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Introduction
• Saturating memoryless nonlinearities commonly used to model natural 

response of systems
• Saturations introduce discontinuities in derivatives of a signal
• Discontinuities require infinite bandwidth
• Harmonics exceeding Nyquist cause aliasing
• We propose an aliasing reduction technique for piecewise polynomial 

nonlinearities.
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Soft Clipping
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• Transition from non-clipped to clipped 
samples is gradual

• Perceived as softer and warmer than hard 
clipping

• Can be implemented cheaply, e.g. using 
piecewise polynomial functions 
(Pakarinen and Yeh, 2009)

• At low input values, spectrum expanded by 
order of polynomial nonlinearity

• Two sources of aliasing
1. Expansion of spectrum due to polynomial nl.
2. Discontinuity introduced at clipping point

• We consider the third-order polynomial soft-
clipper (Araya and Suyama, 1996):



Soft Clipping (cont’d)
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• At high clipping thresholds, level of aliasing distortion is negligible. First derivative is 
smooth

• At low clipping thresholds, clipper introduces corners in first derivative
• These corners mean second derivative of signal is discontinuous at clipping points

d/dt

d/dt



The integrated BLAMP Function
• Derived from 3rd integral of the 

bandlimited impulse, i.e. the sinc
function (Stilson and Smith, 1996).

BLEP = Bandlimited step  
BLAMP = bandlimited ramp

• Model for bandlimited discontinuity 
in the second derivative

• Residual function computed from 
difference between integrated 
BLAMP and trivial parabolic ramp
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The Integrated BLAMP Correction Method

1. Detect clipping points (fractional delays)

2. Center residual function at clipping points

3. Scale by value of second derivative and 
adjust polarity

4. Sample at neighboring sample points and 
add to original signal
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Example
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• Fixing only a few samples at every 
clipping point makes a big difference!

• Input signal: 1245-Hz sinewave, 
clipping threshold L=0.15

• Correction particularly efficient at low 
frequencies, where it is most audible

• For example: Alias @ 524 Hz
 Trivial: –50 dB
 2-pt correction: –92 dB
 4-pt correction: –104 dB

Two-point Correction Four-point Correction



Sound Examples

31/08/2016
F Esqueda, V Välimäki and S Bilbao

9

Clean guitar riff

Guitar riff after soft 
clipping and antialiasing

Extracted aliases

Log clipped chirp 
aliased

Log clipped chirp 
antialiased

Extracted aliases



Polynomial Approximation
• Polynomial approximation of integrated BLAMP function can be used for efficiency
• Derived from the four-point Lagrangian interpolation kernel
• Residual function is computationally cheap and has finite support
• Defined in terms of d, fractional delay required to center at each clipping point
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Conclusions

• Integrated BLAMP effectively reduces aliases caused by discontinuities in 
second derivative

• These discontinuities may be introduced during synthesis or processing of 
arbitrary audio signals, e.g. soft clipping

• Aliasing components attenuated by up to 50 dB at low frequencies

• Its polynomial approximation provides efficient solution 
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