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Engulf

I wish you would hold me
long enough to grow hungry,
'til your love becomes eternal
and swallows me to nothing.

"Engulf" is a 2-channel 11:39 minute original poem setting that tells one character’s 
development of love, longing, and loneliness to its greatest extent. This composition features 
digital signal processing through the following tools: SPEAR by Michael Klingbeil, CsoundQT's 
FFT examples in the McCurdy Collection, Cecilia 4 and Cecilia 5 by Olivier Bélanger's, and 
Michael Norris' SoundMagic Spectral plug-ins. These tools were used to process various 
readings of this poem and generate this poem setting’s sound design. As a result, the power of 
this poem's bold statement is brought to life. The dichotomy of human nature is revealed as the 
poem's pitiful character reaches his or her utmost state of anguish and despair, therefore 
transforming into an unapologetic, daring creature of self-destruction. For a link to the 
composition and its corresponding audio examples, see Appendix A.

Prior research regarding the Discrete Fourier Transform (DFT) and Fast Fourier Transform (FFT) 
was conducted before composing "Engulf". According to Jean Baptiste Joseph Fourier 
(1768-1830), a complex continuous periodic signal can be broken down as a sum of 
harmonically related sinusoids. This sum of sinusoids contains amplitude, frequency, and phase 
information that is then analyzed ("Mathematics of the Discrete Fourier Transform"). This forms 
the basis for Fourier analysis. Used in computers, which can only produce discrete and finite 
data, the DFT has many practical applications such as digital signal processing. Correspondingly, 
FFTs are often used to calculate the DFT. An FFT is an efficient algorithm to calculate the DFT 
in comparison to other inefficient calculation methods such as with simultaneous equations and 
correlation. In audio digital signal processing, an FFT performs the following analysis. It takes a 
time-domain audio signal as input and decomposes it into a series of frames, also called bands, 
bins, or bandpass filters, in the frequency domain. The segmented frames are then smoothed with 
fade-in and fade-outs, as well as by processing additional overlapping frames. This analysis 
computes the corresponding magnitude and phase pairs of the frames. Finally, the analysis 
frames are re-synthesized as a time-domain output signal with an inverse FFT and summed 
(Dobson, “Tutorial: The Phase Vocoder – Part I", "Mathematics of the Discrete Fourier 
Transform"). In an FFT, there is an inherent inverse relationship between pitch and time. 
Accordingly, the phase vocoder is an application of the FFT that decouples this inherent inverse 
relationship. A phase vocoder calculates the Short-Time Fourier Transform (STFT) to scale time 
or pitch before re-synthesis. The phase and magnitude spectra are re-synthesized separately and 
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this allows for time-stretching maintains the signal's original pitch or pitch-shifting that 
maintains the signal's original length. This allows for the independent time scaling and pitch 
shifting of virtually any sound (Columbia, Erbe). For example, in time-stretching, the FFT's 
overlap length allows for the separated frames to be re-synthesized at a larger or compressed 
frame size. When pitch-shifting, each frame's frequency to amplitude ratios are maintained. in 
time-scaling and pitch-shifting (Dobson).

Accordingly, movement 1 of "Engulf" revolves around Csound's pvs (phase vocoder) examples 
found under FFT in the McCurdy Collection. For example, "wish you would hold me" is 
processed with pvscross  and the "hold me" loop is repeated and processed with pvsmorph . 1 2

Those two opcodes perform morphing and cross-synthesis respectively between two audio 
sources (Vercoe). Cross-synthesis is a synthesis technique that imposes one audio source's 
spectrum as a modulating signal over another carrier audio source's spectrum ("Spectral Audio 
Signal Processing"). Besides this, pvsfreeze is used throughout the composition . Overall, these 3

digital signal processing tools were used to create an evocative and nostalgic mood.

The 2nd movement continues to elaborate upon the Csound pvs examples. Besides this, it 
features a Csound filter string streson resonator bank from the Csound catalogue throughout the 
movement. This was used to contrast my setting of the words "hold me" , which was used in a 4

nostalgic sense in movement 1 but is now used as a voiced command in movement 2. The 
streson resonator bank uses physical modeling and digital waveguide synthesis through the 
Karplus-strong algorithm ("Resonators", Vercoe). Karplus-strong is an algorithm used to 
reproduce the sound of a hammered or pluck string's resonance. It is an algorithm based on 
filtered delay lines in a network of comb, low-pass and all-pass filters (“Elementary Digital 
Waveguide Models"). Additionally, the movement features the use of SPEAR re-synthesis, an 
application developed by Michael Klingbeil. SPEAR utilizes a post-analysis peak interpolation, 
partial tracking technique, and interpolations to break down an audio file into sinusoidal tracks 
that can be manipulated (Klingbeil). I used SPEAR to emphasize the word "grow" in "Engulf" . 5

The word "grow" is repeated several times, with each subsequent repetition featuring a processed 
reading that is lowered in pitch and time-stretched. Moreover, I used several Michael Norris 

 Example 1, see Appendix A1

 Example 2, see Appendix A2

 Example 3, see Appendix A3

 Example 4, see Appendix A4

 Example 5, see Appendix A5
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SoundMagic plug-ins such as the chorus  and grain-streamer  (time-domain granular effect) to 6 7

delay the use of the word "hungry", which is fully revealed through the use of Cecilia 4 by 
Olivier Bélanger's WG-Reverb, a wave-guide reverb.

Movement 3 is a transitionary movement that leads up to the 4th movement. In this movement, 
the narrator is known to have grown "hungry", but it is not yet revealed that the narrator grows 
hungry "'til [his/her] love is eternal". To illustrate this, I use Csound's pvsblur examples on the 
word "'til your love"  and filter string streson resonator bank on "til" , before finally revealing the 8 9

pvsfreeze processed words, "your love becomes eternal" . The pvsfreeze widget allows the user 10

to freeze amplitudes, frequencies, or both. Accordingly, this produced interesting glitching, 
stomach rumbling sound design , which I used to build to the reveal of 'eternity'. The reveal of 11

"til your love becomes eternal" transitions into a fast-paced soundscape in a depiction of growing 
angst and intensity. This is most audibly recognized by the first syllable of the word "hungry" at 
4:39 minutes, which is meant to resemble the hunch forward to an impending bold action. This 
defining section of movement 3 was composed around the underlying pulse and beat that 
outputted from Csound's filter string streson resonator bank from the Csound catalogue . During 12

this, the streson bank was also utilized to emphasize the word "love"  and a whispered reading 13

of the word "eternal" was processed by SPEAR re-synthesis, panning in a cyclical trajectory . 14

The movement concludes with my first use of Cecilia 4's resonators to emphasize the word 
"eternal" . Cecilia 4's resonators module is a singular delay line with feedback that uses a 15

waveguide resonator bank (cecilia4csound). It models the sound of a string and can be tuned to 
frequencies of the user's choosing.

Painting the theme of eternal love and passing time, the 4th movement of "Engulf" aims to paint 
a celestial soundscape that is reminiscent of the nostalgic sentiment present in movement 1. The 

 Example 6, see Appendix A6

 Example 7, see Appendix A7

 Example 8, see Appendix A8

 Example 9, see Appendix A9

 Example 10, see Appendix A10

 Example 11, see Appendix A11

 Example 12, see Appendix A12

 Example 13, see Appendix A13

 Example 14, see Appendix A14

 Example 15, see Appendix A15
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sound of the 4th movement is distinctive with its use of the re-pluck opcode in Csound, which 
was also used in the 1st movement . This opcode is an implementation of the physical model of 16

an excited plucked string based on the Karplus-Strong algorithm, first heard at the start of the 
movement with the word "love" . The opcode has various parameters that can be modified such 17

as the pluck point, pickup point, and filter (Vercoe). Additionally, this soundscape's ambiance 
was created with the use of several Michael Norris' SoundMagic plug-ins: spectral drone, 
spectral averaging, spectral shimmer, and spectral gate. Finally, this ambiance also includes the 
composition's first usage of FFT-based sound-file convolution. A spoken reading of the poem was 
convolved with an impulse response of a man yelling, provided to me by my professor Dr. 
Richard Boulanger, to produce a dry, wheezing reading of the poem. This was processed through 
pconvolve, a Csound example under the McCurdy collection and convolution . Appropriately, I 18

also conducted some additional research during the process of experimenting with convolution.

Convolution reverb is an application of convolution. There are two types of convolution: direct, 
FFT-based. FFT-based or fast convolution processes convolution more efficiently compared to 
direct convolution. In convolution, an impulse response is taken by exciting a full-frequency 
sound in a system or space. This thereby causes and showcases the dynamic reaction of a system 
or space to that particular impulse over time (Boulanger). This is an integral part of convolution 
as the use of the impulse response alone can be used to find the response of any system or space. 
When convolved, each instance of these two signals are multiplied together in the frequency 
domain. Fast convolution multiplies the two independently taken FFTs of the impulse response 
and audio file before re-synthesizing it into the output product. Any input signal convolved with 
an impulse response produces the response of that system to the input signal (University of 
California Berkeley). However, in audio, this process reveals the problem of circular 
convolution, where there is a mismatch between the signal's samples and FFT size (Mathematics 
of the Discrete Fourier Transform). To overcome this, the overlap-add method (overlapping 
output frames) or overlap-save zero-padding method (overlapping input frames) is implemented 
to avoid the consequences of circular convolution, namely time-aliasing (Kundur). Cecilia 5 
includes a convolve circular convolution module ("Cecilia 5"). On the contrary, this 4th 
movement ends with the fading in of my first use of Cecilia 4's resonators to process the word 
"and" as a foreshadowing of the last movement .19

 Example 16, see Appendix A16

 Example 17, see Appendix A17

 Example 18, see Appendix A18

 Example 19, see Appendix A19
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The last 5th movement is characterized by Cecilia 4's resonators and by a multi-band morphing 
spectral bins MaxMSP patch provided to me by my professor Dr. Richard Boulanger. With this 
said, the 5th movement first showcases processing on the word "swallows me". I used a filtered 
reson bank in Csound from the Csound catalogue to generate a muffled sound, which I use to 
illustrate the text's meaning . Furthermore, I also used the streson bank in Csound to process 20

this . A processed reading of the poem using the pvswarp Csound examples and MaxMSP multi-21

band morphing spectral bins patch showcases the gradual transformation of a humane voice into 
a monstrous one . I use pvsmorph to create more noises associated with hunger  and also use 22 23

Cecilia 4's resonators on the words "nothing", "I wish", and "eternal" to resemble an imminent 
warning to accompany this transformation .24

In summation, my original poem setting, "Engulf", allowed me the opportunity to explore a 
plethora of digital signal processing tools and theory in a creative way. In addition to this, I have 
also explored various implementations of these digital signal processing tools such as in 
MaxMSP, Csound, and SPEAR. I have developed a sense for creative use, practical use, 
conceptual theory, and technical implementation details that I intend to continue pursuing and 
studying at a deeper level.  

 Example 20, see Appendix A20

 Example 21, see Appendix A21

 Example 22, see Appendix A22

 Example 23 , see Appendix A23

 Example 24, see Appendix A24
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Appendix A:

Engulf:
https://soundcloud.com/user-404639198/engulf/s-lB4FJ

Engulf Audio Examples:
https://soundcloud.com/user-404639198/sets/engulf-audio-examples/s-W9LDy  

https://soundcloud.com/user-404639198/engulf/s-lB4FJ
https://soundcloud.com/user-404639198/sets/engulf-audio-examples/s-W9LDy
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