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FEEDBACK AND SUPPRESSORS

is the deployment of the notch-
es. Most auto-notching feed-
back suppressors allow the user 
to identify filters as either fixed 
(static) or floating (dynamic) in 
nature. This designation refers 
to the algorithm’s ability to re-
cycle the filter, if needed.

If a feedback frequency is 
identified, the algorithm looks to 
see if a notch has already been 
deployed at that frequency, and 
if one is found, the notch will be 
appropriately deepened. If one is 
not found, then a new filter is de-
ployed (fixed filters are allocated 
before floating filters). If all filters 
are allocated, then the oldest 
floating filter is reset and re-de-
ployed at the new frequency.

Another useful feature is to 
give the user the option of having 
the algorithm turn down the broad-
band gain (with a programmable ramp back 
time), instead of recycling a floating filter if 
all filters are used up. Adjusting the broad-
band gain does not increase the gain mar-
gin, but it does provide a measure of safety 
once all of the available filters are gone.

An area in notch deployment that 
requires careful attention is the depth 
and width of notches used to control 
feedback frequencies. To bring a feed-
back frequency back into stability, the 
system’s open-loop transfer function 
gain simply needs to be below unity at 
that frequency. A desirable transfer func-
tion will have peaks that are reasonably 
flat through the frequencies of interest. 
The depth of the notch used to control a 
feedback frequency should not be greater 
than the relatively hot area of gain that 
caused it, plus a little safety margin. 
This means notches on the order of a 
couple of decibels, not tens of decibels. 
If the auto-notching algorithm is placing 
notches with a depth of 20dB or more, 
something is wrong. One area to look at is 
the bandwidth of the notches used.

There is a tendency with these algo-
rithms to try and use notches that are 
as narrow as possible, with the mistaken 
belief that the cumulative response will 
be less noticeable. What usually happens 
is that several narrow notches get placed 
at a depth of 20dB or more to lower the 
overall gain 2dB or 3dB in a larger area. 
Furthermore, high Q (narrow) notches 
are less effective at controlling feedback 
during environmental changes (such as 
temperature mentioned above) than are 

low Q (wide), shallow notches.
This means if you use low Q, shallow 

notches will be less likely to have notches 
deployed that are not performing any func-
tion other then hacking up the hard work 
you put in on your frequency response. 
Most auto-notching algorithms allow you 
to select the default width and maximum 
depth of the notches used.

How much additional gain before feed-
back can be achieved from auto-notch-
ing? If you had a perfectly flat frequency 
response then the auto-notching algorithm 
would not provide any additional gain mar-
gin. The best the algorithm can do is pull 
down the gain in a finite number of loca-
tions. If you had a handful of peaks, then 
the auto-notch could provide additional 
margin based on how much higher the 
peaks are above the remaining response. 
Typically the auto-notch provides only a 
couple of decibels of additional gain be-
fore feedback. 

Despite the lack of large additional 
gain margin, there are still two other signif-
icant reasons for having an auto-notch in 
the system. First, the auto-notch provides 
a simple tool to aid in the identification of 
problem spots in the response when the 
audio system is first installed. Second, 
it provides a safety net that can remain 
in place to cope with the ever-changing 
acoustic path—unwanted additional re-
flections, gain change, and so forth.

CONCLUSIONS
Acoustic feedback is both a magnitude 
and phase issue. As such, changes in 
the system’s phase response, due to 

delay, filtering, or temperature 
changes, impact potential feed-
back frequencies. If notch filters 
are used to control feedback, 
they should be placed after all 
other changes are made to the 
system’s phase response to 
ensure their utility. They should 
also be wide enough to ensure 
their ongoing usefulness despite 
changes to the feedback path.

In order to bring a runaway 
frequency back into stability, 
the magnitude simply needs to 
be taken below the unity gain 
mark, plus a couple of decibels 
for a safety margin. In addition to 
a slightly expanded gain margin, 
the auto-notch tool provides a 
simple means for ringing out a 
room, as well as leaving a safety 
net after the original installation 
is complete.

In addition to auto-notching algorithms, 
adaptive filter models and frequency shift-
ing algorithms also provide useful ways 
to suppress feedback and increase a 
system’s gain before feedback margin. 
An adaptive filter model-based feedback 
suppressor relies on an accurate model of 
the loudspeaker-to-microphone acoustic 
path in order to remove feedback from 
a receiving microphone. If the model is 
inaccurate, then distortion can occur. A 
de-correlation process is used to improve 
the convergence characteristics of the 
broadband adaptive filter. This de-cor-
relation can also add a limited amount 
of distortion. However, the adaptive filter 
model is capable of greater than 10dB of 
additional gain before feedback.

The utility of the frequency shifter de-
pends on the system where it is applied. 
As a general rule, the frequency shifter will 
provide a greater gain margin in a more 
reverberant space than in a smaller less 
reverberant space. The frequency shift 
should be kept to less than 12Hz to mini-
mize audible distortion.

The tools just outlined provide a set of 
unique solutions for acoustic feedback, 
each with its own compromises. Getting 
the most out of the tool requires under-
standing the problem and the proposed 
solution. With the proper tools in place, 
perhaps our memories of the howl and 
screech that characterize the Larsen 
Effect will begin to slowly fade away. 
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Figure 5. Adaptive filter as used in feedback suppression


