doubleedged sword. Proximity, as we have previously covered,
will govern what is heard. Those who are sitting very
close to one loudspeaker and vary far away from the
others, will mostly hear only the loudest loudspeaker,
which is the nearest loudspeaker. So, not only do you want
to sit away from the walls, you also want to sit between
all the loudspeakers. Pretty obvious, right? Again, the
multi-channel sound can only converge at a single point
in space and time. We’ll get into more soundfield management details later in the calibration segment.
The remaining seats will surround the primary seat.
This will allow them to be close to the target seat and all
will have similar A/V compromises.

Screen Size And Location
Once the loudspeakers are in place, it is easy to figure
out where the screen must go, and therefore, what size it
should be. And this information will help you select the screen
type and a projector that is capable of delivering the
resolution and dynamic contrast to fill the screen from the
distance the projector is mounted. In the “Ultimate Home
Theatre,” the projector is mounted behind a port window
on the rear wall and enclosed in a custom-designed,
quiet, ventilated box. The port window is also custom
designed for noise control and incorporates double
glazing with specialized optical glass for color purity.
As mentioned, we want the video to be cohesive with
the audio. This means that the screen and the front loudspeakers must be close to each other. The L&R mains

1. Is an isolated room-within-a-room with floating walls, floor
and ceiling designed for noise control and sound quality.
2. Includes dedicated HVAC and power.
3. Is rectangular and has good room mode distribution.
4. Has an optimized primary seat location identified and
designed around.
In Part III of Acoustic Design Considerations, we will discuss the
applications of various types of interior acoustic treatments. WSR

