
Introduction to DSP

Agenda

· Sampling: benefits and drawbacks

· Aliasing

· The Nyquist frequency

· Avoiding aliasing

· Fundamentals of periodic signal processing

· Digital Filters

Sampling (Pulse Code Modulation)

· The signal is sampled at regular intervals and converted to binary numbers
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PCM Features

· Drawbacks

· Loss of information/precision

· Quantization noise

· Might require very expensive equipment (especially for high frequencies)

· Advantages

· Fidelity

· Ease of Storage

· Lossless transport and storage

· Phenomenal scalability

· Ease of processing 

Sampling Strategies

· In the time domain:

· Use logarithmic sampling thresholds (minimize relative error)

· Differential PCM (DPCM)

· Adaptive Differential PCM (ADPCM)

· Fuzzy/Neural Predictor-based encoding

· Psychoacoustics – encode audio exploiting human sound perception specifics.

· In the frequency domain:

· Transform-based encoding. The signal is “teleported” to a space where nonessential features and redundancies appear conspicuous and are easy to eliminate.

· Fourier transform

· Discrete Cosine transform

· MP3!

Aliasing. The Nyquist Frequency

· If the sampling frequency falls below the double of the sampled signal frequency, the result is a false frequency signal – an alias.

· Nyquist Frequency: fN = 2 * fmax
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Aliasing (cont’d)

· Similar to the “wagon wheel illusion” 

· Sometimes, wagon wheels in movies seem to move backwards

· The phenomenon also manifests in continuous light!?!?!

· If you want an accurate reproduction of the signal, you need to sample it at least twice as fast as the highest frequency component.

· Even if the highest frequency in the original signal is inaudible, and would remain inaudible through analog processing, it will produce audible noise after sampling. Aliasing is a problem specific to DSP.

· A quality low-pass filter preceding sampling is required.

· Oversampling is the best solution: use a sampling rate much greater than the Nyquist frequency.

Fourier Decomposition

· Any periodic signal can be viewed as the superposition of an infinite series of sine and cosine signals.

That is any, such as the square wave.
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Formula:
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· Applicability – the signal’s coefficients are computed, then some of them are eliminated → compression. 

· Conversely, you can build any signal by composing sine waves with various frequencies and intensities.

· The concept behind a whole breed of signal generators.

Introduction to Digital Filters

· A filter is a device that selectively changes the characteristics of a signal (shape, amplitude-frequency, phase-frequency)

· Filtering applications:

· Noise reduction

· Separating mixed modulated signals (DSL, Cable modems, telephony...)

· Improve music listening experience (bass boost, loudness etc.)

· Digital filters are algorithms that operate on digitized streams of signals and implement filtering functionality

· Advantages:

· “Perfect filters”: characteristics impossible to attain with analog filters.

· No thermal/noise/decalibration problems

· Easy to build complex, adaptive filters

· “Off-line filtering” – you can apply a complex, slow filter and save the filtered data

· Scalability – quality is dictated by the word length used

· Repeatability – built one, built’em all

Digital Filters (cont’d)

· Disadvantages

· Limited speed

· New types of noise – quantization and roundoff

· Might be hard to design
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