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Your Home Theatre

    These are just a few of the differences in standards that can be

applied, depending on the regulating agency. And by regulating, I

don’t mean enforcing.

    2. Sine waves do not imitate speech or music well. Steady-

state tones do not reveal many of the more-audible types of distor-

tion found in the transient, dynamic, and complex real-world signals.

    3. Graphs can tell you more of the story than a single data

point. In addition, graphs will likely indicate the weighting range,

ratio versus level, etc.

    It is very helpful to know the performance under all operating

conditions, not just the ones that may help to sell the product.

Specifications are helpful to the manufacturer from design criteria,

and also from a production quality control point of view, but they

are often not much help to the electro-acoustical designer of a

home theatre. They certainly won’t tell you if the product will sound

harsh, flat or warm and open, etc. They may indicate that the

amplifier is not a good match for a loudspeaker that presents a dif-

ficult impedance load, and you may be able to calculate the esti-

mated sound-pressure level before clipping of a 1 kHz. sine wave

for a particular room size (when you include construction and fur-

nishing noise reduction coefficients). (See figure 1.)

    Consider this: how is it possible for the same chassis size and

weight that contained only two 100-Watt channels a number of

years ago, to now contain nine of them? In addition, the main

power supply for the amplifier is a big deal to sound quality, and

they should be large and heavy. You’ll find that most small audio-

phile stereo amplifiers weigh more than most multi-channel home

theatre amplifiers claiming many times more wattage. It is wise to

specify more power than you’ll use. Not only is it safer on loud-

speakers and amplifiers from being damaged, but usually sounds

much better; more dynamic, smoother and open.

Acoustical Specifications

    Similar problems plague the acoustic industry as far as test

standards. As sine waves have been used for decades, so have

Norman Varney

    The most important part of designing a home theatre for emo-

tional impact is acoustics. It has more to do with the believability of

the experience than anything else. More than the picture quality or

size, more than bass extension, and certainly more than any fancy

décor. When I say acoustics, I am including noise control, physical

positioning, calibration, shell and interior acoustic treatments for

sound quality. Though I am referring to the “Ultimate” home the-

atre, most of what I am discussing applies to any quality home

theatre. 

    This installment is about specifications, both acoustical and

electrical. Both are important to the acoustical engineer in order

match up the actual results with the design goals. There are many

specifications that we encounter as we study the options available

to us. Many of them are meaningful and many are meaningless,

and many sonic attributes are important but unavailable in spec

form. 

Electrical Specifications For Audio Equipment

    In the segment about psychoacoustics, I mentioned how nice it

would be if the electronic specifications for the audio equipment

had meaningful information that could tell us how the equipment

actually sounds. Unfortunately, they do not. Subjective terms are,

well, subjective. There is no standard, no quantifiable unit of meas-

ure. Not only can’t you tell how a piece of equipment may sound

subjectively i.e., dull, bright, warm, transparent, etc., but often

what specifications do tell you is so vague it is meaningless even

at face value. There are many electrical and electro-acoustical

specifications. Some of them may indicate some relevance to sub-

jective performance, but most offer little or no subjective value

and/or are very sketchy. For instance, let’s discuss what is proba-

bly the best-known objective audio specification of all, the power

rating.

    Power rating is given in Watts, at a particular distortion thresh-

old. For example; 100 Watts at .03 percent THD (total harmonic

distortion). What it may not indicate is some of the needed infor-

mation to put the results into context:

    1. What is the power-rating standard used? They are differ-

ent for FTC, CEA, EIA, IEC, JEITA, etc.

    a. What is the output load? It is much easier to drive a 16-

Ohm load than a 4-Ohm load.

    b. What is the ambient condition of the unit? It will likely have

lower distortion when cold, than when warmed up. 

    c. What is the duration of the test? 0.03 percent THD for 0.5

ms may not be the same for 500 ms.

    d. What is the bandwidth? Is this power rating at just one

particular frequency or is it for the full audible bandwidth, or

somewhere in-between?

Specifications
Meaningful And Meaningless

Figure 1. A normal, soft and hard clipping sine wave.
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acoustic property tests. Many are certainly past due for updates.

As with electrical standards, there are different acoustical stan-

dards for different organizations in different regions of the world,

but thankfully, not as many. ASTM and ISO are the primaries. The

standards do change and evolve. However, there are two principal

problems with most of the acoustical test standards that continue

to be of hindrance: 

    1. They are limited in bandwidth. They were originally devel-

oped around speech intelligibility and privacy, with its limited

associated bandwidth. They do not evaluate most of the bass

region, which is where annoyance from subwoofers, many

mechanical noises, and kids jumping around are found. Note that

low frequencies produce long wavelengths and that most

acoustic labs cannot measure reliably below 100 Hz due to their

size. For reliable measurements down to 100 Hz, a room volume

of 125 m3 is recommended, and for 80 Hz, 180 m3. NWAA Labs

has a reverberation chamber that is 738 cubic meters in size and

can accurately measure frequencies down to 25 Hz.

    2. They are assigned a single-number rating to categorize

the effectiveness of the product. As mentioned earlier, seeing

the entire data point curve will tell you much more. A single num-

ber can be very misleading as I’ll explain.

Common Acoustical Tests

    There are several common acoustical properties tests that are

performed on materials specifically to allow the acoustical engi-

neer to create estimation models in order to comply with local

codes or other regulations or specifications established. Let me

familiarize you with them in general:

Material Lab Tests

    1. STC (Sound Transmission Class). A noise control test. This

has to do with sound transmission loss through a partition, such as

a wall system, door, window, etc. ASTM E90-09 frequency range:

125 Hz to 4,000 Hz. The common U.S. residential interior wall is an

STC-35. The “Ultimate” home theatre wall should be STC-61 or

better.

    2. IIC (Impact Insulation Class). Another noise control test. A

method for evaluating insulating properties of an isolated floor-ceil-

ing assembly using a tapping machine. ASTM E492-09 minimum

frequency range: 100 Hz to 3,150 Hz.

    3. NRC (Noise Reduction Coefficient). A sound quality test used

for estimating applied materials to room-reverberation times,

speech intelligibility, etc. This is a measurement for material sound

absorption. Typically, acoustic panels and blankets are character-

ized, but anything that can be placed into the chamber can be

analyzed. While working at the Owens Corning Acoustic Lab, I col-

lected data for a filled bookcase, a leather couch, movie screens,

diffusers, etc. ASTM C423-09a minimum frequency range: 100 Hz

to 5,000 Hz.Field Tests

    1. RT60. Room reverberation time. Typically measured at 500

Hz or 1 kHz using at transient (should it be a transient??) noise

source, such as a gun or balloon. Better using a swept sine wave

for a wide-frequency range, energy build-up, and averaging.

    2. NC (Noise Criteria). Method for rating and specifying the

noise of HVAC systems. Minimum frequency range: 63 Hz to 8,000

Hz. 

Determining Sound Transmission Loss

    The ability of a material or partition system to block or attenuate

sound from one area to another is measured by transmission loss

(TL). The higher the TL, the better. It is measured in two adjoining

reverberation chambers (see Photo 1) across a band of frequen-

cies in decibel units of sound pressure. 

Field Tests

    1. RT60. Room reverberation time. Typically measured at 500

Hz or 1 kHz using a transient noise source, such as a gun or bal-

loon. Better using a swept sine wave for a wide-frequency range,

energy build-up, and averaging.

    2. NC (Noise Criteria). Method for rating and specifying the

noise of HVAC systems. Minimum frequency range: 63 Hz to 8,000

Hz. 

Determining Sound Transmission Loss

     Typically, walls and floor/ceiling assemblies are tested, but

doors and windows, of course, are also common partitions. Once

the TL measurements have been taken, they are tabulated and the

assembly is given an STC rating. Current architectural acoustics

literature refers to the term Sound Transmission Class (STC) all the

time. By definition, STC is a form of rating airborne transmission

loss (TL) in decibels for partitions derived from the TL data meas-

ured in 16 one-third octave bands from 125 Hz to 4 kHz. STC is a

single-number rating system where the data collected is plotted

against a reference contour curve. The contour is heavily weighted

on 500 Hz. (See Figure 2). The higher the number, the better the

isolation. Because of its limits, an STC rating cannot tell you any-

thing about lower bass frequency TL. This is not useful to rooms

containing LFE playback, which begins at 80 Hz. STC misses the

most pertinent information to home theatre isolation. However,

sometimes manufacturers who quote STC have collected TL data

below the STC cut-off, which when available upon request, is use-

ful, at least to the extent to which the data is reliable.

    To add to the frustration, with the single-number STC rating, the

same number can yield different TL performance at different fre-

quencies (see Figure 3). 

Photo 1. The author performing an ASTM C423 test for material absorp-

tion in the “receive side” reverberation chamber at NWAA Labs.
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Your Home Theatre

    And by the same token, you can have two STC ratings that vary

significantly, yet are not perceivable. STC can be misleading but is

all we have to work with at this point in time. The STC rating is a

quick tool to compare different construction assemblies, but the

designer should use the actual TL values at the frequencies of

interest to determine the reduction of sound between two areas.

By subtracting those values from the sound-pressure levels in the

source room, the resultant noise levels can be predicted on the

other side of the partition. To better understand what STC ratings

mean, let’s correlate the STC of a partition to human perception: 

    STC 30 – loud speech is heard easily 

    STC 35 – loud speech is blurred, yet intelligible 

    STC 42 – loud speech is heard, but unintelligible 

    STC 45 – loud speech is only heard by straining 

    STC 48 – loud speech is barely audible 

    STC 50 – loud speech is inaudible 

    STC 61 – bass and drums barely audible 

    STC 64 – LFE explosions barely audible

STC rating “rules of thumb”:

    • An STC gain of 3 points is just perceptually quieter 

    • An STC gain of 6 is a very perceptual improvement 

    • An STC gain of 10 is perceived as reducing the noise-trans-

mission level by 50 percent

    STC ratings that exceed 60 generally require “floating” floors,

walls and ceilings, and other means of controlling all flanking paths. 

    Keep in mind that laboratory TL data normally reflects ideal

conditions. The materials are installed carefully by trained techni-

cians and incorporate “soft-sealed” perimeter conditions in the

laboratory. As a result, lab data will be higher than can reasonably

be expected in real-world applications. Poor installation in the field

can mean a point degradation difference of 15 or more if not care-

fully supervised. All the labor trades (framers, electricians,

plumbers, rockers, etc.) must work as a team-effort in order for the

system to perform to its potential. Most of the time, this type of pre-

cise installation and critical assurance, is new to them, and they

must be carefully instructed and guided as they go.

Impact Sound

    Impact sound is caused by a floor or wall assembly set into

vibration by direct mechanical contact. The energy can also be

Photo 2. The author performing an ASTM E90 TL test for a wall

assembly in the “source side” reverberation chamber at the Owens

Corning Acoustics Lab.

Figure 2. The STC rating method is specified in the

American Society for Testing Materials (ASTM). The

STC contour is shifted vertically relative to the plot-

ted TL test data according to the following criteria:

1. The maximum deviation of the test curve below

the contour at any single test frequency shall not

exceed 8 dB.

2. The sum of the deviations below the contour at

all 16 frequencies of the test curve shall not exceed

32 dB (an average of 2 dB per frequency).

When the STC contour is adjusted to the highest

position that meets the criteria, the STC rating is

read from the vertical scale as the TL correspon-

ding to the intersection of the STC contour and the

500 Hz. ordinate.

Figure 3. Two wall assemblies both rated STC-60, yet very audibly

different.
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transmitted through-

out the structure and

re-radiate in con-

nected spaces. In

your home, common

examples are: hard-heeled footfalls on a tile or wood floor, rollers

from an infant’s “walker,” a food processor on a kitchen island, a

slammed door, etc. In each of these cases, the offending vibration

is primarily transferred into the floor and then down to the ceiling

below. As shown graphically in the last segment, these vibrations

are not only radiated directly downward but can be transmitted

horizontally through the structure and reradiated at distant loca-

tions as well. Like STC, IIC is an important rating factor in reducing

noise transfer. Impact Insulation Class (IIC) measures impact

noise, otherwise known as structure-borne vibration. The IIC clas-

sification process is like the STC, but uses a tapping

machine in place of loudspeakers, to measure TL in

16 one-third octave band frequencies from 100 Hz

to 3,150 Hz. Again, a single-number classification is

applied using a contour curve, meeting the same

criteria, and is plagued with the same problems as

the STC mentioned previously. It completely misses

the LFE channel, not to mention kids jumping around

above the theatre. If you’re thinking that a room

inside of a room is a good idea, you are correct.

Decoupling is huge in regards to mitigating noise

and vibration. There are many others that we’ll dis-

cuss in the next article. 

    Carpet and padding can effectively cushion and

isolate upper frequency impact noise such as

“clicks” from footfalls but not low-frequency thuds. A

foam or fiberglass raft would be the next level of

improvement. The next would be an actual floating

floor combination.

    Noise Criteria (NC) is yet another set of spectral

curves (See Figure 4) used to obtain a single num-

ber value rating, this time describing the “noisiness”

of environments for a variety of uses. NC is com-

monly used to rate the relative loudness of ventila-

tion systems. It is not the same as A-weighted sound

measurements, which are often used to regulate

sound levels. NC has been in use for about 70 years

and is very common. However, because noise-

induced annoyance is not directly proportional to

loudness, a better system of evaluation was devised

by ANSI in 1981, called Room Criteria (RC). Along

with the relative loudness level number, this rating

includes a letter to describe the sound’s spectral

character. For example; N for neutral, R for rumbly,

and H for hissy. In addition, RC adds two lower-fre-

quency octave bands; 16 Hz and 31.5 Hz. Vibrations in these

regions being introduced into lightweight constructions will easily

be heard and felt. In 1997 the RC criteria method was revised to

RC Mark II and is now the preferred method by ASHRAE.

   For reference, a private residence is NC25-30 (33 to 40 dBA),

and your local cinema is only NC 30-35 (38 to 43 dBA), while a

recording studio is NC10-20 (18 to 28 dBA).

   STC, IIC, and NC (and others) are tools designed to be used to

assess noise, as it would affect speech intelligibility, not for the

wide bandwidth and dynamic range of home theatres. It is best

practice for acoustical engineers to request from manufacturers

the actual material/product lab test reports. This will offer all the

data points, if not the plotted graphical curves, along with the

mounting method used and other information that may be signifi-

cant. In addition, he or she can ask if there was data collected for

frequencies below the test standard. For the last 20 years, when-

ever I have been in charge of the test for a product under my

steward, I make sure that this information is collected. The report

should stipulate the estimated confidence of the report at these

extended frequency ranges due to the lab size and/or associated

equipment limitations. 

    In the next segment, I’ll talk about design considerations for

noise control and sound quality, give some relatable graphics, as

well as show some examples of computerized modeling for esti-

mating acoustical characteristics. WSR

Figure 4. Noise Criteria

(NC) curves used to plot

measured ambient SPL

data against.
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