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Introduction
• Discontinuities in a signal require infinite bandwidth
• Discontinuities in first derivative (corners) also require infinite 

bandwidth
• Sampling these signals trivially causes aliasing
• Operations that cause corners include hard clipping and signal 

rectification
• The bandlimited ramp (BLAMP) function can bandlimit these 

corners
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The BLAMP Function
• Derived from 2nd integral of the 

bandlimited impulse, i.e. the sinc
function (Stilson and Smith, 1996)
(BLIT = Bandlimited Impulse Train)

• 1st integral: BLEP = Bandlimited step 
(Brandt, 2001)

• BLAMP model for bandlimited 
discontinuity in the first derivative

• Residual function 
= BLAMP – trivial ramp
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Triangular Oscillator Waveform

• Historically, BLAMP proposed to 
antialias triangular oscillator waveforms 
(Huovilainen, 2010)

• Aliasing in trivial triangular signals only 
audible at high fundamental frequencies 
(> 2 kHz)

• Alternative methods include DPW 
(Välimäki et al., 2010) and E-PTR 
algorithms (Ambrits and Bank, 2013)
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The BLAMP Correction Method
Example: Hard Clipped Sinewave
1. Detect corners (fractional delay, slope)
2. Center BLAMP residual function at corners
3. Scale by slope of signal at corners and 

adjust polarity
4. Sample at neighboring sample points and 

add to original signal
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Microscopic changes in waveform cause 
dramatic improvements in audio quality!



Original Clipped Clipped AA Residual

Logarithmic clipped sine sweep

Clipped flute recording

Clipped guitar recording

Hard Clipping
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Example: 1-kHz clipped sinewave

fs = 44.1 kHz



Hard Clipping
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• Hard clipping introduces discontinuities 
in the first derivative

• Magnitude and direction of 
discontinuities depend on slope of the 
signal at each corner

• Corner slope and associated fractional 
delay value can be found e.g. using 
linear or higher order interpolation

• Fractional delay used to center BLAMP 
around clipping boundaries

Rising DiscontinuityFalling Discontinuity
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Half-Wave Signal Rectification
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• Special case of asymmetric hard 
clipping

• Half-wave rectification blocks negative 
portions of the input signal

• Introduces corners at zero-crossings
• Magnitude of each discontinuity 

determined by slope at zero-crossings
• BLAMP must be scaled by slope at 

corners
• Rising discontinuities only



Half-Wave Signal Rectification
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Animation: Half-wave rectified sine sweep before & after BLAMP correction






Full-Wave Signal Rectification
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• Full-wave rectification inverts the 
negative portions of the input signal

• Modifies timbre and f0 of input signal
• Introduces corners at zero-crossings
• Large discontinuities in the first 

derivative of the signal
• BLAMP residual must be scaled by 

twice the slope at zero-crossings
• Rising discontinuities only

Time



Full-Wave Signal Rectification
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Animation: Full-wave rectified sine sweep before & after BLAMP correction

Trivial

Antialiased






Polynomial Approximation (polyBLAMP)
• PolyBLAMP is recommended for efficient 

implementation of the BLAMP method

• Derived from the four-point B-spline 
interpolation kernel

• Residual function is computationally cheap 
and has finite support

• Defined in terms of fractional delay d
required to center at each corner

• Nonnegative, does not introduce overshoot!
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Results: Signal-to-Noise Ratio
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Signal Trivial OSx2 OSx4 polyBLAMP

Clipping A6 34 dB 42 dB 43 dB 57 dB

Clipping C8 24 dB 34 dB 38 dB 42 dB

Half-W. Rec. A6 40 dB 43 dB 44 dB 61 dB

Half-W. Rec. C8 28 dB 36 dB 38 dB 48 dB

Full-W. Rec. A6 32 dB 40 dB 41 dB 53 dB

Full-W. Rec. C8 20 dB 28 dB 30 dB 39 dB

• PolyBLAMP compared against trivial approach and oversampling by factors 2 and 4



Results: Computation Time
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Signal OSx2 OSx4 polyBLAMP

Clipping C8 46 ms 102 ms 43 ms

Half-W. Rec. C8 40 ms 89 ms 18 ms

Full-W. Rec. C8 41 ms 90 ms 28 ms

• Average computation time for a 1-second signal using a Python implementation



Conclusions

• The BLAMP method 
reduces aliasing caused by 
corners in signals

• Helpful in synthesis or 
processing of arbitrary 
signals

• PolyBLAMP is better and 
faster than oversampling 
by factors 2 and 4

• Several applications in 
memoryless nonlinear 
processing
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