MORE PHYSICAL
MODELS

Commuted Synthesis
Electric Guitar Model
Analysis

2D Waveguide Mesh
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- Bodies and resonances are a problem for strings,
guitars, and others

- Consider a single strike/pluck/hammer:
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- But string and body are linear filters:
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Commuted Synthesis
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- Bodies and resonances are a problem for strings,

guitars, and others

- Consider a single strike/pluck/hammer:

B | SyingModel | ™S | Body Model
- But string and body are linear filters:
m) | Body Model | | ™) | String Model
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Commuted Synthesis

- So, drive the string with impulse response

of body

-When bow slips on string, it generates a

sort of impulse

- At every bow slip, insert body impulse

response into string model

- Good model for piano synthesis, where
- driving force is simple (hammer hitting string)
- body is complex (sound board)
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Electric Guitar (Charles R. Sullivan)

- Extending Karplus Strong...

? > output
- 2 —
nput output
low-pass i
_-I filter H delay line low-pass
Slter delay line

- Low-pass filter
- Determines decay rate
- Would like to control it at different frequencies
- FIR filter: y, = apx,, + @;Xy + a,X,»
- Problem: potentially has gain >= 1 at zero Hz (DC)
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Loop Filter Design

- To eliminate DC, add high-pass filter:
“¥Yn = 80Xy + @Xng + DYy

- Need to provide continuous tuning:
- Simple linear interpolation y, = cyx,, + ¢,X,,

- But this also produces attenuation (low-pass filter)

- So adjust loop filter (FIR) to provide only the additional
attenuation required

+ Might require compensating boost at higher frequencies
- Don’ t boost, sometimes higher frequencies will suffer
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Tuning and Glissandi |

- Use interpolation to control sub-sample length

- To glissando, slowly change c,, c,

- When one reaches 1, you can change the delay
length by 1, flip ¢y, ¢4, and no glitch

- Need to change loop FIR filter when ¢, ¢, change
- Change every sample? — Expensive
- Change at control rate, e.g. 1000Hz? — creates artifact

- Solution: change once per period so artifacts generate
harmonics that are masked by string harmonics
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Distortion

- Single note distortion just adds harmonics
- But: distortion of a sum of notes is not the sum of distorted notes
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Soft Clipping Function

2/3 x=1
x=x33 -1<x<1
-2/3 x < -1
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Feedback

feedback delay ,-L
poweramp
pre-distortion feedback
- gain gain
P AN

A pre-distortion 2
output level

distorted
output level

output

- Output can be pre- or post- distortion
- Will favor pitches and harmonics whose period matches feedback

delay
- Possible to control exact onset and frequency of feedback
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Pickup Position

delay line, delay line, n-m
m samples samples

output

Deriving output from a different
point in the delay has little effect
on the output.

reflection,
with losses

wave travelling right

delay line, N
o

reflection

delay line,
n/2 samples

‘wave travelling left

Similar system, viewed as
right-going and left-going
waves on a string.
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Pickup Position

Fig. 12
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Initializing the String
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Additional Features

- Guitar body resonances
- Coloration and distortion of guitar amps
- Effects processors:

- Distortion

- Wah-wah pedals

« Chorus...

- Reference: Charles R. Sullivan, “Extending the Karplus-
Strong Algorithm to Synthesize Electric Guitar Timbres
with Distortion and Feedback.” Computer Music Journal,

Vol. 14, No. 3, Fall 1990.
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Analysis Example

ICM Week 11

Estimation of loop filter based
on decay of
harmonics

Exponential decay - straight
lines on dB scale

Slope relates to filter response
Filter is fitted to measured data

% %0

%0 3
Time (ms)

Fig. 7 Temporal envelopes of the four lowest har-
monics of a guitar tone and straight lines fits.
The amplitude scale is in dB.

2|11l

* Frequency (kHz)'
Fig. 8 Estimated magnitude spectrum (circles) and
magnitude response of a Ist-order IIR filter.
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Driving force
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In this model, after fitting filter to
string recording,

Inverse filter to obtain residual;

Use residual to drive the string
model to get realistic sound.

Source: Karjalainen, Valimaki,
and Janosy. “Towards High-
Quality Sound Synthesis of the
Guitar and String Instruments” in
Proc. ICMC 1993.
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Fig. 9 a) Original guitar tone, b) the inverse
filtered signal, and c) the resynthesized signal.
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2-D Digital Waveguide Mesh

el L e Y —

From: Van Duyne and Smith, “Physical
Modeling with the 2-D Digital Waveguide
Mesh,” in Proc. ICMC 1993.

Figure 3. The 2-D Digital Waveguide Mesh
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Summary

Bore or String modeled using delay

Losses are “lumped” into a filter that closes the
loop

Non-linear element models driving force and
generates oscillation

Digital Waveguide offers efficient implementation
— separates left- and right-going waves into 2
delays.
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Advantages of Physical Modeling

.

- Non-linear and chaotic elements of instrument

tend to arise naturally from models
- Models have relatively small set of controls
- Controls tend to be meaningful, intuitive
- Models tend to be modular, e.g. easy to add

coupling between strings, refined loop filter, etc.

to get better quality
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Disadvantages of Physical Models

- Real 3D world resists simplification

- Example: violin body is very complex and perceptually

important
- Control is difficult:
- Real instruments require great skill and practice

- Cannot invert to determine control required for a desired

sound

- Computation is very high when simplifications

break down
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