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Introduction
Digital audio effects today are dealing more and more with the combination of sound and computer to produce new and interesting sound effects.  When dealing with digital audio effects, the goal is to find a representation of sound signals and signal processing systems that can offer ways to design sound transformations in a variety of music applications.  The basic representation is spectral processing.

The fundamental idea of spectral processing is to analyze a sound to produce a frequency-domain representation of the signal, which can then be transformed and inverted to produce a new sound.   Most approaches start by developing an analysis/synthesis system from which the input sound is reconstructed without any perceptual loss of sound quality.  The most common approach used is the Short-Time Fourier Transform (STFT).  Many sound transformation systems are based on direct implementations of the basic algorithm, in particular cross-synthesis.  Cross-synthesis is a sound production whereby one parameter (e.g., amplitude, frequency) of a sound is applied to influence a parameter, not necessarily the same one, of another sound.

The Short-Time Fourier Transform

The Short-Time Fourier Transformation (STFT) is a technique used to apply the time-varying spectral shape of a sound (resonator) onto to another sound (exciter).  In order to apply the spectral shape a method to track spectral changes is needed.  The spectral shape can be tracked by taking a sequence of transforms, at different points in time, the Short-Time Fourier Transform (STFT). STFT is the process of extracting blocks of samples from a time-domain signal and transforming them with the Discrete Fourier Transformation.  The process of extracting the samples from a portion of the waveform is called windowing.  Time windows can have all sorts of shapes, hanning, hamming, triangle, etc.  This produces a time-frequency representation of a time-domain signal, which provides a full spectral frame for each time point.   The overlapped spectral frames can be transformed back into the time-domain by performing an Inverse Discrete Fourier Transform on each signal frame.  In order to smooth any possible discontinuities a window must be applied to each transformed signal block.  

Spectral Transformations: Manipulating STFT Data

Each spectral frame can be considered as a collection of complex pairs relative to the information found on equally spaced frequency bands at a particular time. They contain information on the amplitude and frequency contents detected at that band. The rectangular, or

Cartesian, format that is the output of the transform packs these two aspects of the spectrum in the real and imaginary parts of each complex coefficient.  In order to separate them, all we need to do is to convert the output into a polar representation. The magnitudes will give us the amplitude of each bin and the phases will be indicative of the detected frequencies. A single STFT frame can give us the amplitudes for each band, but we will not be able to obtain proper frequency values for them. This would imply extracting the instantaneous frequency, which is not really possible with one STFT measurement. Instead, the phases will contain the frequency information in a different form.

Cross Synthesis 

A basic transformation that can be achieved in this way is cross-synthesis.   

Cross-synthesis is one of a number of digital signal processing algorithms that can be classified as an analysis-synthesis technique.  This technique is a sophisticated algorithm that takes two input signal and produces an output signal that is a modified version of them.   This is done by analyzing and extracting significant characteristics from the two sounds, then combining these characteristics in the synthesis of the new sound.  The characteristics most commonly used are amplitude and phase data.  Different combinations of the modifications of these two characters produce many different cross-synthesis methods.  Two of the most basic methods are source-filter cross-synthesis and generalized cross synthesis.  Source-filter cross-synthesis is based on the transformation of one sound by another, creating a sound having a recognizable articulation of the spectral envelope of another sound, for example a talking instrument.   Generalized cross-synthesis is based on the exchange of characteristics of and interpolation between two sounds, resulting in a sound that has distinct characteristics from both of the original sounds.  

Implementation in Max/MSP

Figure 1 shows a simple cross-synthesizer.  It allows the user to input two signals by playing two sound files via the sfplay~ object.  The umenu allows the user to choose the time window type, which sends appropriate argument to the gate object that activates the specified outlet.  This sends the sound signals to the appropriate input of the pfft~ patch to be analyzed.  
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Figure 1 Simple Cross-synthesis

Figure 2 shows the pfftcross-synthesis subpatch, which is used to perform the frequency-domain calculations for the source-filter cross-synthesis method.  The fftin~ object analyzes the input sound signal and sends the complex values to the cartopol~ object.  The cartopol~ object converts the complex signal from Cartesian coordinate to polar coordinate, which correspond to the amplitude and phase spectra.   The spectral envelope of the left sound is imposed onto the frequency content of the right, by inputting the amplitude of the former with the phase of the latter to the poltocar~ object.  The complex values are sent to the fftout~ object and sent to the cross-synthesis patch.
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Figure 2 pfftcross-synthesis

Figure 3 shows the pfftcross-synthesis2 subpatch, used for performing frequency-domain calculations for the generalized cross-synthesis method.   This subpatch uses the same method to calculate the amplitude and phase spectra of the inputted sounds.  The *~ is used to convolve the amplitude values of the two input signals.  This reinforces amplitudes that are prominent in

both sounds while reducing those those are not. The result from the convolution and the phase response of the first signal are inputted into the poltocar~ object to convert them into complex value.  Since only the phase response of the first signal is used in producing the new sound the pitch will be completely determined by the first input sound. 
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Figure 3 pfftcross-synthesis2

Conclusion

Spectral processing techniques are very powerful.  A simple Fourier Transform and some analysis allow the complete hybridization of sounds. An entirely new characteristic sounds can be created by means of cross-synthesis, such as a “talking-instrument”.  

Cross-synthesis is an analysis/synthesis technique, which consists of a succession of overlapping Fourier transforms taken over a finite-duration window in time, with a lot of musical potential.  It is a simple way to modify natural sounds into more exciting compositions.
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