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Introduction

We want to push the limits of what we can do with the electric guitar. The 
ultimate goal is expressivity—giving musicians the ability to express 
themselves with an instrument that can go beyond its known natural 

limitations. The intent is to build a guitar synthesizer that preserves the natural 
playability of the guitar. We want to avoid losing the nuance and feel of the original 
raw guitar signal. We want to capture all the tonal character variations resulting from 
guitar playing techniques such as string bending, vibrato, forced and natural 
harmonics, finger position, finger and pick attack, string noise, etc. 

What we really want is to be as expressive as a saxophonist. But we want to go 
beyond what the saxophone, the violin, the oboe, or any other instrument, can do. 
We prefer not to convert to an intermediate form (MIDI) to capture the 
performance. Instead, we will use the actual guitar signal and transform it to 
something else, or something entirely new. 

The key is in processing the raw sound of the guitar, instead of synthesizing sounds 
from note events acquired from switches and sensors, or extracted via pitch 
detection from the guitar input. This is consistent with what Roland is doing with the 
VG series, but expanded to exploit one crucial factor: full dynamic control of 
envelopes, not limited to the natural decay of the string after plucking or picking.  

Infinite polyphonic sustain is the crucial ingredient needed to have total expressive 
control, like the saxophone and the violin, among other instruments. With infinite 
sustain, we can sculpt the volume and timbre envelopes to whatever form we want, 
from the quick attack of a banjo to the majestic sustaining sound of the pipe organ 
and everything in between. 

Distortion
Electric guitar players in the early days were 
able to discover the effect of pushing the 
amplifier gain beyond their design limits. In 
the process, the guitar not only became 
louder, but also introduced harmonics that 
were not present in the original guitar signal 
and moreover increased the instrument’s 
sustain. Later on, this distortion effect is 
captured in a compact form by small effect 
boxes such as the Fuzz Face used by players 
such as Jimi Hendrix, which revolutionized the 
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sound of Rock music. 

Rock guitar players also discovered that they can actually induce infinite sustain by 
making the guitar amplifier very loud and moving close to the speakers to force 
positive feedback, thereby transforming the instrument into an oscillator — one that 
the player can somehow control. 

What does the distortion effect do to the sound? At a high-level, it does two things: 

1. It increases the sustain. The more you 
increase the gain, the longer the sustain. 
And, with ample feedback, you can get 
infinite sustain, making the instrument an 
oscillator that you can control using your 
fingers and the volume control. 

2. It modifies the timbre, introducing 
additional harmonics, not normally 
present in the original signal. The more 
you increase the gain the more higher-
order harmonics generated. You can 
control the amount of harmonics using 
the tone knob. 

It can be said that the distortion effect is single the most significant and the most 
recognizable effect characterizing Rock music. It has evolved in various forms 
throughout the decades after its discovery, but remains essentially the same in 
terms of functionality. 

We can we do better. 

1. Ideally, sustain and timbre control should be independent. You should be able 
to control sustain without affecting timbre, and you should be able to control 
timbre without affecting sustain. 

2. One unwanted side effect of distortion is intermodulation, which is caused 
by nonlinearities when the amplifiers are pushed into saturation. Intermodulation 
happens when picking/plucking two or more strings. When using the distortion 
effect, forming chords apart from octaves and 5ths produce unwanted 
inharmonic overtones and undertones. These inharmonic artifacts are non-
musical, and characterized as ‘nasty’.  
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Each string should be processed separately to avoid intermodulation. 

The aim is to separate sustain control and timbre control, independently, for each 
string. Separately processing strings will allow us to have separate control of sustain 
and timbre per channel. With separate string processing, we can vastly expand 
controls beyond Drive/Distortion and Tone/EQ. We can learn a lot from the world of 
synthesizers. 

Objectives
1. The first major objective is to have clean (distortion-free) multi-channel (per-

string) infinite sustain. You should be able to form chords that will sustain 
indefinitely, with all articulation intact. 

2. The second major objective is to transform the sustaining strings via digital 
signal processing. Once we have the guitar sustaining indefinitely, we can sculpt 
the “envelope”  (attack, sustain, and decay of the sound as it evolves) to 
whatever shape we want using multichannel post-processing. 

Infinite Sustain
Envelope: In musical sound, 
the attack, sustain, and decay of a 
sound. Attack transients consist of 
changes occurring before the sound 
reaches its steady-state intensity. 
Sustain refers to the steady state of a 
sound at its maximum intensity, and 
decay is the rate at which it fades to 
silence.  

In the context of electronically synthesized sound, 
the term decay is sometimes used to refer to a drop 
in intensity that may occur between the attack and 
the sustain phase, and in such cases the time it takes 
for the sound to fade to silence is called the release. 
 
Envelope, the combination of the three components 
of a dynamic musical tone, is an important element 
of timbre, the distinctive quality, or tone color, of a 
sound. Every musical instrument has its characteristic 
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attack, sustain, and decay pattern. Attack transients are very complex and 
difficult to characterize because of the speed with which the character of a 
sound changes in its first few milliseconds, and they have been the subject of 
research into exactly how they affect the tone quality of musical instruments. 

Source: https://www.britannica.com/science/envelope-sound 

As mentioned above, infinite monophonic sustain can already be achieved by 
turning the volume sufficiently high to induce positive feedback. This is hard to 
control and requires potentially ear-damaging audio levels.  

A hand-held device called the E-Bow, introduced (and 
patented) in mid 1970’s, provided a practical means to 
achieve the same infinite-sustain feedback effect. The 
device short-circuited the positive feedback loop for 
inducing infinite sustain by placing an electromagnetic 
driver coil adjacent to a pickup coil, coupled with a small 
amplifier. Essentially, all three aspects of the guitar 
feedback loop, needed for inducing forced string vibrations 
(the pickup, the amplifier and the speaker/driver) are 
realized in a single device. 

Later on, electromagnetic devices working on the same 
basic principles as the EBow: the Sustainiac, and the Fernandes Sustainer, placed 
the entire contraption inside the guitar, freeing the player’s picking hand. 

These devices give the player the ability to 
control sustain independently of timbre. 
The guitar’s output signal can still pass 
through various effects to further process 
and transform the sound. One can still use 
these devices with a distortion effect, but 
now have independent control for sustain 
and induced harmonics through the wave-
shaping capabilities of the distortion box. 

Polyphonic Sustain
There is one inherent limitation with these devices, however: they are all 
monophonic and can only sustain one note at a time. With these devices, you 
cannot form chords. When attempting to play chords, one note will always 
overpower and take control of the positive feedback loop. 
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The Moog Guitar, invented by Paul Vo and released in 
2008 is the first guitar that able to sustain notes on all 
six strings at once. It is polyphonic. You can play chords 
as well as single notes. Additionally, you can also 
reverse the effect and have it generate a unique 
staccato sound, much like a banjo. There is also a 
harmonic balance knob that controls the blend between 
mute and sustain modes from bridge and the neck 
pickups and drivers, which generates interesting 
harmonics. 

Paul Vo went on to improve and extend the concept 
and design of the Moog Guitar in a successful 
Kickstarter campaign in 2015 with the Vo-96 Acoustic 
Synthesizer that enables accurate control of acoustic 
vibrations. Vo-96 has remarkably ambitious goals. 
Instead of processing the guitar signal using effects that 
transform the signal, Vo-96 manipulates the actual string 
signal in the feedback loop, from the pickup to the 
string drivers. By doing so, the instrument is able to 
manipulate both the sustain and the timbre envelopes 
in real-time before the signal ever leaves the guitar. It is 
in every respect a synthesizer. The continuously 
vibrating string is the oscillator and the feedback loop is 
the filter. 
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Thor
After years of research and development, starting with the Alpha project in 2009, 
this author has achieved what he considers his masterpiece: Thor. A very specialized 
concept guitar made from Carbon Fiber and traditional tone wood, and 
incorporating the crucial features previously discussed. The electronics provide 
infinite multichannel (polyphonic) sustain as well as multichannel audio that can be 
sent to a computer for digital signal processing (DSP). 

The Thor concept guitar diverges from the Vo-96 in one crucial aspect: instead of 
physical electro-acoustic manipulation of timbre via the feedback loop, Thor 
simplifies the in-guitar electronics to its bare-minimum: just enough to make the 
strings sustain and take their role as oscillators.  

- There are no complex timbre manipulations in the guitar itself. The electronics are 
modular and, most importantly, replaceable, with future upgradability in mind.  

- All controls are standard control voltages (CV) — the same standard controls that 
can be found in analog synthesizers. The control voltages are converted to MIDI 
messages. 

- A single control potentiometer is available for control of sustain. 
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Thor is intentionally kept as simple as possible, yet sufficiently powerful enough to 
satisfy the objectives. The first major objective: to have clean (distortion-free) multi-
channel (per-string) infinite sustain, is thus achieved by Thor. 

Carbon Fiber

Lightweight but stronger than steel, carbon fiber reinforced 
plastics (CFRP) or carbon fiber in short, is extremely strong and 
at the same time light. The fibers are used to reinforce materials 
like epoxy resins. The same process used in fabricating fiber-
glass composites applies to carbon fiber. 
 

Carbon fiber is now becoming a mainstream material 
finding its way into applications that require durability, 
high-strength, low weight and insensitivity to humidity 
and temperature changes. Its exceptional strength-to-
weight ratio is the main reason why it is a material of 
choice in the aerospace industry and, much later, for F1 
race cars and high-end sports cars. Now, it is increasingly 
being used as a material of choice in consumer goods 
such as tennis racquets, golf clubs, archery equipment, 
laptops, bicycles, aftermarket automotive body-panels 
and parts, and musical instruments.   

Carbon fiber is a very resonant material, perfectly 
suitable for building musical instruments. Carbon fiber is 
stronger than even the hardest wood. There is no 
comparison. It has a tensile strength of 565 kN/cm² 
which is more than 10 times than that of steel with a 
tensile strength of 37 kN/cm. Yet, it is 4 times lighter. 

Valkyrie
Thor is a concept guitar that is targeted at the high-end of the market, by its use of 
Carbon Fiber — a relatively expensive material compared to other wood, which has 
been one of the limiting factors of its adoption. Carbon fiber is also very difficult to 
manufacture with, especially on a large scale. 

An alternative to Thor is Valkyrie. It has the same electronics and capabilities of 
Thor. Instead of Carbon Fiber, Valkyrie makes use of standard tone woods and 
manufactured using standard electric guitar manufacturing techniques. Valkyrie is an 
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amalgamation of advanced 21st century electronics and traditional 20th electric 
guitar technology. Unlike Thor, Valkyrie is meant to be mass-produced on a medium 
to large scale. 

Ascend
Digital signal processing (DSP) will be an integral part of the complete system. 
Multichannel post-processing of the signals that come from each string is the main 
mechanism used to sculpt both the volume and the timbre envelopes. Post-
processing of individual strings offers endless possibilities, not limited to control of 
attack and decay. 

Ascend satisfies the second major objective: transforming the sustaining strings via 
digital signal processing.  

It is important to note the modularity and total separation of objectives 1 and 2. The 
first major objective: clean (distortion-free) multi-channel (per-string) infinite sustain 
is achieved by Thor and Valkyrie. It is essential to keep the instrument itself simple. 
Any commodity that includes some form of software tends to have a shorter lifespan 
due to the extremely fast-paced development of digital hardware, especially 
microcomputers and peripherals. Digital hardware, like the mobile phone, tends to 
become obsolete in only a few years. Musical instruments, on the other hand, 
should stay relevant and usable for decades, even 100s of years. One main reason 
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that hastens obsolescence is that the hardware can no longer keep up with 
advances in software and needs to be upgraded. 

With that in mind, in-guitar electronics 
should be kept simple, and cheaply 
upgradeable. It also makes sense then 
that the software component; Ascend, 
is kept separate from, and moved 
outside the guitar, and make use of 
off-the-shelf, non-proprietary digital 
hardware. Moreover, by doing so, 
development costs will be kept to a 
minimum. Software built around a 
stable operating system such as Linux 
has a much lower development costs 
due to the availability of free, yet robust development systems.  

Linux is just an example of a host operating system, but a smarter approach is not to 
depend on a specific operating system. The software should be cross-platform and 
should run on any operating system, including Windows and MacOS, and probably 
Android and iOS as well. 

DSP offers full control over the dynamics of the guitar (e.g. attack, decay, sustain in 
addition to harmonic control). With these controls, you can have anything from 
banjo like short-sustain to long piano-like sustain and of course, infinite sustain. 
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Processing is not limited to dynamics control. We’re also looking at timbre control 
and the injection of harmonics using various forms of processing and synthesis 
techniques. 

Ascend VPU, is the first of a planned series of post processors following the 
trajectory path of the initial project concept a few years back. Ascend VPU is a 
multichannel audio plugin that virtualizes the sonic characteristics of guitar pickups. 
Given a multichannel pickup with a wide and flat frequency response such as the Nu 
Multichannel pickup used in Thor and Valkyrie, it is possible to reproduce the 
frequency response of various pickup positions (bridge, middle, neck) without 
actually moving the pickup. 

Other Ascend post processors may include: 

1. Envelope Control: ADSR; multichannel control of attack, decay, sustain and 
release — shaping/sculpting the envelope. 

2. Waveshaping: The distortion effect is actually a form of a waveshaper. The 
waveform coming from the guitar is transformed by increasing the gain of an 
amplifier, sufficiently pushing it into saturation. The effect generates additional 
harmonics that are not normally present in the original signal, and enhances the 
ones that are already there. The gain controls the amount of harmonics. The 
higher the gain, the more higher-frequency harmonics are generated, and the 
richer the sound. 

3. Kurplus-Strong synthesis: A form of Physical Modeling that models the vibrating 
string. It is effective at generating a variety of plucked-string sounds. Having a 
number of virtual strings in memory excited by the inputs from the multichannel 
pickup, potentially modifying the parameters in real-time. You can have drone 
strings, doubles, triples, etc. 

4. Pitch shifting: Global and independent pitch control for alternate tunings, pitch 
changes, and even whammy bar effects (e.g. using a ribbon controller). 12- 
string guitar, alternate tunings, octaves, etc., are possible. Pitch correction, 
micro-tuning and realtime intonation correction are also possible. 

5. Convolution and Impulse Response. Convolution with Impulse Responses can 
accurately capture anything from expensive microphones, vintage 
equalizers, speaker cabinets, full cathedral reverberations, etc. Essentially, 
anything that can be modeled as a filter can be captured, and that includes the 
guitar pickup as well as the guitar body. 
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6. Various forms of synthesis including Subtractive synthesis and FM synthesis. 

Some of these are all currently under active development. 

Currently, the software is hosted in a laptop (or desktop). A software plugin (AU and 
VST2) does the multi-channel post-processing and control. As mentioned, in-guitar 
control voltages are also converted to 
MIDI and sent upstream to control 
performance parameters (e.g. volume, 
pan, pitch-bend, cutoff-frequency, 
resonance, etc.) using potentiometers 
and other forms of user-control 
hardware directly from the guitar. 

The eventual goal is to have all these 
features available in a small Linux box. 
Such small single board computers 
have considerably matured in recent 
years, thanks to the mobile phone 
industry, which promoted the 
development of small and powerful 
processors that can be utilized for advanced audio digital signal processing. Small 
single board computers such as the Raspberry Pi are growing in popularity with a 
multitude of rivals that compete for features and processing power. 

Conclusion
The Infinity project is a decade long project (from 2009) based on well-defined 
objectives detailed in this document. This ambitious project is continuously being 
developed, part by part, from the ground up, iteratively building and producing a 
multitude of modular Minimum Viable Products (MVP) that satisfy the goals, with 
multiple target milestones.  

Thor is the masterpiece and centerpiece of the Infinity project, and the milestone 
was reached with great success in 2019. Thor is a self-contained sub-project, built 
from smaller MVPs. Thor provides multichannel capabilities, including infinite 
multichannel sustain. 

Beyond Thor, the path is pointing towards Digital Signal Processing (DSP), in 
general. Ascend is the sub-project focused on the DSP part of the project. Ascend is 
in its nascent form as of late. Future development will explore that space, both in 
software and hardware (single board computers and audio interfaces). 
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These are all part of Cycfi Research’s ongoing research and development. 
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