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2| i n t r o d u c t i o n

TA G Mc L a r e n Ro o m E Qu a l i s a t i o n

TMREQ is a comprehensive, 8-channel, 96kHz/24-bit
audio equalisation package that allows you to
compensate for the detrimental influences of room
acoustics and loudspeaker response, producing a
sound field that is far more natural and faithful to the
original production.

Each of the 8 channels in a 7.1 system has its own
independent set of filters, as each channel might
require different corrections depending on the
corresponding loudspeaker’s location and
characteristics. All filter calculations use 32-bit
precision.

GRP00979.03-UK AV192R TMREQ.qxd  1/6/03  11:10 AM  Page 2



why is equalisation needed? | 3

The sound you hear from your Home Cinema system is a combination of the direct sound
from the loudspeakers’ drive units, reflections of the loudspeakers’ output from the walls,
floor, ceiling and furniture of the room, acoustic resonances of the room and resonances in
the loudspeakers’ cabinets, both direct and reflected. As a result of all these contributions to
the sound, what arrives at your ears is very different from the waveform that is sent to the
loudspeakers. 

Here is the in-room
response of a
loudspeaker showing
variations of more than
10dB, despite having an
almost perfectly flat
response when placed in
an anechoic(1) test
chamber. The flat
response is gone, the
room is interacting with
the sound.

Equalisation allows us to correct many of these distortions and get much closer to the sound
that was recorded. The main role of equalisation is to attenuate areas where there are room-
induced peaks in the response, which has the added benefit that loudspeakers and
amplifiers will not have to work as hard at these frequencies, reducing distortion.

1 . an anechoic chamber is a test room which acts like a room of infinite dimensions, i.e. it adds neither sound reflections nor sound diffractions
to the emitted sound: it virtual ly doesn’t exist during the measurements
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4| loudspeaker and listener positions

Loudspeakers are usually measured in so-called anechoic chambers, so that their performance
can be analysed free of the influence of nearby surfaces. When loudspeakers are placed in
rooms, however, the proximity of the walls and the floor change their response. 

As a loudspeaker gets closer to a boundary (whether that be a wall, floor or ceiling) the low
frequency output is boosted by the effect of sound reflected from the boundary adding to the
direct sound from the loudspeaker. The level of the boost at low frequencies is about 6dB for
one boundary, 12dB for two boundaries and 18dB for 3 (i.e. placement in the corner where
walls and floor or ceiling meet). Some loudspeakers are designed with this effect in mind, and
are meant to be placed close to or against a wall or even in a corner. However, the proximity
of the boundary causes problems at upper bass and lower mid frequencies, as there will be
frequencies in this range at which the reflected sound from the boundary is out-of-phase with the
direct sound from the loudspeaker, resulting in dips in the response. To avoid these response
dips loudspeakers are often best placed as far from the walls of the room as practical. 

Subwoofers can benefit greatly from corner placement as the low frequency boost adds to their
output, so the subwoofer does not have to work as hard, which reduces distortion. The
frequencies at which the boundary proximity causes the response to become uneven are above
a subwoofer’s operating range. However, corner placement also gives the greatest problems
with room resonances (see the next section), so is often avoided because of this - proper
application of equalisation means you can take advantage of the beneficial increased bass
output and reduced distortion of corner subwoofer placement without the drawbacks of room
resonance problems.

The effects of a nearby boundary also apply to the listener. The closer the listening position is to
a wall, the more the low frequencies are boosted and the greater the problems of uneven
response further up the frequency range. A listening position in a corner would suffer
particularly from this effect, and should be avoided.
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All rooms have a series of resonant frequencies (or ‘modes’), which are a consequence of
the physical dimensions of the room. Sounds at the room’s resonant frequencies are
amplified as they reflect from the walls, floor and ceiling of the room, making them louder
than other frequencies. Such resonances are most obvious at low frequencies, causing
‘boomy bass’ or giving certain bass tones an unnatural emphasis. Room resonances are
significant up to about 200Hz or so, beyond this frequency resonances have much less effect
and response variations are mainly due to reflections from the surfaces of the room.

The frequencies of room resonances can be easily calculated for the theoretical case of a
perfectly rectangular, empty room with perfectly stiff and flat walls, floor and ceiling using
the equation:

where
c is the speed of sound (~344m/s at 20ªC and 50% humidity)
L, W, H are the length, width and height of the room in m
nx, ny and nz (0, 1, 2,…) identify the various resonances
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6| room resonances

All the resonances are identified by entering the possible integer combinations of nx, ny and
nz. For example, Fres(1,0,0) is the first axial length resonance of the room, Fres(0,2,0) is the
second axial width resonance and so on. In practice, the strongest resonances are the axial
ones (identified by the Fres values for which only one of nx, ny and nz are non-zero) and only
the first 3 or 4 resonances are significant. Calculating these axial resonances is much easier,
just use:

where
n is the resonance number (1 for the first, 2 for the second etc.)
D is the dimension in m (length, width or height) being considered

For example, a room which is 5m long will have its first ‘predicted’ axial resonance at
approximately 34Hz. The second and third axial length resonances will be at two and three
times this frequency. 

Note that we have referred to the axial resonant frequency above as ‘predicted’. This is
because real rooms are not perfectly rectangular (many are not rectangular at all), their
walls, floor and ceiling are not perfectly flat and stiff and they are certainly not empty! The
construction of the walls, floor and ceiling have a significant effect on the acoustic behaviour
of the room. Walls which use gypsum or plasterboard on studding will absorb low
frequencies and help tame room resonances, whereas a concrete floor and walls will have
virtually no absorption and room resonances will be at their worst. Taking these practical
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room resonances | 7

considerations into account, calculated resonances can be useful as an indicator of frequencies
that might require correction, but only measurement of the actual frequency response in the
room can show what is really happening.

The audible consequences of the room’s resonances will depend greatly on the positions of the
loudspeakers and the listener in the room. Each resonance will have null points in the room,
points at which the resonance cannot be heard or where a loudspeaker would not cause the
resonance to be excited.

There are software packages that try and predict the effects of room resonances and boundary
proximity, based on information about the room (sometimes including the materials and type of
construction), the loudspeakers and their positions and the listening position. The accuracy of
such programs depends on how closely they mimic the exact details of the room and loud-
speakers - some are restricted to rectangular rooms, whilst some of the more comprehensive
packages are aimed at architectural use during building design and construction. 

An example of a basic program for rectangular
rooms is ‘Visual Ears’, from KB Acoustics
(www.kbacoustics.com). This allows the room‘s
resonant frequencies to be viewed, and the
effects of boundaries on the response to be
simulated as the positions of loudspeakers and
listener are altered.
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8| room resonances

A very comprehensive room acoustics
software package which copes with
arbitrary room shapes is CARA (Computer
Aided Room Acoustics) from www.cara.de.
This is a very sophisticated application,
which allows the room and the
loudspeakers to be specified and modelled
in great detail.

Packages of this sort can be useful in choosing loudspeaker and listening positions, or in
designing dedicated Home Cinema rooms, but they are generally aimed at the technically
adept - in some cases considerable amounts of data must be entered to allow the program to
generate a meaningful result, and expertise is require to interpret the results. Even then, a lot
of trial and error may be needed to come up with suitable (and practical) positions. Careful
placement can help to reduce the problems of room resonances or boundary proximity, but
equalisation will bring still greater improvements. As a general rule it will be much easier to
adjust your TMREQ settings than move your furniture!
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The result of the boosts due to boundary proximity, the various room resonances and the
on and off-axis characteristics of the loudspeakers is to make the overall frequency
response of any system far from flat at the listening position - some frequencies are much
louder than others, variations of more than 10dB are very common. The sound heard in
the room is far from the sound that is on the disc! 

One becomes accustomed to the effects of any particular room and its dimensions, so after
a while most of the errors go unnoticed, though the boomy bass problem can rear its
objectionable head if a soundtrack or piece of music has frequencies at a resonance.
Equalisation can compensate for the undesirable bumps in the frequency response, giving
a more natural response that is faithful to the original - real ‘High Fidelity’. When the
response errors are removed a remarkable improvement in the sound is apparent - it
becomes obvious how artificial the sound was without correction, and how much more
‘real’ everything sounds when correction is applied. Music and movies alike become far
more involving with the veil of response errors lifted.

It must be borne in mind, however, that equalisation can be most powerfully
applied at low frequencies, to compensate for room resonances and low
frequency lifts due to the proximity of the loudspeakers and/or the listener to room
boundaries. The range of these adjustments is up to approximately 200Hz. 
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1 0| what equalisation can do

Equalisation can also be applied at higher frequencies, of course, but here the
outcome is far less predictable. Measurements with Real Time Analysers show us the
overall steady-state frequency response at the listening position, the sum of the direct
sound from the loudspeaker and the reflected sound from the room and its furnishings,
but our ears and brains are far more sophisticated instruments, able to distinguish
between the initial direct sound and the later reflections. 

Applying equalisation to correct an uneven measured steady-state response affects the
direct sound as well as the reflections. If the direct sound from the loudspeaker had a
very uniform and level response before correction, the equalisation will degrade it, and
our ears will detect this - despite the apparent improvement in the overall measurement.
Using Room Measurement Software (e.g. ETF 5, as explained on page 13) allows the
direct sound to be separated from the reflections, and this can tell us whether
equalisation can beneficially be applied at mid and high frequencies to make that
direct sound more accurate.

Equalisation should not be applied to try and fill in narrow dips or notches in the
measured response. These will usually be due to acoustic cancellations (typically the
direct sound from a loudspeaker being cancelled by an out-of-phase reflection from the
floor, walls or ceiling) or a loudspeaker or listener position that falls within a null of one
of the room resonances. No amount of equalisation can properly fill such dips, and is
more likely to degrade the sound. Fortunately such dips are subjectively far less
noticeable than the peaks of a resonance.
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The purpose of TMREQ is to achieve an even frequency response from all the channels in
the system, particularly at low frequencies. Achieving this requires a means of measuring
the frequency response. There are several ways of doing this, depending on the
equipment available.

It is possible to make adjustments to the filters just by listening to the loudness of test tones
at various frequencies and adjusting the filters so that the loudness is consistent across the
frequency range. The TMREQ package includes a set of test tones to help with this.
However, this is rather inaccurate as it is difficult to judge levels by ear. A better method is
to use an SPL meter to check the levels (as used for loudspeaker calibration). The SPL
meter allows the peaks introduced by room resonances up to about 200Hz  to be located
and corrected, but the accuracy of the corrections will be limited because it is difficult to
visualise the frequency response of the room using the SPL meter alone.

A much better picture of the frequency response of the system is provided by a ‘Real Time
Analyser’ (RTA), used with a microphone or an SPL meter that has a line output. The RTA is
an audio spectrum analyser (i.e. a device that shows sound pressure at different
frequencies across the audible range) that operates in ‘real time’, meaning it updates its
display live as the levels change. Usually an RTA would be used with a ‘Pink Noise’ test
signal being played through the channel being measured. TMREQ includes Pink Noise
amongst its test signals. If the reproduction is perfectly even at all frequencies, the RTA
display when pink noise is playing will show the same level at all frequencies.
An RTA can be a standalone test instrument, or a software package running on a PC with
a sound card. PC packages can offer many useful features, such as the ability to save and
compare response curves. They can work very well even with inexpensive sound cards.
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An RTA used for room acoustics measurement must have at the very least one-third octave
resolution, but resolution should preferably be much higher. This refers to the frequency
resolution of its measurement, a one-third octave RTA splits each octave into three bands and
shows the levels in those three bands - for example, in the three octaves from 20Hz to
160Hz the middle frequencies of the one-third octave bands are 20, 25, 32, 40, 50, 63,
80, 100, 125 and 160Hz. The better RTAs will offer resolutions of one-sixth, one-ninth, one-
twelfth or even one-twenty-fourth of an octave. Higher resolutions are required to find the
exact frequency of a room resonance or other response peak and judge how sharp the peak
is, and consequently what correction parameters we need to apply to remove it.

There are some freeware PC RTA packages available. An example is WaveTools, which can
be downloaded from www.mda-vst.com. This is a very useful suite of tools including a third-
octave RTA and a signal generator. However, the low frequency extension and the resolution
are both somewhat limited for room equalisation work (but it is free).

A very good PC RTA package is ‘PAS
Spectrum Analyzer pro Live’. A 14-day
free trial version can be downloaded
from the author’s website at www.pas-
products.com. This package offers good
RTA displays, with resolution up to one-
twelfth of an octave.
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Moving up the price scale, Sound Technology
Inc. produce an excellent and very
comprehensive Real time Analyser software
package, SpectraRTA132. Besides high-
resolution RTA displays, this package includes
the ability to store multiple responses and
average a series of measurements. It also
includes some further room acoustic analysis
utilities. SpectraRTA132 is available as a 30-day
trial version from www.soundtechnology.com.

The next step up from an RTA is special purpose room measurement software to analyse the
loudspeaker/room response in detail. Such an application will provide similar  frequency
response displays to the Real Time Analyser packages, but will also allow much more
sophisticated analysis of the room’s acoustic behaviour, including how sound decays within 
the room. These packages will generally use special test tones (Maximum Length Sequences, 
or MLS). 

The ETF 5 package from www.etfacoustic.com
is such an application, which offers a superb
range of room measurement and analysis tools.
A free download with reduced functionality is
available from the ETF website, the help files
with the package and the demo material on
the website are very useful.
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1 4| TMREQ filter types

All the TMREQ filters are ‘parametric’, which means you can adjust the parameters which
control how the filters behave and place them in exactly the right places to correct the
response.

the Peaking filter

The Peaking filter is the main tool to combat
room resonances. Three parameters control
the peaking filter: its centre frequency,
which is placed at the frequency of the
resonance to be controlled; its ‘Q’, which is
a measure of how ‘sharp’ the filter is, 
or how narrow a band of frequencies 
over which it operates (higher Q means 
a narrower filter); and its gain, which 
should be negative when correcting
resonances to provide attenuation at 
the centre frequency.

The plots opposite show the response of 
the Peaking Filter at various Q and 
Gain settings.
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Typical Q values for correcting room resonances would be between 4 and 10. A very
pronounced resonance will require a high value of Q. The correspondence between Q, the
bandwidth and the centre frequency of the filter is:

with the bandwidth measured where gain (in dB) is half of the peak value.

The peaking filter can also be used to correct broader peaks and dips in the response, which
would typically be attributable to loudspeaker characteristics rather than room resonances.
To see and then correct such response errors requires a Real Time Analyser operating at one-
third octave resolution. Correcting broad peaks and dips is done with low Q values, around
1.0, depending on how broad the range is. If the correction is being applied over too
narrow a range, reduce the Q, if too broad, increase it. Used in this way, the peaking filter
is acting as more of a tone control.

TMREQ filter types | 15
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1 6| TMREQ filter types

the Low and High Shelf filters

Sometimes the lower or upper part of the frequency band will, on average, be above or
below the rest of the band. In such cases the Low or High Shelf filters can be used to 
raise or lower frequencies below or above their corner frequency, leaving other 
frequencies unaltered.

The plot opposite shows the
response of a Low Shelf filter with
a corner frequency of 100Hz and
a High Shelf filter with a centre
frequency of 1kHz at various Gain
settings. The filter has half its shelf
gain at the corner frequency.

To use a Shelf filter, set its corner
frequency to the point where the
response is halfway back to the
average then adjust the gain to
level out the response, shifting the
corner frequency up or down
slightly if necessary. It is best to use
a lower resolution RTA display  for
this adjustment, one-third octave or
even one octave, to make it easier
to see the average levels.
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The Low Shelf filter is particularly useful for compensating for the effects of boundary
proximity, i.e. for reducing the bass excess that from a loudspeaker that is placed
closer to a wall than its designer intended. A typical corner frequency for such a
correction would be 50Hz, the gain required will always be negative in this case, and
will depend on whether the speaker is close to one wall or two (i.e. in a corner),  how
extended the speaker’s frequency response is and whether it is defined as full range or
bass limited. A full range loudspeaker placed in a corner could require a shelf gain as
low as -12dB, if close to a wall but far from a corner the gain required should not be
lower than -6dB. 

The High Shelf filter should be used with care. Many lower cost microphones will have
a roll-off in their response above approximately 10kHz, and it is normal for there to
be a gradual reduction in level at the listening position at higher frequencies. A gentle
roll-off in level at higher frequencies on an RTA plot is rarely a cause for concern, and
often subjectively preferable to a flat response. If the RTA curve is flat to the highest
frequencies the system may be very ‘bright’ and tiring to listen to.
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1 8| TMREQ filter types

the Low Pass and High Pass fi lters

The Low and High Pass filters can be used to remove frequencies above and below their
corner frequencies.

The plot opposite shows the response of a
High Pass filter with a corner frequency of
100Hz and a Low Pass filter with a
corner frequency of 2kHz. The filters are 
-3dB at their corner frequency

The High Pass filter might be used to roll
off the low frequency output of a
loudspeaker if, for example, proximity to
a wall or corner were resulting in too
much output in this region.

Note that the Bass Management functions of the AV processor also use Low Pass (for signals
sent to the subwoofer) and High Pass filters (for signals sent to the Bass Limited speakers). An
important difference, however, is that the frequencies removed from the Bass Limited
speakers by the High Pass filter are sent to the subwoofer, to preserve the original signal (the
bass is being re-directed, not removed). There is no redirection of the bass frequencies
removed by a TMREQ High Pass filter.
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the Notch filter

The notch filter is used to remove a specific frequency. It is, in effect, a very sharp peaking filter
with a very high attenuation. The best use of the Notch filter is to remove mains hum from a
source component, which is achieved by setting the centre frequency to the frequency of the
mains (50Hz in Europe, 60Hz in the USA and Japan). Sometimes there may be mains hum at 2
or 3 times the mains frequency, and notches at these frequencies may be required. Note that
the notch filter cannot remove hum that is introduced after the AV processor - for example, hum
picked up within the amplifier or in the connections between AV processor and amplifier.

The plot opposite shows
the response of a Notch
filter with a centre
frequency of 1kHz.
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The TMREQ controls are found under Output / Speaker
options in the TMREQ - Room Equalisation sub-menu.

The first entry in the TMREQ menu is a global enable to
turn the equalisation function on/off. If enable
equalisation is set to yes equalisation is active for all
channels, if it is no equalisation is disabled for all
channels. When equalisation is enabled there will be a
list of all the channels in the system (any channels which
have speaker set to none will not appear in the list).

To configure or alter the filters for a channel, select it
from the list and press OK. This will bring up a sub-
menu with options to run a Filter Set-up Wizard, edit
the filters that are configured for that channel, or Delete
All Filters for that channel.
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The Filter Set-up Wizard will guide you step-by-step
through configuring the filters to remove peaks in the
frequency response caused by room resonances or
loudspeaker positions, requiring only a sound level meter.
Going through this procedure on each channel (beginning
with the subwoofer, if you have one) will bring about a
significant improvement in the accuracy of the system.
However, with additional measurement capabilities more
precise configuration of the filters is possible.

Correcting the main low frequency resonances of a room can be done with just an SPL meter
and the TMREQ Peaking Filters. This will allow resonances in the range up to 200Hz to be
controlled and a much more even low frequency response obtained. It is difficult to make
corrections above 200Hz using just an SPL meter as response errors above this frequency
are likely to be due to effects other than room resonances. Making corrections at higher
frequencies is possible, but requires some means of viewing the frequency response, such as
a Real Time Analyser or, even better, an MLS analyser - see the later section on using TMREQ
with these systems.

When making measurements with the SPL meter it should be set to ‘C’ weighting or ‘flat’, if
available and ‘slow’ response. Move the meter from side to side and up and down by 10cm
or so from the position at which you are making the measurement, to get a better picture of
the average level.

basic operation, requiring only an SPL meter
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Correcting the subwoofer

The first channel that you should correct is the subwoofer (if you have one). Set enable
equalisation to yes and select subwoofer from the list of channels.

If there are already filters configured which are to be
replaced, select Delete All Filters to clear the list, then
select Filter 1.

The first task is to check that the channel level is
correctly calibrated. Set Test Signal to Internal and
Signal Type to Speaker Cal. The calibration level for the
subwoofer will appear under the signal type, check that
the subwoofer level is 75dB, adjusting it if necessary. 

After checking the calibration choose Sine as the Signal Type. You can control the test signal
level using the volume keys. Note that Bass Management is active when replaying test tones,
which allows you to check that the integration between Bass Limited speakers and the
subwoofer is correct and that their crossover frequencies are appropriate. To remove the
subwoofer from consideration when correcting a Bass Limited loudspeaker turn the
subwoofer off or disconnect it.
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Set the test signal frequency to 20Hz then, whilst editing the test signal frequency, press the
right arrow key to start a frequency scan. Watch the SPL meter level whilst the scan
progresses. If the level rises to a peak and then drops back afterwards, stop the scan by

using TMREQ | 23

Filter 1 has now been set. Set Signal Type to Speaker Cal. again to re-check/re-adjust the
subwoofer level (the filter is likely to have affected the calibration).

Once the calibration has been checked / adjusted, press return to go back to the list of
filters and select Filter 2. Set Signal Type to Sine. Continue the scan, looking for another
peak. If another peak is found, repeat the process of finding the frequency at which the SPL
meter reading is highest, setting a Peaking filter centre frequency to this value, setting Q to
5.0 and adjusting the gain until the SPL meter reading drops back sufficiently. Then re-check
the subwoofer calibration. Repeat this sequence until the test signal frequency reaches
150Hz or you go beyond the operating range of the subwoofer or you run out of filters to
set, remembering to finish with a re-check of the subwoofer calibration. Note that the
subwoofer has an LFE cut-off frequency (found in the Subwoofer menu under Loudspeakers)
above which its output will roll off (the default setting is 80Hz).

Congratulations! You have now corrected your subwoofer frequency response.

pressing OK and use the up / down arrow keys to
reduce / increase the test signal frequency to locate
the frequency at which the level is highest. Set Filter
Type to Peaking then go to the Centre Frequency and
set it to the same frequency as the test signal. Set Q to
5.0 then reduce Gain until the SPL meter drops back
to a reading near that before and after the peak. It
may be helpful to scan the test signal frequency back
and forth around the frequency of the peak. 
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Correcting the remaining loudspeakers

Once the subwoofer response has been corrected it is time to move on to the rest of the
speakers, beginning with the left.

Select Left from the list of channels to equalise. If there
are already filters configured which are to be
replaced, select Delete All Filters to clear the list, then
select Filter 1.

The first task is to check that the channel level is
correctly calibrated. Set Test Signal to Internal and
Signal Type to Speaker Cal. The calibration level for the
speaker will appear under the signal type,  check that
the level is 75dB, adjusting it if necessary. 

If the left loudspeaker is Bass Limited the next step is to ensure that the crossover frequency
between subwoofer and speaker has not been set too low, leaving a dip in the response
between subwoofer and speaker. If the speaker is Full Range, skip the next paragraph.
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Choose Sine as the Signal Type. Set the test signal frequency to 20Hz below
the crossover frequency that has been chosen for this speaker, then press the
right arrow key to start the frequency scanning whilst you watch the meter
level, stopping at 20Hz above the crossover frequency. If the SPL meter
reading dips significantly (more than 6dB) as the test signal frequency passes
from below to above the crossover frequency, it is probably set too low. Go
back to the menu for this speaker under Loudspeakers and increase the
crossover frequency by 10Hz, then go back to Filter 1 and repeat the test for
the new frequency. If it is still dips but has increased from the previous
attempt, try raising the crossover frequency another 10Hz. If raising the
crossover frequency did not increase the level there may be a null at the
listening position at the crossover frequency - leave the crossover setting
where it was , further investigation would require use of a Real Time
Analyser or a package like ETF 5 to see what happens to the overall
frequency response as the crossover frequency is altered. Note that if there is
a peak rather than a dip at the crossover frequency there may be a room
resonance at that frequency (which we will shortly correct) or the subwoofer
phase may be set incorrectly (if the subwoofer has a phase control).
We are now ready to set the first correction filter for this channel. 
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In the menu for Filter 1 choose Sine as the Signal Type. Set the test signal
frequency to half the speaker’s crossover frequency if Bass Limited , or
20Hz if Full Range then, whilst editing the test signal frequency, press the
right arrow to start a frequency scan. Watch the SPL meter level whilst
the scan progresses. If the level rises to a peak and then drops back
afterwards, stop the scan by pressing OK and use the up/down arrow
keys to reduce/increase the test signal frequency to locate the frequency
at which the level is highest. Set Filter Type to Peaking then go to the
Centre Frequency and set it to the same frequency as the test signal. Set
Q to 5.0 then reduce Gain until the SPL meter drops back to a reading
near that before and after the peak. It may be helpful to scan the test
signal frequency back and forth around the frequency of the peak. Filter
1 has now been set. Set Signal Type to Speaker Cal. to re- check/re-
adjust the speaker level (the filter may have affected the calibration).

Once the calibration has been checked/adjusted, repeat the procedure
for Filter 2. Repeat this sequence until the test signal frequency reaches
200Hz or you run out of filters to set, remembering to finish with a re-
check of the speaker calibration.

That’s it! Now move on to the next channel and repeat the process.
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A Real Time Analyser provides an accurate picture of the response of a channel at all
frequencies at once, allowing precise correction. 

The input to the RTA can be either a measurement microphone or an SPL meter which has a
line output - if the RTA is a PC application the input will be via the PC’s sound card. 

When making measurements with the RTA
it should be set to flat response (no
weighting), high resolution (1/24 octave
if available) and use a long averaging
period. The image opposite shows
settings for SpectraRTA. 

Move the microphone from side to side
and up and down by 10cm or so from
the position at which you are making the
measurement, to get a better picture of
the average level.
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The first channel that you should correct is the subwoofer (if you have one). Set enable
equalisation to yes and select subwoofer from the list of channels.

If there are already filters configured which are to be
replaced, select Delete All Filters to clear the list, then
select Filter 1.

The first task is to check that the channel level is correctly
calibrated. Set the Test Signal to Internal and the Signal
Type to Speaker Cal. The calibration level for the
subwoofer will appear under the signal type, check that
the subwoofer level is 75dB, adjusting it if necessary. 

In the menu for Filter 1 choose Pink Noise as the Signal
Type to turn on the pink noise test signal. You can
control the signal level using the volume keys. The RTA
should now be showing the frequency response. Note
that the subwoofer LFE cut-off (found in the Subwoofer
menu under Loudspeakers) will roll off frequencies
above this setting (default setting is 80Hz).
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On this SpectraRTA Narrow Band Spectrum plot there are peaks at 48, 72, 84 and 99Hz.

The first corrections to be made should be to remove the largest peaks at in the response at
low frequencies (below 200Hz). These will correspond to the main room resonances. To
locate these resonances accurately it is necessary to use a high resolution on the RTA, one-
twelfth octave or higher. The plot below uses 1/24 octave. Lower resolutions, such as one-
third octave, result in peaks that are close to one another appearing as a single peak at an
intermediate frequency. In that case, start with the centre frequency of the peak on the
display, but try shifting it up and down and observing the result.
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Locate the first peak to be corrected on the RTA plot and set the Centre Frequency of a
Peaking filter to the frequency of the peak. Frequencies can be entered directly with the
number keys on the remote control, to 1Hz resolution. Begin with a Q of 5 (which means
thebandwidth will be the centre frequency over 5). Q values can be entered directly with the
number keys on the remote control, in units of 0.1 (i.e. to set Q to 5.0 enter 5 then 0 then
OK) or altered by using the up and down arrow keys. Reduce the Gain using the arrow keys
until the peak has dropped to the average level of the rest of the response curve. Then try
shifting the centre frequency up or down by a few Hz (for example, for a 100Hz peak try
centre frequencies from 95 to 105Hz). The centre frequency that gives the greatest reduction
in the level is the correct one. If there is now a dip in the response (where there had been a
peak), try increasing the Q to 7.5 or 10 to reduce the band over which the filter is operating.
If the response is still below the average, increase the gain figure (less negative) until the
level is at the average.

Set Signal Type to Speaker Cal. again to re-check/re-adjust the subwoofer level (the filter is
likely to have affected the calibration).

Repeat this procedure until you have corrected the peaks below 200Hz or you run out of
filters to set, remembering to finish with a re-check of the subwoofer calibration. Then move
on to the other speakers, repeating the process.
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Here is the result of 4 peaking filters
applied to the system used to generate the
previous RTA plot. The 99Hz region is
partly suppressed by the subwoofer’s 80Hz
crossover filter, with additional suppression
from the Peaking filter.

Freq Hz

48

72

84

99

Q

3.0

7.5

10.0

10.0

Gain dB

-12

-6

-6

-9

Peaking Filter settings
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MLS, or Maximum Length Sequence, analysers use a special pseudo-random test tone to
measure the frequency and time response of the loudspeakers and room. ETF 5 is an
example of an MLS analyser. To allow such analysers to be used, TMREQ provides for test
signals from external sources. When using an MLS analyser simply select external as the Test
Signal and choose the channel to which the test signal is connected (the currently selected
input will be used). TMREQ will then route this signal to the channel currently being adjusted.
Use the MLS analyser to measure the frequency response of the channel being corrected,
then use Peaking filters to correct the peaks, following the same procedure as detailed for
correction when using an SPL meter alone or an RTA.

With ETF 5, connect your system to the sound
card line outputs and line inputs as detailed in
the ETF help file. Many sound cards have
miniature stereo jack plugs for input and
output, you will need jack plug to phono
cables and some female-to-female phono
adaptors to link everything up. The sound card
must have stereo outputs and stereo inputs,
one output feeds directly back into one input
to provide a reference signal for the
measurements. The other output goes to an
analog input on your unit, connected to either
the left or right channel - simply specify the
same channel as the source for the Test Signal
in the TMREQ filter setup page. Select the
input you connected to when making the
measurements.
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Use the ‘Low Freq’ MLS measurement with ‘Long’ measurement time to capture the behaviour
of the room and system with best resolution up to 150Hz. We will look at an example of
measuring and correcting the subwoofer response in a listening room which measures 7 x 5
x 2.65m LWH. The subwoofer is positioned in the front left corner of the room - in this
position it will provoke maximum response from the room’s resonances. The room is of a very
solid construction, with concrete floor and ceiling slabs and concrete block walls, with
extensive acoustic treatment on the walls and the ceiling.

Here is the initial impulse response
display after a measurement:
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Click on the Low Frequency Room Response
button to see the frequency response:

Then click on the Gating Control button and set the gate time to 1000ms, the number 
of slices to 8 and the slice spacing to 80ms:
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This gives us the following style of plot, which shows the frequency response at a series of
times 80ms apart, so that we can see how the frequencies decay over time. Room
resonances ‘hang around’, not decaying as they should. They can be seen in the plot where
the lines of the responses drop more slowly - in this plot there are two particularly bad
resonances at 48Hz and 84Hz - and this is a room which has had more than £20,000 of
professional acoustic treatment, built specially for listening tests. Note that the MLS
measurement method gives very high resolution plots, which make the response look very
bad, but in practice the ear is very forgiving of the wild swings seen at these resolutions and
the sound, even before correction, is acceptable - but it will be much better afterwards.
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A better view of the decay of sound within
the room can be obtained with the 3D Low
Frequency Spectral Decay plot. Click on
the button to the right of the Low Frequency
response button:

Use the gating control button to set the Gate Time to 200ms, leaving the Time Span at the
default of 300ms. Here is the resulting plot, with the resonances now standing out as sharp
ridges.
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To correct the response,
the filters opposite were
used:

Peaking Filter settings

Freq Hz

32

48

84

108

138

Q

5.0

4.0

12.0

5.0

3.0

Gain dB

-9

-12

-6

-6

-15

From this plot we can see the resonances decaying slowly. From the
previous Low Frequency response plot we can measure how wide the
resonances are, so get an idea of the Q we will require from our Peaking
filters. The Q needed will be the resonant frequency divided by the width of
the resonance. 
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Here are the resulting frequency response and waterfall plots, a considerable improvement
on the original and the room sounded much better afterwards.
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The TMREQ filters can function perfectly as ultra high quality tone controls, allowing you to
tailor the sound to suit your preferences, correct the responses of poor recordings or simply
boost the vocal range to make dialogue easier to follow.

Such adjustments would be made with the Shelf and Peaking filters, the Shelf filters being
best suited to adjusting the levels at the lowest and highest frequencies with the Peaking
filters used to emphasise or reduce middle ranges. The settings will depend very much on the
particular piece of music or soundtrack and individual preferences, but as a rule of thumb
large adjustments (more than 2 or 3dB) should be avoided.

To implement a ‘bass’ control, place a Peaking filter at a centre frequency of 60Hz with a Q
of 1.0, or try a Low Shelf filter with a centre frequency of 80Hz. A ‘treble’ control can be
implemented using a Peaking filter at 12kHz with a Q of 1.0, or a High Shelf filter with a
centre frequency of 8kHz. Adjust the Gain controls to adjust bass and treble. For an extra
control between the frequency extremes, try a Peaking filter at a centre frequency of 2kHz
with a Q of 1.0 and adjust gain to suit your preference.

The following table gives a guide to the frequency bands that affect different parts of vocal
and musical reproduction.
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frequency range (Hz)

30 to 60

60 to 150

150 to 250

250 to 500

500 to 1000

1000 to 4000

4000 to 8000

8000 to 16000

vocal effect

Very little vocal effect, below the range of
most voices, but if this range has too much
boost the overall sound becomes thick

This range has the fundamentals of voices,
affects the depth of a voice

The main range for voice

Boost in this range makes voices sound
artificial

Important range for the intelligibility of
speech, but too much boost makes system
tiring to listen to. A small boost in the centre
channel at around 3000Hz together with a
small dip on front L/R at the same frequency
can help vocals to stand out from the music

Affects the clarity of voices

Sibilants are in this range, reducing levels
here can cut sibilance

musical effect

Bass drums and double basses have
their fundamental frequencies in this
range, boosting this part of the range
adds solidity and power to the music
but if over-emphasised clarity suffers 

Boost in this range emphasises the beat,
too much gives a boomy sound. Room
resonances typically most pronounced
in this range

Drums and bass instruments most
affected by this range, too much
emphasis gives a boomy sound

Fundamentals of string instruments 
and percussion

Fundamentals of keyboards and some
string instruments

This range affects guitar and string
instrument sounds. Emphasis in this
range can make music tiring and thin, a
reduction in this range can contribute to
a sense of depth in the soundstage

Percussion, snare drums and cymbals
are emphasised by boost in this range.
Reductions at the lower end of this
range contribute to a sense of depth in
the soundstage

Cymbals emphasised by boost in this
range. If the music is too bright then
reduction here can help
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