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PREFACE

This article aims to be a useful introduction to the creative use of the MIDI control functions in “commercial” sound production applications like Cubase SX or more experimental ones like MAX-MSP. We will also examine the modulation capabilities of VST instruments and VST plug-ins in environments like this. A short introduction to the MIDI theory is also provided for the beginners.
1. INTRODUCTION 
There are hundredths of VST Instruments and VST plug-ins in the market. From basic additive synthesizers to sophisticated Wavetable based sound stations, "romplers", phrase based synths, effects, measurement instruments, enhancers, pitch correctors and so on. Many of them are freeware, and still provide quality performance. Usually they are used in commercial music productions and recently became a part of almost every music production setup home based or professional. 

Usually, in the time limited environment of today’s commercial productions they are used “straight from the box” as they provide presets for almost every situation, and a palette of impressive sounds. On the other hand, for the researcher of sound, these presets and sounds might not be of his interest, as originality is always the foundation of an interesting electroacoustic piece.
So, the creative musician or sound designer will look deeper, for ways of producing original sound. Most today’s VST instruments and effects provide ways for customization of their performance, usually via MIDI control messages. They can also be imported in environments like MAX-MSP, and used together with custom objects, as pure sound generators or as part of a more sophisticated original patch. They usually perform well, sound good and can help speeding up the process of patch building.
Let’s have a closer look.
2. THE MIDI PROTOCOL
(Here we give an outline of the MIDI theory as it’s necessary for the comprehension of the rest of this article). 

2.1 GENERAL

The Musical Instrument Digital Interface, MIDI as it’s widely known, is an 8 bit protocol, designed specifically for use in the electronic music instruments and audio equipment back in 1982, by representatives of most of the major synthesizer making companies of that period. It was based in an idea of Dave Smith, president, and Chet Wood, engineer and of Sequential (later known as Sequential Circuits). Indeed, a year before, in 1981 Dave Smith and Chet Wood proposed a way of communication between electronic musical instruments named  Universal Synthesizer Interface (USI)  that led all companies to realize the necessity of a universal protocol for digital communication between instruments and audio and control equipment such as keyboards, mixing desks, digital sound effect units etc.

Every instrument or piece of equipment that is characterized as ΜIDI compatible (or simply ΜΙDI) has to be able to communicate with others using the set of rules that are described in the MIDI specification. This is set by a committee formed by the related companies called the “MIDI Forum”. 
To carry out the communication every ΜΙDI instrument carries the necessary inputs (namely MIDI IN) and outputs (namely MIDI OUT and MIDI THROU) and also circuits and controls (MIDI MODE, LOCAL ON/OFF) 
This communication is carried out without the necessity for high technical knowledge from the end user, but an understanding of the midi commands and the syntax of the MIDI language can lead the musician and the audio technician in new ways of using it creatively.
The purpose of this article is not to describe in depth the MIDI protocol but to suggest a creative use of one of its messages, the MIDI control messages, in combination with the various software based VST synthesizers that are getting very popular in the music market. 
Nevertheless, a summary of the MIDI theory can be a good way to assure the comprehension of the techniques described in the rest of this article.

2.2 MIDI PORTS
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The instruments and audio devices in a MIDI setup are connected in the way that is described in the pictures below. MIDI THROU gives an exact copy of what is entering the MIDI IN port, thus assuring that the information from the original transmitter (usually a master keyboard or a computer) reaches all the receivers in the setup (from MIDI IN to MIDI THROU and  from MIDI THROU to the MIDI IN of the next instrument and so on.). 
The computer can receive and transmit MIDI messages via a MIDI interface, a usually small device that supplies it with the standard MIDI INS and OUTS
2.3 MIDI FORMAT

MIDI is an 8 bit protocol.

This means in simple English that each piece of information that is to be communicated with it has to be described fully in 8 binary digits maximum. The pack of these 8 digits is called a byte. A binary digit, the basic unit for every digital communication, can have only two states: ON and OFF.
It might be useful to mention that these two states are represented with the absence of presence of electromagnetic current in one of the millions of cells that are hidden inside a computers integrated circuit (I.C.). In older times each “cell” was represented by a single transistor or tube inside the huge constructions that the first computers were. 
 The two states of 8 digits give us a total of 256 combinations (2 in the 8th power)

Nevertheless, the fist digit of each midi message serves as a kind of identity for the rest of the mεsage. It states whether the message describes an action (command messages) or simply gives information about an action (parameters) and it’s called “status bit”. So, the remaining 7 digits give us 128 combinations (numbers 0-127). This (127) is the maximum value a single parameter can get in ΜΙDI.
We can conclude that the maximum number of midi messages is also 128 but this is not the case. Since every musical instrument has to identify if any incoming MIDI message is to be executed by itself or another instrument that is connected in the “daisy chain” as described above, the designers of ΜΙDI reserved 4 bits in every command byte to hold the information for this identity. This number is called MIDI Channel. 

 Four bits give us 16 combinations (2 in the 4th power). Each ΜΙDI instrument is assigned manually by the user a number from 1 to 16 and responds only to the incoming ΜΙDI messages that carry the same channel information.
2.4 MIDI MESSAGES

There are 3 big categories of MIDI messages. The various midi commands (like the MIDI control massages which are of our interest here) the timing information which is used for synchronization between time dependent devices and operations and the System Exclusive Messages which carry instrument specific information such as sounds and patches information. 
.

2.4 MIDI CHANNELS

We mentioned that in every MIDI byte, one bit serves as a flag, distinguishing between a command and a parameter and four hold the information of the MIDI channel. The 3 remaining bits hold the actual information about what action has taken place in the transmitting instrument and has to be carried out by the “slave instruments” (as we call them) that are assigned the same midi channel number. We can conclude the number of the available midi commands is eight.
The midi commands describe actions taken in the master keyboard at a certain time, but can also be inserted or stored in a computer and send later to a set of instruments which will respond normally. Actions like the pressing of a piano’s key in the keyboard, holding the sustain pedal or turning a fader up create messages consisting of a command byte followed by one or more parameter bytes. The messages of our interest in this article are the midi control messages.
2.5 WHAT ARE THE MIDI CONTROL MESSAGES

The MIDI control messages are transmitted whenever the musician uses a control button, fader, surface or any other kind of device that transmits MIDI control messages, to manipulate or change a parameter in sound.
They consist of the command (or status byte) followed by two parameters: The controller number and the value of the controller. Since there are only 128 values in MIDI  the controllers can be up to 128 each one taking values from 0-127. For example in an 8 channel MIDI mixing desk the 8 faders for volume adjustment can transmit in 8 different controller numbers (the second byte) while the fader’s positions, scaled down to values from 0 (lower position) to 127 (higher position) are transmitted on the third byte of the MIDI control message. Alternatively they can transmit the same controller number but in different MIDI channels (the first byte).
2.6 MIDI CONTROLLERS
Since the invention of ΜΙDΙ a new kind of device appeared in the music market: The midi-controller. A midi-controller is not a sound producing instrument but rather a set of knobs, faders or any kind of touch or light sensitive sensor that can transform the user’s action to MIDI control messages. These messages can be sent in other midi instruments to manipulate their sound in real time or to a computer to be recorded and reproduced at a different time. Many different kinds of midi controllers appeared during the 90’s and the 00’s. Some were simply a set of multi use faders the musician could assign  MIDI controller numbers to, and use them to change the volume, filter settings,  pans etc of a sound. In another instance of his work, one could use them as a mixing desk, controlling the volumes of recorded audio files in a computer, via a midi interface.
Some of the midi controllers are massively produced and cover basic needs of a studio or live setup offering mainly faders switches and buttons while others are invented by individual artists or academic research centers and use unique methods of manipulating the parameters of synthesized sound via MIDI, like light sensors, cables, gloves, buttons, or even suits (for example the” composers suit”). One of the fist institutions that made a lot of research , constructing at the same time a lot of  original and unique midi controllers (like the “spider’s web”) is the Steim studio in Holland. 
Today a big part of the electroacoustic music and the live electronics scene is based on original ways of controlling sounds and music in real time via any kind of sensors. The state of the art in this field is the use of gesture, movement or object tracking via cameras and the transformation of pictures and movement into MIDI messages. Open software environments like Jitter and Eyes-Web offer the possibility of this kind of transformations. In every case, a parameter from any source can be assigned a midi controller number, scaled down to values from 0 to 127 and send via MIDI.
3. WHAT IS A VST INSTRUMENT
Software synthesizers became very popular in the music production world in the end of the 20th century. As almost every synthesizer since the 90’s ,was essentially a digital device, and the computer was equipped with fast enough processors and a reliable Digital to Analog Converters (DAC) the development of applications on a personal computer that could perform the same tasks as a hardware synthesizer was a matter of time. Although the first software synthesizers could not be compared sonically with their hardware competitors, soon new products like Absynth from the company Native Instruments or the X-phraze from Steinberg, using state of the art synthesis methods brought  new quality sound and  started  taken seriously by more musicians. Sometimes they even brought new ideas like the phrase based engine of the X-phraze.
One of the more established companies in music software development, Steinberg introduced a new standard for software synthesizer design called a VST instrument.
The VST instruments can be inserted as plug ins not only in the Cubase SX and Nuendo which are the main programs for music production this company offers, but in a number of other experimental platforms for music and sound design like the MAX-MSP, the CPS or even to multimedia and audiovisual oriented programs like the Eyes-Web, Vegas etc.
The VST is not the only standard for plug-ins and instruments. Microsoft’s Direct-X technology is also widely used, as well as the RTAS standard for the Digidesign’s products. But in this article we are going to focus on VST. 
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(picture above: z3ta+ a popular VST synthesizer)

4. WHAT IS A VST AUDIO PLUG IN

An audio plug in is a virtual device (namely a program)  that serves as a studio effect like the ones used in big studios and P.A. systems to improve or to alter the sound of recordings or live performances. Devices like a reverb unit, a delay machine, an equalizer and other more sophisticated units like the harmonizer, the pitch corrector etc. are transformed into software plug–ins in a manner similar to the transformation of hardware synthesizers into pieces of code.
A VST plug is a virtual device that is developed according to the standard set by Steinberg and can be used with any software of hardware music production environment that supports it. Again, this standard is supported by many other developers and can be used not only in Cubase SX but also in other software or hardware workstations and experimental platforms like Eyes-Web. 
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(picture above IR1: a VST convolution reverb from Waves)

5. CONTROLLING THE VST INSTRUMENTS AND PLUG INS 

Every VST instrument or VST plug in has a number of standard control parameters like volume and pan. Also it has a set of custom control parameters that can tune and customize its operation. In a software additive synthesizer for instance, the parameters can be the cut-off frequency of the filter, the resonance, the envelope etc. In a reverb plug in the parameters can be the size of the room, the pre-delay time etc.
All of these parameters can be modulated (changed) in real time or automated. Automating a parameter means to capture the change of the parameter over time and reproduce this change at a different time, thus producing the same effects. This happens in a way similar to the way automated mixing desks work. In these desks the movements of the faders are “recorded” as the sound engineer performs the remix of a track and are repeated during a second playback for alteration and improvement of the mix. In the same way, using an application like Cubase or MAX-MSP we can control every parameter each VST plug-in or VST instrument offers, reproduce the effect if we like, change it and finally, when we are happy with the results, include it in our project.
Every single VST lets the application “Know” which of its parameters can be modulating by “declaring” them to the host application in a way that is described in the VST plug-in specification. Skipping the technical details on how this works as they are of an interest only to VST plug-in developers, we should remember that every VST plug in or instrument can let us know which parameters we can modulate with a list that can be accessed from the host application (for instance MAX-MSP). The way to access this list is different form application to application. 

We are going to see now how we can automate the parameters of a software synthesizer in Cubase SX and discover some of the creative possibilities of this automation.
6. AUTOMATING 

6.1 AUTOMATING IN CUBASE SX
We will try to avoid the unnecessary details that can be found in the manual and the tutorials of Cubase SX but we will cover in brief the main steps required for preparing Cubase for automation.
As an example we are going to see how load a software synthesizer in Cubase SX and we are going to examine the various ways of working with it. We assume that we work in a common setup consisting of a computer (running Cubase SX, a master keyboard for playing the VST synthesizer and a midi controller with a set of 16 faders.

 After we create a new project in Cubase we must load a VST instrument to work with. In the menu Devices we select VST instruments. We click on an empty slot and a menu with the available VST instruments (the ones that we have installed in our system) appears. We select one of them (in our example the software synthesizer called z3tas+). Now we can close this menu as the soft synth is loaded and ready to be used. 
To play the synthesizer we need to create a MIDI Channel and define its output to be sent to our software synthesizer. This is done by right clicking in an empty space in the channels area and selecting “create new MIDI channel”. After the channel is created, we can set his output to be z3tas+ but clicking in the channel’s output field and selecting from the pop-up menu. He can test our setup by playing a few notes on our keyboard and listen to our new synth.
This procedure is shown in Video A.

6.1.1 CONTROLLER SETUPS

Now we are ready to define the parameters we want to modulate. As we have a 16 fader midi controller device we can modulate up to 16 different parameters at one take, in real time. But first we have to decide which parameters are of our interest in a specific project, by choosing from the ones the instrument has available for modification. The easiest way to find out is to go to the devices menu and choose device setup. Then, from the pop up menu we choose the “generic remote” option. If the generic remote option is not available we go to the add/remove devices option and we install the “generic remote” device by clicking in it. When we go back to the setup the generic remote will be available. As we click on it we will note two separate sections containing rows and columns. Here is where we choose which fader will modulate what parameter in out soft synth.
Before we do that lets have a look in what parameters the z3tras+ synthesizer offers for modulation. In the lower section under the column “Device” we click and we choose from the pop up menu the z3rtas+ synth. Keep in mind, than if we don’t load the software synthesizer first as described above then this option will not be available. By clicking in the Value/action column we can see a scrolling pop-up menu appearing. Here are listed all the available parameters for this particular synthesizer. Of course this list is different from synthesizer to synthesizer depending on its design, the methods of synthesis it uses and the modulation possibilities it offers. Z3rtas+ consists of 6 oscillators each one with its own filter, envelope etc. We will notice that we can choose from a big number of parameters as modulation targets for our faders.
This procedure is shown in Video B.

A common practice when it comes to modulate many targets with limited number of sources (faders) is to create setups where our sources (in our case the 16 faders) can play various roles that apply to different stages of our production. For instance we can create a setup to modulate the cutoffs and resonance of our oscillators  and another one to control their volumes and pans.
6.1.2 DEFINING MIDI CONTROL SOURCES
As it’s mentioned earlier a MIDI control message consists of the status byte followed by a controller number and its value. So, every fader transmits a different controller number and its position is its value. (the lower point is 0 and its highest point is 127, unless we decide to’ tune” it differently). All hardware MIDI controllers have some default values that can be changed from their front panel if needed. There is a good chance that we won’t be needing to change the default values of our midi controller as far as our faders transmit in any16 different control numbers preferably on the same MIDI channel. But we have to know which controller number corresponds to what fader. 

There are two ways to find out. The first is to read the manual of our midi controller and find out how we can display this information .The other is to “record” a bit of moment of every fader into Cubase and then go to the “list editor” option on the Midi menu of the application to see (on the “Data 2” column) the controller numbers for each fader (the “Data 3” column is the position of the fader at a given time). Now, we can write down the controller number for each of our faders and create our first setup.
Now, let’s go back to our "generic remote”. As we mentioned earlier there are two separate rentancle sections containing rows and columns in the “generic remote” window.
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(picture above: the “generic remote” in Cubase SX)

In the fist section, we define the control sources, in our case our hardware midi controller. Each row represents a control source. In the fourth column of each one (with the title “Address”) we enter the controller number for each of our faders.
Now we have to define the control targets. We choose the parameters we want to modulate as its described in 6.1.1
What we just did is a setup of control sources and control destinations. We can have many setups of this kind each one for a different purpose or a different plug-in. We can store them and recall them easily choosing from a pop up menu.
6.2 CONTROLLING VST PLUG-INS WITH OTHER APPLICATIONS
(We will examine alternative platforms for hosting and controlling VST instruments and Plug-ins, like MAX-MSP, CPS and EYESWEB)
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(picture above: Help about the VST object in MAX/MSP)

6.2.1 CONTROLLING VST PLUG-INS WITH MAX-MSP
MAX-MSP, being a very flexible modular sound composition system has special object that accepts VST plug-ins and allows modification of its available parameters via the object’s input. We are not going to examine in depth the handlings around a VST plug in MAX-MSP as it involves a lot of theory and knowledge around MAX_MSP. This information is readily available on the Internet and other sources.  A brief explanation is given in the help page for this object which is shown above. 
6.2.2 CONTROLLING THE VST PLUG-INS WITH CPS

Another application similar to max, called CPS, has been developed by Niels Gorisse. CPS is a real-time programming environment for audio, MIDI and other media .I/O.

Patches are build by placing objects and making wires between them in a similar way to that of MAX-MSP. It’s mainly used for sound design, algorithmic composition, DSP, electronic/computer music and education.

CPS has a lot of objects to process audio and MIDI (and other signals), including audio and MIDI in- and output, fourier analysis, filters, noise generators, envelopes, delay lines, table generators, and more. Most audio objects are MPEG-4 Structured Audio compatible. Besides the plug-in architecture, CPS can also be used stand alone inside a C++ or Java program, or even inside Macromedia Director.
Although build-in objects allow low-level access to audio and MIDI, CPS also supports VST plug-ins and Instruments and can be used as a MAX-MSP alternative, having the advantage that in its basic configuration is freeware. It can be downloaded for free from the internet and its manual is well written. 
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(picture above: handling VST plug-ins in CPS)
6.2.3 CONTROLLING THE VST PLUG-INS WITH EYESWEB

Another very interesting platform for audio-visual interactive works development called EyesWeb supports VST plug-ins and Instruments. It's designed to assist in the development of real-time music and multimedia applications. EyesWeb supports the user in the development and experimenting of computational models of expressive content communication and of gesture mapping strategies. It’s developed at the InfoMus Lab

(Laboratorio di Informatica Musicale) in the University of  Genoa (Italy).It’s also a freeware program and it can be downloaded from the site of the www.eyesweb.org. 
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(picture above: VST in EyesWeb)

6.3 ADVANDAGES OF USING VST INSTRUMENTS IN PROGRAMMING ENVIROMENTS LIKE MAX_MSP

One disadvantage of MAX_MSP and other platforms like CPS is the lack of embedded high-level objects, although it is compensated from their great flexibility. If the user wants a particular effect to be used in a bigger project it has to search for the ready-made objects and macros from other users or user groups, or builds it himself.  The sound quality of these objects has to be tested and it’s not always the priority of the developer. On the contrary most VST plug-ins and instruments are commercial and professional products and are designed to offer the maximum sound quality in order to survive the market. There are hundredths of them, each offering different approaches to basic sound construction elements. A great number of VST instruments and Effects can be downloaded from the Internet as freeware or shareware applications, or can be found included within the demos of applications like Cubase and Wavelab. As a starting point, one could search the internet for the following freeware VST instruments. There is also a big number of VST plug-ins.

7. CONCLUSIONS

In this article we examined MIDI and its control capabilities, the VST plug-ins and Instruments and their parameters that can be modulated via MIDI. We also examined the use of hardware midi controllers in sound production applications for modulating the available parameters of the plugging and instruments. We saw how the midi control functions in combination with the various midi controller units available in the market can be used in “commercial” or more “experimental” software environments alongside with the embedded objects and functions of these applications. By modulating the various parameters of the theVST instruments and theVST plug-ins we can reveal all the sound processing power they can offer.VST effects can also be imported into audiovisual applications like EyesWeb or Macromedia’s Director (Via CPS) and open new paths of experimentation.
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(picture above: graphical automation of VST parameters in Cubase SX)
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    Title: C Programming for MIDI / Jim Conger.

Publisher: Redwood City, Calif. : M&T Books, 1989.



501 Galveston Drive Redwood City, CA 94063

 Subjects: MIDI, C, sequencing 

This book shows how to use the basic features of an MPU-401 interface. Includes a disk with MS-DOS code. 



    Title: MIDI sequencing in C / Jim Conger.

Publisher: Redwood City, Calif. : M&T Books, 1989.



501 Galveston Drive Redwood City, CA 94063

 Subjects: MIDI (Standard)

           C (Computer program language)

           Sequential processing (Computer science)

     ISBN: 1-55851-045-1 (book) 

     ISBN: 1-55851-047-8 (disk)  

     ISBN: 1-55851-046-X (set) 

This book continues where the provious one lefts off. 



    Title: MIDI systems and control / Francis Rumsey.

Publisher: London ; Boston : Focal Press, 1990.

 Subjects: MIDI (Standard)

           Computer sound processing.

     ISBN: 0-240-51300-2.



    Title: MIDI, the ins, outs & thrus / by Jeff Rona ; edited by


    Ronny S. Schiff.

Publisher: Milwaukee, Wis. : H. Leonard Books, c1987.

    Notes: "A complete guide to the understanding, use, and buying of


    MIDI instruments"--Cover.

 Subjects: MIDI (Standard)

           Computer sound processing.

     ISBN: 0-88188-560-6 (pbk.) 



    Title: MIDI : a comprehensive introduction / Joseph Rothstein.

Publisher: Madison, Wis. : A-R Editions, c1992.   

 Subjects: MIDI (Standard) 

   Series: The Computer music and digital audio series ; v. 7

     ISBN: 0-89579-258-3 



    Title: Making the Most of Midi / by Paul Overaa

Publisher: Bookmark Publishing (+44 (0)1525 713671)

 Subjects: General MIDI; programming MIDI messages.

     ISBN: 1-85550-006-X : UKP 14.95
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