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Abstract

A convenient structure is proposed for implementing
digital “phasers,” “flangers,” “comb filters,” and the like.

These sound modifiers all work by sweeping “notches” through

the spectrum of a sound. The main feature of the proposed
structure is that a fixed number of notches is provided
which can be controlled independently. Each notch-section
is made using a second-order allpass filter.

Phasing and flanging are techniques which have been
available in the recording studio for a long time. In both
cases, the effect created by moving “notches.” (The term
“notch” refers to the elimination of sound energy at a single
frequency or over a narrow frequency interval) For our
purposes, a flanger is defined as a filter which modulates
the frequencies of a set of uniformly spaced notches, and a
phaser is defined as a filter which modulates the frequencies
of a set of non-uniformly spaced notches. Figure 1 shows
how the notches appear generically in these two cases.

A model for flanging is a simple delay line with a feed-
around, as shown in Fig. 2. The notches are spaced at in-
tervals of 1/7Hz with the first notch occurring at frequency
1/27. There are two potential problems with the flanger.
First, to avoid audible noise when the delay length 7(n)
varies over time, digital signal interpolation is required. In
some cases-(such as when the signal sampling rate is very
high relative to the signal bandwidth) linear interpolation
is adequate, but in other cases, more expensive interpola-
tion is required. Second, if the input signal is exactly har-
monie, and if the first notch frequency happens to land on
half the fundamental frequency of the source, then every
harmonic will vanish. In such a case, the output signal
fails to exist. (This is analogous to the old adage stat-
ing that “if your parents didn't have children, chances are
you won't either.”) In practice, the signal loudness can be
severely modulated as the notches move through alignment
with the signal spectrum. This is one reason why flangers
are more often used with noise-like or inharmonic sounds.
The allpass structure proposed in this paper circumvents
both the interpolation problem and the uniform spacing
constraint inherent in time-varying delay lines.

The architecture of the allpass-based notch filter is
shown in Fig. 2b. It consists of a series connection of
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second-order allpass filters with a feed-around. Thus !
delay line of the flanger is replaced by a string of allp
filters to obtain a phaser. The phaser will have note!
wherever the phase of the allpass chain is at 7 (180 degre
It will be shown that these frequencies occur very close
the resonant frequencies of the individual allpass sectio
Thus to move just one of the notches, the tuning of i
pole-pair in the corresponding section is all that needs
be changed (which affects only one coefficient in the str
ture). The depth of the notches can be varied together
changing the gain of the feed-around. The width of es
notch is controlled by the distance of the associated pc
pair from the unit circle. So to widen the notch associal
with a particular allpass section, one simply increases {
“damping” of that section. Finally, since the gain of {
allpass string is unity (by definition of allpass filters),
gain of the entire structure is strictly bounded betweer
and 2 (given stability of each individual allpass, which
easy to ensure). This property allows arbitrary notch c¢
trols to be applied without fear of the overall gain becomi
ill-behaved.

As mentioned above, it is desirable to avoid exact h:
monic spacing of the notches. One possibility is to spe
the notches according to the critical bands of hearing, sir
this gives uniform nofch density with respect to “plac
along the basilar membrane in the ear. There is no need
follow closely the critical-band structure, and many sim
functional relationships can be utilized to tune the notch
Due to the immediacy of the relation between notch char:
teristics and the filter coefficients, the notches can easily
placed under musically meaningful control.

Presentation viewgraphs

The last five pages contain the viewgraphs (VG) |
the presentation at the ICMC-84 at IRCAM. Here we gi
a few auxiliary notes.

YGi

According to lore, the term “flanging” arose from t
way the effect was originally achieved: a disk-jockey add
(mixed equally) the outputs of two turntables playing t



same record in unison. He would place is thumb gently on
the “flange” of one turntable to slow it behind the other. At
this point the records are slightly “out of phase.” However,
the delay is kept below the threshold of echo perception.
Next he would place his thumb on the flange of the other
turntable, slowing it until it re-synchronized; and then fur-
ther slowing it behind the other. The process is repeated
as desired, pressing the flange of each turntable in alterna-
tion. When this is done, uniformly-space notches are swept
through the spectrum, and the effect has been described
as a “whoosh” passing subtly through the sound. If the
flanging is done rapidly, a Doppler shift is introduced which
approaches the “Leslie” effect commonly used for organs.

A model for flanging is a simple delay line with a feed-
around, as shown in the lower half of VG1. This structure
can be written as

y(t) = =(8) + =(t — 7(1)), 1)

where z(¢} is the input signal amplitude at (discrete) time
t(t=0,1,2,...), y(t) is the output at time ¢, and 7(¢) is
the length of the delay-line at time ¢. Equation (1) is the
difference equation for a so-called feed-forward comb-filter.

yGz2

The magnitude frequency response of (1) is shown in

the lower half of VG3. (The notches are the “teeth” of the
“comb.”) The notches are spaced at intervals of 1/7 Hz

with the first notch occurring at frequency 1/2r Hz.* Since
the delay 7(¢) is a function of time, so are the notches.

yG3

This is the analytical derivation of the graph in VG2,
The magnitude frequency response is derived from the diff-
erence equation.

YG4

The notch-spacing is inversely proportional to delay
length.

Hopefully the remaining viewgraphs can be followed as
self explanatory.
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Figure 2. System diagram for the a) flanger
and b) phase shifter.
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