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Essay Topic - "A computer can never rival the subtlety of a 

conventional acoustic instrument as a performance tool."

For decades, composers of computer music and classical music have been attempting to combine various musical styles and incorporate new innovations into their work.  However, more often than not, these two genres clash rather than combine.  Classical composers and performers generally tend to prefer conventional acoustic instruments over computer generated instruments which lack the control intimacy in a performance setting.  People working with computers to create music generally prefer the precision that comes from working with a computer.  One of the significant differences between computer generated instruments and conventional acoustic instruments stems from the way in which sound is generated from the different sorts of instruments.  There are many factors which could potentially give computer generated instruments the resemblance to what is commonly accepted as a conventional acoustic instrument interaction.  For example ease of use, a potential for development of skill and a realistic reactive behavior.  However these factors, as well as others, continue to be the reasons why a computer can not rival the subtlety of a conventional acoustic instrument as a performance tool.  


The basis for all sounds created is found in the physical sound waves.  Many different shaped and layered sound waves are created which represent individual sounds.  However, all sound waves are heard and created through a similar process.  From the standpoint of physics, sound is an acoustic wave that results when a vibrating source disturbs an elastic medium.  When a sound wave reaches a listener's ear drum, the vibrations are transmitted to the inner ear where mechanical displacements are converted to neural pulses.  These pulses are then sent to the brain, which finally result in the sensation of sound.  


Most conventional acoustic instruments such as woodwinds, brass, strings, and percussion put the performer in direct contact with the physical sound creating mechanism.  Organs and pianos connect the gesture of the performer to the sound created by a mechanical link.  With each change in the physical gesture made by the performer, a new sound is created from the acoustic instrument.  At the instant any note is played or struck there is an attack sound original to each instrument, which can be recognizable by the listener.  After which follows a natural decay, sustain and release shape individual to different sound waves reacting to their environments.  

Some of the restrictions found with any instrument are the parts of their design that make the performer gesture or pose in a particular way.  Some computer generated instruments have the problem of being more constrained than should be allowed.  The way that computer generated instruments are generally set up, the sensing devices force the performer to make contorted or even unnatural gestures to achieve particular effects.  Most instruments, conventional acoustic or computer generated, will impose some constraints on their performers, but in order for the instrument to be successful the constraints have to limit the physical movement without getting in the way of the expressive capabilities of the performer. 
What comes as a natural reaction from proper or even improper use with a conventional acoustic instrument becomes a nightmare for programmers who attempt to replicate these aspects within computer generated instruments.  The final output of a computer generated instrument travels as a sound wave, just as with a conventional acoustic instrument, and the sound is heard in the same physical fashion.  In this way they are similar, however the difference is in the fact that the computer is replicating the sound which is created naturally with an acoustic instrument.  This replication is made possible by a computer running the appropriate parameters through a program created to then make a noise according to these specific parameters.  This does mean that the computer will always be incredibly precise, but the computer can only be as subtle as the program allows and will never fully comprehend the situation as a human performer would without vast amounts of memory usage and processing power.

All sounds created by a computer generated instrument are produced by some sort of synthesis.  Additive synthesis is an important tool and can be used in a lot of ways.  Additive synthesis builds sounds from the ground up by building a complex waveform from its basic elements.  It works by mixing one or more simple waveforms, such as sine waves, together to create a more complex waveform.  This method of synthesis is theoretically capable of reproducing any simple sound.  Additive synthesis does have its drawbacks.  Natural sounds are extremely complex which means they require a great amount of processing to be recreated.  One problem is that while it is good for recreating regular and constant sounds, noisy or chaotic sounds are more difficult to generate.  For example, creating the sustain sound of a flute note is simple with additive synthesis (only a few sine waves), but the attack portion of the note including the breath noise is extremely difficult if not nearly impossible with this type of synthesis.  


There are many types of sound synthesis used in order to generate instrument sounds with computers including subtractive, granular, wavetable and physical modeling.  Subtractive synthesis is done by taking a reverse approach to additive synthesis.  It begins with a waveform made up of many harmonics such as a saw or square wave and filters it to produce the desired wave.  Granular synthesis uses a cycle of short segments of audio to form a final longer output sound.  These segments of audio can be simple sine waves or complex sampled sound textures.  Wavetable synthesis is simply playing segments of digital audio to produce a realistic instrument or synthetic sound.  The digital audio segments are stored as a table of waveforms in memory and played back.  This is referred to as sampling. 
When the first sampling engines emerged, the playback frequency was varied to alter the pitch. Doing this created two side effects. First, the sample length changed and second the sound often seemed out of place. The low register on a piano sounds vastly different to the upper register. All of these issues have been conquered to some degree.  Multi-sampling allows different samples of an instrument to cover an appropriate range.  For instance, a synthesized piano may use seven or eight samples to cover its entire range. Pitch is another issue that has been solved with the advent of time stretching which allows the waveform’s pitch to be altered without changing the speed with which it is played.
The final problem that samples suffer from is probably the biggest and most important. Samples are a snapshot of a sound at a particular time.  While listening to such sounds you inadvertently remember the harmonics struck during the sound playback.  This makes little difference when recording a sound effect or vocals.  However it makes them broadly unacceptable when trying to recreate the sound of a conventional acoustic instrument as the performance starts to sound flat and unexciting.  This problem, to some degree, has been alleviated using a technique called layering.  In a layered sound, three or four samples of an instrument are combined and crossfaded or altered by velocity curves.  This means that the harmonics of the sound are different each time the same note is played which makes the sound seem more exciting. Though this technique makes modern sample based instruments somewhat more acceptable to listen to, the final sound created is the same note being manipulated digitally.  As good as this technique can be, it fails to compare to the complex sounds and harmonics created by a conventional acoustic instrument.
Physical modeling has been used in order to get out of this limitation imposed by samples.  Physical modeling is a unique and complex, however more intuitive approach to synthesizing sounds.  Physical modeling synthesis is achieved by simulating the physical properties of a real or even fictitious musical instrument mathematically by defining specific parameters.  These parameters include the resonation and the triggers which cause the physical model to start generating sound, such as plucking a guitar or hitting a drum.  The resonance depends upon how the working parts of the instrument vibrate and therefore create sound.  Using physical modeling synthesis can be incredibly complex and requires a lot of computer processing.  Because of this, many current physical modeling synthesizers use abbreviated methods in order to react in real time.  
A good model will give the player intuitive control over the idiomatic characteristics of the instrument being emulated, without weighting the player down with unnecessary, or uncharacteristic controls.  Ideally, a modeled instrument will allow the player a great deal of expression in live performance far beyond what is currently possible using more traditional synthesis. [8]

In order for this intuitive control to be obtained over the characteristics of the instrument any latency between the actions and computer generated sounds must be removed.  When using a computer in order to model an instrument, there is a time delay between the sensory input data on the control device and the generated sound being heard.  The lack of such a time delay is critical in a live performance as its presence can affect the musician’s ability to improvise during the performance.  Thus any delays must be kept to low orders of milliseconds. While this may not seem like a difficult task, there are a number of delaying factors.  The first of which is the time taken for the signal to move from the control surface and through the interface for the computer to process.  Another delaying factor is the amount of processing time required for the computer to generate a sound that is considered realistic. Obviously generating a realistic sound under these conditions is not easy and requires a response / quality compromise. As both computing power and synthetic instrument modeling improve, these two factors become less of an issue. Computing power is now reaching the stage where the use of computer modeled sounds may start to compete with the use of samples.  This will bring a whole new wealth of hardware, and perhaps even software, computer based synthesizers built more on algorithms, models and mathematics.
One of the most apparent problems with instrument modeling is that of creating the model parameters in the first place.  To begin with, this is not something every musician will either be able to do or want to take the time to figure out.  However, not everyone that is willing to take the time necessary to put the effort into making the models will truly understand the way the instruments work.  When a violin has finally been modeled, the fact that it is simply one make of violin must be taken into account as well as the fact that there are many different styles of violin.  These separate types of violins are created in certain ways using altering materials which have dissimilar resonating properties causing audible differences in quality between them.  
Any person wishing to become a virtuosic performer of a conventional acoustic instrument must put in hours upon hours of practice time.  Getting started with a computer generated instrument can be relatively easy but in this early stage, ease of use should not stand in the way of the continued development of the possibility for musical expressiveness.  Most of the conventional acoustic instruments are not easy to play at first however they do allow the performer to develop a high level of musicality.  If a computer interface could provide the control intimacy allowed with acoustic instruments musicians would likely be much more inclined to use them toward a goal of developing performance skill and personal style, such as is done on a conventional acoustic instrument.  
MIDI, which is a discrete event protocol, is certainly fading quickly as the new emerging technologies gain popularity.  MIDI events turn notes on and off and update changes in controller values.  It is rarely synchronized with digital audio samples.  Chords are always arpeggios and even when MIDI events are time tagged at the input of a synthesizer they arrive as a sequence.  Many musical gestures are continuous functions of time and should be treated this way.  The seemingly best way to get continuous gestures into the computer is to use a system which can very tightly synchronize the gestures with the audio sample stream.  [4]
As long as there has been an inclination to create music people have been looking for whatever objects were in their environment to use as musical instruments.  Generally what is searched out is something which gives the possibility of easy use and immediate gestural response, and yet something which sounds good to a listener.  The computer industry has spent a lot of money to make low cost gestural controllers available which do not seem to have any application of a musical sort.  It could be possible to adapt these controllers for a musical purpose.  One controller is a digitizing tablet, or artist’s tablet.  This as well as other tablets have a very accurate and quick position sensing of cordless devices in three dimensions.  They also have the capability to be sensitive to pressure, orientation, tilt and rotation.  This begins to hint at the possibility of an uninhibited interaction with a computer generated instrument or even a full ensemble.  Yet again, the limited capabilities of the computer are one of the main obstructions in being able to do this.
Musicians grow to understand how their conventional acoustic instruments will react to every movement they make during a performance.  It is no surprise then that they are reluctant to play a violin or a clarinet or a trombone on a keyboard attached to a computer which is generating poor representations of the sounds they know so well.  Even musicians familiar with working in the midst of computer music feel the restraints that manipulating generated instruments can cause.  Perhaps it is the promise of faster computers allowing more impressive instrument replication which keeps the interest alive.  However, without the several necessary improvements a computer can not rival the subtlety of a conventional acoustic instrument as a performance tool.
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